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Preface

THIS Little book 1 the outgrowth of a series of lectures
given at North Carolina State College n 1956 They m turmn,
grew out of my interest for three decades in the denrability
and feasibility of breeding domestic animals that an with
sand ordinary levels of exposure to disease As & Tesult of
our studies here at Comell Univeruty that intereat at first
Little more than commendable cunotity hsy become 2 firm
conviction that the biological fimes of domestic amumals to
cope with thelr environment, incdoding diseare can be
greatly increased by selective breeding

It i1 truc that my own work on reustance to duscase has
been lmited o my favorite speaes. Honever 1n order to
inoculate my vetermary students, whose preferences among
domestic ammals rarely include the fowl, it has been an ab-
sorbing necemity to keep mformed on genctic rastance o
duscase in all domestic animals. Accordingly while I have
fausthfully exercised the scientific virtue of ating my own re-
scarch without any subtle beating about the bush, Jt has been
possible to supplement those atatioms in this book, & in my
lecturet, with z review of what little 1 known aboat re
sismoce to disease in other animah.

If 1t should seem to the reader that too much of thu bool
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v Preface |

1 devoted to a manshahing of the evidence that anunals do
differ geneucally {n remstance to dusease and that too little
of it deals with the sctual practical use of that resistance let
him remember that the chief purpase of the volume is to
provoke some thinking perhaps some controversial discus-
sion, and eventually more research. If it succeeds 1n attain
ing these objectives, those who write later and better books
on the same subject will have more to say about applcations.

1 am ndebted to my colleague Dr R K. Cole, who read
parts of the manuscript and made many helpful suggestions.
I shall also be indebted to any readens who may be 30 kind
as to report any conspicuous sins of omimon or commission

1t seems a pity to toss thus little book to those ubiquitous
and inevitable arbiters—the reviewens. It has about as much
chance as a tunle tryng to croas Chicago s Michigan Doule
vard. The veterinarians are likely to condemn it because of
13 rank heresy and because the author who u not a veten
narian, should mot have ventured to write about disease
Stmularly the authorities in amimal husbandry will probably
tear it apart, page by page because the author a mere
chicken expert, should have stuck to his field, which 1s clearly
poultry and not animals. Animals, as defined by the ad
murustrators of agricultural colleges and of country fairs are
horses, cattle sheep swine and goats, while poulrry are
chickens, turkeys, rabbits and canaries In defense agamnst
the impending onslaught, the auchor can plead only that he
wrote the book bearuse nane of those athers who siould
have wntten 1t scemed much interested in doing so It 11 to
be hoped that its criies will ae least find it interesting

F B Hurr

Acw York State Collegs of Agneulture
Cornell Univernity Ithacs New York
January 1938



Contents

Chapter I Why and Wherefore
Chickens, vaccines, and genes

Real animals

Discascresatant planty

Plants rexstant o insects

Some contrusts

Chapter II  Innate Disease
Achiondroplasia

Legien plgs

Shortspined aattle

Epithelial defects tn cartle
Hairlens calves and naked chicks
Muscle contracture

Discases of the nervom system
Hemophilia

Lethal gray In sheep

Fatal eolons

Frequendes

Elimination of recesive defects

Chapter III  On Copung with the Environment
Genetc differences 1n toleration of hot weather

[

» DA w -



x Contents |

Heat-renstant Leghorns

Pendulous crop in turkeys

Discase and dlet

Natural selection against inadeqnate diet
Decayed tecth on coarse feed

Death delayed by wet feed

Influences of light

Other interactions strem factons

Heredity environment, and the twinstudy method
Twins and tuberculosis

Susceptibility to mycotic infecuon In cartle
Lorgevity

Chapter IV Resustant Little Animals

Resheance of colonies to American foulbroed in koney beey
Reslstance of Iarvae to American foulbrood

The hardy oysters of Maipeque Bay

Resistant mice

Discase resistance in larger rodents

Chapter V. Resustant Big Amimals
SWINE
Brucellosis or sbortion
Eryalpelas
Hog choler
Dyscntery
SHEEP AND GOATS
fectious pul 7 ad s, or
Resistance to trichostrongyle worns
CATTLE
Masdts
Tuberculoals
Protozoan dnenses

s

Jasg

87
18
40
41
48

46
48

5
5t

TB22 S£02Tayw



| Contents x1

Footand-mouth disease
Other dusensan

THE HORSE
Encephalomyelitls
Mallenders

Chapter ¥I  Resistant Birds
Pullorum duerse

Fowl typhold

The merit of nataral exporure
Avian leucosis complex

Blue comb, ar mooocytom
Rewstance to coccldia
Resistance to nematode worms
Raistance to aspergilloms
Aiscellanes

Summary

Chapter VII ~ Aberrant Metabolusm
Abermnt metabolimn fn man

Porphyria

Excess of phylloerythrm

Purine metabolum of Datmatun dogs
Yellow fat in theep

Genetic differences in unlimtion of riboflavin
Special requurement of riboflavin by black chick embryos
Genetic differences in utilization of thiamine
The efficient Leghorn

Other genetic differences 10 metabolism

Chapter 111  Ways of Resuting

Is resistance general or spedific?
Defective blood complement in guinea plgs

123
126
127
128
130
m
13

133
187
159
141

145
147



Xt Contents |

Resstance related to sex and age

Differences among species {n renstance
Resistance of Zebu cattle to tick-borne duseases
Disease resistance and klendusity

Renstance to pullorum disease in the fowl
Resutance to fowl typhod

Reustance to mastitls

Protective pigment around the eyes of Herefords
Blowfly strike {n sheep

Rhinitls 10 swine

Summary

Chapter IX  Ways to Use Resistance
Justifizble eradication

Slaughter of the innocents

Genetic resistance combined with other control measures
Distribution of resutant stock

Early utlliration of reststance

Breeding animals adapted to thelr environments
Resistance 1o enzootic disensa

A plex for more and different Plum Inlands

Responsibilities
Index of Names
Index of Subjects

174



Genetic Resutance to Dusease in Domestic 4mimals






Chapter 1

Why and Wherefore

IT scems deurable to begin by staung some of the
reasons that led to the wnting of this book. All geneticusts
arc mterested 1n variauon Some of us are concerned wth
variation 1n domestic ammals, partucularly with their differ
ing abilities to produce mill, butterfat, eggs, meat, wool, or
work. To measure adequately genetic differences 1 produc
trvity ome must provide an environment conducive to the
best possible performance by the animals under study That
optamum environment must 1nclude some degree of phydeal
comfort. This 13 often anured by some uumple shelter from
the elementy, Is sometimes 1mproved 1n speaally ventilated
and arr-conditioned quarters, and, if we can belicre what we
read 1n the newspapers may occasiomally be enhanced by
the adminmstration of soothing sclections from the nearest
broadcasting station. The food supply must be adequate,
both in quantity and quality for the parpose intended.
Thanks to the good work of the experts in nutntion there
1 now little dificulty 1in providing = sadsfactory diet for
most species, for most purposes, in most parts of North
Amenca.

Finally if the animals are to demonstrate what their genes
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permut them to do in the way of converting feedstuffs to
milk, meat, or eggs, it 15 necessary that they be plagued by
no more bacteria viruses, parasites, and other orgamismy
than they cn tolerate without adverse effects upon their
normal physiological processes Here the problem 1s not so
snnple

It would be nice for the farmer if all pathogenic organums
could be eradicated, but attempts to eradicate them have
not been umformly successful. The prospects of our attain
g this utopian state of affairs are no better than are those
of paying off the national debt. Programs for elimunating
bovine tuberculosis have apparently been successful i this
country and happily so because some human beangs are
susceptible to bovine tuberculosis One wonders however to
what extent the causauve bacillus s still carmed by deer
whether or not 1t will ever be feautble to stop testing and,
also what may happen a thousand years hence if attle n
expased for that ime again epcounter the organusm

Attempis to eradicate Brucells abortus have not fared so
well a1 the campaigns agamnst Mycobacternnum tuberculosis
Blood-tested herds from which all reactors are removed re-
mamn clean for a time but when reinfected as frequently
happens, they seem unusually susceptible The resort to vac
cination which is now the more common method of control,
suggests that the earlier attempt to eradicate B abortus was
not too succensful. Vaccinated ammals can live with the or
gannm. Some cattle are undoubtedly able to do so without
protective vaecination, but unless and until whole herds are
made genehcally resiant vaccination will continue to pro-
vide effective control at companatwvely low cost.

Chickens vacanes and genes In other cases vacaimation aan
be an expensive nusance. To protect the authors White
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Leghorns from the various respiratory disesses prevalent m
his part of the world, 1 maker of vaccines adyises the fol-
lowing treatments
Against Newcastle disease Three inoculanony intranaslly
or n the drinking water by 16 weeks of age
Agningt infectious bronchitss Two treatments, which can
be given along with two of thase for Newrastle disease
Agaimnst fowl pox (c) vacamation once n the web of the
wing, or (b) pigeon-pox vactine (1 a frather follicle)
followed 10 days Iater by fowl pox vaccine
Against leryngotracheitis vacamtion once 1n the cloaca
By these five to eight treatments, admmustered fore aft
and amidships, the birds would presumably be protected
against these four rapiratory duesses. For 2 fifth one, in-
fectious corym there seemy to be no effective yaccine and
the usual recommendanion when that stnikes 11 to  depopu
late (re. market the whole flock) clean and dinpfect the
premuscs, leave them vacant for several weeks or months and
then start over with 2 new batch of chicls.
In addition to these five resprratory discases, there 1
chronic respiratory discase, which we are currently advised
to climinate by dosing our breeding flocks with anublotics,
30 that they will not put the causative organism in thelr eggs
Should arny chicks thos hatched free of that pleuropneu
monn hke organism subsequently react to tests for it, they
and the rest of the chuckens in their pen can be slaughtered.
For the commercial poultryman some or all of these pro-
cedures may be mdispensable if he » to remain in business
with the kind of stock now available to him. Vacoinas differ
however a8 do directions for using them and there 13 no as
surance of complete freedom from respiratory discases.
The author having scen all six of thase respiratory diseases
go through lus flocks at one time or another (fortumately
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not all at once) doubts that such elaborate protection 1
necessary Certainly some birds need 1t, but others do not.
‘While some hens die of these discases or stop laying othen
mn the ssme {lock, 1n the same pen are completely unaffected
and continue to lzy well. Can 1t be that they are not ex
posed? Not Ifkely It is much more probable that they are
able to tolerate the infectious organisms, to resut them in
some way and thus to withstand a bit of the environment
that may be disastrous to other birds.

Can the remstant birds be mulnplied to produce a re
dstant strun? They can if their resistance s deterrmined by
their genes and there 11 evidence that this is s0. Within one
breed two strmins intermingled 1n the same flock can duffer
significantly 1o susceptibility to respiratory dusease Within
a strain there can be remarkable differences among sire
farmlies in susceptibility These facts show that heredity
plays an umportant role 1 determining whether a bird will
withstand disease or succumb to it

To the best of the author s knowledge, no one has yet eried
to breed 2 strain of fowls resistant to any one of these respira
tory diseases. Strains of fowls resustant to lymphomatosis
have however been developed by selection, and there are
good indications that the same process would be effective
againe other discases.

Real antmals Some of the best demonstradons of the feasibil
ity of breeding duscase resistant animals have been made with
the common house mouse. Unfortunately some of my stu
dents find it dafficult to consider the mouse as anything more
important than a geneticlst s plaything To be sure it 15 bet
ter than a fruit fly but the question sull remaim Is it
feasible to breed disease-resistant strains among the rea!
ammals? As all vetennary students know the real animals
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are dogs and cats znd anything bigger Hem qualify but
Just barely

It s the purpose of this book to review some of the ev1
dence showing that domestic amimaly vary in genetic sus-
ceptbulity to disease. Much of that emidence pomnts the way
to cffective control of some discases by the development of
genetually resistant stock. It u not the purpose of this book
to suggest that genetic control of duscase is the only method
of control or even the best way or that 1t should supplant
other methods now cffective and mtufactory In some cascs
1t may be the best way' 1 others it may be entirely impracti
cal, For at Jeast one discase (fymphomatosis 1n the fowl) both
genetic control and other methods an be effectrvely com-
bined, and there are probably other cases to which the ame
applies.

Dusease resistant plants Before proceeding further with do-
mestic animals, perhaps we should see a little of what plant
pathologists and plant breeders have done in the way of de
veloping disease rsutant vanene of important cultivated
plants, Varicties of wheat resistant to stem rust provide good
examples. As that duease spread over the spring wheat arcas
of the United States and Canada, varieties of wheat once
reliable became economally undenrable because of their
suscepbility Through the co-operative resexrch of plant
pathologuts and plant breeders, new varieties were developed
that combined resistance to most forms of stem rust with
other emential qualities bike high yield saff straw and good
milling and baking qualines. Dr R. F Peterson (5) of the
Canadian Cereal Breeding Laboratory at Winmpeg has
kindly provided the following bref history of that work

Basic rustwenstant beeeding stocks of bread whest were developed
in the USA. by translerring genes for rust resistance from other
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speares to bread wheaws. Thus Marquillo and related varieties
were developed from croases of bread wheat with durum wheat,
while Hope and sister stralns resulted from crosses with emmer
wheat. Further crosscs with this basic material resulted in such
outstanding varietles as Thatcher Rival and Mida in the US.A,
and Renown Regent and Redman in Capada,

As new biologlcal races of the rust fungus arcse from tme to
time new genes for reistance had to be discovered to combat
them, Race 15B with it abflity to Infect all cammeras! vaneties,
was a threat during the 19405 and became a serlous problem in
1g50. However such new varicties a3 Selkirk, developed in Canada,
and Couley produced in the US.A. have given adeguate re-
sistance to this rece. Even before these varieties were released,
however hitherto unknown rust races were discovered to which
the new wheats were suscepdble. Other varieties now under test
are resistant to all racey known in North America. While the ex
amples here given are fram the spring wheat area of US.A, and
Canada many other countries and regions have protected thelr
wheat cops from rust attecks by breeding resistant varieties

It 1s prolably safe to say that had the plant breeders not
developed varletes of wheat resistant to stem rust, there
would be in North Amenca today nether a wheat surplus
nor cheap bread

In other crops other fungi cause rusts, blights, muldews,
wilts and leaf spots. A list of vaneties of grains vegetables,
and fruits genetically resistant to these 1neradicable pathogens
would cover many pages One can hardly pick up a farm
maganne without reading of some new cat Tesistant to crown
rust, a stwberry rasistant to yellows, a bean resfstant to
anthmacnose or some disease renstant variety in other plants.
Some vaneties once remstant lose that valusble property
when new forms of pathogens arse by mutauon. In such
cases new vaneties must be developed to resist the new agent
of disease.
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On the other hand, some varicties have retained their
ariginal raistance for many years. A good example 2 the
Martha W asparagus developed about 1912 for o
Tesistance to tust, which soon becarse the most wmportant
varfety jun the Unsted States and sull retains that disuncion.
Varlenes of cablage bred st the Umvernty of Wisconsin for
resissance 1o yellows have made st possible to produce that
crop fn arexs where other cabbages could scarcely be grown.
Sunilarly the Congo watermelon angd other varicues revistant
to anthracnose have quuickly repliced the suscepiible kinds
grown carhier wn the southeastesn ssten. Tomaio growng
n southern siaies where fusarium wilt 1 & seriois menace
teould scarcely have been feanble without the uve of com-
pantvely seslitant vaneues bie Rutgers, Marglobe sad
others.

Many diseases of plants and snunals are caused by viruses
A good example of the utilzation of genetic resiscance to per
mit an industty to live with a virm, and to flourish in spite
of ft ix provided by the canesugar industry v Loumaoa
A momc duease of cane proved fal 1o practically all the

noble vanetuo of the species of cane (Saccharum offics
narum) used for the commercial production of sugar A
single variety ‘Wit Ceram was fairly resnuant. Wald megar
ane (Seccharum spontancum) v practically immune 1o
mosaic but b not grown commeraally because of six low
wield of sugar

By crosing Wit Ceram with the wild species and re
peatedly backcrossing the Fy hybnide and thesr descendanu
to § offictnarum & process aalled nobilindon & cape cxn
e produced of the desired noble type that carries also the
all important resutance to mosic. Interspecific hybrids thus

¥ san hndebied 0 Dr B M Munger for fuformatkon  bout these
dbeaseseshitant  egriabla sod frofe
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produced have now displaced the susceptible noble varieties
and the cane sugar industry has 1f not an assured future, at
least a reprieve unul stricken by some other discase.

Other examples could be given of cultvated plants re
sustant to virus diseases, but this book must give more space
to ammals than to plants Reviews of genetic resistance to
plant diseases are given by Hayes et al (2) and by Walker (6)

Plants renistant to tnsects Iiects are animals, Some of them
feed on plants and some feed on other armumals Many act as
vectors carrying dusease from plant to plant or from one
ammal to another Plant breeders have made remarkable
progress 1n developing varicties resstant to imects (and to
other animal parasites, including even nemstode worms)
but as yet anumal breedens can show few similar achieve
ments, 1f any The grape phylloxeran a plant louse that
ravaged the vineyards for years was finally overcome by
the discovery of resiseant vanieties some of which are md
to have maintained their resistance for over ;0 yeans. Pawnee
wheat combines resistance to the Hessian fly with other de
sirable traits of economic value Some varieties of maize are
ressant to the chinch bug- others are completely destroyed
by 1t. Details of these and other ples of genctic r

to insects are given by Hayes et al (2) and by Painter (4)

Some contrasts An important point to remember iy that
the development of all these disease resiseant cultivated plants
(and of many others too numerous to list) has resulted from
recognition of these simple facts
1 The pathogen be 1t a virus a fungus, a bactenum or
an insect, is not likely to be cradlcated.
= Within a speaes (or genus) some plants are generally
able to live with the pathogen while others are not
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38 By multiplying the good genes of the resstant mdi
vidual plants one can obiajn disease renstant strains
Or vanetue.

Unpfortunately the views of thote respomsible for con
trolling disease in domestic animals * are almest diametacally
opponite to those of the plant patholeguts and plant breed-
err. The latter utilize every hut bit of useful genete vara
tion 1n the bost species 1o develop varleties that can tolerate
the disease In many cases that tolerauce is aded by fungl
cides or insecucides that reduce the seventy of wnfection
‘The veterinarfans on the other hand, concentrate all therr
attentran on efforts to eradicate the pathogen or to reduce
15 frequency to 2 low level and (thus far) they have made
litde or po nse of gencuc differences among animaly 1n
alulity to live with organisms that cannot be emdicated
When eradicatron proves futile when carbolic acid and
antibioua ful to do thewr respeative duties, protective vac
cines are often invoked. These protect not only the biologi
cally unfit that need them, baot also the genetically saperior
ammals that do not. And in all too many cass, the whole lot
15 slaughtered, 1ncluding the geneucally reutant anumals,
m the hope of thus preventing some other Bock or herd fram
becomng 1nfected.

The extent to which genetic realstance o disease has been
utlized m the production of culuvated crops 15 well {llus-
trated by Walkers review (6) of disease resistance in 19
common vegetables. For il but one of 74 dusesses besettung
these plants, genetic r 2 has been d nrated, and
mn g2 cascy, at least, the diseases are controlled either com-
pletely or in part, by the nse of varietzes that combine genctlc
resutance with yield and other desrable traits of economic

Excloding & Tew hereticn] geneticists and  © lant two  eterinanam,
of whoem mare  bon.
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mmportance. By the ume these words appear in pnnt, the
list of ressstant varieties will undoubtedly be much longer!

In striking contrast 15 the small number of cases 1n which
genetic resistance has been deliberately utilzed for the de
velopment of breeds or strains of domestsc amimals that are
both productive and renstant to some specific duease To the
best of my knowledge these cases can be counted on the
fingers of one hand. They are considered in detad in later
chapters.

The lack of progress and of nterest mn thus field 15 1ndi
cated by the fact that 1n most currently authonmtive texts
on the general theme of ammal breeding the subject of
disease resistance receives only scanty attention or none Ex
ceptions to that rule occurred m recent monographs on
breeding dairy cattle by Gilmore (1) and on geneucs of the
fowl by Hutt (3) both of which devote a chapter to disease
resstance In two leading texts on animal breeding the sub-
ject is not even Iusted 1n the index. A thurd, more hopeful in
that respect, states sumply that resistance to wilt s known i
Indian melons!

REFERENCES

1 Gilmore, L. O Dary Cattle Breeding  Philadelphia. J B, Lip-
plocott, 1952

t Hayes, H h. F R. Immer and D G Smith. Methods of Plant
Breeding #d ¢d  New York, McGraw Hill, 1955.

3. Hutt, F B Geneda of the Fowl. New York McGraw Hill
1949-

4 Painter R. H Insect Rasistance in Crop Plant. New York.
Macmillan, 1952

5. Petenon, R. F Personal communication, 1957

6. Walker ] C Bot. Reviews 19 608 1953



Chapter II

Innate Disease

PERHAPS the simplest posble d Tations that
some ammals are genetically resstant to duease and others
genetially susceptible are afforded by compansons of nor
mal specmens with those that show at birth, or soon there
after some genetic abnormality of form or funchion. Scores
of such cases are known m domestic animals, and lhiterally
hundreds 1n man. Some of these congenutal defects are so
extreme that they aanse the death of the afflicied animal be
fore birth Others are lethal soon after birth or canse death
at much later ages. 541l others ate not necessarily lethal but
impose phynological defiaencies that necesitate special care
and that may prove to be lethal m some environments.

In most of these cascs the abnormal individual is homary
gous with respect to some recentive gene. In other words,
cach parent has ransmitted to the affiicted offsprmg & munant
gene that interferes wath normal development. The double
dose of that gene may dusrupt the course of normal develop-
ment suficently to cuse death of the fetus or to 1induce
some aboormality recognimble at birth. In such ases we
mlynythxtnalfhl bulldog or & hurlens alf, that a
lamb hx staggers thatachick has congenital loco orusa
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wmportance. By the time these words appear in print, the
st of renstant varieties will undoubtedly be much longer!

In striking contrast 13 the small number of cases in which
geneuc resstance has been deliberately ualized for the de
velopment of breeds or strains of domestic animals that are
both productive and resustant to some specific disease To the
best of my knowledge, these cases can be counted on the
fingers of one hand They are conudered 1n detail in later
chapters

The lack of progrems and of interest m this field is mndt
cated by the fact that 1o most currently authoneauve texts
on the general theme of animal bLreeding the subject of
disemse Tesstance receves only scanty attention or none Ex
ceptions to that rule occurred in recent monographs on
breeding damry cattle by Gilmore (1) and on genetics of the
fow!l by Hutt (s) both of which devote a chapter to disease
resistance In two leading texts on anupal breeding the sub-
Ject 13 not even listed in the index. A third more hopeful n
that respect states simply that resistance to wilt 13 known in
Indian melons!

REFERENCES
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late in fetal development with gross abnormalines of the
bucaal avity

The protection afforded by a dominant allele against the
pathogenic tendencies of 1ts recessive partner may be more
obvious if we take as an example some hereditary deviation
from normal physiology Phenylketonuma will do micely This
1 a simple, recemive autosomal abnormality of protein me
abolism in man. The homexygous recessive wndividual ex
cretes unusually high amounts of phenylpyruvic scad and s
either an 1diot or an imbeade Clearly he 15 discased. The
heterorygote who carnes only a single recemive gene for
phenylketonuna 15 automatically protected against that dis-
ease by the dominant gene for normal metabolsmn and o
apparently normal 1n all respects

It u not feasible to give 2 detailed list of lethal genes and
physological deficienaies here, 30 we shall have to confine
ounclves to a few examples that will illustrate the kinds of
disease against which most amimals are protected by their
complement of genes for normal development.

Achondroplasie About a quarter of the alves from pure
short legged Dexter parents show an extreme type of achon
droplanz and are commonly known as  bulldog alves.
Genetic studies have shown that these abnormal calves are
homorygous for & dominant gene which 1n single dose causes
only the shortening of the legs znd the other characteristica
that dunngush Dexters from other breeds of cattle The
heterorygous Dexters are small 1n size and are considered
particularly suitable for small farms. They are good milkers,
and, apart from the shortening of the legy, it v debatable
whether or not they should be clamified »s abnormsl. The
question of what b normal and what 15 not is a familiar topic
for debate, but one o which we canpot pry at thus ame.
Suffice it to my that the Dexters provide one of the cases
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were absent but that the shoulder girdle and the pelvic girdle
were normal or nearly so The acetabulum was represented
merely by a knob.

Thus remarkable abnormality proved to be a sumple reces-
sive autosomal character The arcumstances in which 1t ap-
peared were rather unusual. Two breeders of Poland China
P8 in Towa had each bought purebred boars from the same
source, and after the first breeding season the two boars were
exchanged to avord inbreeding From the resultant mating
of cach boar with the daughters of the other the ratdo of
normal to leglets pigs was 207 25 If both sires were heterory
gous for a recessive mutation that tends to Induce the legless
condition 1t was to be expected that half their daughters
(from normal sows) would also be heterorygous. Accordingly
from these matings the expectation was a 4 1 ratlo or
ro3 29 The close fit of observed to expected numbers thows
clearly that a recessive autesomal mutation was responsible.
Apart from the unfortunate 25 pigs afficted with these gros
abnormalities, approximately two-thirds of the 207 normal
Litter mates could be expected to carry the gene for leglessnest.
The rematning third should have been homorygous for the
normal gene.

Short sprned cattle Another remarkable abnormallty of the
skeleton was studled 1n Oplandske cattle in Norway by Mobr
and Wriedt (12) Affected calves had a shortened vertcbral
column They had practically no neck, and dissectson showed
the vertebmae to be s0 jammed together that of seven cervial
vertebrae only the atlas appeared to be normal. Of thirteen
thoradc vertebrae only five were recognizable. These short
spined alves were mostly stillborn at full term but one or
two were dropped alive and these died within a day or two
‘This abnormality was czused by a single recessive gene in
the homorygous state. A remarkable thing about the actron
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of that gene is that {ts havoc was wrought enurely on the
axial skeleton the lunbe were normal As a result the calves
appeared to have unusually long legy and were alled elk
calves by the farmers of the district, some of whom thought
that they had resulted from mantings of their cows with the
wild elk of the dustrict

A sunilar shortspined condition has been found in tur
keys. It 13 lethal 1n that species also

b

A

Ephhdhlddtmund::kncu od b the hooves in
l].llq10{nnAyriJheul[ (From Hutt end Frost in fowrnal of H
ity pib)

Epnthelial defects in cattle Calves laclung more or les of the
normal skin covenng of the body have been reported in
Holstein Frienam in Jerseys, and 10 Aynhires. It s not clear
that the same Tecessive gene {s raspomible for the abnormali
ties 1n all three breeds. In the Aynhires (Fig 1) small areas
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devoid of the normal covering occur above the hooves of all
four feet and also on the knees. There are raw areas on the
inside of the ears, some lesions around the mumle, and a
narrow strip devold of the normal epithelial covering fn the
roof of the pharynx and down the esophagus (Hutt and Frost,
5) In spite of these abnormahities the affected calves do not
die soon after burth The one shown 1n Fig 2 was kept alive
for several months others were sold for veal

By contrast epithelial defects 1n Jerseys are much more
extreme The calves usually die before full term and are
aborted showing large arcas on the head and body devoid of
normal covering In Holstein Friesians the abnormalities are
less severe than 1 Jerseys but much worse than 1n Aynhires
The raw arcas gre more extetsive than those shown in Fig. ¢
and sometimes the abnonmalities cause deformuty of the ear
The lestous become infected, and the calves die of septicemla
usually within g weeks.

Those who find it difbcult to consider congemtal abnot
malities as dueases might ponder thuy cue. If the lesions
themselves do not constitute & disease, at least the septicemi
that results from bactenial mvasion of those lenions s 2
discase In erther case the calves homozygous for the causative
recessive gene are susceptible to discase while thelr normal
parents, though arrying that causative gene, are resutant to
dusease because of the protecting normal allele that they also
arry

Hairless calves and naked chicks Most socalled hairles

calves are not really completely without hair they usally
have some hair at the end of the tail on the mumle on the
cyehids, and occasionally on the forelegs and i other parts of
the body Mohrand W nedt (11) studied in Swedish Holsteins
a kind of hairlesness that was lethal 1n every case Apart
from an almost complete absence of hair the affected alves
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seemned 10 be notmal They were born alive ar full term bat
all died within a few minmtes of birth.

Thu recensive mutation was introduced to Sweden m sgor
bemng carried by an cutstanding wre Prins Adolph umported
from Germany As often happems with tmported sires, hus
descendans were greatly i demand for breeding, and, as x
result, the undesirable recemive gene that Prins Adolph ar
ried was widely dustributed 1n S eduh Holsteins within 35

T

Siger 3 Recemb luirberwem, 0ot dibal. in Guormaey all, {From
Hott d Savnders in Jowrmel of Hered ty g33)
yean. The same coaditson was later reported in Germany
31 mock related to Prins Adolph and & simitar lethal haitlen-
ness, pownibly the same mutation wa found in native cattle in
Japan.

That hairlessuess in cattle nx pot necesmnly lethal was
demonstrated by the Guernsey aalf thotn in Fig. g It was
ane of two sred by the sme bull mated to related cows. Its



a0 Genetic Resistance to Disease ]

hairlessness was almost as complete as that amociated with
the Jethal type and this apparently resulted from homory
gosity for a simple recesmve gene but 1t was not lethal (Hutt
and Saunders, 4) At 8 weels of age the calf shown in Fig 3
was almost completely devoid of hair except for the distal
third of its tail and the innides of 1ts cars. It was born on a
cold January day and was protected with a blanket and some

Fgx ¢ 4 Sexll ked, recemhe nalednem {2 clid
o‘g‘ccuAdnglgcncpm(cmmnn:lbhd.l
sgainst thiy ileth: imlon, from

Genetic  f the Fox! by F B Hﬁt. Copyrght, 519
McGraw-Hill Bool Company Inc)
extra heat from an 1nfra red lamp during its first few weeks
of life After ¢ months it needed no specal treatment and
was ralied to matunity It grew well but care had to be taken
to enable it to avord sunburn when 1t was tumed outdoors
in spnng and summer
Halrlessness 1s known in rabbits, mice rats, and other mam
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mals. The chick shown m Fig 4 was hatched with hardly «
trace of the down that normally covens chucks &t harching,
In this casc the abnormality was caused by a recemuve wx
linked gene (4) and the first naked chicls were all females. Xt
1 & partially lethal character About g0 to 6o per cent of the
fernales that canry the causine gene mn thew single sex
chromosome die during the last g days of wecubation Ameng
those that hatch mortality 1s abnormally high unles they
are brooded at about yoo F wutead of the umal go F ar
shich normal chucks are started. Those that survive develop
more feathens m later hie than they show as chicks. Although
some of these survavors Iay fairly well and reproduce nor
mally st i clear that the mutaton is one that could ever sur
vive in nature.

AMfuscle coniraciure An abmormalhity that has been found
cattle, theep and ssvine 1 caused by varnng degroes of muscle
contrsctures. The hmba are bent and the jomnts finmly anky
losed. Nine calves showing these extreme abnormalities were
sired by ane bull at an agriculiural school in Norway (Tuff,
16) Several of them were born altve at fulf term but all had
0 be demtroyed. Pedigree studies showed that all the corms
that produced such caives could be traced badh to 2 common
ancestor The condhitson fs clearly recemive and autosomxl

Muscle contractures somewhat feas extreme have been re
ported m Holstess Friewan cattle in this country five such
cases being found in one hord when & nire way mated with
wrae of b own daughtess and othes relatives.

Stodies of 2 strmlar but less extreme abnormality in sheep
showed it to be caused by @ recessive autosomal gene w the
homozygom state. In both cattle and sheep burth of the young
amumal with nigsd jounts s often dificult and sometimes fatal
to the mother A simflar type of contracture has been studied
tn swune, but n that species usuatly oaly the front Hmbs are
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involved. The affected pigs are usually born dead, and those
alive do not survive more than & hours

Duseases of the nervous system Hereditary discases of the
nervous system gre common 1n domestic ammals a3 1n man
A good example 15 provided by an autesomal recessive muta
uon 1 Red Danish cattle. The affected calves have incom
plete paralysus of the hind legs. They can ruse to the knees but
are rarely able to stand on the front legs. ‘The hind legs are
usually stretched out and If an attempt {s made to bend them
the calf extends the legs sometimes with a vigorous kick
Thesc paralyzed calves are otherwise normal at first, but com-
plications et in and death usually ensues within » few weeks

The study of this mutation by Nielsen (1x) is probably
the most extennive yet made of any lethal character in domes-
tic amimals. At least 347 paralyzed calves were recorded All
of these for which pedigrees were known traced bacl to 2
bull Thlfe Knstoffer born in 1915 By 1941 to 1946 the
proportion of bulls known to carry the mutation was as high
as 14 per cent of all bulls registered or exhibited at faln
with progeny The actual frequency of heterorygous sires in
the breed was probably sull higher From maungs of aimer
bulls with daughters of carrier bulls, elther their own or those
from other sires a ratio of 1,654 normal to 234 panalyred
calves resulted. This is almost exactly the 7 1 rato that
would be cxpected if the abnormality were caused by a
sunple recessive autosomal gene

Other hereditary diseases of the nervous system tn domestic
animals include cortical cerebellar atrophy of sheep, which
has been reported in Welsh Mountain sheep in Border
Leicesters, and in Corriedales.

Gregory et al (5) have described & peculiar nervous dis-
order “congenital spasms  wluch 15 Jethal m Jerseys The
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affected calves show 1ntermittent spasms of the head and neck
chiefly 1n a vertical plane. The calves do not like to stand
because of spatmodic movements in all the legs. Thus simple
recenive character proved fatal to all the affected calves within
a few weels of birth.

Similar diseases of the nervous system arc known in the
domestic fowl. The chicks shown in Fig 5 have a condition

"
L 3

‘
——p !I - Ty

Figwre 5 Newly batched chicks thow: g congenital “loco  recembve,
lethal disorder (From Huatt i Corm U F ten an 934)

!
LV/ A

which pending some more accurate designation has been
alled congenital loco  Because the effected birds cannot
feed and drnk it is usuzlly fzal After being hatched the
loco chick, when placed on 1ts legs, will point the head up-
ward over the back and eventually topple over to lie on 1ts
ude or 1ts back with the feet in the air Like so many other
defects thre 13 a nmple recenive character

Hemophahs. This discase 11 Lnown i man and in the dog,
and in both species 1t 13 caused by a recousive sex linked gene.
Because of some abnormality that prevents normal clotting of
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the blood, the handicap 15 a severe one for affected animals,
and only by giving hemophilic puppies transfusions has 1t
proved pamble to ralse them to matunty The fimt symptom
shown by hemophihic pups, usually at 6 weeks to s months of
age are lameness, large subcutaneous swellings and evenw-

S

i

E ]

F gure 6 Hemophilic puppy showing larpe w Lling i  the shovkder
region camsed by Internal hemorrhage The shin was sha ed  fter its
death. (From Hutt et oL In Journal [ Heredty g48)
ally paralysis of one or more limbs. The lameness 1 caused
by bleeding 1nto the joints, where the large masses of blood
make any movement of the imbs very painful (Fig 6) Mwor
injuries sustained in normal play which would cause only a
temporary bruise in most dogs can prove fatal to these hemo-
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phitlic pups. One of them bled profusely from the gum follow
stg the cruption of  tooth The hemorrhage could not be
stopped by ordinary hemowatic agents, and eventually the
dog had to be destruyed. Another ruptured & blood vesel
supplying & fimdb when picked up by the owner and that
hemorthage proved faul Laboratory tests with the blood of
four hemophilic dogs showed cloting tumes ranging from e
t6 4o minutes, whereas in noral doge clotung time vaded
only from ¢ 8 to 6 § minutes. In eght Litters from hetcrozygous
females, there were g2 females all normal 23 nermal rales
amred 17 males with hemophihia The disesae 1 clearly caused
by 2 sex linked recewnive gene (Hutt o al 6)

This case provides an excellent example of the fact that
the norms! aliele of 2 deletenows recemive gene provides
retistance sgainae the disexse thar would otherwise be anused
by that recemve gene Females that aurry the gene for | emo-
plulia in the heterarygous state are perfecily normal s all
respects, Thas far 1t has not been powible even to devise a
laboratory test that will wentify such carmen.

11 the mutant, tex linked gene lor hemophilia is designated
a3 & ju normal allele 5 B Wuh two acx chromosomes i
females but only one wn males, the following genotypes and
phenotypes result from the uyaal mating of a beterorygous
female (X ) with 2 normal male (X4Y} They occur i ap-
proximately equal numbers except for the shight excens of
natex that 13 normal in doge.

Grnotrpe Phen type
AV o5 4 normal
XX ¢ normal, buta carrler
) § normal
AN} ¢ hemophilic

It I clear that x mingle mumant gene wmduces typxexd hemo-
philia 1 males whereas the same dose is completely without
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effect, so far as is yet known in fernales The latter are made
disease resistant by the one H gene that the heterorygotes
amy

They do not escape 1t just because they are females, for
Brinkhous and Graham (1) have shown that 1t is possible to
produce hemophilic females, Thus they did by using bloed
transfusions to rear hemophilic males to matunity and mating
those males with heterozygous females. From these matings
(X,Y X X4X,) about half the puppies of each sex were hemo-
philic, as was to be expected. The hemophilic females thus
produced did not show that discase because they had two
doses of the causative gene but rather becawse they had no
protecuon aganst a single gene They lacked the disease
ressaance that 1 provided by the genc H Most cases of
genetie resistance to disease are more complex.

Lethal gray in sheep In sheep of various gray breeds (Sokul
Shiraz Trourcana, and Karaculs) there 1s a remarlable heredi
tary abnormality of the digestive tract that is sssociated with
the gray color charactermstic of these breeds. When grays are
mated together about a quarter of the progeny are black.
Black 1 thus recessive, and most of the gray animals that re
produce are heterozygous for the two colom. Twenty-five
per cent of the lambs from such gray parents should be
homozygous gray There 11 good evidence from the studics
of Nel and Louw (14) and others that about 45 per cent of
these homozygous grays die within g months of birth They
are subject to chronic bloaung become emaciated and
finally die Autopsies show impaction of the abomasum and
other abnormalities of tic digestive tract Apparently the
troables of the homoaygous gray Lsmb are aggravated shen it
13 weaned and switched over to the consumption of roughage.
Nel and Louw recommend that lambs which can be identd



| Innate Disease ay

fied at birth a5 homorygous gray be destroyed to avord subse
quent low, They are whiter 1n the coat than the heterozygous
grays and usually have white tongues.

Thu case provides an 1nterssing example, not only of a
hereditary discase of the digestive tract, but also of a reduction
in viability amsocuted with a cerain color Whether that aso-
clation results from the separate action of two closely linked
genes one affecting color and the other the functioning of the
digestive tract, or from the action of some one gene affecing
both characteristics remaing to be determined.

Fatal colors Lethal gray 1n sheep 13 one of several interesting
caases 1 domestic animals 1n which homorygosity for some
color or pattern 13 ¢ither fatal or a serious disadvantage. The
first case of this kind found in animals was the now-celebrated
yellow mouse. In 1gop the French zoologut Cuenot, reported
that when yellow mice were bred together they produced
approximately two yellow offipning to one not yellow At a
tume when biologusts everywhere were looking for three to one
Mendelian ratios, thus aberrant behavior called for further
study Eventually 1t was found thac all yellow mice are hetero
rygous and that the homarygous yellows die at a very early
stage 1n gestation

The surviving yellow heterozygotea have scveral interesing
charscterntics. Apart from their unusual color they are some-
what more obese than their non yellow ltter mates. This
indicates that therr rate of metabolum 15 probably different
from that of the black mice. The yellows are also shightly
bigger in the skeleton and peculiarly enough, are more re-
isant to mammary Qranoma than are their non yellow
sisters. It secerns most likely that the gene which converts
black pigment to yellow also causes other profound changes
1 the mouses physiology In double dose the gene upsets
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normal operations to such an extent that the homozygotes
@nnot survive even to late stages of gestation

An interesting parallel case 1 found in the platinum fox.
This differs from standard silver foxes in having the black
pigment greatly diluted throughout the pelt and the white
areas increased There are a wlite snout and a white blaze
up the face Joining with a wiute collar When fox furs were
m great demand the platinums commanded higher prices
than the standard silvers Unfortunately platinum foxes aan
not breed true When mated together tiey produce plattnum
and silver m the rato of x 1 and there 13 a corresponding
reduction of litter size by about 25 per cent. Conclusive evl
dence has shown that homogygonty for the platinum color
is fatal but 1t is not yet definitely established whether death
occurs early 1n gestation or at birth The same applies to
another lind of deviant from the standard sdver one wluch
18 called white faced or white marked silver In both
cases as Johanson (8) hay shown not only 1y the mutation
lethal to the homoaygote but it also lowery somewhat the
viability and reproductive efficiency of the heterozygous plati
num and whate faced silver foxes.

Though the minks have won out, at Jeast for the present
over the foxes 1n popularity in the fur market they are not
exempt from some of these fatal colors There u good ev1
dence that the sihver sabic or Blufros mink 13 always hetero-
zygous and that the homosygotes peruli carly n gestation
The Blufrost ounk difiers from the dark wild type in having
the pigment teduced in the guard hairs and in the underfur
As a reault, some of the guard haim appear silvery and the
underfur 1s light blue.

With all the faal cotons mentioned above the cwsdve
gene 1s dominant to the normal condition or what the genett
cist aalls the “wild type Some of the heterorygotes show
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traces of the fatal disease that kills their homozygous 1iblings,
but most of them are vizble and pormal, or 2lmost so. In
these cases the resusance of the heterozygote to the patholor]
al condition afficting the homozygote depends upon 1ty
having only a single dose of the damaging gene mather than
twvo When matched agaimt 1ts recesine allele, the adverse
mfluence of the doxminant gene 1 offsct by the efforts of uts
recessive allele to mnduce wormal development. It is not
stretching things too much to ;y that resistance to disease iy
provided in such cases by the recemive allele.

Frequencies Let no reader suppose that the few examples
ated in this chapter are the only cases of innate duscase known
in domestic animaly. To review all such defects in domestic
wnmmals would neeesntte wnang another book. The ex
amples have been chosen to illustrate the fact that congenital
disemse caused by a single gene 1n the homozygous state can
affect the skeleton the ntegument the nervous system, the
muscles and the functioning of the blood or of the digestive
tract. Even the color of the coat, which 18 sometimes con
snidered an wommportant superfiaal chamcter an be an
ndicator of some unhealthy state insde it

Some idea of the frequency of such abnormmlities can be
obtamned from recent reviews. In Sweduh cattle Larson (10)
found 10 lethal characters and 10 other defects that esch
seemed 1o be caused by a mngle parr of genex. Similarly 1
Holland, Gotink et al (2) lited g lethal characters and g1
other hereditary defects known to have occurred 1n attle of
that country alone §ix bulls of dairy breeds taken 2t random
and tested by Mead and Gregory (13) were found to carry =
lethal characters and genes for 6 adier stmple defects. In 1g49
Hutt (4) listed 21 lethal genes known 1n the domesuc fowl
and 2 number of others have since been jdentified
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From such surveys and from genetic studies in other spe
cles it seems probable that most ammals carry a certan
amount of what one geneticist calls  genetic junk. One won
ders how long 1t may be before some sire that has fathered
several hundred calves through a center for artificdal insemi
nation will be found to have disseminated some undesirable
genes as well 23 hus good ones

Elimination of recessive defects Lethal genes and defects Like
those conmdered 1n this chapter can be eliminated from a
flock or herd even in large domestic animals. Suspected
heterorygotes should be tested before being wsed extensively
for breeding Obviously such tests are particularly important
with sires, since one male mll distnbute a bad gene to many
more offspring than can any one female.

The best test 15 to mate the suspect to known heterozygotes,
1¢ to any femnales that have produced the undesrable trait.
A single affected offspring from such matings u enougi: to
show that both 1ts sire and dam are beterozygous. If the sus-
pected sire 15 mated with fernales known ro be heterozy
gous for a simple recessive defect 8 progeny if all normal
will reduce to 10 per cent the probability that the sire could
sull be aarrying the unwanted gene. Each normal offspring
above that number reduces the probability sull more If there
arc as many as 1z normal progeny with none showing the
trait for which the test is made the chance of that sire s aarry
ing the unwanted gene is reduced to § per cent.

In another type of test mating, in which the suspected sire
is mated with his own daughters or with daughtens of some
other sire known to be heterorygous for the defect, the ex
pected frequency 1f he is heterozygous, is ¢ normal o 1 de
fective. Such a test is more difficult tlmn the other for at
least 17 progeny all normal are necded to reduce to 10 per
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cent the probability that the sire is pot carrying the unwanted
gene.

Some recassive defects are not completely recessrve. In such
cases aareful study may pronde some test or mensure by which
heterozygotes can be 1dentified, thus making genetic tests un
necesary A good cxample, currently of much interest to
those who raise Aberdeen Angus or Hereford eattle 1 pro-
vided by the unthrifty dwarf calves that occur in these breeds
(in North Amenca) with an alerming frequency If the am
mals that carry the unwanted gene could be ehminated from
the breeding herd, the problem could easty be sobved. To
that end geneticists are now measuring the conformatron of
the bead and deviations in certan vertebrae in the hope of
finding some method of 1dentifying the cattle that are hetero-

rygous
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Chapter I

On Copimng with

the Environment

IN the previous chapter we considered a fesy examples
of disezse that results from variations in the genetic constitu
ton of animaly All of the conditwons there descnibed are
recognimble at birth or soon thereafter because of some
vuible abnormality of the anatomy physiology or color of
the animal affected Fortunately congenital defects Like
those considered 1n Chapter II a ¢ exceptroms and most am
mals are born 0 what appears to be a perfectly normal cond:
uon, However when these apparently normal nencomers to
thry earth face the varying kinds of environment with which
they must cope during their say upon 1t 1t soon becomes
evident that some can tolerate that environment better than
others. As we shall sce these differences 1n 2bility to cope
with the world around us result 3n large measure from dif
ferences among us n our generxal equipment for that task.
Usually it takes some particular kind of environment to re
veal those genetc differences and 1 t] € most favorable con-
ditions many of them may never be brought to light.

In this chapter we shall conuder & fewr examples to illus-
trate how the genotype can interact with the environment to
»
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determine the ultmate fatc of the ammal, Environmental
fluences are not always obvious. Most people think of the
environment as being represented by such things as heat, cold,
drought vananons mn the amount of ight and other physcal
factors However 1t includes also the quality and quantty of
food avaulable and the pathogenic organisms and parasites to
which an animal may be exposed. Other weanng environ
mental influences are sometimes less obvious such as compet!
tion among apimals parucularly among wild ones, and
asorted lesser ymitants hike wncome taxes and pouson fvy

In some aases the environment has no effect whatever m
others 1t appears to be the all important factor in detenmining
some condition, Often 1t 1 difficult to say which exerts the
most 10fluence—heredity or environment—and many 2 de
bate on that subject has left the matter undecided Genenicsts
recognize that the environment may be an all important fac
tor 1n determiming the expression of some genetic character
The purpose of this chapter 15 to give a few examples that
lustrate vartous Linds of juteractions between heredity and
environment particularly those that are related to discase

Genelic differences in toleration of hot w eather Cattle of the
Zehu type so common in Astx #nd Afria are now being used
o vartous parts of the world to produce new breeds that com
bine useful productivity with supertor ability to tolerate lugh
temperatares. The remarkable abilities of the Zebus to retain
therr bovine complacency (Fig 7) when high temperatures
have completely upset cattle of European ongin ss well illus-
trated by some tests made by Rhaad (14) with pure Zebus
pure Holstein-Friesians, and eight F, animals from the cron
Dbetween those owo breeds. When air temperatures got as high
a1 g7 F. the Holstein Friesians were panting at the rate of
107 TeSpIRALONS per mnute The corresponding rate for the
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Fgur 7 Brabman catle basling  the s while European beeeds
seek shade. (Courtery Amerscan Brahmen Breeden Amocution.)

Zcbus was only 46 while that of the F anmals was nter
mediate at 89 (Fig 8)

Recogmtion of thu remarlable ability of the Zebm to
withstand hugh temperatures led to their use at the King
ranch 1n Texas to form the famous Santa Gertrudis breed,
which 11 about threeeighths Zebu and five-eighths Shortharn.
From their home base the Santa Gertrudis have gone to hot
cliuates farther south, to Queensland, and to other parts of
the wotld in all of which they have invariably grven an excel
lent zecount of themselves as beef animals.

In Jamaia Zebus of the Sahuwal breed have been crossed
with Holsteins to produce tl ¢ Hope Holsteins, a dairy breed
with ability to yield mere mull. 1a tropial heat than can the
pure Holsteins introduced from Europe. In these Hope Hol
steins, according to Lecky (13) the best milkers have & Iittle
over zg per cent of Zebu blood, and 1t is conndered that the
ideal would be about threecighths Zebu In the Philippines
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Fgure & Rapmdom per mi vt t d ferent  ir cemperatura.
(From Rboad, 10 Journal f Agnosltural Scrence 036 by pormmsion
of Cambrridge Unhersity Pres)

the Zebu has been crossed with Herefords to produce a beef
draft amimat adapted to that part of the world. Another cross
beng tried 1n the southern United States 1s the Charbray s
combinatyon of Zebu with the French Charollaus,

In all these crosses the important contribution of the Zebu
1 1ts abulity to thrive at high temperatures, but it is also more
resistant than European attle to uch-bome diseases. Both
these desirable qualities are transmutted 1n good measure to
sts hybnd progeny The crom 13 of particular interest because
1t provides one of the few cases i1 which animals of two
different species have been crossed to produce a superior hy
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brid for man s use. The Zebu (Bas tndicus) and European
attle (Bas taurus) both have thirty pairs of chrommsomes,
and croues between them are fully fertile

Hea! resistant Leghorns Many a poultryman has found by
experience that Leghoms an withstand high temperatures
better than can the heavy breeds Thu was nicely demon
strated at Comnell some years ago when our flocks were sub-
Jected for three July days in a row to temperatures unprece
dented 1n the previous 11 years (Hutt, g) During the whole
heat spell of some 6 dayy mortality from heat prostrauon
alone was as follows

Birds Ded

number per ent
White Leghorns 139 8
Rhode Island Reds 8 3]
Barred Plymouth Rocks 6 52

In mortaluy from other causes belore, during, and after the
heat spell these three breeds did not differ significandy but
deaths from heat prostration were three times as fugh in the
two heavy breeds as 1n the Leghomns, and those differences
were staustically significant.

Study of the records showed that resistance of the Leghorns
to high temperutures was not related to their small body size
Subsequently Fox (4) has given an interesting clue to the
reason for Leghomn supertority m thr respect. He found that
when Leghorns and heavy breeds were expased together to
extremely high tempenatura, they did not differ in abihiey
to survive #0 long as both breeds were deprived of water
However when the birds were given an opportunity to drink
all they wished the White Leghorns drank more or less con-
tinuously and survived but the New Hampshires and Rhode
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Island Reds drank less and perished. This indication that the
Leghorns were esther mote thisty or more intelligent, or
both, was seridentally confirmed in one test when four of
the five White Leghorns subjected to extreme heat broke out

Flmto-?tpdb\naop.l.bermko{mmblned‘cnnlcudm
fronmenmnl influences. (From Himhaw pd Amcondson In Jowrn I f
Amerce 1 cterinary M dic | Anociat on 937 )

of confinement and got to the 1ater pan. None of the heavy
breeds did s0

Since ability to withstand high temperatures s as much 2
breed characteristsc of the White Leghorns as are their white
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color and single comb it 15 clearly a genetically determined
trait. Fox ¢ experiments suggest that the Leghorns may be
genetucally better endowed wath the gumption necessary to
cope with an extremely unfavorable environment.

Pendulous crop in turkeys At Davis, California Asmundson
and Himshaw (1) studied a remarhable abnormaliey 1 Bronre
turkeys which they alled pendulous crop  In affected birds
the crop becomes filled with flnd and greadly dutended (Fig

T bls 1 Relation of temperature to {oddence { penduloan avp in
genetlally smsceptble tarkeps
Mrdmmdally  Hbew  Foulu Incidence

Place temperature,  temperature expowd,  [pend bom

nerage recorded  mumber  aop, percent
D1 &y 915 F o F 67 &7
Tommakes 4 F n F 83

From Asmundson nd Hioshaw n Powliry Sae or 958,

9) About a third of them die sometimes from pneumeoniz or
from aclf inflicted lacerations and sulsequent septicemiz, but
all are unthnfty and most of the survivors cannot be mar
keted Because the pendulous crops were found only in the
Mammoth Bronze turkevs and never in the Bourbon Reds
raised at the same place the condition was evidently 2 genetse
character This was confirmed by selection for increased incl-
dence of the abnormality which resulted 1n the development
of a atrain in which over two-thirds of the turkeys from
afflicted parents developed pendulous crop.

1t was noticed that this condition appeared In poults from
8 to 16 weeks of age after excesive dnnking in hot weather
To tat further that environmental influence susceptible
poults were divided I two groups snd one sent from Davis to
Tormales, which s only 2 miles from the ocean. The roult
of thi experiment (Table 1), show cleatly that in the cooler
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atmosphere at Tomales the genetic susceptibility to pendu
lous crop was never expressed.

This case 1llustrates how some abnormality 1n one environ
ment might appear to be caused entirely by heredity but in
another to be mduced solely by temperature or by some
other extraneous factor

Dusease and dret In an age when we are constantly exhorted
to down our thiamine, vitamin C vitamin D and 10din¢ 20
that we shall not develop benber1 scurvy rickets and goiter
1t is hardly necessary to remind the reader that dictary de-
ficiencies can cause disease No text on the feeding of domestic
ammals 15 complete without its series of ghastly plctures to
show what happens to rats, chicks and other ammals that
do not eat their viamins and minerals, Less evident but none
the less real are the effects of dietary defizencies on perform
ance and production. However there are genetic differences
1n ability to get along on deficient dicts. Some of these inter
actions of heredity and emvmronment will be discussed 10
later chapters but two or three examples can appropriately
be menuoned here Heston (7) has described a hereditary ab-
normality 1n the rat 1n which the nose 13 bent to one side. It
13 manifested only when the calaum phosphorus rauo 1
unbalanced. In the bent nose strain about 5o per cent of the
rats showed the condition on dicts too high in calcum. How

ever when cod Iiver 01l was added to the diet the mcidence
dropped to 14 per cent, and when irmadiated yeast was added
only 4 per cent of the rats showed the bent nose. Similarly

Gilman (5) studying hereditary brain hernia in swine found
that sows on deficient dlets produced herniated pigs with 2
frequency indicating the condiuon to be a simple recessive
chatacter When the same sows were fed a fully adequate diet,
however the proportion of hernfated pigy In therr hitters (by
the same boar s before) was greatly reduced
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Aatural selection against inadequate diet Some yeany ago a
nutmntionst just returned from China stated that he could not
sce how the Chinese people managed to lve with an mtake
of atlaum as low as he had found 1t to be there One possible
answer 13 that over thousands of years people unable to thnove
on a somewhat lower level of calqum than the 08 grams
dauly that some authonties ot nutniton prescribe for adults n
North Amena would have been eliminated by narunal selec
tion Those best able to survive and to reproduce on a lon

¥ gur An extreme ae of perous. (Conttewr
Corpell Unn ety )
aldum male would eventually beget 3 race capable of
similar performance
The fact that matural selection does operate in this way n
Hlustrated by data from Hawan on the inadence of slipped
tendon or peresls (Fig 10) in diffierent strains of chickens In
this abnormality the aomemarul joint become enlarged
boncs of the shank become curved and frequently the tendon
from the gastrocnermious muscle shps from its intercondylar
groove, Perosls results from s genetic susceptibility to an vn
balapced diet.
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Serfontein and Payne (16) found that when 1ts frequency
mn Rhiode Island Reds was 11 per cent their Leghorns on the
same dict showed only o 7 per cent afiected By selecting suv
ceptible breeding stock from chicks that had shown peross
but had recovered, they were able to increase the inadence
of the abnormality to o per cent 1n the next generauon
Clearly chicks differ genetically 1 suscepuibility to perosis.
On the other hand the frequency @n be reduced by pro-
viding n the diet some supplementary manganese Chicly
of the heavy breeds may need as much as 50 parts per
million of manganese 10 their feed to reduce the incidence
of perous, but Leghoms seldom show it even when the
manganese content is no more tham so patts per million.

Rosenberg and Tanaka (15) mmported into Hawan three
strains of New Hampshares from Califormia, Washington, and
Oregon ‘These nere brought 1n as chicks and were compared
in Honoluly with New Hampshires of a stramn that had been
bred in Hawan for a number of years All birds recetsed the
same diet, which contained ample manganese By 12 weeks of
age the inadence of perows in the three introduced strams
vanied from 39 to 5 ¢ per cent but not one chicken of the
Hawauan strain shoy ed that abnormaliy \ow perous ©
more likely to develop i cluckens mised on wire meth
floors than n those on solid floors or on the ground Be
cawse of the prevalence of parasies i Hawan 1t 18 the
usual practice there to rane all chickens on wire floors. It
scers probable therefore that several years of natural
selection had eliminated from the Hawalian strain of New
Hampshires most birds genctically suscepuible to peroels.
In the Unlited States however few chickens are raucd ont
wire floors in the three states from which the stock was 1
ported. Any selection there against that discasc must have
been much less intense because the birds had not been raised
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mwire.ltunotmxpﬁﬂug:huwhmformdmmpemm
the wire floors condncive to the development of perosis the
umported strains all showed some susceptible birds but the
Havaidan one did not.

Thu case thows nicely how genetic varauon 1n susceptibi!
1ty to a duseasc and an environment conduave to develop-
ment of that disease together provide 2 minution in which
mtural sclection operates to breed a resistant stock. How
cver natural selection, like the mills of God, gnnds slowly
particularly with a species yielding only one generation a
year A geneticist seekung to develop quickly a stram of New
Hampshires highly resstant to peroas would require hus
chicks to cope not only with wire floon, but also with a sub-
optmsl intake of manganese, m order to get the maximum
expression of genetic susceptibility and resistance. With fam-
1ly selection and progeny tests he should then quickly out
distance the relatively slow process of mass selection through
which nature operates.

Decayed teeth on coarse feed. An intereting example of the
interaction of genetic and environmental influences is pro-
vided by the dental canes smdied expenmentally in rats by
Hunt and Hoppert (8)

Contrary to what we have been told about our own teeth
by emunent authoritics, ragt develop tooth decay more rap-
idly on coarsely ground fecd than when the same diet 13 fed
in a finely ground form Thus pervense and nonconformist
behavior 1s disturbing Rather than lose any faith In the ex
perts who guide us, we an sbduc all wapient distrast
umply by reminding ourselves that the rat is one Mind of
animal and man quite another What is good for a lowly
rodent 1 not necessarily good for the most advanced species
amoug the primates This philosophy is reamuring until we
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recall with dismay that 1n every laboratory of nutntion
worthy of the name the rats outnumber the humans by
scores to one and that both species collaborate to prescribe
for us what vitamins and minerals we should cat and what
more delectable jtems we should not

Using a dict so coane that 70 per cent of 1ts ground, hulled
rice was retained by a ro-mesh screen Hunt and his asso-
aates measured the susceptibility of their rats to toath decay
by canes ume ‘This was the number of dayy after being
put on the coarse feed before appearance of the first sign of
decay Young rats were started on the canes-inducing diet
at about 35 days of age For the unselected stock with which
these experiments began the mean cries ime was 70 days.
Dy selectise breeding two contrasting lines were differen
tiated one being highly susceptible to caries and the other
remarkably resstant (Fig 11) In the eleventh generation
the mcan caries times n these two lines were 22 days and 392
days respectively As environmental conditions had been
kept uniform for all rats tested, the diffierence between these
two lmes obviowsly resulted from selection. Clearly resist
ance to decay of the tecth depends 1n large measure on the
genetic contntbution of the rat

A simple test showed just as clearly that resstance alo
depends a great deal on at least one factor 1n the environ
ment, L¢ the coarseness or the fineness of the feed In the
nmth generation the mean caries ume for rats of the suscep-
tible strain in routine tests was o days. However other rats
ol that same breeding were ralsed on feed ground as fine as
flour but otherwise 1dentical with that provided 1n the rou
tine tests On that fine feed 53 rats showed pot a trace of
decay even at 150 days of age, and for the remaining 4 ane-
mals the mean caries ime was 125 days.

1E these fine and coarse feeds had been tested on raes of
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unlnown genetic comtitution with respect to dental cardes
the mvesugator might well have concluded that the alk
important factor causing tooth decay (1n the rat, remember!)
iy counsc feed. On the other hand, the genes clearly exert a
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Figur Dificrentlation by sclection of Lines of rats ressant or
uncepeible to dental carbes. (Drawn from data of Hune nd Hoppert in
Jowrnt Lof Dent | Research  gi3)

remarkable influence (Fig 11) The importance of both he
redity and env is clearly led by surtable expent
ments with genctically controlled material

Death delayed by uet Jeed In chiclens & simple dominant
muntion was found by Stutkie (17) 10 Guse reduction of
some of the feather tracts, thus lesving the chick partly
mled Under normal conditom with dry feed Sturlue
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found that 58 per cent of the mutant chicks died by 15 days
of age. Peculiarly enough when the naked chicks were
started on wet mash death was postponed, and mortality at
15 days of age was only 28 per cent. After wet mash was dis
continued mortality aga:n rose and by 150 days it was almost
as high as in naked chicks on dry feed The naked chicks did
not eat well on dry feed. By providing moist feed which is
more attracuve to chicks than the dry kind, they were in
duced to comsume enough feed to meet the higher require
ment of energy 1mposed by their partially naled condition.
The influence of natural selection was nicely demonstrated
1 this case After backerossing heterarygous naled chicks to
normal fowls for eight generations, the degree of nakednen
was greatly reduced and viability was much increased (18)
The proportion of chicks dead by 15 days in the eighth
generatnon was only g per cent It seems probable that the
conunued backcrosung had resulted 1n the accumulation by
the survnving chicks in each generation of modifying genes
that reduced the degree of nalednews and permuted corre
spondingly better viability even on the dry feed.

Influences of light Proof of the old adage that one mans
meat 15 another s polson 13 afforded by the varying effects of
sunlight on different genotypes. Basking on the beach 15 a
much safer pleasure for brunettes than for blondes A bad
case of sunburn is really a condition of disease, and obviously
the brunettes are much more resistant to it than their fair
haired nsters Some domestic animals are genetially 30
photosensitive that when exposed to sunlight they become
badly burned These will be discussed in a later chapter It
will suffice here to pomt out that pigs or people affircted with

yria like the sheep that carry an excess of phylloery
thrin in thelr blood, can get along very well 50 long as they
keep out of the durect sunlight.
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Another lnteresting effect of light, although not related
spearfically to dneme is i Influence on xctivities of the
endocrine glands in birds. Late-hatched pullets are slow to
begin laying but can be brought into profitable cgg produc
tion by exposing them at about 5 or 6 months of age to in
creased amounts of Ifght.

The chain of reactions here 13 an interesting one, Light
tecerved through the cye and pased along the optic nerve
activates the antenior lobe of the pituitary gland. That gland
then produces & gonadotropic hormone which sctivates the
ovary and thus canses the pullet to lay Since wmn northern
latitudes the length of the day decreases steadily after June
11 pullets that are hatched late 1n April and become somat
lally mature in September are then subjected to shorter
days than their March hatched susters expenenced when they
were 5 months old, Thus the April birds are usually 1 or 3
weels older at the finst egg than arc the pulles of carly
March when they start laying, unless artificial light s sup-
plied,

This effect of light on age at sexual matunty s nicely
Hllusrated (Table ) by two years data for unlighted pullets
hatched early late or in mid+eason at Comell University

Table 3. Relation of date of hatching to age at firs egg In White Leg
born pull-ta

AMean age in days at first egg-

[0} (O] © Difference

Saln Year  lHatched  Hatched  Hatched (cak
March  Marchag-  Apell day

> Aped -
K 64 bl 9 +30
|3 31 I ~ i +8
c o 5 [ L] +30
c 01 33 69 - +3

Data of Mt od Coke, Comell U henby
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found that 58 per cent of the mutant chicks died by 15 dap
of age. Pecularly enough when the naked chicks were
started on wet mash death was postponed and mortality at
15 days of age was only £8 per cent. After wet mash was dis
continued, mortality again rose and by 150 days it was almost
as high as 1n naled chicks on dry feed The naked chicks did
not eat well on dry feed By providing moist feed which 1
more attractive to chicks than the dry Kind they were in-
duced to consume enough feed to meet the higher require
ment of energy 1mpased by thesr partially naked condition
The influence of natural selection was nicely demonstrated
in this case After backcrossing heterozygous naked chicks to
normal fowls for erght generations the degree of nalednest
was greatly reduced and viability was much increased (18)
The proportion of chicks dead by 15 days n che esghth
generation was only g per cent It scems probable chat the
conunued backcrowing had resulted n the accumulation by
the surviving clucks 1n each generation of modifying genes
that reduced the degree of nakedness and penmutted cotre
spondingly better viabiliry even on the dry feed.

Influences of hght Proof of the old adage that one nuns
meat 15 another s poison is afforded by the varping effects of
sunhght on dificrent genotypes Basking on the beach 15 2
much safer pleasure for brunettes than for blondes. A bad
case of sunbumn is really a condition of discase and obviously
the bruncttes are much more resistant to 1t than ther farr
haired sitens. Some domestic animals are genencally 0
photosensitve that when exposed to sunlight they become
badly burned These will be discussed in a later chapter It
wll suffice here to point out that pigs or people afflicted with
porphyria, like the sheep that aarry an exces of phylloery
thnn 1n their blood, aan get along very well so long as they
Leep out of the direct sunhight.
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Another mteresting effect of hght, although not related
speafially to duease, » its Influence on activines of the
endocnne glands 1n birds. Late-hatched pullets are slow to
begin laying but can be brought into profitable egg prodac
tion by exposing them at about 5 or 6 months of age to in
creased amounts of light.

The chain of reactions here 1 an Interesting one. Light
recerved through the eye and passed along the optic nerve
activates the anterior lobe of the pituitary gland. That gland
then produces a gonadotropic hormone whuch activates the
ovary and thus causes the pullet to lay Since in northern
latitudes the length of the day decresses steadily after June
21 pullets that are hatched late 1n Aptil and become somat
1aally mature in September are then subjected to shorter
days than their March-hatched usters experrenced when they
were § months old Thus the April birds are usually ¢ or 3§
weeks older at the fint egg than are the pullets of early
March when they start laying unless artificial hight is mup-
plied.

This effect of light on age at sexual maturity is nicely
llustrated (Table 1) by two years daa for unlighted pallets
hatched early late or in mid scason at Comell Uventty

Teble 3. Relation of date { bntching to #ge at first ey In White Leg-
horn puliets

Mean age Indays ¢t firee g

) ®) © Difference

Sraln Yor  H tched  Hatched  Hatched (-
March  Murchay~  Aprl dip

> April -
K o5 [N 7 o +30
K o34 8 ™ I +6
c 953 5 I & +
c o3 55 69 had 5

Datx of Hut td Cobe Corvell Unhershey
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The groups compared were all from the same hens in any ene
year The date show a genetic difference between Straims K
and C, with the latter maturing approximately 5 days earlier
than the former In 19,1 the late-hatched pullets did not be
gin laying unul they were some 2 weeks older than thar
early-hatched sisters had been when they began A difference
between years 1s also evident for in g5y the pullets hatched
last were 30 days older before beginning to hy than those
hatched earhest. Ob ly 1ome addi )}
factor retarded the late-hatched birds of 1953

Since age at first ey 13 a geneucally determined character
and onc that can easily be modified mn either direction by
selection this case affords a good example of the interaction
between heredity and environment.

Other interactions stress factors It Is fashionable 1n some
biological arcles at the present ume to refer to all advene
environmental conditions under the general heading of
stress factors The latter term includes practically anything
that tends to irritate the organism This might include too
much sun or too little the things that cause common colds,
an excess of alcohol or of blatant commercuals on televi
sion

Various species bave demomtrated remarkable ability to
adapt themselves to stress factors. One need only recall the
housc flies that become resustant to DDT 1 an amazngly
short ime or the codling moths swhich in a much longer time
have become renstant to ssenical sprays Perbaps the great
est degree of adapuability has been demonstrated by sorme of
the bacterd that have bad to cope with antibiotics. In
Escherichia coli there are now not only strains resistant to
penicillin but also stramns that actually yequire that ant
blotic for optimum growth The same can happen with path
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ogenx organmmy, as Barber (2) has demonstrated with
Staphylococcus aureus

Adaptation of a species to 1ts environment 15 not pecular
to insects and bacteria, but in larger forms with slower re
production 1t i less evident. Examples 1n domestic animals
are reviewed in Jater chapters In man naturl selection has
done much In the fint halfmillion years to buwild # resistant
organestz but in the last half-century thanks to the highly
effective efforts of the medial profession to foul that process,
adaptation has become 1n many parts of the world more of a
problem for the indrvidual than for the species. Here also
the struggle s often between ones genes and the environ
ment.

The situaton 15 1llustrated by a friend, a geneticst, whose
stres factors include house dust, goose featliers, and kapok,
all of which gne him asthma, and the weekend trafic be
trreen San Franasco and Palo Alto on the Freeway which
uses excewsive perspiration His allergies like most arc
hereditary but a genctic basls for his reaction to traffic has
yet to be demomtrated. By using an ymmuninng extract of
house dust, putting plastic covers on the pillows, aling an
occasional whiff of adremaline and shun-piking on weekends,
he has managed for some Go years to cope succewfully wmith
hus environmental stress factors and, in spite of |15 genetic
unfitness, to survive.

Somewhat similarly under favorable environmental condi
tions, most of us have beaten off the organums ausing
chicken pox, measles and mumpy as well as the bactena chat
Invade us every time we cut a finger Over g9 per cent of us
(adults) have withstood poliomyelitis without the protection
of any vaccine.

If the environment 1s sufbciently adverse eten tl ¢ highest
degree of genetic resistance to infection may be futile. Colin
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tried for weeks to infect chickens with anthrax but failed in
every attempt, Eventually Pasteur showed him that it could
canly be done by immening the birds in cold water and thus
lowering their normally high body temperatures below the
105 to 108 F which ordinarily protects them against not
only the anthrax bacillus but other bacteria as well

Heredity emnronment and the twin study method Inspecies
producing both monorygotic (identical) and dirygotic (un-
like) twins a very precue technique can be used for determin-
ing whether or not some characterstic 13 caused more by
heredity than by environment or vice versa. It 1s called the
twinatudy” method. Since monozygotc twins result from
division of a fertilized egg both members of the pair should
have the same genetic comstitution except for any mutatuons
than may hasve occurred after their separation. Accordingly
if the trait under consideration 15 determined primanly by
genetic susceptibility then when one twin shows 1t the other
should do so0 also in most cases On the other hand durygotsc
twins are no more alike than brothers and sisters born at
separate times They may be of opposite sexet one may have
brown cyes and the other blue. We should expect the con
cordance in such dusimilar twins to be no higher than that
in siblings
Now 1f the trait being nvestigated is determined 1n large
measure by environment and heredity has little or nothing
to do with 1t, then the concordance within pans of dirygotic
twins (particularly in those of like 1ex) should be just as hugh
23 1n monazygotic twins. If, on the other hand, heredity 13 the
all important factor in expression of the trait, then concord-
ance in the monozygotic twins should be much higher than
in the dlssimilar pairs
In such studies of twins to differentiate between the cffects
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of environment and heredity one must be careful to get a
mandom sample of the twin population. Bias is introduced
otherwise becawse pairs 1n which twins agree are more likely
to be reported than pains 1n which they do not.

Twns and tuberculoss hallmann and Reisner (10) studied
308 pain of human twins 1n which at least one member (des-
ignated as 2 twin index case ) developed tuberculons The
incidence of that duiseasc was then determined 1n the other
members of the pawrs and in their full nblings and other rela
teves to a total number of x 308 people. Whle the mnadence
of tuberculosns 1n the general population was only 1 37 per
cent, the chances of that disease strilung relatives of tubercu
lows twin mdex cases were found to be as follows

Per cent

For full brothers and sisters, not twins 5.5
For dirggotic co-twins 256
For monozygotle co-twint 873

The fact that concordance was so high in monorygotic
twars, but no higher in dirygotic twuns than n siblings born
separately shows clearly that susceptibility to tuberculous in
man 1 large measure genetically determined This of
coune doet not rule out an environmental cffect a3 well
Obviously 1f a susceptible person never becomes infected, he
annot develop tuberculosis, Now that the wmcidence of tn
bercaloshs in the general population has been reduced in
North Amena to hitherto-unprecedented low levels, this
exactly what is happeming to many genetially susceptible
people. They are escaping the disease beaune they are never
ex

It does not follow that among Infected persons all are
equally ausceptible As hallmann and Rewsuer polnt out, there
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are all gradations from a high degree of genetic resmstance to
a very low one Between these extremes some people might
develop muld tuberculosis and recover if the environment n
favorable When the environment 1s not favorable then some
of these intermediates might succumb as thousands of them
did in Europe during the privations of the Second World
War

Suscepttbility to mycotic infection i cattle Doth types of
twins occur 1n cattle a fact which is now being utilized by
imestigators 1n Sweden New Zealand Scotland and the
United States for more precise investigations in animal hus-
bandry than are possible without twins. A pair of idenucal
twims 1s about as close as we can come 1n large mammals 10
what the plant breeders call a pure hine that is, one m wluch
the individuals are genetically alike By using one twin aalf
a3 a control and subjecting 1ts mate to the experimental duet,
the reduced intake of feed, or whatever the investrgator
wishes to study the effect of the treatment 15 measured more
cxactly than is possible with heterogeneous matenal. Thus,
for studying the factors mnfluencing milk yield in cattle m
vestigators 1n New Zealand have concluded that a pair of
wdentical twins is as good as £2 cows that are not twins.
Apart from such studzes in ammal husbandry however the
only case thus far reported 1n which twins have been utilred
1n domestic animals to demomstrate the separate influcnces of
heredity and environment 1n causing discase comes from a
tingle pair of twin heifens. At Wiad, Sweden where Bonnier
and Hansson (6) have had twin aalves under study for many
yeans, one member of an identical pair became 1ll when
nearly g5 months of age, detenorated rapidly and died at 1
day over g5 months. Post-mortem examnation showed that
death was caused by an zcute mycotxe intestinal inflamma
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tion. The mucous membrane of the intaatines was infiltrated
with molds (Aspergillus and Mucor), which were traced to
moldy tny that had been fed to the ammals.

Exactly £ weeks after the one twin first showed symptoms,
her mate began to exhibit exactly the same conditions and,
a1 her condition detenorated rapidly she was laughtered just
= weels after the other had died On examination the ame
nfiltration of molds 1n the mucous membrane of the intes-
tines was evident.

Among 104 head of other cattle to which the same hay was
fed, no unfavorable effects whatever could be nouced. It 1
clear that this one pair of 1dentscal tonns difiered from other
aattle 1n being genetically highly susceptible to the molds 1n
their hay If the stricken heifers had not been manazygotc
twing, it could not ave been discovered that resustance and
ssceptibility to such an infection are determined by hered
ity Idental twvims 10 cattle are not common, however and
in other speaies of domestic animals they are more difficult
to 1dentfy if they occur at all,

Longentty Abont the most satnfactory measure of an animal s
ability to withstand the amulative action of all the environ-
mental siren to whach it may be subjerted 1 its length of hie.
Unfortunately we do not know the averzge duration of life
m domestic animals. To be sure, we read frequent reports of
ancient horses and of hens that have contmued to perform
well long after the rest of their generanion has departed. Al-
though such records are interesting as indicators of the ex
tremes of longevity 1n such speaea they are of little valoe
11 measures of the average expectation of life. For most do-
mestic animal the duration of life i determuned Ly their
economic usefulness only

e can do somewhat better with man who is unaily given
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every posible opportunity to demonstrate how long his genes
will let him live There is ample evidence that, except for
those hilled by bombs machine guns, automobiles or other
mfernal agencies the duration of life 13 determined by hered
1ty From records of nearly 2 so0 members of the Hyde fam
ily Alexander Grzham Bell aalculated that the chance of
pensons 1n 1t hiving to 8o was only 5.3 per cent if neither
parent attained that age It increased to g.8 per cent when one
parent did so but for those whose parents both beame octo-
genanans, the prospect of attaining that ssme distinction rose
to 20.6 per cent.

Similarly from studies of the correlation in age at death
between parents and offspring Beeton and Pearson concluded
that one-half to three-quarters of the mortality rate is de
termuned solely by heredity and is not likely to be nfluenced
by measures of public health Since their studies were made in
the anteantibiotic ere that conclusion might now stand some
modification.

Ewvidence of the role of inheritance 1n determining longev
ity was obtained 1n a different way by the Pearls (1) They
compared 365 people sull living at go or beyond with a large
number of sultzble controls. For both groups they deter
mned the sum total of the lengths of Iife of six immediate
ancestors of each person (father mother and four grand-
parents) For the nonagenarans and centenarians, that figure
was more than 6o years higher than 1t was for the controls. In
other words, people over go came from immediate ancestors
whose length of life was about 10 yeans longer per person
than the corresponding ancestors of the controls

More recently Dublin and Marks (3) studied the records of
all white men between the ages of 20 to 64 to whom polides
were lssued by the Metropolitan Life Insurance Company be-
tween the years 18gg to 1905 From these they excluded cases
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with unusually youthful parents that might have bused the
amalyss and sorted the remainder 1nto three groups according
o whether both ove, or nether parent of the policyholder
had been lving when the policy was issued. Withm these
groups the subsequent mortality was compared with the ex
pected (average) mortality for males of the same age. Re-
gardlew of the age at bsmmance of the policy the rauo of
actual mortahity to that expected was connstently lowest for
those whose parents were both still living, and ighest for
those who had neither parent Living, when the policy was
imucd. Clearly there is a relatlon between duration of life in
the parcnts and that in the offspning,

As with the study of other genetic chamacten, twins are
weful for demomatraung the relation of heredity to duration
of life. 1f there were no such relauon then monozygotic twins
would be no more likely to die at about the mame age than
would dizygotic twins However Kallmann and Sander (11)
who studied twins aver 6o years of age found that m
monozygotic twins the average difference between the two
members of a pur in age at death was $6 g months but in
durygotic twins of the ame sex thae difference was 78 3

These varions studley, using different types of analyns and
different populanouns for stndy agree 1 finding that mans
length of life 13 determined in large measure by heredaty Dif
lerences 1n that length of Life are thus indicanons of genetic
differences among us in abihity 10 resist duease and to cope
with the assorted environmental stresses that beset us on our
Journey through life

Evidence of similar genetre differences 1n domestic anmaly
s reviewed 1n the next three chapters.
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Chapter IV

Resistant Little Amimals

DOMESTIC animals that have demonstrated genetic
resistance to infectious disease or to parasites vary 1n size from
homney bees to homes and represent several different groups
the zoologust s clasmification I shall consider them 1n three
successive chapters sumply as little animals big anumals and
birds. Thus unorthodox procedure does not indicate any lack
of respect for Linnacus and hu taxonomic succemory ¢ is
solely 2 matter of convemence

Resustance of colonies to Amercan foulbrood in honey bees
Amenean foulbrood, caused by Bacillus larvae 13 one of the
wonst dueases with which beekeepers have to contend. At
one time It was thought that any colony stnicken with this
infection could never surnive However following numerous
reports of colonies that had recovered from the disease, Park
ct al. (3) undertook experiments in which colonies were
deliberately 1nfected by removing a rectangular piece of
healthy brood and inserting 1n its place a piece containing
not less than 75 scales of Amenan foulbrood. They then
sclected from the more resstant colorues. In three years of
such selection the proportion of colonies apparently able to
57
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withstand the disexse was raised from 28 per cent In 1935
to 75 per cent three years later

Subsequent studles by Woodrow and Holst (6) brought
out the Interesting fact that the apparent resistance of these
colomes resulted chiefly from the highly efficient measures
taken by their public health officials to prevent the spread of
foulbrood. Bees of the resistant colonies were more dil-
gent than others in detecting the disease at early stages, i
cleaning out infected cells and 1n removing discased brood
before the causative bacteria reached the dangerous stage of
infectious spores. By these measures which it should be
recognized differ little from those used by the medical health
officers of other communities to control typhoid fever the
responsible officials in the ressuant  colomes protected therr
[ellow bees from an epizootic catastrophe

‘While that protection made it possible for the bees of those
colonies to pursue their mdustnious lives with sound minds
1n sound bodies, it 15 clear that the apparent resstance was
illusory Since the individual bees were protected from ex
posure to the disesse no selecuon for genetle resistance o 1t
was pousible Selection of the kind made by Park and hus as
soclates was highly effective 1n reducing loses from Amer
ican foulbrood, but it did 80 not by developing genetially
resistant bees, but by breeding publichealth officials that
were more inteligent and diligent than those 1n unselected
colonies. The possbiliues with other species are interesting
to contemplate

Resutance of larvae to 4mencan foulbrood Evidence that
larvae of the honey bee do duffer in ability to resust infectdon
has recently been adduced by Rothenbuhler and Thompson
(4) Using an ingemous techmique in which bee larvae were
ndividually infected with spores of B larvec they tested
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three different strains of honey bees. One of these the Van
Scoy strain had undergone no selection whatever for re
shitance to Amencan foulbrood. Another (Chartreuse) had
been selected for a mingle generation only The third strain
had been developed by Mr Edward G Brown of Sioux City
ITowa, who for many years had exposed the colomes in one
of his yards to matural infection with Amenan foulbrood.
This he did by allowing them to steal honcy from infected
combs that had been brought to him for rendering After
many gepenations of this natural exposure, the Brown strain
was comparatively resutant to the disease.

Controlled tests of these struns showed that the Brown
strain vas mgnificantly more resistant than either of the
others and that a single generation of sclection had made the
Chartreuse strmin much more resutant than the unselected
one (Table g) Uninoculated control samples of the three

T ble 3 Effects of siection In hovey bees for reshuance to Amenan
foulbrood

P Previous selection Larvee Sarvived,
fo resiscance inoculated, number per cent
Van Seoy Nane 70 5
Chartreuse generztion 593 47
Brown Muny years I [

From data of Rothenbahler and Thampeon in Journal of Lcomoma

Latomology ¢35
urains were equal 1n vability hence the differences among
the infected samples showed that the three staim duffered
sgnificantly 1n specific resstance to Amerlcan fonlbrood

As slmple mass sclection had produced a high level of 1e
sistance in the Brown stram, 1t scems powible that more
carefully controlled matings of sunvivors from tested stock
could result 1n an even higher level of resrstance.
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The hardy oysters of Malpeque Bay 1E the oyster 15 not a
fully accredited domestic animal st 13 at least one that 1s cul
tivated and encouraged. The fact that it 1 edible delectable,
and valuable gives 1t some standing, but apant from these
considerations 1t has a special value for the purposes of this
book The oysters of Prince Edward Island in the Gulf of St
Lawrence have provided a first<lass demonstration of the abil
1ty of animals to conquer disease when left entitely to thewr
own devices. The most important of these devices, m the
case under consideration = prolmbly the ability of singie
oysters to produce as many as Go mullion potential hitle
OyseTs 1 A year

‘The oysters of Malpeque Bay on the north shore of Prince
Edward Island are famous across Canada. To that area there
came m 1g1p a duisease which had not been Lnown earlier and
for which the causative organism 1s still unidenufied From
Malpeque Bay the infection spread around Prince Edvard
Island probably being helped by oyster fishen who moved
overland from one fishing ground ro another mling with
them their infected gear For the record of gradually increas-
ing resistance to the disease and of critcal tests showing that
resstance to be genetic in ongin we are indebted to the
mnteresting studies of Needler and Logre (2)

When finst stricken an area would usually have a mortality
rate from the discase of over go per cent In some places it
was dufficult to find a single lving oyster on grounds that
had previgusly been crowded. In the carly stages of infection
there was a cesation of growth a flabbmess of the big ad
ductor muscle and faglure to spawn but the most dustinctive
symptom was the occurrence of yellowishgreen pustules,
which appeosed in vasious parts of the opster and ranged jn
suze up to half a centimeter 1n diameter Mortality wos high
est 1n late surmmer and autumn
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Wherever this discase appeared, 1t pracucally wiped out
commereul fithing 1n the course of & few years. By 1912 1t
had spread through the Malpeque-Cascumpeque zres and
1n that year no oysters at all were obtained there by com
mercial fishers. Sunilar disasrons effects were enident 1n the
Charlottetown arca, where the duseasc fint appeared about
1986 Yiclds 1n the previous two years had exceeded 8,000
barrels, but by 1ggg hardly any oysters of market size could
be found and commercial fishing was pracucally stopped.
Eventually the ducase spread to all the prinapal oyster
producing areas of the island.

Transfers of oyuters from dusease free arcas to Malpeque
Bay 1n 1928 and 191g showed that the discase was still pres-
ent in that area, and the mtroduced stock proved highly ros-
cepuble to it. Out of 6o barrels of oysters mtroduced from
Enmore River In 1929 it was dufficult to find later that year
a3 many 23 100 oysters for examination.

At the same time the native oysters of Malpeque Bay be
gan to increase in number and by 1gse only about one per
thousand showed aoy of the yellowshgreen pustules aso-
cuted with the disease. In 1925 four barrels of oysters were
fished there and in the next year 14 barrels were obtained.
From then on, as the recorded yiclds showed (Fig 12) the
number of oysters jncreased at a remarhable rate, and by
1940 it was far above that obtmned in 1915 before the du-
aster struck

The disease fint armved at Enmore River somctime be
fore 1938 for in that year the fishing was & complete farlure.
Four years later Needler and Logie brought spat (young
oysters) from Malpeque Bay to Enmore River There they
were put out on specally devised wirebottom trays, on
which they could be compared in viabihity with spat of the
mtive Enmote Ruver stock.
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Figure 1s. Annual ylelds of oysters recorded for the
easern part of Prince Cou ty Prince Edward Island,
which indodes Malpeque Bay They thow  rapld de-
cline after the disesse  ppeared in 19 5 and gradoal
recovery  [ter g8 a the gysters developed genetic
resdsence. Bearuse the statistical ares inclodes some
sonth-coast inkets that were not stricken, the figures
do not show the full damage In the Aalpeque
Cxsanmpeqgne ares, where no oysters whatever were
obuained in gex (After Needler and Logie fo Tr as
act ns of the Royl Socicty { Canada 19(7)

As Fig. 13 shows, tests over a penod of 10 years proved con-
clusively that oysters from Malpeque Bay were able to sur
vive at Enmore River with normal viability while these of
the native stock had extremely low viability from 1936 to
1940 Beginning in 1942 however an improvement was no-
ticed 1n the viability of the Enmore Ruver stock, and by 1946
results indicated that 1t was becoming reswstant to the disease
just as had the oysters of Malpeque Bay In both arems 2
period of approximately 11 to 19 years was needed to con
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Tgur 3 Survival rates for spac from Malpeqoe Bay (soltd lines) and
Enmore Rhver (broken lines) 1o controlled texts at the hatter place.
They show comsisicntly high viabilny of the Malpeqae stock, ariginal
rosceptibility of the natn  oyuen, and graduoal increase 1n their re
duance 1o the dimease alter gy (Afeer Needler snd Loght {0 Trensec
tons of the Royal Soct ty of Canada, 947)

quer the 1nfection and to develop remstant stock. Similar
results were obtained at Hillsborough River where spat 1
troduced from Malpeque Bay m 1989 agun demonstrated
its restsrance and where the native Hillsborough River siodl
wis gradoally converted from a susceptible strain to a te-
sstant one.

It is probable that over the centurics most species of wikd
animals have been mmilarly exposed to pathogenic organ
s and have conquered them in much the same manner as
did the oysters of Prince Edward Island. Unfortunately with
animals less prolific than oysters the process of developing
genetic resstance 13 30 slow that most people are unlikely to
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observe it 1n the few decades of observation which any one of
us {s allowed

This does not mean that the process need be equally slow
1 large domestic animals, The oysters accomplithed thear
feat by natural selection winch 15 mass selectron, ie the re-
production of resistant individuals without consideration of
the records of their familiex. It 13 not the most efficaent
method of improvement since 1t permin reproduction of
surviving individuals in susceptible families and of resstant
parents that produce susceptible offispring The handicap 1m-
pased upon natural selection by these shortcomings 1s less
scrious when nature 15 dealing with prolific species like the
oyster Convenely with domestic ammals the stower rate of
reproduction s a handicap, but that limitation @an be over
come by using progeny testng mather than mass sclection
thus making more rapid progress than is posible by any
other means,

Resustant mice In the house mouse so wseful for studies of
nhenited vanations Is geneuc diff ts among
strains have been demonstrated in the ability to resiat vanous
infectious duseases. These include piliformus discase (caused
by Bacillus prliformus) mouse typhold (caused by Selmonelle
typhimunum) nfection by Salmonella ententidis and such
virus duseases as louping ill, St. Lows encephalitis, pseudo-
rabies and yellow fever In some cases strmins originally sus-
cepuible have been made highly resistant by a few generations
of progeny testing Thus, Schott raised the resisance of muce
to typhoid from 18 to 75 per cent in six generations and
Iater investgators brought resstance up to g per cent. In
most cases Tesistance to mfections disease in muce appean to
be dependent upon many genes, In others as with the 17D
stran of yellow-fever virus studied by Sabin (5) resstant
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mice apparendy differ from susceptible ones by only & single
gene.

Much of the literature on resistance to disedse 10 rodents
has been revsewed by Gowen (1) In order to save the space
for amumale that are bigger or more palxtable it will not be
covered here

Duscase resistance sn larger rodenis Genetic ressstance to
fectious disease has also been demopstrated 1m rats guinex
pigs, and rabbiis The lagt two of these specaes are susceptsble
to the bacillus caming tuberculons in man butin boch some
strans haye beert shown to be more resistant than others In-
bred stradns of raty were found to duffer greatly in auscepts
bility to the arge tapeworm, Tuaerue laeniaformu and hence
to the finors caused by the cysticerss of that perante

Interesting experunents are provided by attempts in Aus-
trali and clien here to climinate uawanted nbblt by ton
ing loose among them the virus causing myxomatasty, When
that duease wag first released in Ausexlis o 5 reported o
bave Lilted some gg per cent of 1t targets. A fere yeary later
m 1958 investigators found that in areas around Canbern
ia lethality had dropped to about so per cent. There are
indications that in some distnicts the virulence of the nrm
may have Jessned. Whether that 11 & facior of not 1t semy
probable that the mins! heavy mortahity permitied survivat
of only the moat highly resutant rablno and that descendann
of these wath the prolific seproduction of their species will
eventually beget & race of rabbis perhsps not bigger ot
fiercer hut certainly brologically more fit o survive than any
that Australis h2ad Anown before



66 Genetic Resuistance to Disease |

REFERENCES

1 Gowen ] W Ann, Review Microblol.. 215, 1948,
Needler A W H and R. R Logle. Tran. Roy Soc. Canada,
sdser Sect. V41 781947

8 Park, O W F C Pelletr and F B. Paddock. Trap. Jowz
Hort. Soc.. yo1 1938,

4 Rothenbuhler W C and V C Thompson. J Econ. Ento
mology 49 4 ©, 1956

5- Sabin A. B. Proc Nat. Acad Sa g8 540, 1952

6 Woodrow A. W and E. C Holst. ] Econ Entomology 35
37 1918

6



Chapter V

Resistant Big Animals

ANY Iab Ty geneucnt aco d to aarryng out
wellcontrolfed experiments with hus hundreds of mice or
s may well view sith & somewhat cniiical eye the expert
ments yeported m this chapter Onc must remember how
ever that Jarge @ are and com
paratively stow to reprodace and that thcy tequire much
mote space and labor for their management than do the con-
remeny laboratory mammals However It is difficult to per
suzade a farmer to breed for rmistance 1o discase by relating
the wonders that have been accomplished with frunt flies and
mice. Cows and even chickems command somewhat more
repectful attention

Conyidering these dificultion and also the faxct thar the
orthodax controliers of drease genenally prefer o dispose of
seactory and certainly not to infect healthy zoumals inten-
tonally it is a aign of progress that two expenments an be
reported here In which insesugators deliberately infected
large domestic anmumaly in 2 search for genetic resutance and
then muluplied the resstant stock.

The sequence of events Jead ng to the development of &
Tosutant strun wsually includes the following steps
&
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1 Recognition during an outbreal of some discase that certain
animals come through unscathed.

r The discovery that such resistant anfmals are often related.

3. Muluplication of the resistant stock and continued selection
to develop & resistant strain,

Envidence of genetic differences 1n resistance to duscase 15 also
afforded whenever different breeds are simultancouly ex
posed to some discase and one of them proves to be more
resstant than others.

For convenience the evidence from all sources will be con
sidered here by speaies of domestic animals rather than by
any grouping of diseases of similar ongin

SWINE

Brucellonts or aboition Brucella suis sometimes causes con
siderable financial loss from abortion even though infected
animals often recover and reproduce without trouble.
Chronic infection causes arthnits and frequently in boars
orchitis,

In 1929 an outbreak of brucellosis in the Berkshire herd
of the Univerity of Califorma left half the herd reactors to
tests for B suts Non reactons were Lept for breeding, and
their descendants remained free of infection Tests 1in 1942
showed that after artificial inoculation the 18 amimals tested
were all negative (Cameron et al g) In thar Interanng
studies of genetic resistance to brmceellosis in swine Cameron
et al used a relatively simple method of distinguishing be-
tween resistant and susceptible pigs The animals under test
were mnoculated orally at about 1o weeks of age and x weeks
later aggluunation tests were made to find which ammals
reacted to the test. A negative test indicaung the absence of
agglutnuns sgainst B suss was conndered to indicate re
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definite reactor was encountercd among 128 offipring It 1y
worth noting particularly that Sire 4 which showed a reac
tion in the lower dilutions only produced offspring that
were just as resistant as those from the non reactors. Resstant
animals were found among Duroc Jerseys Poland Chinas,
and Berkshires.

Because of these and similar results, Cameron and his as-
socaates (x) concluded that “brucellouis in swine can be con
trolled under average field conditions by the use of lines that
are genetically resistant to Brucella suzs  To do this effec
tively Cameron (1) recommended the following procedure
In infected herds young pigs should be neaned at 8 weels of
age and tested individually by the agglutnation test. Those
negatnne to that test should be removed from the infected
herd to some location wsolated from the parent stoch. As
addiuonal litters come along, non reactors can be added to
the solated herd. Pigs in that herd should be tested periedt
ally and any reactors removed at once When the noo-
reactors reach breeding age they can be bred to boars known
to be negative to the test for B suis Meanwhile the original
herd 15 disposed of as soon a3 the 1solated herd has grown to
sufficient size This method of control has worked well m
Califorma, and Hutchings and Vashko (16) have confirmed
its efficacy elsewhere

While this procedure uulizes the non reacung (and pre-
sumably more resistant) plgs and excludes the reactors from
reproduction it s essenually a method for starting a new
isolated herd with nninfected stock. Since in genetic terms
it represents only a single gencmation of mass sclection one
conld hardly expect that the non reacting parents woukd be-
get only resustant stock. This was recognized by Cameron,
who recommended repeated blood testing of the isolated
herd.
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In gencral, rastance to infection seems to depend upon
polygenic wheritance rather than on 2 ungle par of genes
and 1 such cases several generatiom of selection would asu
ally be necessary to develop 2 hugh degree of remstance It
would be of mterat to detentiine how much the wadenee
of reacion m an exposed herd could be reduced by four or
five generations of progeay testing, but this has apparently
not yet heen tried

Remmtance to brucellosis 15 genetically determuned m rab-
bits alsa. Mansrest (20} found resstance to be dommant to
susceptibility wath some indication that the dafferenice be
trecen the two classes is determined by 2 ringle pair of genes

Erysipelas 1n areas where losser from this disease are serions
the usaal preventive treatment according to Hagan and
Bruner (35) I to noculate with the causitive organmm
{Erpspelothnix rhunopathiae) and at the same ume to give
ummane serom from prgs that have survived inlection. While
the method 1 effective, some pathologusts distike the prartice
of treating wournals with hiving pathogenic orgamIns even
though protectuion u administered numoicaoeously

One of the difficultiey smpeding earlier studies of nane
erysipelas was that mnoculation did sot regularly camse the
disease nor did feeding the causative organism. This was
overtome by Professor Joseph Fortmer of the Robert Roch
Inatitute in Berbn who devised 3 method of uniformiy in
duaing erpsipelas by scanfying the shin before moculation
He then went on to demonstrate thar somie s 3rc genen
cally remstant to such moculation while others succumb
{(10) To ensure adequate tests in this work, each experimen-
@l arumal was moculated with matenal from g to 8 different
strains of the cxustive organism

Fortner s experiments fHlustrate the difficulty of carrying



72 Genelic Resutance to Duease |

out with large domestic mammals expennments that would
be simple with mice and some detailed account of them 1
justified He and Wellmann (12) found remarkable vanauoa
among diflerent litters 1n response to moculation (Table 5)

Table 5 V‘arying raistance to eryspelas In wmples from different
litters

Inocr  Local Generalized Chronke
Breed lated, reaction skinlesons, cffec,
number number oumber number

Variows
4 reslstant litters it) 18 5 o a
3 other Uiters 18 18 ] )
Infected sow No. 2gx ] o ° o °
German Landrece
3 reshtant littens 18 18 16 3 o
4 other littens 24 L7 LE] 4 10
From data [ Fortper and In Af hefte far preki

T erheilkunde 1g5e.

All the pigs showed a localired skin reaction at the site of
moculation and developed fever—except the mne litter
mates from sow No 28t A previous Iitter from the same sow
had also been completely unaffected by inoculation. Sioce
she henself had severe chronic arthritis as an aftermath of
her awn inoculation it was concluded that she had retained
the infection and had trapsmitted passive immunity to her
two litters. Whether such a transfer of protective antibodies
occurs before birth or after birth through the rmilk was not
determined.

The two litters from thu sow provided mpormnt evi
dence In studies of gencuc resistance to dmeasc 1n mammals
and birds, 1t is necessary to know whether the renstant an-
mals have an active resistance a3 a Tesult of their genctic con-
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sututon or merely a pamve resutance because of protectve
anubodics from their dams. With respect to erympelas 1t
seems probable from these two litters that pasmve tmmumnity
protects 1noculated pigs from even local reactions at the nte
of inoculanon. Conversely when such loal reactions do
occur as they did in all 72 pigs of the 14 other lirters con
sudered 1n Table 5 (and i othens tested eathier) they are

-
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Fgur ¢ Genenlized kewoms of the tlin Gused by fn enysipeln.
(From Fagan and Bruner The I fect ows Duscases of Domertrc Anomals
957 courtesy of R. A. Mclmtosh)

likely to be indications that the pig does not carry pasave
immunity and hence that 1 subsequent response whether
recovery or otherwise, 1t a measure of 1ts genetic constitution.

Among these 14 other litters response to inoculation varied
greatly among and within litters The most resstant ammals
showed only skin reactions, localized at the site of nocula-
tion along with temporary fever Others developed gener
alized slun lesfons (Fig 14) but recovered completely Some
developed septicerua and died. A few of those that recovered
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showed chronic arthrins, In samples of ¥ 2 5, and g pigs
from four litters all the animals recovered at the other ex
treme all 6 pigs inoculated in one litter died within 3 days.

By breeding {rom resutant ammals and from thowe that
produced mainly resistant offspring, Fortner (10) developed
a highly resistant strain The record as summanzed by the
present author from Fortner s reports (Table 6) 1s far from

T ble 6 Enpipelas in umelected stock  nd In plgs bred foc reabtance

I ‘(Lcumlhtd Segck‘lfmh.
foct n lesbors, or
Period Stock. lated, ot [atal, deseroyed
number aumber
94343 Umelected o8 )1 1
191648 Resbantline 83 o o
1956 Control n Many severely uricken
some died”
Camulative to { Resista tline
Feb ) gss No. a6
J Litters 58 somé °

From data of Fortner {n Berly e v Mimche e tierdsntl chen
IWockenschnft g9, and personal communication,

complete, and the controls are scarcely adequate but It 18
one thing to conduct & controlled laboratory expernment
with mice and quute 2 different matter to make comparable
tests with animals as large as pigs. This 1s particularly true
when the controls must be infected with a pathogenic or
ganum A test 1n 1946 of 52 pigs apparently intended as con-
trols caused such severe illness that when 1t became known
& current of uneasiness spread among the farmens |

In spite of these shortcomings 1n the experiments, the fact
is highly significant that 1n Fortmer s No 1 stran every one
of the 158 amimals tested from 26 litters recovered com-
pletely mthout any trace whatever of the endocarditis or
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arthritis frequently found 1n older animals afficted wath the
chrontc form of eryapelas (11)

To this brief summary Fortner s view of the practical ap-
phcations of his expenments should be added

The practical pplication, which now in my opinion 1 endent
from these experimental sudies of eryiipelas in our specally
bred line of pigy, is that breedens shoald take care to find the
pgs endowed with natural remstance, to give them preference as
breeders, and thus to develop a stock which no longer needs the
protecion of Inoculaden [10, p. 88}

Had this recommendation come from 2 geneticist 1t might
be considered by orthodox veterinarians as just one more
example of the ndiculous extremes to which heretical genett
sty can go Since 1t came from a veterinanan and from one
with many years of expenience with the disease of which he
wrote one I3 perhaps justified 1n hopiog that 1t may induce
his profenional colleagues to think of the posubility of con
trolling duscase by the utilmadon of genetic resutance when
ever it u practicable to do sa.

Hog cholera. Some evidence has been reported by Manren
and Mondoncdo (21) that the Berkjala breed developed m
the Philippine Islands from crosses of Berkshires with native
pigs, may be more remstant to hog cholera there than are
breeds introduced from other countmes. During an outbreak
of that dusease in herds at a prison farm, mortality over
a 5 month period was 80 per cent in Duroc Jerseys, 59 1n
Poland Chinas, but only 48 in Berljalas. However snce
these three breeds had earlier shown corresponding differ
ences (but with much lower mortality) in deaths from other
causes, 1t 1 not clear that the Berljatas are wpeaficlly ve-
sutant to cholera. The record does prove beyond question
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that the Derkjalas are more viable under Philippine condi
tions than the other two breeds are.

The attempts of Lambert et al (17) to rase resistance to
cholera by breeding from pigs that survived experimental
noculauon were not compicuously successful It seems ev1
dent that in therr work dufficulty 1n standardizing the dowge
was a hmiting factor and 1t is scarcely surpnsing that sumple
mass sclection fatled to show results i one generauon

Dysentery Engelhart (g) has reported & peculiar susceptbil-
1ty of young pigs to a type of dysentery (Ferkelruhry aterib-
uted exclumvely to heredity Over 2 penod of four yeans 5
boars were each mated with some or all of 18 sows, and
records were available for 81 litters. Three of the boars sired
408 piglers that were alive 1 week after lurth and among
these although 8 died, none had dysentery The other two
boans produced only suscepuble offspring to the number
of 338 of which 66 died. Some sows produced by one bear
only healthy piglets, by the next only susceptible ones and,
later by another boar only healthy offspring again The
dysentery was unrelated to season age of sow or environ-
ment Such all-or none siscepibility of whole hitters is diff-
cult to explain by any genctic mechanism 2nd further studis
seem desirable.

SHEEP AND GOATS

Infectious pul, y ad or j kte An inter

esting record of what happens when a ncw discase is intro-
duced to a previously unexposed popuiation has come to us
from Iceland A number of Karakul shecp were imported
into that island 1n 1938 from the Dairy Instizute at Halle 1n
Germany They were kept m quarantine for some time but
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later were dustnibuted to 16 different farms scattered through
the country The record of what followed has been grven by
Dungal et & (7) and by Pilsson (z5) In 1984 one of the im
ported mms was found to be suffering from a resprratory
disease, and later that year and 1n the next the sheep on that
farm developed the same symptoms and many died. During
the next three years the drsease spread through many pars
of the country tilling from 25 to 8o per cent of the aflicted
flocls. Average mortality was sround po per cent. In attempt
ing to duguote the new discase, Dungal ef ol compared it
with other pulmonary disorders and found 1t to resemble
the duscsse known mn South Afria (and elsewhere) as
Jaaguekte 10 every respect except one the mortality rate in
the lcelandic sheep was many tmes that found m other
purts of the world. Subsequent studies confirmed the indica
tions that the two conditions are wdental.

Charactenistic symptoms of thy disease melnde dyspnea,
which becomes progrenively worse and 13 accompanied by
the excretion of watery muan from the respirutory pasaages.
There 11 no fever but when the discase has reached an ad
vanced stage  the breathing causes a chamctenstic sound
which may be heard by anyone standing in the midst of the
affected flock, the muluple réles resembling the sound of
alowly boilmg porridge.

The posibility of eradicating the discase by slaughter was
consrdered but soon dismussed partly because of the cost but
abio becanse 1t was t00 dangerous to move unexposed sheep
into mfected areas to replace those that had been alzughtered.
It was observed, however that some families or stvaim were
more resistant to the disease than others and investigations
duning 1938 to 1948 confirmed thus fact. The Gottorp strain,
which was popular and widespread, was recognized 23 being
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parucularly susceptible In contrast, the Adalbdl strain was
found to be unusually resistant, One fanner lost 8o of 100
sheep of his own strain (not Adalbols) but among 25 of the
Adalbél stramn 1n the same flock only one died. Similar re-
sstapce 10 that stn was demomstrated elsewhere. On one
farm where carcful pedigrees were kept significant differ
ences were evadent among rams in the ability of thewr prog
eny to withstand the infection. The figures as given by
Dungal et ol {7) are as follows
Progeny Mortality

Name of ram number pereent
Erpur (Gottorp strain) 812 939
Ljomi 37 409
Odinn 53 55
Kimbi 48 667
Kolur 'H 515
Adila (Adalbdl strain) 10 100
Various others 174 Gas

Total 458 614

Unfortunately the Adalbdl strain so desirable because of 113
lugh degree of resutance, was not nidely distributed at the
time when adenomatosis struch.

To combat the new disease farmers were advised to breed
from resistant families and to Lill all rams from suscephible
families. It was noticed that the mortality rate remamed
about the same dunng the first rvo years after appearance
of the disease 1t a flock where 1t had not previously been
known. Thereafter the rate of mortality decreased gradually
presumably because of natural selection e early elimin
tion of the susceptible theep and consequent restriction of
Teproduction to the more renstrt ones.

Thus 1 illustrated by Pdlsson s record (Table ) for fiocks
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stricken in 1936 In these figures 1t would appear that, since
the perlod 1n which mortality was measured must have been
shortened somewhat for cach succemsive annual crop of ewes,

T ble 7 Dedipe in mortality rom adenomatosls | Bocks fint srkken

in gs8
Mortality to Jan,  gqa
Ewes From From
N
of year umber adenomatosh, other canses,
percent percent
935 488 665 7
97 i 57 48
B 424 9o 48
%9 6,935 L] 59
194 6,180 6o s

From data of Pdlmon in Haskoll, Lilandy, Arvinnudefld, R ¢ Land:
buxeferdeilder s

not 21l of the dechine in mortality can be attributed to
creasing genenie resistance Duning the five yean from 1936
to 1940 however the mortahty from other causes declined
relatively leas than that from adenomatosis, which decreased
from 66 to 6 per cent. Mortality from resdual causes was
lower by 5o per cent for the ewes of 1910 than 1t was for the
ewes of 1938 prohably becanse of the shorter period of tes,
but the corresponding reduction of mortality from adenoma-
tosls was 85 per cent. Clearly the resstance of the stock was
ncreasing.

‘The same trend 13 shown by Pdlson ¢ record of mortahity
for ewes of 1939 and of 1940 a3 gven separately for fiocks
with differing degrees of previous exposure to adenomatoss
(Fig 15) Mortality was contistently Jowest for focks in
which the discase had been present for two years or more.
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Adenomatosls 1s apparently not a serlous source of loss 1n
other parts of the world where 1t has long been present. Its
disastrous effect on the Icelandic sheep can best be explaned

2

»| [mtu-ml

Jmam

s —_—

) 1 z a 4

MORTALITY FROM JAAGSIERTE &

PREVIOUS EXPOSURE OF FLOCK IN YEARS
F gurs 5 Mornality from peagsickts (adenomato-
ds) to Janmary 1 19qr wa highet i Bocks not
previowly exposcd and bomest in those expased Joog-
e Ewes of g3g were tested ne year longer than
those of 1940, hence they sbow higher mortality
(Drawn from data of Pilson s report, clted In refer
encer)

by the fact that they had not previously been exposed and
hence had experienced no natural sclection Somewhat sim!
larly measles and chicken pox are not serlous diseases in most
parts of the world, but they wrought havoc among the Indians
of North America when introduced there by white invaders
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from Europe Adenornatosus has been found in the Umted
States, but 1t 1s highly probable that any chance that the
genetlaally resistant sheep in affected flocks 1n this counery
will be allowed to demonstrate their biological supenority n
somecthing less than that of the proverbml smowhall in Hades.

It should be recognized that the situation confronning the
sheep of Iceland when first stricken with adenomatons was
approximately the same as that of the oysters of Malpeque
Bay conudered 1n the previous chapter The oysters developed
what appeared to be complete genetic resistance to the disease
1n about a dozen years the Icelandic sheep because of ther
slower rate of reproduction will probably need more ume. If,
however selecuon 13 made on a family bass, 1t 15 entoely
posuble that their resistance can eventually be rased to a
point at which losses are not serious Evidently that same de
gree of raantance has already been reached 1o stock long ex
posed 1n other parts of the world.

Reustance to tnchostrongyle worms The Romney Manh
sheep bred in the area of Kent after which they are named
are unusually resistant to stomach worms of the family Trich
ostrongylidae, This 13 known to the farmen of the area, tome
of whom would apparently prefer to keep other breeds but
cannot afford to do so because no breed 13 &3 well able as the
Romney Manh to survive the lugh degree of parantism -
evitable 1n the lush pastures of the Romney Manh area.
Some years ago Dr E. L. Taylor of the \ eterinary Laboratory
at Weybridge England, told me that he had scen Romneys
granng 1n the same fiekds with sheep of ather breeds, when
the latter were 1n extremely bad condition becuse of pan
nitism while the Romneys appeared to be 1n perfect health.
Expenmental evidence of that resstance which s now a
breed charactenstic of the Romneys was obtaned in farway
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California by Stewart et al (g1). From cach of five different
breeds, five or six lambs were kept together under wdenucal
conditions in one flock. Over 2 period of 1x months the
degree of infestation by the worm Ostertagia circumancta in
cach lamb was measured by counting at regular fortnightly
intervals, the number of worm eggs per gram of feces. The
stucies showed, not only that the worm-egg counts 1n the
Romneys were ngnificantly lower than those in any of the
other breeds but that among the Shropshires, Southdowns,
and Hampshires for which the breed averages were compara
uvely high there were one or two individuals for which the
counts were not sigmficantly higher than the mean for the
Romneys (Fig 16) In other words there were some highly
restant individuals even in the most susceptible breeds. An

Fgurs 6 Avcrage counts of worm egg showing  arying degrees of
infestation fn representatives of four breeds but uniforrmly Jow cxnts
Jn the Romneys Each column represents one animal. (After Gregory o
Proceed ngy of the America Socrcty of A wmal Producti  q3)
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mportant point to determiue as Gregory (13) has pownted
out, n whether or not realstance to O crcumcincta carries
with it resistance 1o other worms particularly to Haemonchus
contortus which 15 a serfous parastte 1n some sections of the
Unuted States and elsewhere

The Romney Marsh sheep provide one more case 1n which
domestic animals under natural sclection have developed a
high degree of reslstance to some infection Jt » enurely
possible of course that over the yean the farmers in the
Romney Marsh area have not left the entire responsibility to
nature but have helped the good cause along by some selec
uon for restance on their own.

Furnther evidence of genetic differences 1n resistance to
nematode wornn was found by Gregory e/ al (14) and by
Whitlock (86) who determined the severity of testation
with trchostrongyle worms of any kind 1n lambe of different
ure families In Gregorys Hampshires the progeny of one
mam had consistently fewer worm cggs per gram of feces over
an 8-weck period than did daughters of another mm Among
x ramu whote 125 progeny ran together in a common pas-
ture Whitlock found that one of them, Violet (nch had sired
comparatively resistane lambs, aoother begot highly suscepti
ble progeny and four were mtermediate.

Over a nine-year period m whuch Warwick ef ol (34) com
pared the progeny of rams and ewes resistant to the worm H
contortus with unselected controls, the selected stock proved
significantly better able to withstand infestation than the con
trols. However reustant rams mated mith unselected ewes did
not produce lambys, a fact showing that r e is
polygenic, and hence that, to be effective selection mut be
excrted in parent stock of both sexes Selection for resustance
to the same worm was apparently somewhat more effective in
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guats than in aheep. The percentages of goats surviving in
festation in progeny from two diffcrent kinds of matings
were as follows

Unselected
Selected  comtrols
Reisant & ¢ x umselected ¢ ¢ 7t L
Resistant ¢ & x untested daughters of
ronant ¢ ¢ 83 s1

An 1mportant fact brought cut 1n these studles was that
ummproved sheep used in crosses effectively ramsed the level
of resistance, but only at the expense of a Jower yeld of wool
Following selection for both dairable qualities some of the
resitant sheep and goats were approaching standard yields
of wool and mohair

As phenothiazine for many yeans the standard anthel
mintic treatment for stomach worms tn sheep and goats does
not kill all the worms but only reduces them to a number that
the arumal can tolerate it is quite probable that 1t acts as an
instrument of sclection whereby only the more susceptible
worms are killed, leaving the resistant ones to flourish—and
to reproduce If resistant races of worms should eventuslly
prove better able to withstand 1ncreasing doses of phenothia
zine than their hosts one solation might be to find a new
drug Another could be o breed resistant sheep Both meas
ures combined might be more eflecuve than exther one alone

CATTLE

Mastitts A committee of the Arerican Dairy Science Anoch
tlon mecting at Storrs, Connecticut in 1956 concluded that

mastitis is the most costly discase of dairy cattle not under
satufactory control  Mastins 13 a general term for infection
of the udder According to Murphy (zs) there are four dir
tinetly different kinds of wnfection which comprise some g9
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per cent of all the cases chinically dugnosed as mastitiy, These
nfections are caused by Streptococeus agalactiae and by other
atreptococci staphylococay, and bacill.

For yeans the standard treatments for mastibs have 1o
cluded dinnfection, mmauon and every effort to avoid
mnjuries to the udder Untul comparatively recent years it
was a common practice to test milk for § agalactias and to

cows shedding that org; With the advent of
anttblodes a new era d:wncd In the advertumg pages of
every fam paper darymen were adjured to solve all their
problems with the very latest mixture of high-powered ant-
brotics. Since this had been going on for several years pnor
to the meeting referred to above 1t 13 surprising, pethaps, to
find that 1n 1956 a commuittee of the Amencan Dary Scaence
Amociation should stll Tegard masntis 2 not bewng under
ntisfactory control.

Although little or no nse of the fact has yet been made in
practice, 1t has been establuhed that suscepuibility to udder
1nfectron 15 genctically determuned. As usual the it indica-
tlons of this fact were provided by certun highly anceptible
familiea that were recognized as such by areful obsarven. In
the dairy herd of the agnicultural college at Hohenhaim, Ger
roany Zieger (g8) found that over a peniod of yeans one cow
and her mine femiale descendants all developed streptococeal
mastitis, while another cow and her eght descendants re
mamned completely free Both cow famihies were hept con
currently and therr members had equal opportumities for
wfection White and Ibsen (35) reported that, among several
huodred cows bred at the Alnmka Agricultural Experiment
Station from cromes of Holitein and Galloway cattle, only
three cascs of acute masutis were encountered, l.Dd these
occurred 1n a cow her daughiter and her 1d.

Sumilasly in studying a herd of 60 Guernsey cmr! durnng a
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period of six years, Murphy et al (24) observed a remariable
difference between two cow fambies 1n susceptibility to 1n
fection of the udder (Table 8) The degree of resistance or

Table 8 Familial difference in resistance to Infection of the udder by
streptococd and stephylococcd

Cow

Her danghters

Lactation  Proportion

periods  of miTking
Destgnation gy erved, time infected

number percent

Lactation  Proportion
Daig- periods  of milking
natkon observed, thme infecred,

number percent

Number 183 1. 100 A 4 500
B 5 8oy
c 833
Number 247 b o D 5 5
E 1 ]
F 4 125
G * [.%]

From data of Muarphy et Lio Corm U leten arian 944

susceptibility was measured by the proportion of the lactation
penods dunng which the udder showed infection with
streptococar or staphylococer as determined by regular bac
terrological examinations It 1s clear that the highly remstant
cow No 247 produced comparatively renstant daughten,
while the other cow herself highly susceptible produced
only susceptible ones.

Using the leucocyte count in the milk as a measure of the
degree of udder infecnon Ward (s2) made an extensive
study of the madence of mastitis 1n dams and their dangh-
ters. The best cows were those known to be free of infection
for at Jeast elght years, and the others were classified a3 A, B,
or C, with A indicaung the lowest degree of infection or
none at all and C the hughest. Among daughters of these
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cows the proportions found to be susceptibie (in Classes B or
C) were 23 follows

Deughters Susceptible

number par cent
From dama free 8yean 8y 7
Frozm darms of Class A 150 14
From damiof Clan B 168 50
From damu of Clas © 28y 61

As these data show the ughly suscepuble dams of Classes
B and C produced almott twice as many dsughters in that
same category as did the comparatvely revustant dams in the
other two classes.

Further studies in which sfl dams and daughtens in the
herds under mvesugadon were clamufied esther as xeustant
or susceptible were Iater made by Ward (38) w two dificrent
districts of New Zealand. A somewhat sumilar inveangation
was made by Legates and Grinnells (1g) 1 North Carolina
In hus work Ward clamfied ay suscepuble any cows that
developed dlimical mastits at an early age or retamed n-
fection 1n one quarter for 3 months or more or were affected
in any quarter on mote than one occanon  Legates and Grin
nells clamfied as susceptible those com which during the
penod of mmpling, thowed & leucocyte count of 500,000 or
more per milliliter 1 the muilk from any quarter and aiso
demonatrable strepiococct ar siephylococet. In spite of these
differences 1n clansification, Ward s findiogs 11 New Zexland
were confirmed by the studies in North Carelina (Table g)
The data from all three aveas are consutent m showmg &
sigmficant tendency for swcepuble dams to produce s
ceptible daughters and for reustant cows o beget progeny en
dowed vath better than average resuiance.

in the herds cons dered 1 Table . the data in efect thow
the reaults of & single generation of maw selection amoog
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Table 9. Data showing tendency of cows ralstant to masthtl to produce
reslan ¢ daughtens

Reshwant dams
Imatigator Herds, Num-
and place number ber  da ghten,
per cent
Ward. Canterbary
NZL ® 1) 895 109 8
Ward, Manawatu
NZ 5 28 LIRS 17 504
Legates and Grin-
nelbs, Notth Caro-
Lima, US \ 141 550 81 g5o

dams only without consideration of the inheritance from the
ure. And yet a3 Reid (27) has shown, there are signifiant
differences among sires 10 the degree of genetic revistance
to mastiis that they transmit to their daughters. Berause
their sires were unselected (so far as resistance to mastins 1
conrcerned) the significant decrease in the susceptibiliry of
daughters from the resistant dams 13 all the more remarkable
1f. 1n addition to selection on the dam s side of the pedigree,
sumular selection could be made among sires so that anly sires
that transmit a high degrec of ressmnce would be used the
proportion of susceptible offspring should be reduced to still
lower figures even In the first sclected generanon From the
results of similar selection experiments with other speaics, 1t
1 reasonable to expect that the cumulative effects of several
generauoms of such selection would reduce the incidence of
mastitis to a level not economically serious. Unfortunately to
the best of my knowledge apart from expenmeneal studies
no such deliberate 1dentification of sires as transmutters of
resistance or susceptibility has yet been carmed out. Here lies
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& gremt opportunity for some of the many centers through
which artfical insemination of dairy cows 15 carned out on
an oxtenave scale.

To thys bnef varvey of the endence that resistance and
saceptibibity 1o martitis depend m large measure upon the
genes that the cow carries 1t is & plessure to 284 the coneribn
uon made by Profesor | ] Red (2,) of Penmyylvann State
University Nelther a genetrciat nor a vetennanan, Rewds
approach 0 the problem was that of a bactenologist sttempt
i0g to find the underlying causes for bovine mastitss and
also measures for contralling & To that end aver 3 io-year
penod he nnlired over 2,000 animals in 46 herds some of
which weye under study for wore than » years In some of
these herds attempts were made to follow a1} of the sandard
recommendatiom but g others some of these practices were
ignared. His conclusion about them vas that

whatever wseful purpose such meesures may serve they do pot
in pexctical application effectively control mastitis. In fact, low
Inciderce seemed to be charsaeristic of coruua farms where the
snfmals were bedded on manure which Xad bern  ollecting for
mantha and ltde sttenton pad to snfsuon n genenal, On
the other hand relatively high madence semed at tme o be
awcisted with cxtreme sren cu san ttfon. It should not be -
ferred from this that the dairymen should fgnore snjtaton
common sense dictates the use of sndtary practices in the pro-
duction of mitk of good qual ty It should be noted, however
that such praciiees bave | ute i dndeed any relationhip (o the
conitrof of udder trouble.

For sheer undsluted herery in the field of disease contsul
it would be difficult to march the following headings of sec
tionx 1z Resd s bulletin
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Saniattion fails to reduce incidence

Disinfection of udders, teats and teat cups ineffective
Bactendcides useless in udder washa

Cleaning and disinfecting stable floors of no avail
Scgregation of mastitic cows helpy very little

It 13 potuble that these forthright statements may not be
wholeheartedly endorsed by the people who have been hope
fully attempting for years to Teduce matits by the very
measures that Reid found to be futile. Nevertheless, one
wonders to what extent abiding faith 1n those same measures
18 responsible for the fact that mastitis was recently designated

the most costly disease of dary cattle not under satisfactory
control (imha mine)

From his 10-year study of mastitis in the lierds of Penosyl
vana State University Reid concluded that a muajor factor
influencing the occurrence of mastitis 1s heredity Among 18
Jersey heifers from one sire the incidence of mastitis was 55
per cent whereas among the 15 beifers from other sires 1ts
frequency was less than 14 per cent. Although the numbcs
arc small the statistscal odds against such a difference occur
ring by chance alone are more than 2o 101 The fact that the
first boll was transmutting susceptibility was not recognired
until he had left the Univermity herd Used elsewhere he

left a trail of mastitis that was alled to the attention of the
author on scveral occasions.  Perhaps nothing better could
be expected from a ball whose name was Imported Dreaming
Gowlip!

In the Holstein-Friesians of the Umivernity herd similar
familisl differences in the incidence of udder infection were
evident. In 79 of them representing 11 female lines™ wth
four cows or more 1n each the proportions showing mastits
and infection with S agulactias were as follows
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Alasats § agalactize,
percent percent

In 2l 79 cows 48 53
In Line 1 (23 com) n7 87
In Lunc 10 (7 cow) 857 74

The difference between Lines 1 and 10 1n ability to reust
infection was also evident in the average ages at which mfec
tion with § agalectias developed. These were 76 yean for
the reustant Lane 1 but only 3.8 for the suscepuble Line 10

Amang 36 Ayrshires 1n the Univernty herd, only one am
mal became infected with S agalactiag dunng the course of
Reid s study It would be interesting 1o get further evidence
on the question whether or not Ayrshires as a breed are any
mnore resistant to such infection than others.

It is to be expected that, even though sucepubility to
mastitis 13 geneucally determuned, the inadence of mfection
can be increased, ;s with other infectioms by various advense
envronmentz! condiuons. In Rexd s expenence these include
poor milking practices, poor housing, lack of adequate bed-
ding, exposure to inclement weather and mechamal injury
allindicatmng disregard for the comfort of the cow  Another
1mportant variable, and one that may mahe the differentiation
of resustant and suscepdble cows dificult 1s that susceptibilicy
to mastitiy increases with age.

Tuberculans As stated earlier resistance and suscepibility
to tuberculosss 1n man 1n gmmea pigs, and in rabbits arc
determimned in large measure by heredity It would not be
surprising, therefore, if the same should apply to cattle and
there It ample evidence that it doex. As wnal, certam fami
lies 1n infected herds have been found to be signifiantly
more raisaant to discase than others.

In a herd of Simmentals, Ruppert (28) found the incidence



92 Genetic Resistance to Disease |

of tuberculons among g4 daughtens of one sire to be 618
per cent while at the same time the inadence 1n 24 daugh-
ters of another sire was only 4 per cent. Since the anumals
of the herd were 1ntermingled the difference could not be
attributed to any variation 1n the emvironment or mn ex
posure and was clearly dependent on differing genotypes
with respect to susceptibility Similarly Ehrlich (8) n mak
ing a careful study of a large herd of Black Pied Lowland
cattle found that over a five-year period the average number
of cases per year was g1 per cent of the cows 1n the herd
Among the offspring of 25 animals that produced suscepuble
progeny the corresponding inadence was 576 per cent
Here again all anumnals were kept under similar conditions,
and the difference in swsceptibility could be attnbuted only
to hereditary preduspontion.

Zebu cattle in addition to their many other virtues, are
remarkably resstant to tuberculosis. The literature on that
subject which mdicates that taberculosis 1n aatile of the
Zebu type mn India 1 compamnvely uncommon has been
reviewed by Carmichacel (4 5) He reported further on the
inadence of that diseate 1n Ankole and Zebu cattle n
Ugands Up to 1918 only a single case of tuberculons had
been identified in Uganda but beginning about 1grg 1t
spread through large areas of the country Carmichael e
ports that among cattle of the two types examined post
mortem from 1931 to 1936 the 1ncidence of tuberculons was
as follows

Animals Tuberculosis

number percent
In Ankole aattle 6185 1,0
In Zebus 26,979 ¥}

Slmularly the proportion (percentage) of animals showing
# ponitive reaction to the intradermal test was g5 1n Ankoles
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but only 0 6 1n Zebus and 6.9 in intermediates Among eight
Zebu calves moculated expermentlly only one died, but
three Ankole alves sumilarly treated all died, one of them
a3 carly as 3 weeks after inoculaton

While the evidence 13 conclunive that resustance to tubercu
losis 1n cattle depends upon genes as 1t does 1n other species,
the extent to which that mformation can be utilized varjes
somewhat 1n different parts of the world. In many parts of
North Amena and some parts of the Bntuh Isles tuber
culosis has been eradicated. No genetwcst would suggest that
mn clean areas such as these any attempt should be made o
breed rautant stock. On the other hand there are many
parts of the world 1 which tuberculoss 13 enzootic, and
there 1t would seem that one effective way to reduce the ma
dence of the dueasc would be to muluply the genetically re-
sisant stock. Undoubtedly natural selection u following that
program, but it could be expedited by special care to grve
preference for reproduction to the animals that have demon-
strated resustance.

Protozoan disesses The Zebus are known to be much more
resuant than are European breeds to tick borne protazoan
mfections, particularly piropl is and anapl. Zu
ravok (39) reported that among 46 hybrids from a cros of
Zebus X Red German attle tested in Azetbarfan, a tick
mfested region most of the ammuals showed only mild symp-
toms of the tck borne duseases, and all but three recovered
The anumals were tested by natural exposure and were also
infected artificlally by tick bite or mnoculation. Those 1n
fected with Babesa and Anaplarma organisos all recosered,
and the three fatal cases died of theilerians. If the character
uuc resbsance of the Zebus 1o el borne ducases s thus
transmutted in large measure to all of their first-generation
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hybnds, the products of such crosses should be remarlably
useful 1n the extensive tick infested areas of the world. One
paossible basis for this remstance together with Bonsma s ent
dence that cattle of the Zebu type are more renstant than
other aattle to heartwater is duscussed 1n Chapter VIH

West Afncan Shorthorns, a comparatively small breed
partly of Zebu blood are much more resistant to trypanaso-
muasns than are cattle from arcas where the tetse fly which
carrtes the trypanosomes s not prevalent. According to
Stewart (30) whose long expertence as Director of Veterinary
Services it the Gold Coast gives speaal value to his state-
ments the resstance of the West Afncan Shorthorms 18 to
trypancsomes in general and not merely to those of the local
area iz which the cattle were bred. He considered that such
resistant cattle should have a specaal value for other parts of
Alrica where the tsetse fly abounds, The N'Dama cattle of
French Guinea are also Lnown for their resistance 10 try-
panosomians,

In the West African Shorthorns, according to Stewart
their Zebu blood, 30 far as raustance to trypanasornuasis s
concerned, 15 a liability rather than an asset Those with the
least Zebu blood are the most resutant. Among 1 152 @ttle
observed at the Pong Tomale Station dunng four outbreals
of trypanosomusis, only 171 became mfected G2 showed
chimical signs, and only 11 died Of the 62 that showed chin-
1cal ugns a disproportionately high number (45) were
Sangas, which had a higher content of Zebu blood than the
other cattle at the station

Footand month duease During an outbreak of footand
mouth dusease n France 1 1938 all anunals in a herd of
Charollais except one cow contracted the disease That one
cow remined in good condiien although comtanty ex
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posed. Fourteen years Jater during another basd outbreak the
same herd was again siricken but Prat (#6) observed that
this time there were three animals that were completely re
sistant and three others that showed anly mild symptoms for
A few days at most. Muk production was not affected. All of
these ux rexstant animaly were descendana of the ongmal
reustant cow of the 1938 epuootrc Three of them were
granddaughten of the onginal one, but two othenm were
greavgranddaughters. It is retarkable that the genetc re
sistance dusplayed in 1938 should be arried down to a thrd
generation Prat also reported that 1 & naghbonug county
the veterinaran had found that daughters of one bull were
nombly ressant to footand-mouth disease

By 1self thu evidence 1 hitle more than a suaw showing
how tie wind blows. It may be of little importance o a coun
try llke the United States where ofboial vetenmariam stand
guard 2t every port and bonndary to make sure that footand
mwouth disease shall not enter the country and that if 1t doey
elude them it 1 1mmeduately stamped out The same applies
to Australla where there has apparently been no footand
mouth drsease since 1871 On the other hand, 1 & large part
of the land surface of the globe footand-mouth disexse i
enzoouc. Even in places where every attempt u made to
stamp it out by shughter the disease seems 0 punsue 18
epuzootic way about every dozen years. In such areas it would
scem very much worth while to determune bow quickly acon-
trol could be accomplished by the develop of genetrcally
Tesrstant atock. Presumably this could not be done in areas
where control by eradicatan 18 being atterapted. However
if in the United States an wolated sstand can be set ande for
study of the discaze sutely somewhere in the world it should
be poutble to set aude another tolated laboratory like the
preent one on Plum lsland, on which veterinarians and
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geneticsts working together might insestigate the feasibility
of developing resistant stock

Other diseases Evidence of the familal incidence of Johnes
discase (paratuberculosis) as been reported by Matthews
(s2) Among the 14 daughters of one sire the proportion con-
tracting the disease was 86 per cent in those from apother
ure the mncdence was only 13 per cent and in the progeny
of a third, & son of the second  the Incidence was only g.5 per
cent. In the same herd there were three cows each of which
had three daughters all affected with Johnes disease. While
the evidence 15 not conclusive it seems probable that here
as in s0 many other cases suscepubility 1 genetically de-
termined

Some evidence of a familial basus for leukemia in cattle has
been reported by Starr and Young (29) wito studied 13 cases
of the disexse Dricux (6) and others cited by him also con-
sider 1t hereditary but further studies seem desirable

The susccpubility of cattle to mycotic infection is also
genctically determuned as is recounted 1 Chapter 111

THE HORSE

Opportunities ta study genetic reustance to dusease In the
horse are decreasing rapidly as these words are being wntten
Nevertheless two interesting examples are avauable for the
Tecord.

Encephalomyelitss When an outbreak of this disease struck
the horses at an experiment station at Miles Caty Montana,
1n 1938 Lambert ¢ al. (18) found that these of the Nonsus
breed (imported from Hungary) and crosses of the Nonus
with others proved much more susceptible than the Belgians
and Thoroughbreds which made up the majority of the stock
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at the station Inddence of the dmsease 1n the two contrasting
groups was as follows

Afected

Horzes per cent
Tu Nonjus and aomes 3 81
All others 190 63

Smre encephalomyelitis 13 transmitted by masquitoes which
carry the causanve virus, it seems probable that all horses
had equal chances of infection Thus 1s not a case 1 which
draft horses differ from Iight ones 1n suscepubility nnce the
190 horses not of Nonus blood included 87 Belgians and g3
Thoroughbreds. These two breeds did not differ sigmificantly
1n the propo tions affected.

Mallenders Mallenders 13 2 rather uncommon discase affect
ing the shan 1n the flexure of the carpus or knee In some
ways it raembles psonasis. According to Wussow and Hart
mg (37) mallenders 15 confined almost exclusively to draft
hores. Out of 192 affected stallions constdered in their study
34 could be traced back to 2 common ure and sg others to
another common ancator in four generations. They con
ndered the disease hereditary and recewive 1n nature.
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Chapter VI

Resistant Birds

IN unhappy recogmtion of the inescapable fact that
many farmers and moat veterinarizns regard domestic fowls
a3 being 1ntermedtate 1n importance and wnterest between an
carthworm and 2 goat, I shall try when wntng this chapter
to supprets an unbounded enthusiasm for my favorite species
and to confine this brief survey to the salient facts, With 1ts
companatively rapid rate of reproduction the fowl 1s one of
the most suitable domestic ammaly with which to demon
strate the feambility of reducing discase by developing re
sstant stock Accomplishments 1 that field have already
been ductsed 1n some detafl (Hutr, 1) but connderable
new information has come to light since that review was
written

Pullorum disease For many years bacillary white diarrhes
of chicks was conndered by some pathologists as one of the
worst duscases with which the poultryman had to contend
With the modern trend toward replacing unpleaant words
with happy euphennsms, the disease became known as  pul
Jorum disease after the organim which causes it, Salmonelle
pullorum but afflicted chicks continue to have white diar
rhea just as they did in the more prioutrve era.
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After recogmtion of the fact that the ctusauve bactenum
15 tramumitted by hens thac carry 1t through some of ther
eger to the chicks and that 1t may then be spread to other
chucks in the brooder 1t became standard practice to wdennfy
by the aggluunation test the hens that carned the orgamsm
and to ellmmate them from breeding flocks Chicks thus
batched free of the dusease should be rused without low from
pullorum duscase The mext step was to conduct extensire
&t of breeding flocks m the attempt to eradicate the cansa
tive organism This has now become standard practice i
most of the states 1n the Unuted States.

A pomt overlooked 1n the earlier years of testing was the
fact that White Leghorns are much more renstant to pul
lorum discasc than are heavy breeds such as Rhode Island
Reds, Plymouth Rocks, and White Wyandottes. Figures for
the fint two yeans of teastung 1n Connectncut and New Jemsey
a1 summanzed (Table 10) from the vanous reports showed
T ble  Hems (per cont) rescting ¢ tess for § paliorwm during the

frst tw  yeans of tasing in Conbecticut and New Jeney showing

comparntively law frequendies in Whit  Leghorns

Breed Connecticat New Jerey

94 95| 95098 g15- gab | gab- 517
Whire Leghoens 45 54 s ]
Rhod Idand Reds 19 9 57 oy
Whit Wyandottes 55 s 79 96
Plymouth Rocks 3 7 4 “

From Hutt and Scholes In Pouliry Sclence 94

that the proportion of resctors among the heavy breeds was
from 3 to 8 times as hugh as 1n White Leghorns. A sunilar
companatively low inadence of reactors among White Leg
horns was found 1n the first extensive tests made in Masachu
setts, North Carolina, and Brituh Columbia.
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Experimental confirmation of the fact that Leghomns are
more resistant than heavy breeds was obtained by Hutt and
Scholes (20) who noculated samples of the two dasses mith
standard doses of the causative organum and tested othens by
exposure to natural infection by contact with noculated
chicks. In addition they discovered by testing white and
colored sisters from sires heterozygous for the domipant
white of White Leghorns, that White Leghorns owe their
rasstanice not to their white color but to the fact that they
are Leghorns. Other varieties of that breed should therefore
be just as revistant as the W utes.

The feanbihty of enhanang the natural remstance of
White Leghorns by selecuve breeding was conclunively dem
onstrated by Roberts and Card (24) who tested successive
generations of their chichs with standard oral doses of the
pullorum organism and bred from the families showing the
highest resistance In two strains of White Leghorns thus
selected for only four yean the proportions of chucks sur
viving the standard dose were 61 and 7o per cent but the
corresponding figure for unselected controls given the same
dose was only 28 per cent Another sirain selected for nune
years showed 74 per cent suruving that same dose

Crosses of the resiatant stock with unselected controls pro-
duced offspring that were fully ay ressaant as the resistant
parents (Fig 17) This suggests that strans thus made genet
1cally resumnt to pullorum disease may be doubly useful
frstly as improved pure siruns and, secondly for productron
of the strun-cross hybrids that are now o popular wm the
poultry industry When the F, generations from these crosa
were mated back to resutant stock, resistance of the progeny
way lowered somewhat, but it remaned high in comparnon
with that of chicks from the other backcross namely F, birds
mated to unselected controls (Fig 17)



| Resustant Birds 103

One should not infer from what has been written thus far
that chicls of the heavy breeds are hopelenly susceptible to
pullorum discase By the simple process of natural exposure
and sclection, a good breeder in Maryland developed a 1e
sutant strain of Rhode Island Reds. When 1t was tested by
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Flgure 7 Samvhal | chick inoculated with S puilorem showing
better resnlts in the redstant strain (R) than in nnselected controh (C)
aho the dominance of reustance in the F generation from th crom,
R X C. In four different backcromes of F X R, aurvival was consiriently
higher than in four backcroma of F X C. Numbers of chicks tested are
whown above the cotumns. (Drawn from data of Roberts and Card {
Table g of Illinols Agriculteral Experiment Stati Bulleuz 4 9)

Delolt et «l (8) these birds were found (o be almest x3 re
ssant ay the Leghorns of Roberts and Card, a number of
which were tested at the ame time. In the mme expeniment
chicks from infected flocks proved much more renistant than
chicls from flocks contmning no reactors. Unfortanately
none of the chicks in thee trials were inoculated omally to
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sumulate natural exposure and the subcutaneous injections
given aused unusually severe losses 1n all groups

Evidence from two sourcas showed that the resustant strains
of Roberts and Card owed their biological supenonty to
their genes and not to any pasive immumty trapsmitted
from dams to chicks through the egg~ (1) in reciprocal crones
between renstant strans and (susceptible} controls, ura
transmitted resstance just as well as dams—even slightly
(but not ngnificantly) better (2) hens found by agglutination
tests to carry antibodies against § pullorum produced chicks
that were no more resistant to the discase than were chids
from non reactors.

Up to the time of the first state wide tests, the results of
which are given in Table 10, natural selection left the pro-
poruon of reactors m the White Legliorns of Connecticut
and New Jeniey at only 24 to 45 per cent. The results
achieved by Roberts and Card indicate that a little selection
ot a famuly basis could have reduced that figure comiderably

In the counse of breeding fowls rematant to lymphomatosn
at Cornell Univensity Dr Cole and I have raised anaually
for some 23 years more than 2 500 White Leghorn pullets,
which came exch year from about ggo breeding females.
These famales have been tested regularly for pullorum dis
ease but reactors have always been left in the breeding pers.
In spite of this unorthodox practice the only senious Josses
cxperienced came in the eariler years of the work when
through accidental chiiling in the brooders, some pullorum
disease was expenienced. Any families losing a lot of ducks,
whether from pullorum disease or from anything clse have
been elimunated from the breeding pens. Unfortunately 1
the fourteenth year of our muconduct and in spite of all our
efforts to mmuntain a litle 1afection no reactors whatever
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could be found, and during the last 10 years only one reactor
(and that a doubtful case) has been found among about 3,000
hens tested. Obvyiously selection for resstance ceased when
the last reactor died. Having thus become clean (though
not necesarily rensznt) our White Leghorns have attamed
a state of impeccable respectability to which they are not
quite ennitded becanse of their shady past, their carly defiance
of orthedox precepts and the unconventional route by which
their present status has been achieved. They lile it

Meanwhile the complete absence of matumal selection 1n
the regularly tested flocks of some New England states he
tesulted in the production there of stock that 13 admitted to
be highly susceptible to pullorum disesse New Hampshires
sent to Ohio and to North Carolina were found to be much
mwore suscepiible to pullorum disease there than were the
loaal chicks from nfected flocks subjected to natural selec
tion. Sirailarly Roberts (24) found Cha Gi chicks from n
fected areas 1n China to be relatively resutant, but Langshans
from a pullorum free area were highly susceptible

Fowl typhoid. The feanbility of developing a stock hughly
renstant to Salmonells gallinarum has been demonstrated by
Lambert (21) who wnoculated chucks at 7 days of age and
measured the resulant mortality for g weeks thereafter Hu
standard dose of the organwm was 5o strong that it regularly
killed about 85 per cent of the umsclected controls. In the
fifth sclected gencratzon however only g4 per cent of hn
reshstant srain succumbed to that mme dose Reciproal
crosses between the resustant struun and the unselected con
trols showed that the males transmicted resistance just a3 well
& did the females. This eliminated any lkelihood that the
resistant strain owed 1ts Tesistance to passrve mmmunity trans-
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simulate natural expasure and the subcutaneous injections
given caused unusually severe losses in all groups.

Evidence from two sources showed that the resstant strains
of Roberts and Card owed their hiologual superionity to
their genes and not to any passive immunity transmitted
from dams to chicks through the egg- (1) 1n reciprocal crosses
between Tesstant stramns and (susceptible) controly sires
trasmitted resutance just a3 well as dams—even shightly
(but oot significantly) better (2) hens found by agglutination
tests to carry antibodies against S pullorum produced chicks
that were no more resistant to the duease than were chicks
from non reactors.

Up to the time of the first state wide tests, the results of
which ate given 1n Table 1o natural selection left the pro-
portion of reactors in the White Leghomms of Connecticut
and New Jersey at only 2.4 to 45 per cent The results
achieved by Roberts and Card indicate that a Hlttle selection
on a family bass could have reduced that figure connderably

In the course of breeding fonls renstant to lymphomatosds
at Comnell Univernty Dr Cole and I have raised annually
for some 23 years, more than 2 500 White Leghorn pullets,
which @me cach year from about gyo breeding females.
These females have been tested regularly for pullorum dis-
ease but reactors have always been left in the breeding pens.
In spste of this unorthodox practice the only semous jowses
experienced came in the earlier yean of the work when
through scaidental clulling In the brooders, some pullorum
discase was experienced. Any families losing » Jot of chucks,
whether from pullorum disease or from anything else bave
been eliminated from the breeding pens. Unfortunately 1
the fourteenth year of our muconduct and in spite of all our
efforts to maintain a little infection no reactors whatever
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Resistant Swsceptible

train stratn
per cent percent
Natural exposure 1942 4.8 246
Natural exposure, 1943 11 6o
Subcumneous inoculation, 194x 56.8 575
Sabcutaneous inoculation, 1943 78.2 17
Orel donage 1943n 6.7 11.0
Oral domge, 1948 b 86 444

It 1s clear that ane strain was consutently more resistant than
the other to natural exposure. Thus genetic dufference was
completely obliterated when the birds were moculated sub-
cutanecusly and mortality was equally high in both strains.
Oral dosmage 1ncreased lencons 1n the resstant stock but did
not obscure the genctic difference between the two strains.

Admttedly natural exposure 1 difficult to control and 1t
cannot be depended npon to adminuster & standsrd dose of
any pathogen to each animal and to each succemive genera
tion. Samenmes a compromise worls best, as with the oral
dosex of § pullorum used by Roberts and Card. In that case
the mvesngators followed the natural channel of infectnon
but increased the number of organisms, and also made cer
tun that all chicks were equally dosed. Unfortunately 1t 1
Dot always feamble, particularly with virus diseases to stand
ardize thus a dosage that simulates the natural kind of ex
Pposure

Avien leucoss complex Thu dusease, which has had more
different names than most others 1 one of the womt prob-
lems wnth which the poultryman has to contend. It is respon-
sible for g0 to o per cent of the morulity among young
pullens during their first year of Life

Lymphomstoss 1 charecterized by the sccumulanon of
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ritted from the hens to their offspring through the egex

Leghorns are more resistant to § gallinarum than are the
heavy breeds (Smith 26) as might perhaps be expected from
their greater resustance to § prllorum

The ments of natural exposure Although the results of
Lamberts selection were remarkable the work has been
criticized, and not unjustly on several grounds. Fow! typhoid
15 ordinanly a disease of adult birds—not of young chick
The itrapenitoneal inoculations used by Lambert undoubt
edly bypassed some of the normal delense mechamsms. Ordi
nanly birds have a chance to cope with mvading organusms
m therr upper digestive and resprratory tracts before getting
them in their bowels One wonders whether or not the birds
resstant to such aruficial moculation when chicks wonld
have been equally resutant to natural wfection when full
grown, but this was apparently not vestigated.

The comments 1n the previous paragraph are made, not 0
detract from the value of Lamberts demonstration, but
rather to warn future investigators agawnst forgetting that 1
Iaboratory experiment is one thing and apphaton of the
findings 1n practice 1s oft¢n quute another It 1s lughly desit
able that there be further tests of the feanbulity of breeduig
rauant stock. 1t 15 equally important to demorstrate that
such resustance an be developed under conditions simalat
ng natural exposure

Thus point was nicely 1llustrated nhen Hersdorf et af (10)
tested two strains of White Leghorns by exposing samples of
them to leucons in three different ways Some were Jeft for
natural exposure only some were inoculated intraperitonc
ally with Iymphomatous materhal and others were doscd
orally with the same material In the two generations tested.
subsequent mortality from leucours was as follows
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Renstant  Susceptible

strain strain
per cent percent

Natural exposure, 1941 48 246
Natursl exposure, 1943 11 6o
Sobcutancous fnoculation 1942 568 Bi%
Sabeutaneous {noculation, 1948 78 71y
Onldosage, 19482 67 11.0
Oral doszge, 1943 b 88 444

It hs clear that one strain was consistently more resistant than
the other to natural exposure. This genetic difference was
completely obliterated when the birds were inoculated sub-
cutaneously and mortality was equatly high in both strains.
Oral dosage increased lencosus 1 the resistant stock but did
Dot obscure the genetic difference between the two strains,

Admittedly natural exposure i difficult to control and it
annot be depended upon to administer a sandard dose of
any pathogen to cach animal and to each successive geners-
ton Sometimes a compromuse works best, a3 with the omal
dotes of § pullorum used by Roberts and Card In that case
the mvestigators followed the natural channel of Infecton
but increxsed the number of organisms, and also made cer
ain that all chicks were equally desed. Unfortunately it fs
ot always feasible particularly with virus diseases, to atand
srdrze thus a dosage that simulates the natunal lund of ex
posure.

Aman leucoss complex This duease which has had more
diffcrent names than most others, u one of the wont prop.
lems with which the poultryman has to contend. It is respon.
uble for go to 5o per cent of the mortality among youpy
]xlllcu durlng their ﬁm year of life

is ot rired by the a
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Iymplhiocytes 1n the nerves, in various visceral organs, amd
occasionally 1n the s, At one time all these different man:
festations were consldered to be caused by the same patho-
genic organusm a virus but some pathologists now believe
that neural lymphematoss and visceral lymphomatosu are
cused by different viruses. To the poultryman neural lym
phomatosus has been known for years a3 fowl paralysis be

Fgure & A \White Leghorn puliet thowing  typiaal position resalt
ing from paralyds of the lep aused by neurolympbomatosls. (Courtesy
Cornell Universlty )
cause a common scat of the trouble 13 in the brachial and
sciatic nerves, with resultant paralysis of a wing or leg (Fig
18) Other nerves however can be affected 23 well. A com
mon mamifestation of visceral lymphomatons is the so-called
“big hiver disease” of the poultryman (Fig 1g) and ovamn
tumors are also frequent. All these different forms were 2t
one ume grouped by pathologsts as different manifestations
of the avian leucosis complex.

Vanous estimates have been made of the annual cost of
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this duesse to the poultry sndustry of the United Stares
ware of them riun a8 high a2 §,%5,000000 The discase does
ot wrike alt bards at 2 ume but at any age after 6 weeks
and up to two or three years of age lymphomatons in one
frm or another may cause death. Most of the lossey oarur
during the frsc year of hfe. Farly attempts to control lym
phomatoss by imoking the orthodox procedures of duan
fection, discouraging viswors from other poultsy fasms, and

Fuper 3. An ealirged inex ibowing nodula fymphommto, w th
nocmmal ther for comparison, (Courtesy Coroell Unnenuty )

importing dusease free stock proved completely funle In
most auey chicks from (xrms free of leucosts, when broughe
to premuses where the ducase had been prosent, suffered
moTe severely than the bards chat were replaced.

It was demonstraced by Asmundson and Bicly (2) that
wme Gmthes are more suscepitble to neur lymphomatons
than others. Stmilar differences among families an be ween
1 any pedigreed stock that 1s exposed. An expentrent o
determine the feas bility of breeding strainy resistant to thus
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duscase (and to others) was begun at Comell Umvenity m
1985. The experument differs somewhat from previous selec
tion for resisance (o disease in that the birds under test are
given no antraperttoneal inoculations and no oral dosages of
any kind but are left to contract the disease by whatever
channels cause the usual natural exposure to the disease on
infected premises. A high level of leucosis 1n the Comnell
flocks at the beginning assured exposure adequate for dif
ferentiation of resistant and susceptible families. When 1t
was discovered later that proumuty to adult stock during the
firse x weeks after hatching increases the seventy of exposure
(18) 1t became routine practice to brood all chicls under
test as near as posuble to laying birds. Attendanis walk regn-
larly {rom old hens to chicks, but whether they carry the
virus or whether it 13 wafted on the breeze is still & matter of
conjecture All chicks are expased as uniformly as 1s possible
considering hotr litde 1 known about the discase.

Viability is measured to goo days of age Every bud that
dies is eamined ta determuae the cause of death and fam-
ies showing the lenst leucosis are given preference as breed
crs. Nearly all of these cxammanons have been made by my
colleague Dr R K. Cole who has collaborated In this ex
peniment almost from its inception except for a foor year
wterlude during the Second Wordd War As the work has
progressed, it has been found profitable to concentrate on
using sires that have proven their ability to transmut a high
degree of resistance to their ofispring When it became en
dent that a lumting factor in the selection program was 2
shortage of such sires, a system of muluple shifts for testing
cockerels was devised (17) and thereafter more rapid prog
Teas was made

For the purposes of this experiment the usual wahing
and duinfecting of premises have been dispensed with but
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quarters for chicks, for growing stock, and for adult birds
hare beenm kept rewsomably clean. This cavalier atntude
toward dminfection at fitt engendered consderable con
ftermnoen among out colleagues, to some of whom from
loag addiction, carbolic aced was more fragrant than Chanel
No. 5 No special precautions have been taken to prevent
bactena viruses, or anything else from gettng around on
the boots or clothing of visitors and sttendantx. The latter
bave gone regularly from hen pens to chicks wthout step-
ping into any pans of disinfectant such as are commonly be
Lieved by the faithful to give protection against the tranafer
of pathogenic organsms.

From the outset the experiment differed in one ymportant
apect from any previous attempt to breed resutant stock.
The object of the expeniment was to determune the feanbil
ity of breeding a strain so renstant to leucosis that loges from
that duewse would be reduced to an myigmficant level It
was recognired however that there would be no pomt n
demonstrating such » procedure to be feanble unlays it could
be shown also that these repstant birds could lay well and
be atlsfactory 1n much other charactensias of economic fm-
portance as body sze egg mze and the abuity to reproduce
Accordingly all these objecuves as well as some othens are
considered in the selection program. This makes the selec
tiont much more difficult because 1t s harder to find families
that excel 1n each of several qualines than to find a family
that Is syperior in only one of them Many & male that pro-
duced daughters resstant to leucoss was ducarded because
these mme daughters did not 1ay enough eggs to qualify

Two straims of White Leghorns have thus been bred for
Tabitance to lymphomatosn but at the same tume a third has
been bred for increanng muceptibility to that disease. Re
Ppotts of their performance have been given in dewil clse
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where (12 13 15 16 1) The record of these three strum
over a period of ro years s shown i Fig 1o Although that
figure shows the level of mortahity from leucoss in 1935 to
be only 15 per cent the incdence of the duscase was undoubt
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edly conniderably higher In thosc early days of the expert
ment, mortality from coccidions and other causes prevented
many a pullet from demomtrating 1ts susceptibility to feu
cosis, but better management soon gave more birds a chage®
to die of the latter disease From 1gs5 to 1gx half of the
chicks had only & relatnely mild exposure, as we later dis
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covered because they were brooded farther from adult birds
than therr fellows (18) but after that date all birds were
grven the scverest natural exposure that we could provide.
Had they 21l suffered that mme degree of exposure from the
oatset, 1t is probable that the mortality from leucosis in 1935
would have been twice 2 high as 13 indicated 1n Fig 2o

As brrds of all three strains have been intermingled in the
brooders and flocks throughont the expeniment, 1t 13 evident
that the difference between the two resistant strains and the
other onc in susceptibility to Iymphomatoss » the result of
sclection and not of any environmental wnfluence. It 13 clear
(Fig 20) that mortality from neoplasms, go to g5 per cent of
which were ases of lymphomatons, was gradually reduced 1n
the two resistant Lines unal by 1955 it was neghigible. At
the mme time selection 1 the opposie direction made the
third strain s0 susceptible that 10 several years more than
half of the pullets succumbed to this duscase.

The effect of this sort of breeding on the economic value
of the resistant strains 15 indicated by the record for the C
Reslstant Jine (Fig 21) Mottality from all causes dropped
from 67 per cent in 1985 to 155 per cent for the birds
hatched 20 years later At the mme tme egg production to
500 days of age was raised from 177 to 204 cggs. Because of
these 1mprovements {n both wiability and productivity the
production 1ndex, which 15 2 measure of the economic value
of a flock, rose from go to 187 Thus ia the average number
of eggs Iad per pullet howsed at 5 months of age Moreover
avenage defimuve egg weight for the hens of 1955 was 613
gramy, a figure higher by 18 per cent than the corresponding
€gg weight of their ancestors 1n 1935 These levels of per
formance indicate that the birds of the resustant straint were
ecoilomically satusfactory in most

In order to determine how our birds compared with other
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hughly improved strams particularly with respect to viability
random samples of the resstant stock were entered in the
Central New York State Random Sample Tet for three
consecutive year, 1958 1954 1955 In that test 50 female
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chicks were started per entry cach year Unpedigreed samples
of eggs were turned over to the manager of the laying trual,
after which we the breeders, had no supervuion over the
birds, Post mortem exarmnations were made by veterinanans
1 another laboratory where all casualties i these tests were
handied To cut a long story shott, when the records for
three years had been summarized it was found that among
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25 srains which had been entered for all three years (Table
11) the Cornell resistant stock ranked lowest mn mortality
from all causes lowest 1n mortality from neoplasms (mostly
leucosts) and second to the highest in wmncome per chick
started. Other strains laid somewhat better than ours but
returned # lower profit per chich because fewer of them sur
vived to 500 days of age

Teble 1 Three year-aversge performances in the New York Random
Sample Test

A eage  Cornell
Highewt ol 2y reustant

entries sock
Moruality -goo days
from all canses, per cene 97 5 133
from neoplasmy, per cent 1y 1 8 pr
Ly per pullet howsed, number 2 91 285
Tncome per chick sarted, doltars 48 o8 4

From j Year Averng Repori [ 4th sth 4 6th New York Rexdom
Sample Pouitry Test gg7

These results show that 1t is entirely posible by selective
breeding to develop stock so resstant to leucosts that mortal
ity from that discase under conditions of fairly severe ex
posure can be reduced to an almost negligible level. This aan
be done without scrificing the ability to lay and to be
profiable. In fact, the records in the New York Random
Sample Tests have shown that the dollarsand-cents return
pet chick started 1 probably influenced more by the level
of mortality in the different entrics than by any other factor

The improvement of viability in the resistant strains (Fig
1) should not be credited enurely to ther ability to with
sand lencemis. Over the years the stock has encountered
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Iaryngotracheitls cholera, Newcastle disease, bronchutis, blue
comb discase coryza, pullorum disease and most of the other
atlments that can beset domestic fowls 1n our lathtude Al
ways the most renstant families, when otherwise satisfactory
have been selected to produce the next generation, It is not
unreasonable to suppose that the cumulative effects of such
selection have helped to rause the resstance of these strans
to other discases as well as to the leucoss agaimt which our
efforts were concentrated.

The fact that this experument has been continued for more
than two decades does not mean that 1t tales 2o years to
breed hens resistant to leucosls Improvement would un
doubtedly have been more rapid if 1t had been recognuzed
cardier that the chicf factor himuting progress was a shortage
of superlor sires. If greater numbers of males could have
been tested from the outset, eather by using more pens for
single male matings or through the system of multiple shifts
(which did not go mnto effect unul 1942) the two resstant
strauns should have improved at a faster rate As the average
number of our single male breeding pens per year after 194z
was only 1o 5 for one strun and 8 # for the ather it 13 clear
that other poultry breeders, even those operating on a com
paratively small scale can make their own straips genenically
reutant if they use proper procedures. Many of them are
now doing so

Duning the course of this work considerable evid¢niee was
found of the influence of environment on mortaliy from
leucosls. Both heredity and management have important
roles in control of the discase and these are discuped in

Chapter IX

Blue comb or monocytosis This dusenrse, sometimes called
pullet duscase, commonly strikes young pullets when they
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have jmt begun laying or before, although 1t may occar at
later ages. It 13 rather duficult to combat, and at various tmes
the remedies prescribed have included molasses, muriate of
potash, and, of course the incvitable antibiotic. In afflicted
flocks some of the brrds have dark combs and appear slug
gith, on post mortem examination they are typically dehy
drated and show local {schemia, sometimes even the whole
pectoralis muscle being affected The disease which 13 now
thought to be camsed by a virus, unnally interrupts laying
for a period of several weels, but the mortality may be rela-
trvely Light.

Cole (6) has shown that suscepnbility to blue comb
geoetially deterrmined, and this fact has since been con
firmed by Moultrie et ol (23) In Coles birds, which were
afficted on the reaning range at g to 17 weeks of age the
mortality 1o four different struuns or stocks of Leghorn pul
lets, all intermingled, was as follows

Dedof

B ds blue comb
terted per cent

InLine C 986 740
InLine K 1812 099
In goser, C X 338 325
In Line § 21 0.00

As these figures show there were sigmficant differences
amang the three strans 1n suscepdbilicy to bloe comb. The
strans did not differ 1n concurrent mortality from other
Causes except that Line S lost 10 umes 33 many birds from
lymuphomatosu a3 all the rest put together This 1t was ex
pected to do for it 18 our line bred for susceptibility to that
dusease,

The probability that susceptibility te blae comb i poly
getic, and not a nmple Mendelizn character 15 shown by the
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fact that birds from the cross of susceptible (C) X resisant
(R) lies suffered losses almost exactly intermediate between
thase in the two parental stocks. Apart from the stran dif
ferences highly significant variauons 1n suscepubility were
found among the families of different sires within Strain C.
Some of the sires lost no daughters whatever but one lost as
many as 47 per cent of his daughters. Two of that sire s soms,
o turn each lost about g5 per cent of their daugiters dunng
the outbreak Simlar differences, many of them highly sig
nificant, were reported by Moultrie ¢t al. among 16 sire
families exposed to blue comb. Among these the losses
ranged from o to 36 per cent

Although it 13 useful to demomstrate by means of differ
ences among stradns and familieas that susceptibility to some
disease is genenc 1t is rmuch more important to show whether
or not the nadence of that disease can be effectively reduced
by selection aguinst it. A good control for such an expen
ment u a second stran selected for greater susceptibility
Dr Cole and I undertook to select for bath resustance and
susceptibility and to thac end mated our most resstant
familzes for one line and our most susceptible ones for the
other Unfortunately our best laid plans went agley we have
not seen even & stmitch of blue comb 10 the seven years smee
our first expenence with It

This 1llustrates one of the difficulues in atterpting to
breed for remstance to dusease when one 15 dependent upon
natural exposure On the other hand, no pathologist aan yet
give ws the blue-comb virus In convenient httle botiles from
which we an provide standard dases to the birds we wish
to test.

Resustanes to cocadia. Good evidence of genctle differences
1n reslitance to coccldia was found by Rasenberg ef al. (s5)
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who demomtrated clearly the feaubility of developing stock
highly resustant to that protazoan parante. Working with
Emmena tenclls and feeding large standard doses of spor
alated cocysts to chicks at 14 or 28 days of age, they differ
entated in only three generations of selection two strains,
m one of which 88 per cent of the chicks tested could with
sand the standard dosage, whereas 1n the other line only 45
Per cent could do 50 After 3 to 5 generations of selection,
recrprocal cromes were made between the resistant and sus-
ceptible strains with results as shown in Fig 22 Both in mat
ings with untested cockerels and in those with proven mres,
matngs inter se of the resusmnt stock prodoced highly re

- 2! 3 =
201 32T 190 267 e 132 142 123

Figurs 11 Burvival rates for chicks uniformly dosed whth Eimena
tenelle thowing good results In the resirtant hne (R), bow reslsance in
the Iine (), and in the F h
from reciprocal croses between R and § Columm oa the left pertain

$ males previomly wntested abo tranumtted the degree of resitance
dunuctenstic of thelr srates. Nambers of chacks tested are shown below
the cofumne. (Alter Rosenberg ot al. fo Poultry Scumce  guy)
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sistant oflspring and susceptible families mated snter se
yielded highly susceptible progeny Crosses of reslstant X
susceptible produced chicks that were ntermediate between
the two parent stocks The fact that the tnals involving the
uptested coclerels yielded results much like those with
proven sires shows that the resustance had been firmly anb-
Lished by the few generatons of selection a$ a strain char
actersstic. The shightly higher viability shown by the croves
from resistant sires than by those from resistant dams sug
gosts that sex hinked genes arc mvolved but other data re
futed that posabulity It is worth noting, however that these
same duscrepancies in reaprocal crosses disprove any posu
bility that the resstance demonstrated could have resulted
from passne wamunity tramsmmtted by the resistant dams to
therr progeny In both cases dams of the renstant strain ap-
peared to produce more suscepuible offspring than did sires
of the resutant strain but 1t is probable that the differences
are pot significant.

Poultrymen have long since learned that the extreme sanu
tation once conudered & preventive of nfection with coc
cidua could, 10 many cases, cause cragedy when birds that had
been Lept frec up to 5 months of age then became infected.
It 13 now recognired that much better control 1s gamned by
exponng the chicks to relatively small doses at early ages, 0
that they can develop immunity or resistance to the cocrdia
The evidence of Rasenberg et al. (25) has been confirmed
m mmular expeniments by Champron (4) Together they £
gest that 2 litle selecuon mght go a fong way in reducing
Iosses from what is sometimes a costly kind of pamsitism

Resistance to mematode worms Using standard infective
does of embryonated eggs of the nematode Ascaridia linesls
Ackert et al (1) ohserved that that parssite thrved better 1D
the White Leghorns than 1o the heavier breeds, such as
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Rhode Istand Reds and Plymouth Rods, which were tested
at the ame tume Cornfirmatory evidence was reported by
Morgan and Wilson (x#) who found that among different
breeds malnained at a laying test under fairly aniform con
ditrons the ceal worm Heterakss gallinae vwas more numer
ow in White Leghorns than in Rhode Iland Reds and
White Wyandottes.

Farther evidence of genenic susceptibility to nematode
parantes is dewrable. The cases ated provide the only in
sance among several comparsons in which the Leghorns
have been found less able to cope with stress factors  of
varions Linds than are the heavy breeds. In rasumnce to
bacterial infection and 1n resstance to dictary wmnadequacics
of vanous kinds the Leghorns have been found to be supe
ror It would be interesung to know why their biological
fuperiority 1n some respects should make them less quahified
to cope with these worms. Evidence of geneti dufferences
withun any of the breeds mentioned has not yet been adduced

Renstance to aspergrllosns Among five different strains of
White Leghorns exposed under uniform conditions to an
outbreak of infecnon by the mold Aspergillus fumigatus
highly significant dufferences 1n suscepubility to the infection
were found by Brooksbank and Austwick (3) In two stralng
mortality from aspergillosis was st and 50 per cent but
three others, one of which was Tepresented by no lem than
148 chicks, there were po losses whatever from thuis disexse
Smilar differences were found 1o the Rhode Island Reds,
one atrain of which lost 74 per cent from the fungous infec
tion, while the other with 167 chicks under the umought
test, lost not a single one from asperpalloshs

While these highly ngnificant differcmices between strauns
in both breeds show clearly that genes wnfluence resstance
and suscepability to mnfection with A fumigatus it would
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be interesting to have the genetre influence tested further by
sclection expennments, This case s of particular interest be
cause, along with Hansson s mycotic infection 1n cattle (con-
sidered n Chapter 111) 1t extends the range of pathogenic
organisms affecung domestic animals to which genetic sus-
ceptibility has been demonstrated. Fortunately fungous in
fections are not so common as some other afllictions but it
13 to be hoped that further evidence of genetic susceptibality
to them may be sought.

Muscellanea. Highly significant dificrences 10 susceptibiliy
10 osteopetrosis were found by Coles and Bronkhont (7)
among famulies of White Leghorns. Affected birds show ex
treme thickening and hardeming of the long bone and
others, a condinon resembling the ostcopetrosis or marble
boaes of man. It 14 not common.

Strains and familics differ also in susceptibility to respina
tory infections, but the feanbihty of producing highly re-
suaant strains by deliberate selection has not yet been
demonstrated The role of the genes i determning such
restance 15 shown by recent conclusive evidence reported
by Goodwin et al (g) that the F, generations from crosses
between straing are more resistant to resprratory drseasc than
the parent strains that are cromsed. Such crouses are alrexdy
popular because therr hybrid vigor often results in better
egg production ot better growth than can be had with pure
struny. The fact that hybnd vigor 13 also expressed a3 supe-
rior resustance to resplratory infection should male the stramn
crosses doubly valuable wn the many areas where exposure
to such nfection is inevitable It does not foflow that hybnd
igor increases restance (o other diseases In straia croses
that excelled the parental straing in several different meas-
ures of performance thus indicating  considerable degree of
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beterons, mortality from neoplasms was acrually slightly
higher than in the pure stramns (14)

Fowh differ 1n suscepubility to spontancous tumors other
than leucons but fortunately these are not common 1n
younger birds. With only four generations of selectton for
sasceptibility Cole (5) developed  strain of Leghorns in
wiich over 77 per cent succumbed to iroculation with a
trangminible sarcoma. At the sume tdme three generanons of
&lection 1 the opponte direction produced a strain 10 re
ssant that only 12 5 per cent of the moculated birds suc
cumbed.

Summary The evidence reviewed mn this chapter shows that
fowly differ genctically in abulity to resut invasion by bac
tema, viruses, fung, paramnic protoroa, and worms. Every
effort to enhance resistance by selection has been succenful
The feasibllity has been demonstrated of combumung resst
ance to disease (leucosis) with high producuwity to produce
stock of superior economic value These facts suggest that
Eenenic resutance to disease 1n the fowl should be uthzed to
A much greater extent than 1t bas been They also suggest,
fince no one species has a monopoly on biological fitness,
that protably other domestc animals also carry valuable
Ecties for resustance to dusease that have not been recognired
2 yet buc which could be unlized to advantage.
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Chapter VII

Aberrant Metabolism

DISEASES retulting from genetic defects 1n the por
mal procewses for udliring mutnents in the diet are suf
faemtly numerous and ymportant to warrant a specul chap-
ter The range of vanation m this field runs all the way from
Iethal motanons, through vanous phynological handicaps,
to cconomraally important genetic dufferences 1 ability to
convert feed into meat, mulk, eggs, and other things for which
man keeps animals under domestication

Onc of the most familiar cxamples of such defects 1 the
mability of some seedlings to manufacture chlorophyll In
maize and 1n many other plants, ths abnormality is known
0 be aused by a sumple recessive mutation in the homory
gous state Similar varations have been studied 1n Neuro-
Spora the bread mold. In that orgamsm mmple mutations
At various points in complex chains of reactions have been
thown to prevent the synthess of many esentul amino acds
and vitamins. Genetic vanations in metabolsm are also
known in vanous bacteria.

In higher animals genetic defects of metabolsm are more
often concerned with blocks whereby the tramformation of
complex proteins, fats, and carbohydrates to the srople forms
In which thew constituents are atilmed u stapped &t some
3
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antical pomnt. There are also matations that cause genetic
variations 1n the amounts of certaln exsential nutrients re
quired for normal function

Aberrant metabolism 1n man A few examples from our own
speates will exemplify the kind of disease that results from
genctically aberrant metabolum. Three of them prevent the
normal brealdown of the amuno aclds, phenylalanine and
tyrosine If the block occurs at one point affected persons
excrete phenylpyruvic acid wn the unne whereas normal
people nalize that substance by breaking 1t down to others
less complex. All people affiicted with this defect of me-
taboligm are feeble-minded none rating higher than an im-
beale or an idiot.

Another block at a different point 1n the breakdown of
phienylalamine and tyrosine causes albinism. Thu 15 not neces-
sarily & serious abnormahity but in some environments 1t
a dutinct handicap At a thurd point in the same chamn of
metzbolsm another block causes affected persons to excrete
homogentusic acid also aalled alapton These people lack
the enzyme necessary to break that substance down to carbon
dioxide and water They arc said to have alaptonuria and
their peculianty can be recognized by the fact that their urine
turns black when exposed to air The condition 1s not serious,
although there are some indicauons that it may increase sus
ceptibility to arthrius.

An abnormahty in the metabolsm of fats whereby
sptungomyelin 15 sccumulated in the body nasues 15 responst
ble for the condiion known as amaurotic idiocy or Tay
Sachs disease. Infantile amaurotic idlocy is wsually lethal
before three years of age. It {s & mmple recesive cluracter
Another variation of fat metabolism is responnible for the ac
cumulation of cholesterol in excessively high amounts in the
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blood. Persons afflicted with hypercholesterolemia are yuore
wabpect than othen to aneriosclerasis and coronary disease
Some of them show deposits of cholesterol in the skin and
eye-lids, & condition hoown as xsnthomatons Hypercholes-
terolemia iy apparently caused by 2 dominant gene thay acts
with varying degrees of seventy n persons heterozygows for
1t and has more extreme offects 1 homorygotes.

Dubetes 1 a familar example of a genetcally abermant
wetabolnm of carbohydrates, Another b galactosemia, cansed
by deficiency of an enzyme that ordinanly helps to break
down galactose. ‘The defect 11 hereduary and apparently
lethat 1o bables bomozygows for the causative gene

All of these abniormalities of human metabolism are Hkely
fo ocaur in domestic mammals, but apparently the only one
of thase mentoned above that has been recoguized thus fat is
diabetes, 3 notuncommon disease in dogr.

Porphyria, This condition characterized by the scoumula
ton of porphyrin 1n the blood 1ty depasition 1n the bones,
teeth, and other timues and 1 excretion in the urine 15 2
simple recessive defect of protemn metabolism in canle and
swine, It can be recognized by the pink teeth of affected
nimals and by the fact that the urmne tams reddish brown
One cffect of excemive porphynn in the blood 1 to make the
animals extremely senutsve to sunhght. On sress of the akin
DX protected by hair exposure 1o the sun causes blusters
that eventually becore deep ukers and may leave bad scan.
Theae are found atound the eyes and nostnb and on the
mud-line of the back where the haar parts

A wuudy of Shorthorns i South Africa affiicied with
potphyra showed it to be a simple recesnve chamcter
{Foune, ¢). The condiuon provides & good example of the
way in which heredity and enviomment can intetact, Af
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fected cattle exposed to sunlight developed severe abscenses
1 all parts not covered by hair However in one such animal
that for 10 years was kept mdoons during the day and alloned
out 1n its paddock only at night health was perfectly nor
mal and the amimal was destroyed at 18 years of 2ge only
because 1ts teeth had become bad (5)

Porphyria has also been found :n cattle and swine 1n Den-
mark (10) and in Tamworth pigs in New Zealand (3)

Excess of phylloerythnn Hancock (6) has described an 10
teresting kund of photosemsiuzation found 1n Southdown
sheep and cused by a simple recesive mutation, Lambs
homarygous for this defect have some malfunction of the

Fgure 33 Photoscoddred shcep with drooplng esr rwollen Ups
“Roman nose, and swollen eyelids showing lesions on the upper on¢
{Courtesy of N T Clare, Ruatura Animsl Health Research Saton.
New Zealand)
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liver whereby it fails 1o excrete phylloerythran x product of
the digestion of chlorophyll Normally it & absorhed from
the dgetuve act and eliminated n the bile, but in the de-
feaive lamby phylloerythna gets into the penipheral arcula
ton and m unprotected sreas of the skin i activated on e
posure to Hght (Clare 1)

Afinted lambs do not sbow lesions unul they begint to
grare at about § 10 7 weeks The severity vauies according to
the mill. gupply from the ewe and the wiernty of the bight
Bad cuiey develop cczema over the face and rans (Fig 28)
wnd, f the lambs are left outdoors, death ensucs ¢ 1o 4 weeks
after the Rrst sympeoms, I the lambs are brought indoors
bowever and shebiered from the tun they laam 1o graze
ocaly at night, to seck shelter during the day and thus to hive
m spite of thesr physfologicat peculanty

A remarkable feature of thu stody was the series of mat
foga (Table 12) by which Hancock thowed that tha conds

Tab! 3. Resalts from vimqus sadogy of sheep ehowing that fnabitiry
9 rucrete phylloerythrin 81 snple recembve matstion

Parene Offspring
Natyre of mating Genoypa Nermay | Affecred
Homorrgom normal x affected PP pp % o
Hewrorpgones  effected Pp > pp I $

Alected o affacied fr g o 4
Afiected x iheep trom
(normal % keterorygote) PP X PP X Pp) 7 5

Frow gats of Heotixk It Aew Toatend ] urnel of Srene 4
Teckaglogy g50

ton Is cawed by a ttmple reeamve gene p In the homorygous
sate The proced ire was routine for any geneuc analyus,
and the numbert of animalt wvolved were not remarkable
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for studies wih small rodents, but they were unusual for
large domestic ammals. The backeross ratio of 18 16 and
the fact that all 14 lambs from parents both of which were
afflicted showed the defect provided good proof of the smple
genetc basis

Although thls condition has thus far been reported only in
sheep 1t should be watched for i other animals Most photo-
sensitization 15 cawsed, or aggravated by certain plants which
contain semitizing pigments It 13 quite posnble that apart
entirely from the two genetic defects just duscuseed, animals
differ genetzcally in ability to excrete such pigments.

Purnine metabolism of Dalmetian dogs. An interasung case of
aberrant metabolism o found 1n Dalmatians, Although the
condrtzon does not cause disease 1t affords an excellent exam
ple of the way 1n which a umple recesstve mutation can af
fect a phynologial process.

In man and 1n chimpanzees the purines are broken down
to unc acid, bue in rodents, carnvores, and many other mam
mals unc acid 15 broken down sull further by the enzyme
unicase which converts 1t to sllantoin In most dogs that sub-
stance 13 the chief end product of purine metabolym Dalma
tians, however excrete relatively hugh amounu of unc aad
and apparently do not break any of 1t down to allantoin, al
though they do have the enzryme uricase, The amount of
uric acid excreted duly per kilogram of body weight was
found by Tnmble and Keeler (20} to vary from 4 to 10
milligrams in ordinary dogs but to be 28 milligrams or more
m Dalmatians. Therr genetic evidence together wath the
earlter stadies of Omslow (18) shows that the difference 1
caused by a simple reccsive autosomal mutation and ¢t
1t 13 independent of the spotting chamacteristic of Datm#-
tany
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Tho poses the interesting question  Where did the breed
et 1ts peculiar physological traut? As that vanation can be
detected only by chemical analynis 1t could not have been
deliberately sought in the formation of the breed, as was
done with the spotting that 15 typical of Dalmatians, Although
™ origin is a mystery the case is of interest because what 15
apparently normal for the breed, namely the excreton of
relatively large amounts of uric acid, 18 abnormal for the
species. So far 21 is known it has no harmful cffecm.

Yellow fat tn sheep Some sheep form yellow fat instead of the
white fat that 18 normal for the speacs. According to evi
dence found by Zophdmiason, as reported by Mohr and
Castle (14) animals producing yellow fat differ from others
bY 2 nmple recessive mutation The same utuanon is known
M rabbus. The chemial bans for the difference between
Tellow fat and white fat 1n sheep has not been worked ont,
but 1t probably results from a geneuc difference m the me
tabolbm of arotinoid pigments.

Sheep with yellaw fat arc apparently normal and just as
800d 10 every way as sheep with white fat—except when
therr meat 15 put on sale Zéphomuson stated that the ab-
Dormal color made the meat unsalzble 1n a market where
the people were accustomed oaly to whate fat in sheep. Thus
BT the mutauon has been reported only from Iceland.

Genetic differences in utilization of nboflerin. Normally the
nboflavin necded for the development of chick embryos and
the hatching of chicks 13 depostted in eggs by the hens chat
fy them. To emure an adequate upply for the hen and a
surplus to go in the egg, most dicts for breeding hens now
::Jdl-ldclbom 1 300 micrograms of nboflanin per pound of
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Maw (13) has described an nteresting deviation from the
normal process. It was recognimed because some White Leg
horms produced fertile eggs in winch every embryo died after
10 to 14 days of incabauon. Analyses showed the eggs to be
abnormally low 1n riboflavin 1 apite of the fact that the
hens which produced them were getting an abundance of
that substance in their diet. Treatment of these fowls with
extra doses of nboflavin did not 1mprove the hatchability of
thewr eggs, but when amounts of nboflavin varpng from
25 to 200 miTOgrams were injected directly into the de
fiacat eggs at g to 11 days of wcubation, normal develop-
ment ensued and the chicks hatched. Clearly these sbnormal
hens were unable to transfer nboflavin from therr diet to
their egys as other hens do

Females of the Fi generation thus artifically produced
were found to lay eggs having 2 normal content of niboflavin
but in the F, generation the rauo of normal hens to defectve
ones was 67 21 and a backcrom of Fy & X defecuve 2 ¢
yiclded a ratio of g normal g defective Since these were in
almost perfect agreement with the 3 v and 1 1 rates ex
pected with segregation of a simple recessive character 1t
scems clear that the abnormal hens were homozygous for a
recessive gene which, in some unknown way prevented
them from putting enough riboflavin in their eggs to permit
normal embryonic development.

Other genes with lener effects apparently determine how
much riboflavin a hatched chick needs for normal growth and
survival, By tesung chicks on a diet deficent in nboflann
and selecting for six generations, Lamoreux and Hutt (12)
differentiated two strains of White Legfrorm, one comparx
avely regsint to the deficient diel, the other more suscrph
ble than unselected controls. Resistance was shawn not only
by better survival on that dict to 5 weeks of age but alio by
ngnificantly better gromth
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When chicks of the renstant and susceptible strains were
compared on a diet containing ample nboflavin they did not
duffer sigmficantly in their rates of growth It was considered,
therefore, that the genetic differences between them were
concemned speafially with the utihizauon of nboflavin.

Spearsl requirement of nboflavin by black chuck embryos
Some years ago a large hatchery reported to the writer that
wnong the black (fernale) chicks from its sex linked crom

r" - ha
!

|
i

Figwre a4 Bare backs resubting from the aboormally hgh requirement
of nboflavin by black chkk embryos. (From H tt 10 Genatic 95 )

(Barred Roxk ¢ ¢ X Rhode Island Red ¢ &) there were al
¥ar a few showing bare backs or sparse down on the back
(Fig. 24) These defects made the chucks unsalable. As the
Crom was made primarily to produce these black females,
which comruanded x much higher price than their brothers,
1t was highly desirable to eliminate the barebacked chucks
if that could be done,
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Study of this problem (g) brought some interesting facts
to light. The usuzl test maungs that reveal genctic vanations
showed no evidence whatever that the bareback condition
segregated as a genetic mutation Nevertheless, 1t was n-
sociated with black down. Among chicks from four different
matingy, each of which produced clucls of four dufferent
colors, the madence of barebacked chicks was s follows

Barebacked
Number per cent
In blacks 108 5.9
In dlvers and golds 219 0.0
In barred 94 64

The comparative scarcity of barebacked chicks among the
barred chicks agreed with the hatchery s report that the de
fect was rarely found in the males from their sex linked cross.
All those males are barred In our experiments the few bare
backed, barred clucks that were found came only from hens
that had once been barebacked chicks.

Careful measurcments showed that black chicks have down
feathens signuficantly shorter than those of therr full sibling
that were silver or gold or Larred. It scemed probable there
fore that the bare back 1n black chicks is an extreme and
vinble stage of some condition which 1nterferes with full de-
velopment of the black down In most black chids that
interference merely shortens the down, an effect which 1
not recognized unfess one makes a speaial examimatien for 1t

Eventually 1t was found that for every barcbacked chick
that manages to hatch from this cross there are about five
more tlat die 1n the last week of incubation In other words,
the loas to the hatcheryman was five times as great as he had
thought Nor was it restricted to one hatchery During the
coume of the study several others that were makng the samé
sex inked cross presented the same problem
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Among the black chicks that failed to hatch many
thowed not only the same sparse down found 10 some of
those that did hatch but also peculiar granular or  clubbed
down (Fig 25) This had previously been shown to be as

Fper 5. The amonnt of riboflavin in the eggs in whch thest chicks
developed was adequate for the barred mmake on the left becanse i pro-
duction of melanin wrs reduced by the gene for barring. It was not
E0ough 10 let the no barred female on the right grow  coat of solld
black down, and she died at ro duys f Incubation thowing the spane,
dubbed down that fndicates  defidency f ribofl vin. (From Huu in
Genetler g5 )

tociated with a deficiency of riboflavin in the dict of the hen
that produces such embryos. However mnce the diets fed
to breeding flocks contain an extra margin of riboflavin over
the actual requirements of most birds, 1t hardly seemed pos-
sible that any deficiency of riboflavin could be respomsible
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for the deaths of these embryos or for the barebacked chucks.

This problem was cleared up by Bernter and Coaney (1)
after they observed that when diets were deficent m ribo-
flavin mortality fell more heavily upon black embryos than
on others. Controlled experiments 1n which the two types
were produced by the same dam showed clearly that on diets
somewhat deficient 1n nboflavin, black embryos expenienced
huigher mortality duning incubation than therr full siblings
of ather colars. When slternate eggs from these same matings
were given 2 supplement of 220 micrograms of nboflavin (in
the air cell) embryonic mortality was decreased and hatch-
abulity raised correspondingly but the chicks not black still
hatched better than the black ones (Table 13)

Tabls 13 Hatchabllity (percentage of fertile egp) of black chicks od
thelr fall aiblings pot hlack, showing handiap of the former and
improved baich of both when extra riboflarin was supplied

Egxs defident Additional ayo ag

in ribefiana ribofavin per egg
Chicks Bleck Chicks
not black. chicks Dot biack
s0g s &
53 7 4 879
i 8g9 _

From dats of Bernler and Coottey in Sert  w Papers of Tenth World
Pouwltry Comgrest 1934

These studes show that there 15 same peculiar antagonism
between the production of melamin and the utilization of
riboflavin in these Dlack chicks. The compartvely high
hatchability of the black Amtralorps from Bernier's egg’
deficient in nboflavin B astributable to the fact that the
ventral surface in sach chicks is predominantly white hener
the amount of melanin prodoced by an Australorp embryo
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is Jem than 1n embryos entirely black. Similarly addiuon of
the gene for barring to chicks that would otherwise be black
reduces the production of melanin by the barred males from
the wxlinked cross described earlier and thus spares them
from the prenatal mortality and bare backs that beset therr
allblack dsters.

Exact requirements have not yet been worked out, but 1t
would appear that black embryos need several times as much
tiboflanin as others if they are to develop normally and to
Batch It remauns for some biochemnut to investigate the exact
nature of the ypecial requirement of riboflavin for formation
of melanin. YWhatever 1t 15, it cost one hatchery about
178,000 in a decade because of the lethal action of the gene
E, which causes extension of melanin throughout the plum
2t to make the chicks black (g)

Genetic differences n utiluation of thiamine Under ordi
mry conditions domestic fowls are not likely to show
fymptoms of thiamine defiiency since most diets contain
an sbundance of that vitamin. We must not forget, how
ever that 1t was Eijkman s recogmition of polynenmtis in his
chickens fed garbege from the hospital of the Javanese prison
where he was medical officer that led hum to copduct experr
ments in which some birds received only polished rice while
others got Tice with the outer layer left upon it Out of these
grew hus duscovery that the outer Iayer contmned something
which could prevent, not only polyneurity in his fowls, but
1o beriber: 1n hus patients. We now Lnow that wmething
a1 thlamine, or viamin B,

Birds of heavy breeds like Rhode Island Reds Plymouth
Rocks, and White Wyandottes will show symptoms of a de
Bcdency of thixmine early and few of them an live longer
than 3 weeks on a defiaent dict. In conerast, Nichim and
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Iftimesco (15) found that therr Leghomns could take mich
deficzent diets without any sign of polyneurits for as much
as g months or more. Further studies by Lamoreux and Hutt
(11) confirmed the fact that Leghotns are much more re
nstant to a deficiency of thiamine than are the heavy breeds.
Their experiments were done with chicks to eliminate any
posatbihity of the results being affected by difference 1n size
between adults of the breeds compared Whether the chicls
were started on a deficent diet at hatrching, at ¢ weeks of
age, or at 3 wecks of age 1o every case the White Leghorns
were Jess affected than the heavy breeds.

A Dtde later it was shown by Scrimshaw ef al (19) that
White Leghorns put 60 to 66 per cent more thiamine in
therr eggy than do the heavy breeds, when all are mantuned
on the sune diet, This has recently been confirmed by Howes
and Hutt (8) who used a different method of asaay and tested
eggy from severnl dufferent straing of each breed. They found
the average 2mount of thiamine per hundred grams of yolk
to be as followa

Straire Theamine

rumber  mucrogramy
White Leghormns 18 198
Rhode Island Reds 5 188
Barred Plymouth Rocky s 184
New Harnpahires 4 146

Differences among the heavy breeds or among the 13
struns of White Leghorns were not significant, but the dif
ference between the White Leghorns as a group and the
others was highly sigruficant. Since all these birds recerved
the same dlet, 1t 13 assumed that the White Leghosm had
more unused thizmne left above therr requirements and
that the higher level of that vitamin in the blood resulted

1 its greater depontion 1n the egg
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From all the evidence it i clear that Leghorns manage to
get along on connderably less thiumine than 1s needed by
burds of the heavy breeds The reasoms for that difference
are will unknown Sumilar differences in thiamine requure-
ments have been found among different strains of laboratory
nt,

mine, sod viami D How and why she does it ha ¢
¢t 1o be determined. (Countesy Cormell Unlrentty )

The efficient Leghorn While we are about 1t, it may be well
to point out that Leghorns (Fig 20) are biologlaally superior
10 the heavy breeds in several distinctly different ways. Their
greater remstance to pullorum dusease and to fowl typhoid
w3 discussed in the previous chapter and their lower require
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ment of manganese for bone formation was ated i Chap-
ter 11

Leghorns also need less sitamin D than do the heavy
breeds. Olssons studies (1,) incicated that Rhode Island
Red chicks require about 2 7 times as much vitamun D for
normal development of the skeleton as do White Leghom
chucks. When vitamin D was not supplied n the diet the
Rhode Island Reds required about 3 6 trmey as much 1madn-
tion with ultraviolet hight to meet their vitamm D requure
ments a1 did the Leghorns The fact that these differences
were consistent and sigmficant in all comparisons of the two
breeds is remarkablé because the representatnes of the two
did not differ significantly 1 the rate of growth at the tme.
Earher Olsson (16) had found that some White Leghorn
hens are able to mamtam egg production and to reproduce
well without any supplement of vitamin D while othens
cnnot do so

White Leghoms are also ressrant to encephalomalaca
which 15 generally consndered to be caused by 2 deficiency
of sitamuin E. On an expenimental diet which caused a rather
high madence of encephalomalacia, Howes and Hutt ()
found in several comparuons, that White Leghorns were
much less affected than nere Rbode Istand Reds and Barred
Plymouth Rocks. The differences 1-ere significant and con
sstent but there was no difference between White Leghors
of different strains in abiity to wrthstand the defident diet.

All of these differences 1 nutnuonal requirements be
tween Leghorns and heavy breeds indicate genctrc differences
1n the metabolpm of different nutnients. It would be mterest
1ng to knon by what process of selection these physlolagial
differences between breeds have arisen. None of them are
chamactersuas for which sclection could consciously have
been made by those who st up ihe Leghorn breed
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Other genetic differences in metabolism Al of the cases
ated hitherto 1n this chapier deal with genetic differences
affecung the metabolism of some specific substance, There
are abo genetic varations 1n the efficiency with which the
diet 33 2 whole 15 ntilized These are commonly reflected 1
more rapid growth higher production of eggs, greater pro-
duction of milk, and so on. The genetic differences among
fowls 10 rate of growth have been utilized by those develop-
g specal fast-growing strains and croses for the production
of broflers. Sumilarly russers of beef cattle are finding that
tome sires differ from others in the ability to produce off
Tpring that can make consstently efcient guns. A detailed
discursion of this subject 15 beyond the scope of this book.

From the few examples aited 1o thus chapter 1t seems clear
that genetic differences 1n metabolic processes have much to
do not only with the viability and health of domestic ani
mals, but also with the profits or loses of every producer of
Iivestock. They ment further study
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Chapter VI

Ways of Resisting

THE evidence reviewed wmn the foregomng chapters
thows that 1n domestic animals, from honey bees to horses
there are remarkable differences in genetic resstance to
disease, Recogruuon of this fact rases some 1mportant ques-
tom. Is remtance general or specific’ In other words, are
ammals genetically resustant to one disease equally able to
withstand others? How do resstant ammals differ from sus-
ceptible ones? Can the two sotts be dutinguuhed easily by
Inspection, or by simple laboratory tesa? Obviously if they
could be 3o dustinguithed at early ages and withoat actually
expoung them to ducase the process of breeding highly
resistant struns could be greatly accelerated.

There 13 another jmportant question Can resutant strajns
be bred without deliberate and constant exposure to disease?
In breeding fowls resistant to leucons at Cormell, such ex
posure provided the only means by whach resistant families
could be differentiated from susceptible ones. As it furned
out, the results (see Chapter V) fully justified that procedare.
On the other hand, few breeders of livestock (and will fewer
veterinarians) are likely to be receptive to the idea that
dusease should be encouraged to lurk on the premuses in

n
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order that resistant and susceptible ammals can be recog
nized. If there were some peculianty of the skin liair blood,
urne, or anything else whereby the two types could be dis-
tinguished disease resistant strains could be bred even nith
out exposure In such cases most breedens would ducard the
tecognuzably susceptible animals.

As we shall sec later n this chapter there 15 at least one
cae In which resistant and suscepuble animals can be easily
disungunshed merely by visual inspection. There may be
others, No such simple path to progress has yet been found
for leucons 1n fowls, but the posubility 15 not excluded that
some sunple way to idenufy resismnt birds may still be
found. In the meantme we poultry breeders can male a
virtue out of necesuty for some exposure to leucous seems
nevitable in most flocks All we need to do to intemify that
exposure i3 to brood our clucks as close a3 posmble to the
adult birds that carry the infection Most breeders of ive
stock can think of other discases to wluch exposure seems
inevitable without any special efforts to encoursge 1ts pres
ence. Mastitws 1n cattle 11 2 good cxample

Unfortunately our knowledge of the mechantsms whereby
domestlc animals resst dusase 15 slight. 1t scems desimable
therefore, to review what Litle 15 known, 1f only to show the
paucity of facts the importance of the subject, and the kind
of rescarch that 15 needed

It 15 not within the scope of this book or the competence
of the author to review the whole field of ymmunoclogy In
more ponderous volumes onc may read of the defenses agaimst
discase that are provided by the outer fortifications—the
skin and the mucous membranes and their secreti
of the tactia employed by the defending antltoxim, pre
cipiting, cytolyuns agglutinins and other anttbodics and by
the phagocytes that engulf invaders one may read alw of



{ Weys of Resuting 143

the oporuns ud of the blood complement so necessary for
¢ffcwnt operation of the defending army

All that can be attempted here 1 to connider bnefty how
genetiaally ronant animal differ from genetically suscepti
Be coes. A Jot of work has been done 1n that field wath small
rodents and other laboratory animals and much of st has
Ixen reviewed by Gowen {g) For larger ammaly there o
ampantively Little to report. Here hies 2 promuing fiedd of
raearch for gencticsts and pathologists snterested in farm
anmals ¢ would seem destrable that they start when young,
be endowed with great patience and be wilhng to wau for
the screntific rewards of thewr Iabors, but they should be
xmply remunerated othervase wiile waiting Rome was not
butt in a day Genetic expeniments with cattle need more
time than nmilar experunents with mee

It reustaace general or speafic? Animals highly raistant to
oue dmease can be very suscepiible o another Thu paint
w8 nicely flhustrated n some tests by Gowen {8) with three
different wans of mice (Fig s7) The stran most raistant
© mouse yyphoud proved highly sucepuble to the virus of
Metidorabres. OF o strawns equally resutant to the laster
disease, one was much more ruceptible to pan an antigenic
Poason, than the other

A unubar sitextion 1 3s seen 1n our three sram of Whte
Leghorns at Cornell 1 1949 In them morahty from blue
conb dusease (xt about § 0 4 months of age) and from
leucoris (p to 500 days of agey was as follown

Bl omb Lewcosu
per cent por ent
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In further studies with these three ines Camon (6) showed
that the two strains highly resistant to leucosis were some-
what susceptible to the organism causing fow! cholera, but
the strain susceptible to leucosis was comparatively resistant

wo

: \

sal \ > \
\ ™

20

SURYIYED pPIM CENT

PRIUDORANMES TYPHOID RiCIN
MNP P
b3 8 T ¢ 8 1014 1 3 8T8

DAYE AFTER (MOCULATION

Fgure 7 Dlffering smceptibility of three strains
of mice 1o three pathogenic sgenu, showing that ge
net] reslitance o one disease an nocepth
bility to atherx. (Alter Gowen ! Journe! of Her dity
937)
to cholere. It was alio resstant to a cocadjum Emmens
tenella and to 1nfectious bronching, One of the strains restst
ant to leucosis was also comparatively resistant to Rous sar
coma to infectious bronchitls and to Salmonells prullorum
but the other leucosis-resstant strain was not equally good i

these reapects.
These few examples are enough to indicate that the physio-
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logical bams for genetic resistance to one disease must be
different 1n many cases from those concerned with resistance
to others Thus makes more dafficult the problem of breeding
strains that are Temstant to several diseases On the other
hand, ammals genetically resutant to one OTgAnIM Are 0mC
trmes alto renstnt to another that 1s closely related to the
finst. Thus, Leghotns are comparatively resistant both to
§ pullorum and to Salmonelia gallinarum There is also en-
couragement in the fact that some genes do provide general
Teutance 1o miecthions of different kinds. One of these 3 con-
udered in the following paragraphs

Defective blood complement sn guinea pigs. At the Vermont
Expeniment Station, Rich (15) made a remarkable study of
gumea pigy that were genetically deficent m blood comple
ment. That important part of the defense mechanism 1 re
quired for the functuon of antibodies, helps to destroy in
vading cells, and supplements other defense mechanums 1n
ways ot yet fally undemstood.

In Rich s deficent guinea pags it was thown by a remarka
bly conclusive series of genetc tests (nelding altogether 5 385
animaly) that the defecove complement resulted from
homorygosity for 2 reccsnve, autosomal gene. From manngs
n which both parents had the defect, no less than 2,046 off
spring were produced, all deficlent like their parents.

Tests of the suscepability of these deficlent anmals were
made by woculating them and thelr normal htter mates
with Bacilus choleraeswis (now Salmonella choleraesuls)
Among those deficient 10 complement mortality wa 77 per
cent, whereus those that had normal blood complement lost
only 20 per cent. Since guinea pigs heterarygous for the de-
fect all had normal blood, 1t is clear that the dormnant allele
—¢ven 1n single dose—was enough to ensure the production
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of that normal blood and the assoctated comparatively lugh
level of resistance to mfechion

The gumnea pligs deficient m Dblood complement akso
proved to be highly susceptible to other infections When 1t
scemed probable that the whole lot might be lost becaase of
their general susceptibility tome of them were sent to other
mnstitutions in an attemnpt to presenie the strain Rich s find
ngs were confirmed by Hyde (12) whose studies showed that
the causstive gene (when homozygous) eltminates the third
component of blood complement the part that 1s reastant
to heat but absorbed by yeast.

A umilar defect has not yet been identified m otler
domestic mammals, but 1t could occur 1n any of them.

Renstance related o sex and age Numerous affirctions sre
himited to one sex or to the other because of anatonual or
physological difierences between the two Apart from soch
ntuations a famhar example of a remarkable sex difference
n susceptibility to an infectious dusease 15 provided by eF-
upelas 10 turkeys. Madsen (18) described an outbreak that
killed se5 birds in 2 stngle flock From his fgures 1t 15 endemt
that the mormality rate was about 46 per cent among the
males but only 4 per cent or even les, in the females. A2
unanswered questfon however is whether the greater e
ceptibitity of the males resules from some sex difference tn
physiology or merely from their normal belhgerency The
last makes them more lLikely than the females to get theit
shanks and ther gorgeous head furnishings scratched ad
thus to permit infection by the causative bacterium.
Burmester and Nelson (4) have shown that in the fowl
females are more susceptible than males to lyphomatoss. On
the other hand as Campbell (5) has found [emale a5 37
naturally more resstant than males to the larval form of the
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tapeworm, Tarna taemaformis In both these instances there
a1 cxperimental evidence to show that the sex difference 1n
suscepabnlity is dependent upon a corresponding difference
1n scx hormoner.

Effects of age on resmtance vary with different discases and
different specis In cattle, susceptibility to the masats caused
by Streptococcus agalactiee 1ncreases with age. In the fowl,
susceptibility to leucoss 1 greatest immediately after hatch-
1ng, but it decreases thereafter at such a rate that by 5 months
of age most birds are unmune to infechion if they have not
previously been exposed. On the other hand, young chicls
are more resstant to moderate doses of cocaidia than adules
that have never been exposed. Similar age differences in sus-
ceptibility will occur to most resders.

Differences among species in tesutance Examples of re
markable differences among closely related spedies in sus-
cepubility to ducase are well known. Thus, one mosquito
Anopheles maculipennis wll cury the plamodum causing
malarla but Anopheles punctipenms doas not. The house
mouse Alus musculus 1 reustant to infecton by Bacillus
prliformis but the Japanesc waltxing mouse, Mus bactrianus
bas proved to be mghly susceptible.

Amopg domestic anrmals there are sumilar cases some of
which are very important. The domestic fowl 15 Temarkably
rexistant to Hutomonas meleagndis the flagellate causing
blackhead (enterohepattis) but the turkey 1 very susceptible
to that same parasite. Beczuse it caan be carmied by the com-
mon ceaal worm of the fowl 1t 15 important that susceptible
turkeys should not be mised on the same ground with re
wstant chickens. The comparauvely high susceptibility of
the turkey may pouibly result from the fact that natural se
lection has probably operated on that new-world species for
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only 450 years or less whereas the domestic fowl has been
exposed to that bialogically beneficent process for some thou
sands of yeans. Measles and firewater were ntot the only af
flictions that Europeans brought to the nauves of North
Amernca

Resistance of Zebu cattle to tick-bome diseases A much more
important difference between species 1n resustance to disease
1 the remarhable resstance of cattle of the Zebu type to ex
cesstve heat (Chapter 1) and to uck borne diseases. The state
ments of several writers that various breeds of the humped,
short haired Zebus (Bos sndicus) are generally more restant
to tick borne duseases than European attle have been con-
firmed 1n a remparlable series of studies by Bonsma (x) at the
Mara Experzment Station 1 the Transvaal in South Afnc.
That post was established 1n 1936 to breed cattle reis@ant (o
tropical conditions and 1f possible resstant also to tich
borne diseases. In order to stock thrs station, ammaly were
brought 1n from other parts of the country Most of these
were Africanders (Zebus) but some were exotic breeds of
Bas taurus including Aberdeen Angus, Herefords, Short
horns, Red Polls, and Sussex,

Bonsma s report 15 concerned prumarily with heartwater
A disease caused by a ncketusia and carried by the bont tch,
4mblyomma hebraeum On the Infected Marm premucs
mormity from heartwater among the mtroduced catcle m the
first two years after therr arnval was 412 per cent among
exotic breeds from areas free of heartwater but only 135
per cent among Afncanders from those same aress. Among
207 Africanders from areas known to be infected, not onc
death from heartwater occurred Among the exotc breeds
from heartwater areas there were two classes Some of them
ame from Earms on which dipping to kill ticks was a regulaf
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practice The remainder came from farms where dipping
was not a regular practice. None of the Iatter cattle con
tracted heartwater at the Mara Station but g1 per cent of
those from the dipped herds did so

Bonsma interpreted these facts #3 showing that regular
dipping prevents the development of natural Immunity In
other words genetially susceptible calves were protected
by the regular dipping that removed therr ticks In the ex
posed herds that were not dipped presumably such calves
were ehminated cxrly by patural selection. Mature animabs

Table 4 Martatity from heartwater to go months of age in cattle bom

at Marn
Catres A
Breed born, Died, age at death,
per cemt
Pure Africander 246 5s
% Africander % Enropean 80 70 3
3 Afriander 3 Enropean 897 ox .1
Pure 18 0.7 5

From data of Bosam | Fermimg in Sowth Afnca 1944

brought to Mara from thesc undipped herds would have been
those geneucally apable of developing immumity which is
c1xblished 1n high degree by the age of 18 months.

The foregolng figures thow that the Africanders whether
previowsly exposed or not, were significantly more resutant
than the comparzble samples of the exotrc breeds. Similarly
among the alves born from the introduced stock at the
Mara Station, mortality from heartwater was more than 11
times as high In the exotic breeds as in the pure Afncanden
(Table 14) Moreover among calves that dld succumb the
Afnanders were able to survive over twice & long as those
of the exotsic breeds. It i3 remarksble that the crowbred
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cattle should have shown such a relatively hugh degree of re
ustance That finding, however confirms the previous te
port by Zuravok (29) of high resistance to other tick borne
discases i the Fy offspring from the cross of Zebu X Euro-
pean attle

Cattle that came to Mara from infected areas dud not pro-
duce offspring any more resistant than clves from cows
brought int from areas free of heartwater It scerns probable,
therefore, especially since #bout 70 per cent of the intro-
duced cows calved within ¢ montis of their arnval thst
none of the resustance shown at the Mam Station could be
atributed to any passive wmununity that might have been
transmutted from highly immunuzed dams to themr offspring

To determine the comparative suscepthility of Afrcander
and exotic attle to ticks, regular monthly counts were nmde
on 12 cows of each kind for 12 consecutive months For each
ammal and at cach counting, the number of ticks was re
corded on four separated areas of 200 square centimeters
cach on the body and on oo square ccniumeters of the
escutchean and inner thigh. Those under the mul were alo
counted. After each count every cow was dipped to remove
all ticks and thus to ensure a uniform start 1n the contest
to sce which could accumulate the fewest ticks in the en
sung month The sums of these counts for the full year
(which recorded 14 867 ticks on these limited areas alonel)
showed that mn 2}l three reqons the numbens of uda were
remarkably fewer on the Africanders than on the exotic
breeds (Table 15) Borama sttributed this in large messure
to the fact that the former have a comparatvely thik son
whuch is len attractive to ticks. Proof of this 1 scen 1n the
fact that has tick counts were highest for the comparatvely
thinskinned areas (the cicutchieon and under the mi) and
lowest for the thicl skin on the nide of the body Actual
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measurements of the thicknes of a double fold of shun
thowed that the Afncndens had sigmficantly thicker skun
than the Eutopean breeds wn all of the six areas measured
(Table 15). More vecently other im estigators have found that
8 thick slan b not characrerntic of all breeds of Zebu aitle

Table 3 Comparion of Africander nd Esropean aastle with respect
W numbders [ ticks and thicknew of skin

Totzh for reow Ratio
Ttem mennmred of ench kind European.

Afjander | European | Afriaander

Ammber of ticks 12 oot per
e

O the body 800 square coy. 25 k] 5
On the excmichern roo square
a,
599 4397 5
Under the 1adl 3 4o 47% ER ]

A g thicknem of slin double
fold,

I::lkm:lhkt—qﬂnncdrcgiom.
. 108 o8 —_
In three thinakinmed reglons,

o, ' Gax —

From date of Borsma in  oms g South Afnc 943

Somie sdea of the differcnce between Bonimaa two types
“Guleinlu\gthofh:ublhawuhymefladuxinnmmn
after the catdle were dipped, cows of the exotic breeds lost
bout onehalf gallon more fnid while draming m the dry
ing pen than did the Afncanden. In winter when the coans
of both were hat longer the dufference was even more
Premounced  Of all ucks counted on the 1x cows of each
type, the proportion found an the Africanders was only 7.4
PeT cent an the summer months, when the coat of hair was
short and gloery but It Tose to 17 per cent o the winter
when that coat was longer and rougher
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Finally having come to the conclusion that the thick, loosc
skins and short glossy coats of the Africander cattle made
them less attractive to ticks than the European breeds with
therr thinner skims and longer hair Bonsma tested that con
clusion experimentally Six Hereford cows were classified
as likely to carry esther few ticks or many This was done by
visual mspection only without any measurements. Thick
skins can be 1dentified because they show a greater number
of vertical skin folds than do thin skins. Afier the three
Herefords considered most Likely to repel ticks had been
wdentified, measurements of the thickness of the skin were
taken in s places on each cow making 18 determinations
altogether Only two of these 18 areas differed fram Bonsmas
visual clasificacion as thickshinned or thindkinned. Subse
quent counts of ticks on these aix cows for 12 months re-
vealed that the number on Bonsmas three thick4hunned
Hercfords was only 86 per cent of that for his thinskinned
group

Altogether theae studies have shown that Africander cattle
are significantly more resistant to heartwater than European
breeds and that therr resstance s asociated with better
abulity to repel ticks That biological supenonty in tum, ¥
apparently attributable to the thicker skins and shorter
glosier conts of the Africanders. Similar differences can be
canly recognized among cattle of European breeds hence
selection u fcasible within them for the ability to repel
ticks and thus to escape tck borne discascs.

Among the ucks infesting cattle at the Mara Saation boat
ticks, which carry the michetne causing heartwater wert
gremly outnumbered by blue ticks, Boophstus decolorstys {of
Margaropus decoloratus) which carry the sporozoan causing
piroplasmosis, Monthly counts on 6 arumals for & &t
showed that the Afrianders cumied signifiantly fower of
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both kinds than did exotic cattle. The mortality from piro-
plusmons was not given but that disease was apparently
conndered lets serlous than heartwater

In croubred aattle Bonsma s tick counts were intermediate
between thase of the two parental types but closer to those
of the Afrrcanders, This may explain why the degree of re
sstance 1n cromsbreds to tick borne discases is more like that
of therr Zebu parent than of therr European one. Thus has
been demonstrated not only with respect to heartwater 1n
hybnds from Africanders (Table 14) but also for other tick
bome discases and 1n crosbreds from other cattle of the Zebu
type Zuravok, ag).

Dueuse resistance and klendusty Paradoxically 1t has not
yct been shown that the discase resistant Zebas are better
able than Earopean cattle to reaist actual infection with tick
borne diseascs. From the available evidence 1t appears more
likely that the Zebus escape those duesscs by repelling the
tcks that carry them That repulsion n by no means com
plete, and yet mature animals mn infested areas show a degree
of resistance to tch-borne dusease that approaches complete
1mmumey

Thesc facts suggest that the special value of the protective
skin and short, smooth coat m attle of the Zebu type 15 to
reduce the infesmton by tcks to numben that enore 2
small, immuninng dose but make a large, lethal one lem
likely If that is correct, the question whether Zebus and
European cattle differ in ability to withstand a uniform dosc
of some rickettsiz or sporozcan remains to be answered.

To dutioguuh between (1) the ability to renst disease
after infecon and (2) the ability to escape infection, Rankin
(24) coined for the latter happy attribute the term klen
dusdty It means to bar the entrance or “to keep out”
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ana is derived from the fint three letters, kle of the several
Greek words meaning to bar” to close  to heep under
Jock and key  and so forth and the Greel endusts meaning
“an entening 1 or entry Rankin observed that raspbernes
of the Herbert variety seldom get mosaic ducase because they
repel the aphid vector that carmes the causauve vinus, but
that those which do become infected show that the variety
1 extremely susceptible It 13 Mendusle, but not resistant.
The same applies to the Lioyd George raspberry in which
fine leaf hairs prevent aphuds from getting at the leaf Other
plants may be klendusic because of therr thick cutide 8
the Africander catile appear (o be

It remamns to be determined whether these ammals an
provide only a fmir degree of klendusmty or whether they
have also a high degree of resistance to infection. In ather
case the Zebus can contribute something that 15 of inestimable
value to the many tickh infested regions of the world.

Resistance to pullorum disease sn the fonl For about a quar
ter of a century I have been curons about the bans for
genetic resustance to § pulorum Some interesting facts have
xccumulated, thanks chiefly to some graduate students who
shared my curionty and became perforce asnduows devotess
of the cult of the rectal thermometer As a result of ther ure
flagging efforts, it now seemn clear that resistance to puliorum
11 amocuated with supetior control by the resstant chick over
168 thermoregulatory mechanism

An obvious starang point was to determine, if posible
why Leghorns are more resstant than heavy breeds (s
Chapter VI) Guided by Pasteurs casical demonstration
that the fowls immunity to anthrax rewits from s high
body temperature, the first question was whether or pot the
Leghoms differ in temperature from susceptible breedt
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Adult birds do not, but with newly hatched chicks—the age
most susceptible to pullorum—it 13 a different mauter

Undil shortly before it hatches, the mncubating chick s a
cold-blooded ammal, its temperature being no higher or
lower than that of the arcumambient air Once pulmonary
respiration iy started (when the chick pierces the ar cell of
1ts cgg on the twentieth day of incubation) conversion to the
bomoiothermc state begins. It 13 a slow process. On the day
after hatchung, chicks have temperatures of about 108 F or
les, and they do not atiain adult temperatures (105-109
F ) undl they are about 10 days of age or more.

An 1mportant early discovery was that White Leghorn
chicks are able to raise their temperatures more quickly in
the first 10 days after hatching than can Rhode Island Reds
(11 16) Furthermore at subnormal brooder temperatures,
when the body temperatures 1 both breeds are lowered
correspondingly the Leghorns are able to attain almost nor
mal temperatures by 10 days of age (Fig 28) but the Reds
lag, far behind after the first 4 days (26) It was then found
that by brooding chicks at 28 C. rather than the usual
35 C. ther body temperatures could be lowered by 0 4 to
14 F and that thete was 2 highly signifiant reduction 1n
the abality of chicks thus chilled to resist pullorum A sumilar
teduction occurred when chick temperatutes were tesmporar
1ly lowered (a2 much 21 8.4 F) by the injection of sodirm
amytal. Convenely in chicks subjected to artificially induced
fever (063 to 1 34 F above normal) by temporary exposure
to a carbon filament lamp rasisance to pullorum in 10 dif
ferent mals was consistently greater than in coptrols.

It does not follow that m these overheated chicks the -
fection was vanquished merely by getting body temperatures
up to the thermal death point of the bacterlum, s s possible
with gonococeal infections in man. The fact that Lamoreux
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(15) found body temperatures above 109 F mn adult fowls
that reacted positively to agglutination tests for § pullorum
suggests that the thermal death poine of that orgamism must
be stslf higher Accordingly it seemy more likely that high
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Figurs 23. Average daily body temperatures after batchimy, showing
more rapid rise zod better co trol (at 28 C) i White Leghorn chids
then in Rbode Iland Reds. (From Scholes and Hute in Corn 1 Agnesk
tural Expeniment 5t t1 Alemorr 244 )

temperatured in the chick aid renstance by scceleraung the
normal complex mechant For dek

In chicks noculated orally with § pullorum within 24
hours after thetr removal from the incubator average body
temperatures to 8 and 10 days of age are ngmficantly higher
than in unmoculated controls (s3 25) but they are more
varuble. (Healthy uninoculated chuicks show so much vam
tion in temperxture from day to day even when temperatures
are recorded at the mme hour in 2 controlled environment,
that & single reading 1s of little value For that remon »°
have recorded temperatures dally to 10 days fno many A
and for 5 days or more 1 most others.) Both Scholes (£6)
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and Ram (23) found the average tempcratures after wnfection
to be hrgher In resistant chicks than in susceptible ones. Both
kinds show a dutinct febrile reacoon but the susceptible
chicks are less able to maintan that fever (Fig 19)

American Journal of Vaterinery Resarch  9x5)

By inoculating chicks at 2 or g days after hatching, at
wihich ame two ar three daily readings of body temperature
had already been made, Scholes was able to show that those
which eventually succumb to mfection have subnormal
temperatures nght from hatching

Other evidence of the mportnce of body temperature m
determining resistance aame from families of chucks that
were fnlly pedigreed, Le. 1dennfied a1 to mre and dam.
Among thae from daidy wmperarres of normal, wninom
lated chucls for 8 or 10 days, 1t was posnble to distinguuh
familles characterlzed by temperatures above or below the
average for all chicde. Other samples from these ame families
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were then inoculated with standard doses of § pullorum to
compare the resistance of high-temperature and Jow rempera
ture families. With 18 such famlies (all Rhode Island Reds)
tested by Scholes (26) 1n five trials and e others (all qoss-
breds from two stres) tested by Ram (23) in mmne trals,
mortality from pullorum disease was greater n every case
in the low temperature [amilies than in the high-temperature
ones. Ram 3 data for tats mth 621 inoculated chicls show

T ble 16 Differences in temperature and montality between familia
within progeny of cach dre

A Chids

Dams families b;“;ﬂ -

Sire Temp Nem P Nom  Died

class ber [ F) ber %

A (bigh High 5 o34 us 8

temperature)

Law 4 ags 87 48

B (low High 7 o1y 6o 18
temperature)

Low 6 1049 674

From data of Ram and Hutt in {serronn Jourmal of | tert a7y Re
search 1935

clearly that chances of survival are best for chicls from sires
and dams both of which produce offspring with temperatures
above average dunng the first 5 days after hatching (Table
16). Conversely mortality was more than twice a1 high in
chicks from parenu that both yielded low temperatusre
famihes.

Severens et al. (27) concluded that chicks renstant 10
pullorum differ from susceptible ones in having & greater
proportion of lymphocytes, particularly during the first § 029
after hatching However therr resistant stralny were White



| Ways of Resusting 261

Leghorns, but their susceptible strun was a Rbode Island
Red. Sloce these breeds differ in several other important
physiologscal traits (see Chapter VII) including chick tem
peratures, 1t scemed desrable that further studies be made
to determine whether resistance depends on temperatures, ot
lymphocytes, or on both

Ram (s3) found that the proportwon of lymphocytes nses
seadily 1n the first 8 days after hatching, a3 does body tem
perature, bat that these two variables are Dot closely related
Familizl differences 1n percentages of lymphocytes were
mall, statistically inmgnificant, and unrelated to morwmlity
from pallorum. Brooding chicks at 4o (. depremed the
lymphocyte count but rased both body temperatures and re
sstance. Finally Rams White Leghorns, like those of
Severens et el. had consstently higher lymphocyte counts
and greater rasistance to S pullorum than did Rhode Island
Reds On the other hand, hus crombred chicls had even lower
counts of lymphocytes than the Rhode Island Reds, but they
were just as resistane as the White Leghorns For these
reasons and others it seems clear that lymphocytes have np
specual relation to the chick s defenses against pullorom.
However onc response to infection with that orgamsm is a
tise 10 total leucocytes and Ram confirmed the earlier evi-
dence of Kelly and Deanstyne (14) that the heterophils are
respomible for that rise

Altogether these studses have shown that genetic renstance
to S pullorum 1 assocrated with supenor thermoregulanion
Pomesnon of that deamable attribute 15 evidenced by com-
pannvely npid tranuuon from the poikllothermy of the
embryo to the homolothermic state of the chick at 10 or more
days of age It 15 also shown by better ability on the part of
the chick t© control body temperatures when chilled. Simi-
Larly Locle (17) has shown that rabbits able to recover nor
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mal temperatures within g5 munutes after chilling are more
resutant to infection with virulent pneumococes than thase
unable to do so

The view that the resustant chick utilizes 1ts superior ther
moregufation to resist infecuon 13 supported by the susmained
februle reaction of ineculated chicks. Fenn (7) found that the
rate of phagocytosis is almost a logarthmuc function of tem
perature It seems probable that other defense mechanism,
such as the production of antibodies and bactenolyns, may
be simularly accelerated at temperatures higher than normal

Resistance to fowl typhotd. One might expect the mecha
nisms for resisting § gallinarum to be similar to those for
ressung § pullorum Bell (1) found ponmal body tempera-
tures at g to 28 days of age to be higher in resistant chicks
than 1n susceptible ones. Chilling lowered reslstance of both
kinds, but resustant chicks were better able to mamtain nor
mal body temperatures.

Chicks of resistant and suscepuble straing did not differ in
the rate of phagocytosus as studied tnn vatro That process was
accelerated in both kinds by rsing temperatures However
Bell found that lyss of bactera within polymorphonuclear
leucocytes proceeded more rapidly in those from resstant
struing than in the others and he conmdered that to be 2
major factor 10 genetic resustance to § gallingrum. Unfor
tunately his susceptible strain was of one breed (New Hamp-
shire) and s resistane strains of another (White Leghorn
and Leghorn crosses) Further studies with genetrally e
sistant and susceptible chicks of some one breed are deinble

Resbtante to mashitis. The belref nill penists in some quat
ters that mastis 15 an nevitable penalty duat the dairy
industry must pay for having pushed sts cows to higher ad
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higher production A careful study of the pomible relation
thip between high production aud 1ts relation to dusease 1
dary aattle led Ward (28) to conclude that no such basus for
udder troubles exists. Cows showing little or no sign of mas-
tits had higher butterfat production per lactation period
than did those that developed serious udder trouble. In an
other phate of this same study cows that were high producers
1 therr first two lactation peniods were found to last looger
in the herd than did low producers For these reasons Ward
concluded that 1t 13 stfll obvious that no ase exasts for sug
gaaong that the gh producer breaks down more quickly
than the low-producing cow

The ways by which some cows resut infection of the udder
while others similarly exposed cannot do so remain to be de
termuined, but carcful investigators have dusproved some of
the more plausible theones. Thus, Murphy (1g) concluded
that mmjury to the teat 15, at best, only a mumor factor in 1n
fecion of the udder He alio found that the amount of

pocketing  3n the mucous membrane of the teat wms not
related to mastitis (r0) Murphy and Stuart showed that the
degree of suscepability to infection with § agalactiae 11 not
related to  patency (or looseness of the teat s mechanism for
clomng) as measured by the maximum rate of milk flow (22)

Although evidence of genetic differences 1n susceptibility
to mastitis has been available for over xo yeam, to the best of
my knowledge no effort to breed resistant stock has yet been
reported, but one can sull hope A dufficulty confronting any
such atternpt 1# that suscepubility increases with age. It 15
highly demirable to be able to dutinguish between resstant
and susceptible females at an carly age, not only so that the
latter may be eluminated early but also to learn which sires
and dams are producing resistant offapning

Some tests made by Murphy and Stuart (x1) suggest that
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the dificulty of early recognition may be arcumvented by
artificial inoculation 1 the teat canals with § agalactiae Six
comparable cows in their finst or second lactations were thus
exposed in all four quarters of the udder and any subsequent
infection was observed dunng the next g weeks. Infected
anumals were then cleaned up with massive intramuscular
doses of penrallin and after that substance had disappeared
from the mulk were ready for a repetition of the test. Each
cow was thus subjected to four cycles of tests in a perrod of
5 months, making a total of 16 exposures (4 per quarter) per
cou

Of these s1x cows two became nfected at all or nearly ail
exposures one only once another thnice, and 1wo not at ail
Clearly infectson by § agalaciiae u not a matter of chance.
1t depends on the individuality of the cow With such a test
applied as 2 routine procedure to young heifens, differentna
ton of resistant and swicepuble animals should be feasible
at a comparatnely early age and, viath proper selection 1t
should not be difficult to rause the level of resistance i the
herd

In fairness to Murphy and Stuart it should be made clear
that they did not recommend such deliberate exposure It 1
doubtiul that many yetennanam would do 3o at this ume

Protectsve pigment around the eyes of Herefords It is well
known that Hereford cattle i areas having much bright
sunhight are subject to sore eyes which range in severity
from slight conjunctivitis to true cancer (cpithelioma) The
latter stage 11 seldom seen according to Guiibert et al. (10)
in ammals under 4 years old Among #18 Herefords over
that age the 1padence of conspicuous Jesions of the cye Wt
105 per cent half of which were so bad that the animalt
were duposed of Sigmficantly the first lestors occurred oaly
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on unpigmented portions of the lower eyelids—never on
arcas that carned red pigment.

Sunilar evidence from 560 Herefords reported by Bonsma
(3) shows that a ring of red pigment around the eye appar
ently gives almost complete protection against the trouble
The incidence of ophthalmia, other affiiction and ancer
m the 1 120 cyes of his Herefords was as follows

TPith
Eyes  lesions
Degreo of prgmentation number percent
Absent, or almost enturely so 359 340
Some pigment on lids but ring around eye
lent than 3 inch wide often broken 659 8.8
Ring of pigment at least 34 lnch wide around
eye 102 0.0

From such records it would scem highly demrable that
breeders of Herefords in areas subject to strong sunshine
should select against the all white heads that look so well
and grve preference for breeding to those carrying a ning of
mgment around the cye. In one of the herds observed by
Bonwma, such selection effectively wcreased the proportion
of animals having that desirable protection.

Breedens of Aberdeen Angus proclaum proudly that cancer
of the cye is unknown 1n that breed. Simularly black sheep
are sud to be preferred to white ones 1n some regions of
North Africa because their pigment protects them against
the photosenniaviey that 13 commeon there from eating plants
of the family Hypenaaceae

Blowfly stnike 1n sheep Studien in Australa (13) have shown
that much of the trouble from blowilies depends on predis
positon ot zuractiveness, of the sheep that are stricken
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Sheep predisposed to strike are likely to show one or more
of these faults  slack open fleece aspecially over the withen
wool lacking 1n quality as indicated by handle character
and yellow colomtion of yolk fanlty conformation 29 shown
by pinch belnd the withers, high shoulder blades, broad
wathers with depression berween the shoulder blades, These
particularly subject to  crutch strike show excesnively loose
skin and wninkles 1n the breech

The measures recommended by the Joint Blowfly Com
mittee (13) to reduce wnherent ausceptubility to strike em-
phasize the importance of selective breeding to eluminate or
reduce these defects Unlortunately the denrable plan
breeched rama and ewes do not breed true to type, but some
rams were found to produce higher proportiom of plain
breeched lambs than others Accordingly progeny teits are
recommended to find the most desirable rams Breeden are
encouraged by the asurance that the highly desired plun
breech can be had wathout any loss in the quahity and weight
of the wool

Rhintis 1n swine While pathologusts search for the bacteriz,
virutes and trichamonads that have been incrimmared at
various times a3 pathogens responmble for thus afficton 3t
may do no harm to suggest that some pigs are able to avold
thy trouble merely by keeping a straight face In Canadt
the dusease 15 now less common than 1t was in earlier year-
Inquinies chcited the informauon that the disease

more frequently there unul breeders deliberately selected
2gainst the dished faces which they had found to be £
ciated mith thimitis. Congmiction of the nagal pasages mght
be an aggravaung factor but straight faced animals could
dificr 1n susceptibility to infection Unfortupately preae
mnformation from controlled experiments 15 not available
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The only justificatron for mentioning thimns here is the
pomsibility that these lines may encourage someone to at
tempt to breed a straight faced, resstant stramn while main
tuming at the same tume and place a stock of dish faced,
suffing pigs as controls.

A friend who has bred swine for many years but who
prefen to remain anonymous (to protect the reputauon of
Ius stock, as wsual) amures me that in his expenence some
famihes are more susceptible to rhmits than others.

Sumntery The few cases ated 1n this chapter show that re
ustant ammals duffer from susceptible ones 1n ways that an
sometimes be detected wath a little careful search. Indicators
of resstance can sceelerate the breeding of disense resistant
strams. The fact that there 15 so little to report in ths field
suggests that there 15 ample acope for further research on the
bases for resstance to dicase in domesuc animals. The
greatest returns are likely to come from co-opentive research
by pathologuts, physiologlsts, and genetasts.
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Chapter 1A

Ways to Use Resistance

AN old physican with long experience once sad to
e  In most cases we dont cure the pauent Nature effects
the cure all we do is to help her along with that process.”
He way spealing of individual patnents—not of the human
tace—-but a similar situauon applies to the breeds straing,
flocks and herds that are the patients of the animal breeder
Even under domestication natural selection eliminates many
of the unfi. All the gencticist doct who breeds duease
Tesutant stock 13 to ensure exposure to disease and then by
wnng the best techniques of breeding 1o accelerate the accu
mulauon of genes for revstance.

Wild ammals, like domestic ones arc subject to dusease
but 1t 15 doubtful that disease alone has ever extingunhed a
speaies. In thote cases that we aan observe when wild animals
are stnicken with some hitherto unexpenenced afflicuon,
even thougt it may seem disastrous, there are always some
sunvors. Muluplhication of such renstant individuals results
in the develop of Taces. E ples of such con
questy over disease by wild anumals regularly exposed are
secn in the prolific oystens of Prince Edward Island (see
Chapter [%] in the house flies that {earned to thrive on DDT
and 1n the rabbits that are now becoming resistant to myxo-
oy
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selection to eluminate, not only the individuals that proved
most susceptible but also the breeding animals that seemed
to transmut susceptibulity to thewr offspning Canversely se
Tection for resistance could be carned on to bulld up the
average level of resistance In the herd.

Slaughter of the tnnocents The evidence reviewed in Chap-
ter VI shows that there are genetic differences among fowls
w ability to resst, not only nfectious bactersa, viruses, and
fungi but also paranitic protozoa and worms. Every attempt
to rase resmstance by selecuon has been succenful.

In striking contrust to that record eight years efforts to
eradicate the mild form of Newcastle dusense by slaughter in
England (where 1t is called fowl pest) proved completely
fnule, and 1n 1956 the ninth year of attempted eradication,
more birds were slaughtered than ever before (Table 17)

Table 77 Birds ol ughtered in Great Britain in the ttempt 1 endiate
fowl] pest (Newaastle drsease)

From Reports on the Awimal Heslth Sercices » G eat Britain, 1951
1955 1056 By pennision f the Co troller of Her Britanuic Majexy ¢
Statlowrery Ofbce.

In these efforts to eradicate Neweastle disease, the shughte
15 not himited to the nck birds m a flock. All must go—



| Ways to Use Resutance 173

mcluding the genetically resistant fowls which greatly out
number the susceptible ones. Many of the flocks slaughtered
are 10 perfect health and laying so well that presence of the
drsense 1 completely unsuspected undl 1t 15 revealed by a
blood test. Among the fowls thus slanghtered was the breed-
1ng stock of onc of the best poultry breeders 1 the British
Itlesy whose pedigreed flocks were wiped out no les than
four timey in mne years of attempted cradication.

The mild form of Newaastle duease has gradually worked
ia persevering way around the world, and 1t has now been
n the Unuted States for about 2 yearx. Fortumately it had
spread from coast to coast before 1t was recognired as New
castle discase and any artempt to eradwcate 1t by slaughter
was out of the quastion. Effiaent vaccanes have been devel
oped, some of which can be admmistered merely by putung
them 1n the dnnking water

Many poultrymen, however have ceased to vaccinate be
cause they no longer consider the disease serions enough to
warrant that protection. In most flocks that become mfected,
there i3 little mortality or none, but the birds ccase laying
for periods varying from a few days to g weeks. After re
mumptioo of laying they nsually do as well as before unless
some other condition 1ntervens. Hatcherymen continue to
vacanate beciuse they dare not risk baving thewr supply
flocks thrown ont of egg production at & time when eggs are
needed for the incobatom,

In Lancathire, England, there {1 a greater concentration of
poultry than in other parts of the country There annually
for the past nine years, with the fist chill winds of Novem-
ber Newastle disease has made 1ts appearance. So have the
official veterinarans. Through the winter months the slangh
ter has proceeded apace and by April the disease has nsually
been wiped out. 5o has many a productive flock most of its
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members 1n perfect health highly resistant to Neweastle, and
in no worsc condition than a child that has recovered from
chicken pox.

The record 1n Table 17 shows little sign that this annual
cycle of events will termunate 1n the near future The amount
of compensatron pud in 1956 for slaughtered flocks was
£1871710 (33840 788). With an annual expenditure len
thap half of 1 per cent of that sum and within 10 years, the
feasibility was demonstrated of conquenng leucosis by breed
ing resmant stins. How fortunate that there s o hlood
test for that diseasel

Genetic resistance combined with other control measures.
The keeping of genetically resutant stock does not make it
unnecenary to wie ardwary good husbandry and practices of
management that are conducive to the comfort of the am
rmals and 2 munimum of duease Plant pathologists have
found that & combmation of genetically resisant vaneties
with fungiades and insecticides (when needed to reduce 10-
sect vectors) frequently provides better control than any oa¢
of these defenses rlone. It 1s probable that similar combina
ttons of genetc rexistance with ather control meawres m3y
do the same with respect Lo discases of anumals

This has already been demonstrated for one of them at
least. There 13 no great difficulty about brecding sraim of
fowls resistant to leucons. As it happens, however lexs than ¢
per cent of the poultry rausers in the United States are ako
poulery breeders The great majority buy therr ehicks
year from commercial hatcheries. Accordingly for mast peo-
ple rusing chickens the best procedure to follaw it to ralse
the chucks in isolation, as complete as is pracuicable, from
the older burds that carry the disease When that solation 13
almost complete lowes can be reduced to an Insgmbeunt
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Figere 30. Mortality from leocoxds from 41 to oo
dapt of sgr In four annoal generstions [ White
Legharn, Figures above (e colamns give the 0 atbery
of fepales in the different groups. The protective

Dot on¢ died of kvaosds. (From Host and Cole in
Scremer  gxg)



176 Genetic Resustance to Duseass |

fevel even in a highly susceptible stock (Fig go) Unfor
tnnately complete 1solapon 1 not often posuble and on
many poultry farms it may even be diflicule to provide the
partal measure of it that gies appreciable protection, It
15 desirable therefore that the hatcheries supply chicls that
are genetically as resistant as they can be made. Some of the
hatcheries are now breeding therr awn renstut stock. For
athers 1t would seem desirable to head thesr supply flocks
with males of the geneticrily reastant strains or to multiply
the resstant cyomes now being deteloped by the better
breeders.

Finally for that 1 per cent or fewer of the poultrymen
that actually do breed chickens there 1 the special respon-
nbility of attempting to breed highly retistant straim. When
the destrable genes thus accumulated 1n them are multiplied
by the hatcheries and when cluck buyers wsolate their chicls
from older birds mortality from leucoss can be reduced
considerably below the levels that once prevailed.

Records for some experimens 1 exposure and wsolation of
our rewstant and suscepuble stratns here at Cornell (Fig £9)
shom not only that 1t i posuble to provide protection agumt
leucons for a highly susceptible strawn by raung 1t 1 wolz
won but alto that genetsc resumance can provide equally
good protection for chicks that are severely exposed (4)

Dustnibution of resustant stock Maximum use of reistant
strans developed 1n any one part of the world can be ob-
tained 1f those strains mantain their repstance 1 other T
gons. In some cases it has been shown that they do 30 and
it seerns probable that they will 1o most

The specual qualitics of the Zebu types of cattle huve been
demonstrated 1n America, the West Indies, Soath Afna
Indix the Philippines, and Australis. In ol of these plates
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those qualities are being used to rause resistance to excenive
heat, to tek-borne diseases, or to both. Similarly Stewart (8)
observed that cattle reshitant to trypanosomuans in the Gold
Coast muntan that resstance when transferred to other
areas in Afnca where the tsetse fly abounds.

An expenimental test of the pombility of resistance to
avun leucosis being mamtuned 1n other arcas (hung et al.
5) showed that both resistant and susceptible strams mamn
tuned their characterntia 1 localities over goo mules from
those 1n which they were bred. Similar evidence has been
provided by entmes of remstant strains 1n random-sample
tests in different parts of the Umted States. Some of these
have mamntained thelr reautance to leucosss over 3,000 miles
from their home bases.

Unfortunately disease reamstant strains of arumals are not
likely to retamn their renstance long without continued selec
tion. For that reason the maxmum benefits from any demon
stration of the feasibility of genetc cantrol are less likely to
come from the dutribution and muluplation of any one
resutant stock than from the encouragement thus afforded to
many breeders to develop similar resutant stralos of their
own. In so downg, they may utilize to advantage the genetic
resistance that has been establuhed (by man or by nature)
wme species breed, or stran. Thus the dennable qualities
of the Zebu have been wsed to breed both beef cattle sujtable
for some hot chmates and dairy breeds adapted to others.
‘The biologieal effizency of the White Leghom can be ud
luzed anywhere. Strains resismant to leucons have been found
to trangmt an appreciable part of that resistance to their
progeny from crosses with unselected stock.

Early utslization of resistance \With some diseases the procesy
of developing a high level of resistance 1 likely to be a slow
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one, particularly since one must select for productivity as
well as for resistance In other cases some beneficnal resulty
have been obtamned without much selection Camerons
method for contiolling brucellosis 1n swine (see Clapter V)
is a case 1n point By a simple test resistant ammals are dif
ferentiated from susceptible ones and the former are wolated
to set up 2 discase-free herd. Those anumalys sn tamn beget
offspring with better than average rastance, although perl
odic testing 15 still necessary to keep the herd free

Breeding arumals adapted to thesr erroironments Apart from
any deliberate attempts ta breed animals raantant to some
nfectious discase considerable benefits can be ob d, and
some of therm very quickly by udlinng animals that are
suited to certain adverse environments.

Sometimes even uunple mutations can provide a brologic!
advantage. For example both i Canada and in Rusia
where cold winter temperatures can cause damage to fowls
from frozen combs, poultry breeders have deliberately in
corporated in special breeds the genes P (pea comb) and R
(rose comb) Together these produce a small walnut™ comb
that I less likely to freeze than other types.

Reguons subject to brillunt sunshine call for the ammals
best adapted to such conditions, In general colored shins 21¢
Detter protection than white ones for such areas. Mutation
that cause photosensitlvity might not be senous sn coal
cloudy places but could not be tolerated i sunay oncs
Sumlarly breeders of Hereford cattle m areas with much
bnlliant sunshine should select for the Tmg of pigment
asound the eye that prevents trouble from the levions often
found in animals with entirely winte heads.

In some cases types that have special protection :gﬂml::
adverse environment carry also other advantges. The 26
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attle, with their toleration of high temperatures and re-
ustance to tick borne diseases and tuberculosus, provide a
fmiliar cxample. At the Mana Experiment Saation n the
Transvas] Bonsma (1) found mortality up to five years of
age from all caoses in Afnaandens (Zebu) European breeds,
and their crombred progeny to be 11 35 and 14 per cent,
Tespectively

Another instance of combined resistance to disease, adapta
twon to a special environment, and economic desrrability is
secn m the F generations from crosses between different
strains of the fowl As Goodwn et al (3) have conclunively
shown, hybrids from such crosses are consistently more re
ustant to respiratory diseases than are the pure strains that
contribute to the cresses. If hybnd vigor 15 desmable to pro-
vide such resistance it u equally valuable for the higher egg
production that frequently goes mith 1t. To supply both of
thease economically important attributes, at least one firm of
pouitry breeders 13 now dutributing a strain croms which 1s
sud to be more adaptable than others that were tested to
conditions 1n southern California, where respiratory ducases
make all the difference between profit and loss on many a
poaloy ranch,

In variows parts of the world, particularly 1n the tropics,
the nimproved nanve stocks of damestic animals are better
zdapted to their environment than are the more productive
breeds brought 1 from Europe or Amenca. By thousands
of years of natural selection, the indigenous stocks have been
made more renstant to disease to heat, and to other adverse
condittons than are the newcomers from overseas. Under
such conditions a compromise 1n the form of crossbreds often
grves the desired combimtion of productivity and hardiness.
Another pombility one that seems parncularly appropriate
for domesuc fowls, 18 to rause the prodocuvity of the hardy
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native stock. Unfortunately in spite of conuderable evi
dence that egg production body size and egg sire of unim
proved stock can be quickly improved by selecuion attempn
in that direction have been fesy 1n namber and on a scale not
conduaive to good results

Resst lo enzootrc di Students and othen some-
umes ask how the farmer should proceed in attempung to
ncrease genetic resutance to some disease When adequate
control by other means is already avadable at a rexsonable
cott, special efforts to breed resistant stock may not be justt
fied In other cases, when exposure to some enzootsc ducase
seemms wnevitable and when other treatments are unloown,
unsatsfrcrory or unprofitable, selecuon for raustance may
prove more profitable than selection for hugher productivity
or more rapld growth, In such cases the least that the breeder
on a small scale can do 18 to exclude from reproduction thos
aumals showing the disease, and especally those downg 20
at an early age Any heifer that shows mastius in her first or
second lactation is 2 poor prospect regardless of her pedigres.
The breeder will not reduce the nadence of that disease in
his herd by clearing her up temporanly with antibjoncs 3
he retaing her progeny in the herd,

It would be still better sf he could give preference to the
stres and dams that beget resitant offspring, perhaps retau
ing them for reproduction longer than mught otherme be
cussomary Unfortunately on most f2rms the number of e
wsed concurrently cven of sheep and smne s amafl, henct
comparisons are difficuit, and 5o 13 selection of ures that &2
transart 1 Sumlarly p tests of dams are ot
always @tfactory becruse of the small number of offspring
per dam 1n domestic mammals other than swine 1Withy Lger
flocks and herds, where several sires and many females an
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undergo progeny tests under comparable environmental con
ditiom, breeding for resistance to cnzoonc disease should be
easier and more rapid progress may be expected

Taking mastitls 1n dairy cattle a3 an cxample of & pensut
ent, enzootic disease, let us see what might be attempted with
1 new approach to an old problem For years control meas-
ures have comshited of amorted procedurer to reduce the
frequency of the streptococct and staphylococt: considered
rapomsible for most masutis. To that end mnimuon and
dinnfection are the order of the day and these orthodax
practices are supplemented by treating infected cows with
expenuve antibiones Thess drugs are effective only so long
as they are administered, and afier treatment 1 stopped in
fectuon usually recurs.

On the other hand deliberate attempts 1o infect cows have
made it clear that some are completely remstant others
hughly susceptible (p. 164) Moreover these differences are
genetic. The vecord m Table g (p. 88) thows a remarkable
teduction of masting resulting from nothing more than mas
selection, among females only and for one generation only
The need now 1 to see how much more 1mprovement an
be effected with selection preferably for a decade or longer
based not only on selection of resustant individoals but also
on progeny testing of sires, and perhaps of dams also In such
work difierentiation of resistant and susceptible cows could
be sccelented, w3 Murphy and Stuart bave shown (p. 164)
by experimenal inoculauon Since smsceptibility 1 not an
all-or none reacnion but increases with age, repeated tests
at difierent ages mught be denmable, aapecially after the first
few yeaws of selection, in order to identify the most reslstant
arumals.

This kind of study would seem appropriate for the herds
of large daines, state institntions, and experiment stanons
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It should not be too difficult to operate such a progam
througl some of the numerous centers for arufica) 1nseming-
tion These would be able to text several sires conarrentdy
and to do so thoroughly by having the susceptibility of ther
daughters tested on many farms under different conditionm
of exposure and management. Under such circumstances it
should even be possible to identify without deliberate inoct-
lation the sires thar transmut desirable degrees of reustance.

In selecting for resistance to mastitis there can be no disre
gard of the equally important selection for production of
rilk and butterfat The addition of a third objective to these
two usual ones males it somewhat more diffienlt of course
to find bulls that transmit desirable levels of performance m
all three qualities When such sires are found, it would seem
destrable to multiply their valuable genes as long as they an
reproduce or untl better ones are found.

Other enzootie dueases should be studied sumtharly mith
procedures adapted to each disease and speces. It is no
netemary to hst here all those for which genetic control
might be tried one need only think of those for which othet
measures seem hardly sdequate The list s not restricted t©
wnfectious duseascr. Cenetic susceptibility to bloat has beet
demonstrated 1n cattle and 2 correspondent rcports hanag
reduced 1t by selection in sheep Some Lnds of sterility a1¢
also of genetic orgin. Diseases that atrike sporsdscally pre-
vide an opportumity for corne selection of resstant stock event
though exposure comes anly at wrregular intervals.

A plea for more and different Plum Islands. On Plum Istand,
Gff the Atlantic coast of the United States, the US: Dcpﬂ;
ment of Agrculture has established a 3 smuon fofmj
seasch on footand mouth disease. It 15 well molated ’
every posuble precaution 15 taken to prevent pathoger



] Ways to Use Resutance 183

organisms from escaping However it 14 apparently no part
of the program of that laboratory to study genetic Tenstance
to foot-and mouth discase.

1f such an nolated laboratory can be atablished for ane
duease would 1t not be powsible to do the same for others?
Perhaps an uland iy not cential n every case. With some
dueases, espeaially those that seem to be already established
in this country {t should suffice to have an nsolated station
pethaps somewhere in the western plains. 1f no ammals were
distributed from 1t and 1f other precautions were taken such
a aboratoty could test the femibility of breeding geneticaity
reslstant stock.

It would seem partcularly desirable to do this with dis-
cases for which methods of treaung individual animaly and
of protecting them against mfecuon are unmusfactory or
unknown In that clan belong some of the discaes 10 recently
recognized in the Unfted States that authoritieas are reluctant
to admit that they arc enzootic. Scrapie will serve a1 an ex
ample. This discare of sheep 1o alled beause the aftected
animals scrape thedr {tehy shins agaimat fences, walls or buid-
ings has reportedly been found in no less than 17 atates of
the Unplted States and also in Canada. No treatment fs
known, and pathafoguts are not even agreed on the canse
As there are no tests by which affected animals an be 1den
ufied before they show symptoms the procedure 1 North
Amenca has been to slaughter the enure flock whenever one
of its membens is diagnosed xs having the duscase. In addy
tion, any exposed sheep sold from such a flock are traced to
thelr pew homes and slaughtered. A aareful watch s then
Lept on the second flock

In the British Isles, where scrapie has been known for al
most two centurie, the actual mortahity rate from that dis
case js probably not more than 1 to 2 per cent (Parry 6).
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Losses among older ewes may occasionally run up to g per
cent 2 year This indicates that the great majonty of the
sheep there are already highly resustant to scrapie. As that
has been accompluhed almost enurely by natural selection
there 1s little doubt that with better procedures particulary
the progeny testing of ramu, the proportion of genetrcally
resstant anunals could be raised stil hugher

Indiations that susceptibility to scraple is geneucally de
termined are seep w its high inadence in some flocks, and
2 certain fanulies within Rocks, as noted by Bosanquet et sl
(1) The fact that sore sheep show no sign of the dieate
untdl they are over three years old makes difficult both the
recognition of genetic resustance and selection for it Any
means of identifying gencueally suscepible animab at
younger ages would be helpful

In spite of this difficulty Parry (6) recommends control of
wrapie by the elmnation of suscepuble scrans. After kv
eral years study of the discase and with some 6,000 fully
recorded sheep under hu supervision he writes (7) All
our information suggests that the widespread slaughter pol
1cy 15 unnecessary and that selective duposal of individuals
related to affected ammals 15 all that 15 requured

Thus statement 1s remarkably simular to the conclusian of
Fortner with respect to control of erysipelas in swine i
75) It 13 worth pounting out that nesther of these authorties
1t a geneucst by profession or trainng Both are vetennar
ians Tn both cascs their rescarches have led them to recognize
the feanibility of genetic control of the particular disease that
they have studled

And now to the plea. At Drumhelier in e
2 Hock of goo purebred Suffoiks was slaughtered in 1956
cause some of 1 members had shown scrapie. Pmm’bz
that flock was wiped out to prevent spread of the discase

Alberts Canady
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others However 1t 13 probable that over 8o per cent of the
flock were genetiaally resstant to scrapie (Anyone doubting
that such a high level of resstance to disexse 1 posuble need
only recall that approximately gg per cent of the population
of the United States u genetically resistant to paralytic polio-
myelitis) To a geneticust it scems a tragedy that 3o many
biologically fit sheep should be destroyed to protert z few
biologucally unfit animals 1n other flocks. If this had been the
first and only case of the disease in North Amenca, there
would have been some justification, but 1t now seems prob-
able that, whether we like 1t or not, scraple 1# here to stay

The smount of compenstion pald m thy Gse 1 not
Lnown (to me) but 1t is to be hoped that 1t was closc to the
$100,000 at which the flock was valued. Would 1t be feanble
1n amilar cases (whether in Canxda or in the Umted Sares)
to keep the flock for study and to usc the $100 000 to support
that work? The owners would be unable to sell breeding
stock, but 1t would scem better to compensate them for that
than for the slaughter of their entire flock. At such & Plum
Ialand  with pathologuts and genencists collaboraung, the
feasibility of rauing still higher the already high degree of
Tesutance to scrapie could be tested.

In the foregoing ducumion sxcrepie has been wsed as an
crample of the kind of disease that meris sn attempt at
genetic control It may not be a good onc Most breeden of
Lveatock and pathologists will know other dueates that might
well be studied 10 other olated laboratories

Responsibilities There are several reasons why it would seem
to be primarily the responsibility of government agencies o
deternune and to demonstrate what can be done i the way
of genetic control of anum)] deases. Such agenaes now ac
cept responubility for maintaining ammal health by other
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meany, wcluding embargo detection, slaughter vacanation
and precept, and 1t 11 destrable that genetic control be utf
lized along with these other procedures—not agaunst them.
Producens of livestock are more likely to accept 2 nem
method of control if 1t is endonsed by those to whom they
have always looked for help Breeders operating on & small
scale cannot hope for the results obtanable by thoxe who
have larger numben available for selection.

Effecuve selection against most diseases may depend on
speaial techniques for early differentiation of resstant and
susceptible anumals on tests permitting recogmition of in-
fection at early stages, on procedures for ensunng umform
and optupum exposure, and on special adaptanons of the
progeny test It follows that untl the trad has been well
charted progress will be made more rapidly by co-operating
teams of scientisus than by individual breeden.

For these reasons the mutiative belongs with the official
disease controllers and the experiment stanons. After these
agencies have evolved mtisfactory procedures for rauing the
levels of genetic renstance, indwvidual breeders will be more
lkely to adopt this method of controlhing discase themselver
Thus 15 exactly what has happened wath respect to leucosis
1 the fowl After genetiaists at experniment stations had dem
onstrated the feaubility of rasing 1esistance by sclection,
private poultry breeders followed swit within a very few
years Stmain dsfferences in renstance were so evident in the
random-sample laying tests that most Lreeders soon saw the
light and made resstance to leucosts a primary objective i
their breeding programs.

It u well mgrl:mzmbcr however that the Santz Gertrudis,
an outstanding breed of beef caattle specually adapted to hot
climmates, was developed, not at an experiment station but
on tth.mgnnchluTcxu.Anybrttdm'ovaﬂmck\dw
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bas the animals, the resources and the detire to breed for
ressance 1o disease need not concede to others any monop-
oly in that feld, but unless he gets a speaal dispensation he
wonld be wise to confine his operations to duseases that gov
cmmental veterinanans are not tong o eradicate by
slaughter

Most of the discase resntant varieties of graims, fruis, and
vegetables are bred 1n the agricultural expenment stations
Moy are the result of co-operatve research by plant breeders
and plant pathologuts The compamative ease with whach
these workers an test thousands of scedlings and produce
Tesistant varieties that will breed true makes the animal
breeder enviows but even the limited record of accomplish
ments to date shows that he need not despair

A moot question 15 How long can the ressant straing of
the ammal breeder maintain their desimable qualities of
sclecton is ducontinued after the strains leave his labora
tory? Answers are not yet available, but one cannot expect
rahyance to be retuned so long in ammaly as 1 self
ferulinng, highly homazygom, cereal grams or in potatoes
and other plants that an be reprodoced asexmally For this
reason the most valuable contributioms of genencists and
their allics in the expeniment stanions are likely to be not the
production of strains of amimaly for wide distribution but
(1) the demonstration that 1t 1 feasible to raise resstance to
disease by sclection and (1) the discovery of the best wap by
which other breeders can do so.
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