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INTRODUCTION

Dental carles, one of the most common allments of man,
affects from 90 to 96 per cent of all chlildren in this coun-
try. Thls dlsease has confronted man since the dawn of cilvi-
lization., According to Lilly23, the Egyptians three thousand
years ago were using a preparation of flint, leaves, and honey
to prevent caries, while at the same time the Chinese were us-
ing musk and salt for the same purpose. Arlstotle was con-
vinced that soft, sweet figs decayed the teeth, and Pliny ad-
vised cleaning the teeth to prevent caries. Stlll later the
Romans used tooth plcks and dentrifices. In the middle ages
i1t was belleved that tooth decay was due to worms in the teeth.

Dental cariles 1s dilfferent from other dlseases in that
it is not accompanied by inflammatory reactions in the tis-
sues involved. First the enamel and then the dentine are de-
stroyed. Thus the factors which lnltiate the disease must,
in the beginning at least, be outside the tooth and within
the mouth. Most investigators of today agree that aclds pro-
duced by bacteria living in the mouth, are the cause of tooth
decay. Some of these investigétors, however, think that these
aclilds cannot act upon the tooth until it 1s weakened by in-
nernal changes assoclated wilth metabolism. Regardless of
what viewpoint 1s taken, the ecology of the mouth 1s undoubt-
edly a very lmportant féﬁ%g;:' |

The fact that caries are rampant 1n many mouths, complete-

q

ly absent in others, and present 1in varylng degrees 1ln many



others, l1ls a tantallzlng problem. Individual differences in
degrees of susceptibility or resistance to the disease are
definitely known to exist. The problem that has attracted
so many investlgators in thls fleld 1s the underlying cause
of these differences. From the time Millercd announced his
theory that tooth decay results from the activity of acilds
formed by the fermentling action of bacteria on food particles
clinging to the teeth, scientific interest in the cause of
carles has markedly lncreased. Since the turn of the century,
especlally in the last 15 yesrs, the literature dealing with
this subject has become voluminous.

It 1s desirable at this point to familiarize the reader
with a few of the investlgations 1ln thils fleld, and to present

some of the theories as to the cause of the dlsease.

Literature on Dental Cariles

Generally speaking, there are 3% theorles which attempt
to explain the cause ot carles. BHupporters oI The Tirst theory
insist that diet and metabolism influence and alter the struc-
ture of the tooth during the 1life of the individual, and thst
these factors therefore are responsible for tooth decay. Ad-
vocates of the second theory maintaln that changes in the con-
tents of the saliva, or derangements 1n metabolism that have
to do with the proper acld-base balance, constitute the most
important causes. The third and most widely accepted theory
holds that the primary causal agent is the acld liberated by

certaln bacteria acting upon food substances adhering to the

teeth.




Vitamin deficlency 1s usuvally emphasized by most inves-
tlgators who believe that diet and metabolic alterations are
primarily responslible for tooth decay. Mellanbyeu admits
that hacterlal actlon 1s the lmmedlate cause of carles, but
she thinks that the practical solution is to be found by de-
veloping a resistance in the dental structures. She concludes
from her studles that vitamlin D, along with calcium and phos-
phorus,‘are essentlial 1f the tooth structures are to withstand
bacterial action. She maintalns that dentlne may be weakened
because of a deficlency of these substances, even after tooth
'eruption, and therefore tooth decay may ensue.

Contrary to this theory, L.’t.lly23 was unable to produce
caries in rats placed on a rachltogenic diet, although his
anlmals developed rickets and extreme bone and Jjoint defor-
mities. Hess and Abramsonll studled the relationship of rick-
ets and caries 1In children. They concluded that there is a
lack of parsllellism between the occurrence of rickets and the
subsequent incidence of caries 1in deciduous teeth. They are,
however, of the opinion that rickets 1s one of the geveral
factors related to carles, and that this dlsease resulte from
a systemle disturbance rather than from local factors. The se
investigators are opposed to the viewpolnt that the lack of
vitamin C 1s assoclated with tooth decay. Rosebury and Kar-
shan26 report that the additlion of cod liver oil as 2 per
cent of the basal diet; produced a definite reductlion of caries
in rats, but d4id not prevent the disease outright.

Hankes studled the diets of 191 persons and concluded that




the lack of vitamin C may be an important factor in the ini-
tiation of carles. Hls data, however, do not adequately sup-
port his conclusion. The almost complete absence of tooth
decay among the early Eskimos, as shown by studies of Leigh22
and Goldstein? is difficult to explaln on the basis of Hanke's
theory. The diet of these early people contained little vita-
min C. A stﬁdy by Gollins6 of Esklmos living today shows that
caries has lncreassed among these natives in proportion to
thelr contact with the white man's diet.

Bloch? made a study of the relationship of the lack of
vitamin A and caries in 64 Danish children, all of whom were
suffering from blindness becsause of xerophthalmia. He con-
cluded that vitamin A has no effect on tooth structure and
bears no relation with susceptibllity to tooth decay. Boyd,

Drain, and Nelsonls>2 gtudied a number of children under thelr
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care. They belleve that an adequate amount of all the essen-
£ egpreciglly vitaming snd minerale,

essary to prevent caries. It is their opinion that an altered

metabolism results in structural changes in the tooth, and

that these influence the progress of carlies.

Hawkins?,10 gefines dental caries as the disentigration
of hard substances of the teeth by scids of fermentation, due
to é lack of neutralizing salts in the saliva. He belleves
that the interprismatic substance 1s thicker in immune than
in susceptible teeth, thils thicker substance belng due to pre-
cipitation of calcium from the saliva, and that thls dlfference

in thickness 1s a factor in immunity. Hawkins also maintains

P




that a sort of plaque 1s formed from the gluten of certain ce-
reals. This prlaque holds particles of starchy foods to the
teeth where fermentation by bacterla tskes place. Kesel18
is rather critical of Hawkins' explaination, emphaslzing that
such plaques are probably Just as 1lmperveous to neutralizing
saliva as they are to the confined acid. KXlein and MeColluml?
also believe that the condition of the salliva 1s a factor in
carles. They worked with about seven hundred rats and found
that caries usually occurred when the calcium of the diet was
high and the phosphorus low. When the ratio of these two el-
ements was reversed, caries was not likely to develop. Kesellg,
in discussing the work of Klein and McCollum, points out that
most of the rats developing caries consisted of females produ-
cing four or five litters of young a year. Male rats, except
those on the most severe diets, developed little caries.

The Michigan Research Group reports studles which contra-—
t the viewe of Hawktine K Klein and MeCollum. Hubbell and
Bunting14 made a study of a number of children, some of which
had active csaries while others were free from the disease.
Certain additions were made to the diet of some of these chil-
dren. The authors concluded that there is no relation between
the calcilum znd phosphorus content of the saliva and occurrence
of caries. Koehne and Bunting21 report a study of institution-
al children who had a surprisingly low incidence of dental
carles, although almost half of the diet conslsted of carbohy-
drates. They made changes in the dlet, increasing the avall-

able base 70 per cent, but found that the alkailne reserve was




increased only & per cent. They concluded that there was no
correlation between dental findings and the carbon dioxide
carrying power of the sallva or the calclum-phosphorus or
vitamin D intake.

Hillle, in a recent report, submits evidence of an un-

known substance 1ln the saliva which inhibltes the growth of

Lactobacillus acidophllus. He concludes that caries is assoc-

ciated with the presence of L. acidophilus in the saliva;

that the sallva contains some unknown factor which affects

the growth, 1ln vitro, of these organisms; that time, increases
in temperature, and dial&zation do not destroy this unknown
factor; and that this factor can be removed by absorption in-

to bodles of dead L. acidophilus organisms.

Jay, Crowley, Hadley, and Buntingl7 were unable to im-

plant human strains of L. acidophilus in caries-free rats or

in the mouths and intestinal tracts of 5 children who were
caries free. They succegded in producing wide fluctuatlions
in the number of lactobacilll in the mouths of highly sus-
ceptible individuals by increasing and decreasling the amount
of carbohydrate in the diet.

Koehne and Bunting21 found a direct correlation between
dental and bacteriologlcal findings 1in 21 out of 25 1ndivi-
duals studilied. Bunting, Jay, and Hard5 report a study of
caries in 3 orphanages. In 2 of the institutlons sugars were
eleninated except where absolutely necessary, and the diet
was augmented by milk, frult, and vegetables. No new evi-

dence of caries activity was found in approximately 80 per




cent of the cases. In the third institution no changes were

made in the dlet. Here the chilildren were given consilderable

candy. Only about 18 per cent of the children in this insti-

tutlon showed no new evlidence of caries at the end

20 states that Bunting and collssgues

study. Koehne
yet prepared to state whether these differences in

vity of L. acidophllus were due to the omission of

of the
are not as
the acti-

sweets

from the dlet, or whether they resulted from the increased

consumption of a well-balanced dlet.

More recently, however, Jayl6, in summarizing

a number

of bacteriologlcal studies of the Michligan Research Group,

concludes that caries 1s not related to a nutritional ade-

quacy of the dlet, and that the dlsease 1s not arrested by

supplyling the dlet with mineral and vitamin preparations.

He states that there 1ls a diognostic relatlionshlp between

oral lactobacllli and dental caries activity, that

the num-

ber of these lactobacilll is proportional to the amount of

carbohydrate in the diet, and that caries can be checked by

restricting the amount of carbohydrate eaten.

Hoppert, Webber, and Cannifle were successful 1n pro-

ducing caries 1n rats almost at will by the inclusicn of

coarse particles of graln in the diet. Caries was

spicuous when the dlet contalned particles of corn

most con-

or rice

retalned in a 20-mesh sleve, and became correspondingly less

evident when finer particles were used. When only

which would psss through a 60-mesh sieve were used,

wasg produced,

particles

no carles

They found that the addition of liberal amounts




of vitamins A, C, or D, or of calclum and phosphorus, did not
appreclably retard tooth decay. They conclude that two con-
ditions are necessary for the decay of teeth. First is the
nature and conslstency of the food. The particles must be
large enough and of the proper consistency to become impacted
in the dental grooves. In Humans, they think that retention
of food due to plastlicity and adheslveness 1s probably more
important. The second factor is the presence and action of
acldogenlie bacterla. Such bacteria were found in every cari-
cus lesion examlined. They belleve that impacted particles of
focod provide an 1ldeal place for the growth of these organisms
in contact with the tooth surface, and that the acids produced

by these bacterla disentigrate the enamel and dentine.

A Hlistory of the S8tudy of Inherlited Susceptibility

and Reslstance to Dental Caries

The foregoing resume of some of the literature on dental
carles reveals that very few investlgators have recognlzed the
possibility that heredity might pley an important role in the
susceptiblility and resistance to this disease. Buntingu sug-—
gests that heredity may be a factor which would explaln why
a small percentage of people ere immune to carles.

Hunt and Hoppert are apparently the filrst to study the
effect of heredlty on susceptiblllity and resistance to thls
disease. Thelr study is belng made posslble by grants from
The National Research Council Fund, The Amerlican College of
Dentists, and the American Philosophical Soclety. Except

for a preliminary reportlB, theilr work is as yet unpubllshed.




They began thelr investigation with 119 rats from 3 different
sources. Individuals which developed carles late were mated
to start a carles reslstent line, and others which showed
caries early were bred to produce a susceptlble strain. Be-
fore animals were used to contlinue elther of the lines, they
were progeny=tested to select the best genotypes for further
breeding. The sixth generation of the susceptible line is
now almost completed. It ig becoming fixed rapidly with re-
gpect to thls characteristic. The range of the tlime at which
caries developed in thieg generation wag from 11 to 55 days.
It 1s unlikely that the few remalining animals, which are yet
to develop caries, will alter these flgures appreclably.

The inbreeding for the resistant line has been carried
as far as the fourth generation. Although selection 1ls tend-
ing to ralse the average of the progeny of this line 1in each
succeeding generation, there 1ls stlll a wide degree of vari-
atlion among the orIspring. in iLiie fourthi genersa
range in time reguired for the development of caries was
from 44 to 294 days. Data on this generation are also not
quite completed,. These figures demonstrate a genetlc dif-

ference in the susceptlible and resistant lines of Hunt and

Hoppert.

After Hunt and Hoppert had accumulated sufflclent data
to indicate that the tendency toward susceptibllity and re-
elstance to caries 1g at least partially inherlted, the ques-

tion of the mode of inheritance immediately arose. Why 1is
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there such a wide varlablility in the time at which caries
appears among 1indlvlidual rats of the same litter? Are these
differences merely phenotyplec, or do they represent genotyple
differences? Do two rats having the same phenotypes also have
similar genotypes? What would be the results in the Fl and F2
generations from P, crosses of susceptible X resistant animals?
Such questlons could not be adequately answered by the data
secured by Hunt and Hoppert without makling various crosses not
directly concerned 1n developing homozygous susceptible and
resistant lines. At least a partial solutlion of these ques-
tions might throw important light on some of thelir data. After
a trait has been demonstrated to be hereditary, it 1s slways
desirable to know something'about the mode of inheritance, For

these reasons the author has attempted this study.
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Figure 1

Lower Jaw of a rat, showing no
caries. Notice the dental grooves
between the cusps.
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Figure 2

Lower Jaw of a rat, showing
caries. Two large cavities
are seen on the left side in tune
first and second molars. Caries
was Just beglnning in the first
and second molars on the right
slde.
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MATERIALS AND METHODS USED

In thls study the albine rat (Rattus norvegicus.) was

used as the experimental animal. Thls speciles 1sg suitable
for such a study for a number of reasons. It is relatively
small and 1s not too expensive to raise in large numbers. It
produces several young per litter and has a gestation period
of only 21 days. It is gentle and essily handled, an impor-
tant point in a study of this type because the teeth were ex-
amined every two weeks. Although molars of the rat are some-
what different from those of humans, dental grooves are pre-
sent in both. When maturity 1s reached the growth of the
molars stops. They are subject to attrition just as the mo-
lars of humans are. One point of difference ig the fact that
rats do not havé declduous teeth.

This study followed the generasl procedure used by Hunt
and Hoppert in their investigation. All rats were fed the
Hoppert dietlz, consisting of 66 per cent rice, 30 per cent
whole milk powder, 3 per cent alfalfa leaf meal, and 1 per
cent table sa2lt. As previously mentioned, Hoppert, Webber,
and Canniff found that with such a diet, carles was produced
in rats when the rice was ground coarse enough to be retalned
in a 20-mesh screen, while no carles resulted when the rice
was fine enough to pass through a 60-mesh screen. The dlet
containing the coarse rice 1is referred to as the carles dilet.

Female bréeders were isolated from the breeding cage
as soon as pregnancy was evlident. They were examined each

day thereafter, until young were born. If the number of anlmals

.




14

in a litter was less than 5, the litter was destroyed and the
female was placed in a rest cage for 7 days before belng re-
turned to the breeding cage. If the llitter size exceeded 6,
the number was reduced to 6 on the thlrd day after birth.
Where posslible, 3 males and 3 femeles were saved in each 1it-
ter; Thus 6 was the maximum and 5 the minimum number of young
suckled by a slingle female. There were a few lnstances where
a litter of less than 5 anlimals was produced by a female on
the same date that a larger litter was produced by another fe-
male. In such cases, one or more of the young from the large
litter were marked and placed with the female having the small
litter. In thlis way both the small litter and extra individusls
from the lsrge litter could be saved without altering the stan-
dards set for the number of young suckled by one female, It
is understood, of course, that 1in such cases the young were re-
corded as progeny of thé female which gave bilrth to them,
Consliderable difficulty was experlenced with the loss of
young rats from an unlidentified disease. This loss usually
occurred between the fourth and fifteenth days of 1life. Or-
dinarily this disease affected only twc or three of the six
animals saved, the others being normal and healthy. Animals
so afflicted became vefy poor, and the external nares appeared
almost or completely closed by a dried secretion and swollen
membranes. Where such a condlitlon occurred in two litters of
approximately the same age, the survivling young, not exceeding
6 from both litters, were sometimes combined and placed with

one of the females. In a very few instances, where two of a
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litter of six animals dled late in the suckling period, the re-
maining were saved without the addition of other young. This
was done only in cases where 1t was considered very desirable
to get progeny from a particular female. The smell number of
progeny secured from some of the females in thls study was due
to mortality caused by this dlsesase. It was noticed that sur-
viving females from lltters suffering from this disease were
apt tc lose their young in the same manner. Females from 1lit-
ters not so affected produced young which were less prone to
have the dlsease.

The disease affectlng the young rats was not ldentifled.
A female rat and three of her 1i1nfected young were autopsled
by a member of the Pathology Department. No apparent organlc
disturbances were found, other than emaclation. Agar cultures
were made of the stomach, heart, and lungs of the young rats.
Mildly haemolytic streptococci were found In the heart and
lungs. After the dicscovery of these organisms, all of the
breeding animals were glven sulfanilamlide in olive oll, ac-

cofding to directions glven by the Department of Bacteri-
ology. These treatments produced no appreciable change in
the death rate from the dlsease.

The young rats were weaned at 25 days of age and kept on
the fine dilet until 35 days old, at which time they were put
on the carles diet. Female breeders were pnlaced in a rest
cage for 7 days after thelr young were weaned, and then re-
turned to the breeding cage. The number of days requlred for

8 rat to develop caries was computed from the time the caries
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diet was begun, and can be secured by subtracting 35 days from
the age of the animal at the time carles first appeared. All
of the anlimals on caries diet were examlned every two weeks.
In a few cases, 1t was imposeible to examine all of the ani-
mals on the carles dlet on the same day. The remalning rats
were examlned not later than one to four days afterwards.

This explains why individuals in the same litter sometimes
have a variation of four days or less in caries time.

A sketch of the lower molars was made on the record of
each rat by means of a rubber stamp. Observations for caries
were recorded as negative, questionable, or positive. The ex-
act location and approximate size of the cavity was indicated
on the sketch of the molars, along with the date of observa-
tion. A questlonable observation was consildered as indicating
the time at which carilies was initiated only when 1t was fol-
lowed by a positive observation at the same location two weeks

ml, ~ mearmyYtaoaan xr
Thuso caories was conside

red aese heginning at the first
questionable observation which was followed two weeks later
by a positive observation, or, in the absence of questionable
observations, at the date of the flrst poslitive record. Un-
less very consplcuous, that is involving a major portion of

a tooth, positive observations were verlfied two weeks later.
The rats were held by an assistant while the lower molars
were examined with the use of a speculum and a light. The
upper molars were not examined, since Hoppert reports that
they were rarely affected by the coarse dilet.

Animals to be used as breeders were put on the fine dlet
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as soon as posslible after caries was definitely verirfied. This
was done to prevent further development qf cavities.

The term "carles time" 1s used throughout this stﬁdy to
mean the number of days required for the initiation of dental
caries, after a rat was placed on the caries dlet. Also, the
number of days required for a rat to develop caries will often
be indlcated by placing the number in parenthesis immedlately
after the 1ldentlfication number of the rat under discussion.
For example, rat 470(75) means that the rat whose identifilca-
tion number was u?O, developed caries 75 days after being put
on the caries diet.

All of the Pl animals used in this study were from the
Hunt and Hoppert susceptible and resistant 1ines. The identi-
ficatlion numbers used for these animals were those originally
assigned to them by Hunt and Hoppert. All Fl and F2 progeny
were ralsed by the author, and were glven numbers beginnlng
with ons.

It has already been stated that all of the animals on the
carles diet were examined every 14 days. Thus a difference of
as much as 1% days in the caries time of two individuals might
not be significant. But a difference of 1k days, or even less,
in the average caries time of the progenles of two different
rats might be signiflcant. This is true because a difference
between two individuals is much more likely to be due to chance

than i1s the same difference between the averages of two groups

of individuals.
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PROGENY TESTS

It has already been noted that there was considerable
varlability in the time required for the development of caries
among the indlvidual rats within the Hunt and Hoppert resis-
tant line. Thls was slso true to a lesser degree in the early
generations of thelr susceptible animals.

One of the purposes of this study 1s to determine to what
extent a phenotype corresponds to the genotype within these
susceptible and resistant lines. Several female rats, which
showed a wilde degree of varliation in caries time, were selected

for progeny tests within each of the two lines,

Susceptible Progeny Tests

Two groups of progeny tests were performed 1ln the sus-
ceptible line. One consisted of third generation, and the
other of fifth generation animals.

Thie third gencratizcn ¢of the Hunt and Honmpert susceontlble
line included 147 animals. The range of caries time for these
animals was from 19 to 89 days, and the mean was L3 dqays. Ele-
ven females, having a range of from 25 to 86 days of caries
time, were selected from this group of Hunt and Hoppert rats
for the purpose of progeny testing with a 25-day male from the
same group. The 11 females represent a range 1in cariles time
almost equal to the range of the Hunt and Hoppert third gene-
ration animals. In thelr study, Hunt and Hoppert selected
only the most promising early animals for breeding within the

susceptible line. They have no data on the genetic behavior
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of the late carles developers of this line. The present study
provides a basis for comparison between the earlly, interme-
dlate, and late animals.

Before comparing the 11 females used in these progeny
tests, 1t 1s deslirable to learn something about the genotype
of the male. An examination of Tables I and II reveals that
& of the 11 females, crossed with male 531, produced progenies
with a higher mean caries time than theilr own. These 8 fe-
males ranged from 25 to 59 days in the time they developed
caries. The other three females hed a caries tlime near the
upper 1imit of the third generation susceptibles, far above
that of the male. These results suggest that this male was
genotypically less susceptible than his phenotype showed. An
effort was made to determlne the approximate genotyplc caries
time of this male, but no figure could be found whilch was con-
sistent with the caries time of the dams and the averages of

Al mn f e AP et e
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The genotypes of the females used in these third genera-
tion susceptible progeny tests may be compared on the basis
of the average caries time of the offspring of each, since
all were crossed with the same male(No. 531). The average of
the progeny of female U499(86) was 50.00+% 7.27 days, as seen
in Table II. Thlis average 1s significantly less than the
70.18+ 5.05 day average of the progeny of female 518(72), but
1s not significantly different from the progeny averages of
the other females. The average for the progeny of female

337(29) was significantly less than the average for the progeny




Dams

Progeny

PABLE I

THIRD GENERATION SUSCEPTIBLE PROGENY TESTS

411 Pemal.es Crossed with & 531(25)

Cross #1  Cross 72  Cross j Cross #6  Cross #6
o 470(75) ¢ 518(72) @ 479{%%h' §1E7II%93 o 498(56
¢ 13(569) & 171(69) & 133(67) & 58(46) & 7(58)
o 14(73) & 172(85) ¢ 134(108) ¢ 59(46) d 8{72)
¢ 15(73) & 173(48) ¢ 135(52) ¢ 60{76) d 9(58)
o 16(87) & 174(56) & 136(69) ¢ 61{v6) & 10(58)
Q 17(73) ¢ l75{68) @ 137(69) ¢ 62(76) ¢ 11{72)

0 176(85) 0 63(76) ¢ 1a(28)
§ 98(63) d 266(46)
Sy’ SRR i imum e

268{46) ¢ 156
¢ 101(45) & 252(5¢) ¢ eeo(ss) ¢ 1e7(91) A7 OO
g 102(45) d 253(68) & 270146) g 158(52)
g 103(45) ¢ 254(82) T EV.90 @ 159(52)  grogs 7
gggggszg AV, 70018 (2 281511?) g 507(55)
23( 39  282(82) g BU3[55]

g soa(zo) CXOSS I3 ,
 Goa(se) o 4%0(ac) T 20469
o 326(39) ET_ETEET- Ave 62,00
9527(53) g giggg
iv. 59.35 o 4(50]

0 5(44)

¢ 6(60)

Av. 50,00

Cross £87

Cross Cross #10
g 237{29) ¢ 526(85) g 371(25)
d 160(50) ¢ 69{28) & 143(52)
d 161{34) & 7o0{s2) ¢ l44{és)
d 162(50) d 71{68) & 145(33)
o 163(60) d 72{68) ¢ 146(58)
o 164({3¢) ¢ 73(52) ¢ 147(68)
CRYCRT) Q 148(58)
4v. 43,60 @ 188(88)

L 4

‘ 218

gross 9 § 191({32) & 219(90)
g 34(31) o 192(14) ¢ 820(63)
o ey P8 OGS
s 7eie0) T OB T
¢ 77(60)
¢ 78(7¢)
0 79(44)
4v. 57,00

Oc



TABLE 11
THIRD GENERATICN SUSCEPTIBLE PROGENY TESTS

All Females liated with J 531(25)

R T R R P IRE L R R o
. of Females , Produced , in Progeny : . ole ! o'e ! Total : o's ¢ o's ! Total

1 bo(75) ¢ 17 ; 59.3515.25 1 2101 : 5 ! b i 9 e Poh ; ¢
2 i 51&(72) § 11 g 70.1871 5,05 % 15.396 ; 3 ; 0 § 30805 ‘3 E g
3. bog(gs) 1 6 1 B0.cOt7.2T E 1629 ¢ 15 1 1 o2 E 2 i o2tk
l 479(58) 10 67.50%6.76 . 20.28 | 3 R ERERE
5 k5 i 13 % 69.15+5.56 é 19.25 ? 302 P 5 2 g 6 E g
6 i Log(s6) 71 éo.00t6.01 E 1h73 P o0 3 10 1 } T i 6
7 ? 507(55) ; > . 62.00 D eee L0t 1: 1 L0 +1 o1
s 5 @) i 5 botsse; ek i3 12 5 oo o
9 L 3HGL) 6 57.00 £ k4,66 é 10. ; o ;2 . 2 T o E 4 ; 4
0 Go5e6(25) 11 i 62.001 5.146 E 17.2k ? g .3 5 - 5 2 E 6
27 . 37u(25) ) 12 ¢ 66.5816.71 ;ﬁﬁ52.27 - R ; 5 i o 7 n

Total . 100 62 t1.93 1 19.25

;22 ; 20 . ke 13 ler T osg

m [n3 -~ - S ~ 3, . - ) n s
ine values accompanying the means in this and following tables are standard érrors, not probable errors
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of each of the other females, excent female 499, the highest
phenotype of the group. The number of progeny from females
499 anda 337, however, was so small that thelr genotypes were
not adequately progeny tested. If their offspring are omit-
ted from the comparison, no slignificant differences are found
in the mean carles time of the progeny of any two of the re-
maining females.

The reader will note that 3 of the U early females used
in these progeny tests produced offspring whose average carles
time was comparatively late. The records of Hunt and Hoppert
reveal that thelr third generation susceptlible breeders usually
produced offspring wilith a much earller average. This evidence
suggests that genotypes do sometlimes differ from phenotyves,
even in the moderately early susceptible rats. The average
garies time of all the offspring of the thlrd generation vro-
geny tests was 62, b days as compared to 37.3% days average for
the Hunt and Hoppert fourth generation suscepitibles. Tlis
large difference 1s undoubtedly due to the fact that the Hunt
and Hoopert third generation brecders were all early anlmals,
selected from sibshins which were also uniformily early. The
rats 1n thls study, on the other hand, were late anlmals, as
well as early ones, and were not selected on the basls of per-
formance of sibs. It is therefore apparent that the pheno-
types of these third generatlon susceptible animals do not
accurately represent the true genotypes, for the means of the

various elbships were substantially the same 1in splte of dif-

ferences among the dams.
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TABLE III
A COMPARISON OF SIBSHIP AVERAGES OF THIRD GENERATION
SUSCEPTIBLE ANIMALS WITH THEIR PROGENY AVERAGES
P, d 531(25) (Sibship average 39,72 days)

No. and No. of Av. No. Days Av. No. Days for

No. of . Caries Time . Progeny . for Caries . Carles in Sib-

Cross : of Py Females , Produced , 1in Progeny , shlp of Py g's
g 337(29) : 5 43,60 E 40. €9
3 : 499 (86) : 6 : 50,00 : Ly, 63
9 o+ 3hh(31) 6 i 57.00 : 40,59
1 470(75) 5 17 ¢ 59.35 : 57. 94
6 4og(56) . 7 60,00 b, 63
-~ : el Aar f 17 : £9 0N 3 2Q_72

LU ; DevNc )y H e ke : (O O : 22

27 ¢ 371(25) : 12 : 66.5% f Lo, oo
T u79(58) 10 . 67.90 : 39,72
5 471(59) : 13 : 69.15 E 57. 9k
2 518(72) : 11 —? 70.18 : 57.9k
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Teble II1I shows a comparison between the averages for
the sibshlps of the third generation susceptible animals used
in progény tests, with the averages for theilr progeny. The
slbshlp averages were secured from the data of Hunt and Hoppert.
Animals with the same sibship average are from the game sib-
ship, although frequently from different litters. It appears
that there is no more relatlions! lp between the progeny averages
and the sibshlp averages of these respective third generation
susceptible animals than between thelr progeny averages and
thelr respective phenotypes. This would indicate that the sus-
ceptible rats used in these progeny tests were genotyoilcally
different from some of thelr esibs. Such a condition seems to
sunply additional evidence that the Hunt and Hoppert third gen-
eration susceptible animals show some degree of heterozygosity.
It should be nofed, however, that some of these differences are
small, and may not represent genetlic differences in every case.
It

3 4
- G

3 b
is gu ikely that the day

~ 1
LOR S VRGN I 1 7 5

as a unit of caries time., 1s too
small. The 1ll-day interval may be found to be sufficlently ac-
curate for use as a unit of tilme.

Referring again to Table II, it will be noted that the
progeny of female 470(75) had an average caries time of 59.35
days, while females 526(25) and 371(25) produced progeny with
averages of 62.00 and 66,58 days respectively. It seems ad-
visable at thls point to suggest possible explalnations for
such results. It is concelvable that female 470 actually be-
gan to develop caries at 2b days, or even earlier., The cavity

may have been so small that 1t was not noticed at first. It




25

could, nevertheless, have penetrated the enamel, leaving a
very small channel. Upon reaching the dentine, an excavation
underneath the enamel may have resulted, while the cavity in
the enamel remained too small to be observed. The supporting
dentine may have thus been removed to such an extent that at
75 days the enamel above caved in. Under these clrcumstances,
this animal would be recorded as a 75 day animal, although
caries actually was inltiated at about 25 days.

Another possible explsination concerns the question of
multiple factors. In crosses 10 and 27 the parents were early
caries developers, but a few of the progeny were much later, as
shown in Table I. Let 1t be assumed, for the purpose of 1il-
lustration, that 3 genes are concerned in the production of
susceptlbility and resistance to dental carlies, and that they
are cumulative Tfor resistance. These genes may be represented
as A, B, and C. Taking Cross No. 27 for discussion, let 1t be
assumed that the genotype of male 5351 was aabbCC, and that of
female 371 was aaBbcc. Thelr progeny would have ohe of the
following genotypes: aaBbCec, or aabbCe. If B and C, when oc-
curring together, oroduce a greater degree of resistance than
the total effect of both when occurring separately, the late
progeny of this cross can be accounted for.

A Turther examination of the third generatlon susceptible
progeny tests reveals that the 11 dams may be divided into 3
groups. This grouping 1is on the basls of the time at which
they developed carles. Table IV showes date on these 3 groups.

Group I consists of late anlmals, group II of intermedlates,




TABILE IV
PROGENY TESTS OF THIRD GENERATION SUSCEPTIBLES
Females divided into three groups on the baslis of caries time

3 531(25)

G ' Cross @ Females, Showing . No. of ' Mean Caries Time ,
ﬁ"fp No? Caries "ime ¢ . Progeny , : of Progeny ¢ of Frogeny
L1 i g Wpo() } : |
I 2 0 518(72) : 3L . 61.21%3,28 : 19.82
b3t o hyg(as) : E
Pk b g lya(sey : :
: 5 . g Hri(59) ; ) + )
II : 5 | o 495 (56) : 32 i 66.31%3.33 ; 18.53
: 7+ 9 507(55) : : :
Pog g 33(ey) 3 f
b9 oy L oo ;
I L 0 b o 526(25) L 60.03 % 3,29 P 18.90
P27 b g 371(25) f . :
Total P10 1 eerig b 19,29

9c
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and group III ofvearly carles developers. An analysis of the
difference in the mean carles time of the progeny between any
two of these three groups shows that the difference 1s not sig-
nificant. With decreasing carles time for the mothers, one
gets a constant mean carles time for the progeny. It may be
sald, therefore, that selection of females from this generation
Qn the basis of phenotype alone, would not result in a signi-
ficant increase 1in susceptlbility in the next generation. Se-
lectlon, on the basis of phenotype and sibship performance,
sccompanlied by progeny tests, would, however, produce a greater
degree of susceptibility in the following generation, as 1lndi-
cated by the experiments of Hunt =nd Hoppert.

It will be recalled that the Hunt and Hoppert susceptible
line ig becoming fixed within a relatively narrow range of
caries time. Their resistant line, on the other hand, 1s
still highly variable. The late phenotypes often produce some
early progeny. Such results suggest that multiple Tactors are
involved in determining susceptibility and reslstance to caries.
The latter part of this study is concerned with crosses made
primarily to secure evidence on the mode of inheritance of
caries resistance. But the progeny tests should also shed
some light on this question. This 1s true because many of
the animals used in these tests were undoubtedly heterozygous
for genes affecting susceptibility and resilstance to caries.

If multiple factors are involved, a certaln amount of segre-
gation would be expected in the Fl progeny of such heterozy-

gous anlmals. In order to facllitate an analyslie of these
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Fl's, 1t 1s desirable to have a point of division for the
purpose of classlifying an animal either as susceptible or
resistant. It 1ls readily admitted that any such dividing
point 1is decldedly arbltrary. Nevertheless such a point
has been gelected, which seems to be as reliable as can be
had with the data available. An analysis of the Hunt and
Hoppert fifth generation susceptibles reveals that only 4.2
per cent of these animals exceeded 56 days of caries time.
This flgure, therefore, seems to be near the upper limit of
the approximately susceptible line. Animals whose caries
time 1s above 56 days will be classified as reslstants, al-
though most of such rats probably represent various genlc
combinationg, and therefore are often heterozygous.

Table II shows all of the offspring of the third gen-
eration progeny tests classified on the basls of the 56-day
dividing point. Forty-two animals had a caries time of 56
days or less, and S8 were above this Tigure. As has aiready
been pointed out, the genotypes of many of these anlmals
being progeny tested were not reliably represented by thelr
phenotypes. This undoubtedly means that most of these rats
were heterozygcus for factors causing susceptlibility and re-
sistance to caries. Segregation in the offspring further
implies the heterozygous condition of these parents.

The progeny tests of rats from the Hunt and Hoppert
fifth generation susceptibles were used to test the geno-
types of 3 sibs, 2 males and 1 female. These 3 anlimals,
males &8L(76) and 885(76), and female 887(76), came from a
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slbship which showed surprising results and demanded further
investigation. These three 76-day animals and one 62-day an-
imal, along with two U48-day animals, appeared in the first
litter of this sibship. In the second litter there was one
89-day and five 33-~day rats. In the third litter there were
no late ones, the range for this litter being from 13 to L2
days. The parents for these animals were both lé-day sibs.
These perents also were the progeny of l6-day sibs. The range
for the Hunt and Hoppert fifth generation suscepntibles, not
including thils exceptionsl slbshlp, was from 15 to 49 days,
with an average of 30.2 days.

Tables V and VI show data on the progeny of these 76-day
animals. Each of the two males was crossed with two early
fifth generatlion susceptlible females. One of the females
crossed wlth male 885 proved tc be sterile, and the other
produced only 5 progeny. The female sib was crossed with an
early fifth genersation susceptible male. The progenies of
the Hunt and Hoppert early fifth generatlon susceptible ani-
mals were conslstently early caries developers. For thils
reason 1t can probably he assumed that a high average for
the progeny of elther of these 3 late sibs was influenced
to a greater extent by the genotype of the 76-day parent
than by that of the early parent. On the other hand, a low
progeny average would 1lndicate that the genotype of the 76-
day parent was below the phenotype. This would permit the
influence of the early parent to express 1ltself.

Male 284 was the sire of 2% progeny with an average




Sires

Dams

Progeny

Cross #01
¢ 918{25)

& 385(55)

d 386(55)
¢ 287(55)
@ 288(55)

d 505(25)
¢ 506(39)
d 507{25)
¢ 508{39)
9 509{39)
g 510(39)

AV. 42,60

RTYLT
rH

Cross #69

o 977(28)

d 549{24)
& 550( 24 )
d 551(34)
d 552(48)
o 553(62)
o 554(43)

d 617(31)
¢ 618(31)
d 619(17)
o 620(31)
Q 621(45)

& 776{59)
& 777(47)
d 778(5¢)
g 779(47)
é 780(3%)
0 781(4¢€)
Q 782(4¢)

AV, 40,58

TABLE V

g 885(76)*

Cross £§2
Q 875(21)

d 368(29)
& 369(85)
& Z70{29)
o 371(74)
o 372(57)

Av, 54,80

GENERATION SUSCEPTIBLE PROGENY TESTS

d 873(21)

Cross #53
Q 867(76 1*
d 389{27)
2 390(41)
§ 391{41)
& 392(55)

d 393(41)
Q 394(41)

§ 499(40)
d 500{40)
d 501(26)
d 502(40)
o 503(26)
Q 504(40)

d 645(35)
d 646{35)
Q 647/24)
Q 648(24)
9 649{24)
? 650(24)

AVv. 34, 67

#These are the exceptional animals which were progeny tested,
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TABLE VI

FIFTH GENERAT..ON SUSCEPTIBLE PROGENY TESTS

Exceptional . . No. and Caries No. and Caries No. of Average
Animals : No. of * ‘pime of Male ! Time of Female | Progeny . Caries Time : 7 of
Progeny Tested | Cross * Parent ‘ Parent * Produced ' of Progeny ' frogeny

Yol P seal(76) Y gowg(es) P 10 Y obe.6 ;

. A . . . bo, .
5 eeh(re) L 27 i eorried) ;18 4.3 :

3 Total : o8 Plhiando byt 12,69
&aa5(76) 52 . d&85(76) i g &75(21) | 5 3 Sh.gotll.lh ; 02,g8
o 887(76) ' 53 1 Jdgrz(er) P gegy(76) P 18 P 3hér+2,10% 8,67

Grand Totsl 51, lY0,18+1.98 14,09
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caries time of U1.11* 2.44., This progeny average is approxi-
mately 15 days above the caries time of the two femsle parents
and 35 days below that of the male. These results suggest
that the phenotype of male &84 was somewhat higher than his
genotype,in respect tc caries time.

The average caries time for the 5 progeny of male 885
was Hh.80*11 . 4L days. Unfortunately this number of offspring
i1s rather small for satlsfactory analysis. Nevertheless, cer-
taln points are suggestlve. These 5 progeny showed a wide
degree of varlation 1ln cariles time, ranging from 29 to &5
days. The 85-day animal exceeded the caries time of 1ts 76-day
varent. Segregaticon may have occured here. On the basis of
these results, 1t appears that male &85 was perhaps genoty-
pically less susceptlible than elther of hls two sibs.

The average caries time of the progeny of female 887 was
34,671 2.10 days. This average is significantly less than
the mean of the progeny of male 884, the t value for the dif-
ference being 2.00 This female must have had a genotype which
tended toward susceptlbility to a grester degree than that of
either of the two sibs.

The foregoing analyslis of the data on the progeny of
these 3 sibs seems to indicate that thelr genotypes were dif-
ferent, and that male &84 and female 887 were genotyplcally
more susceptible than their phenotypes revealed.

Susceptibility to caries became more definitely fixed in
the Hunt and Hoppert fifth generation than in thelr third gen-

eration susceptible line. For this reason, the extent of
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segregatlon should-be noticeably less in the fifth genera-
tion susceptible progeny tests than in that of the third
generation progeny tests. A comparison of the number of off-
spring above and below 56 days of caries time in these two
sets of progeny tests reveals that this 1s the case. As pre-
viously noted, 5& per cent of the 100 progeny of the third
generation tests had a caries time of more than 56 days. In
the fifth generation tests, only 6, or 11.% per cent, of the
progeny exceeded 56 days. Furthermore, only 2 of these 6
animals exceeded this figure by more than 3 days. This in-
dicates that the fifth generation progeny approach homozy-

goslty for susceptibility.

Reslistant Progeny Tests

The animals used in these tests were taken from the se-
cond and third generations of the Hunt and Hoppert resistant
llné. As shown in Table VII, the male and &4 ot tne Y females
were second generation animals. The remalining 5 females were
from the third generation. The Hunt and Hoppert second and
and third generation resistante were highly vsriable. The
range in caries time for their second generation was from 35
to 644 with a mean of 115.2 days. The range of the third
generstion was from 33 to Lo6 days, and a mean of 128.2 days.

Male U405, which was used 1ln these resistant progeny tests,
had a caries time of 173 days. The 9 females with which he
was crossed, ranged from 72 to 132 days. The wide distribu-

tion of the caries time of the offspring indlcates that this

4



TABLE VII
SECOND AND THIRD GENERATION RESISTANT PROGENY TESTS
All Females Crosssd with & %05(173) (2nd Generation)

Cross Cross #11 (Cross #12 Cross #13 Cross #1.4 Cross #16 Oross #30 Cross #31 Cross #32 Cross #33

2 9 o 397(98) g 386(98) g ¥k(132) o %o2(132) ¢ keg(97) o 712(77) o 713(77) ¢ 820(76) q 719(72)
End Gen. 2nd Gen. 2nd Gen, 2nd Gen. 3rd Gen. 3rd Gen. 3rd Gen. 3rd Gen. 3rd Gen.

d‘ 1Hs( 93) & 36( 80) & 30(113) ( 73) d‘ so( E) g 2hi( 70) & 261(201) & 2ko(112) & 255(1l1)

9 u9(167) & 37( 96) ¢ 31(113) & 5 (103) 8 262(107) 0 2#1(112) & oF 6(245)

o 50(107) ¢ 38(110) ¢ 32(113) ¢ 55( 73) & 82(54) d 2¢3( 58) o EL( 65) o 2h2( k42) 5257(110)

o 51(107) g 29%110) ¢ 33(99) ¢ 56(1(:2) gl(219) & 2gl( 2) & 258(110)

¢ 52( 93) o LOQge+wo 34( &3) o 57( 89) g g5( 78) & 285(103) 0 265(107) d' 400(194) ¢ 259(231)

¢ W(110) ¢ 35(113) Av. 130.60 & 286(12¢) d 401(110) ¢ 260(176)

d 128( 5u4) d 138( 08) o 287(128) & 345( 62) 5\402(124)

3 129(12k) d 122(110) & 104( 62) & 139( 58) 9 288(103) o 3&6(128) Q uoz(lgu) & 308( 66)

d 130( 69) d 123( 50) & 105(146) & 1lo( &) g 3hy( 79) ¢ bolk(219) & 329(132)
2 q 131(152) & 128(110) & 106(104) ¢ 1l1( 58) 33 1og) 53 ug( &) 0 330(172)
99 132( 69) ¢ 125(124) ¢ 107( 62) o 1lh2(121) 430 ZLO o 349 g+)nAv 129.62 § 3310 66)
0 ¢ 126(124) o 3 108 17) d‘ 435( E) ¢ 350(251) 9 332( 66)
5 ¢ 194(219) § 127(152) § 109( §0) & 228(130) o 455( 9%)

¢ 195(139) d 230(116) o ¥37(111) & Uy7(128) Av. 137.82

d 196(111) & 211( 96) & 177(213) ¢ 231(293) av. 90.83 ¢ 478(128)

el 4R in L Ty

198(1 21 0

LR I ) LA

g 201( sg) Av. 116,00 ¢ ¢ 182(36L) Av. 116,94

Q 202(125) Av. T5L.%3

Av, 123,53

#This rat dlied before caries appeared.
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male has heterozygous for resistance. The average cariles
time of the progeny of each of the females, except number

Lo2, exceeded that of the femele parent. This indicates

s
that male 405 was genotypically, as well as phenotypically,
more resistant than were the females. It seems unlikely,
however, that the genotype of this male was as high in
carlies time as hls phenotype, slince the progeny averages
of a majority of the dams tend to fall closer to the caries
time of the female parents than to that of the male parent.
These averages are shown in Table VII.

In each cross, except number 30, the range of caries
time of the offgpring extended above and below that of the
parents. This lmplies that the females used 1ln these crosses
were also heterozygous for resistance. The range of the pro-
geny from most of the crosses does not exceed that which might
te expected from segregation of genes from heterozygous parents.
Orose 13 has an extreme range of from 62 to 378 days. Silnce
Y offspring from this cross exceed the caries time for the
male parent, 1t is possible that one of the perents carried
one or more genes for reslstance which were not present in
the other. In such a case, segregation and recombination
could have resulted in the production of a few offspring with
more factors for resistance than elther parent possessed.
Such an assumption 1s all the more plausible when'one examines
the breeding technique used by Hunt and Hoppert durilng the
early part of their study. Their inbreeding was limited al-

most entirely to anlmals of the same familles. If the ten-



TABLE VIII
SECOND AND THIRD ENERATION RESISTANT PROGENY TESTS

All Females liated with J' 405(173)

*  No, and ‘' No. of * Av. No. Days * * No. of Progeny * No. of Progeny
No. of : gorieg Time ° Progeny : for Caries ' _ 0 Of ! 56 Days or Below !  Above 56 Days
Cross ! of Femalee ‘@ Produced ' in Progeny ‘@ Frogemy ! _ , : - -
: : $d'! o's ! Total ! d's ! @'s ! Total
11 ¢ 397(98) ¢ 19 ¢ 123.53%1LA3 M8 i 1% 0 f 1 i g tl0 ! 18
> 1 se(98) | 16 16.004 5.k 3600 ¢ 11 0 L 1 fg ! 7} 1
131 M(32) 18 15l.e3rehest 1omes D o o 0 o !5 113 | 18
1+ § ho2(132) | iF . 108.79+15.69. 56.63 : 0: 0 : O . 7 i 7 . 1k
16 : bes(o7) : 5 1306072655 53,10 | 0: o 0 13 P2 5
30 ¢+ 712(77) ¢ 12t 90.83 7.1o§ 23,67 ; 1: 0 1 ; 5% 6t 1
31 % 713(77) E 16 5 116-945t12'67§ 49.03 1 0 E ° ~E 0 18 g 10 i 16
32 f g20(76) . & i 1eg.6e+19.280 5109 S o 1, 1 Pk 3 7
33 . 719(72) : 11 : 137.82219,10; 60,36 ; O ; 0 ; o . 6 T
T;tal ; 119 ; 122,91 % 5.67? 61,61 ; 3 5 1 E L ; 52 ; 63 ; 115

9¢
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dency toward resistance to carles l1s due to several genetic
factors, strict inbreedlng and selection for resistance mlght
tend to ellmlnate one or more pairs of these genes and fix

the remainling ones. Crossing of unrelated or dlstantly re-
lated anlmals, as in the case of the present study, would tend
to recombine such genes.

On the other hand, the author is unable to explain why
all the extremely late animals from cross No. 13 were in the
same litter. These animals were kept in cages with rats from
other crosses. These other rats showed no tendency toward
late caries development. For thls reason 1t 1s doubtful if
environmental differences could account for these peculliar
results. The same condltion of heterozygosity, which has
Just been described 1in connection with ceross No. 13, prob-
ably exlsts in the parents of the other crosses, although
to a lesser degree.

Conslderable variation is seen in the average carles
time of the progeny of the different females, as shown in
Table VIII. Significant differences, however, are not as
frequent as might be expected, because the the standard error
of most of the crosses is large. Female 712, a 77-day ani-
mal, had progeny whose aberage was significantly less than
the averages for the progeny of females 397(94), 386(98),

YLl (132), and 719(72). There were no other significant dif-
ferences between the progeny averages of these crosses.
These data show that female 712 was genotyplcally more sus-

ceptible than female 719, a 72-day anlmal. Thus again 1t




TABLE IX
PROGENY TESTS OF THE SECOND AND THIRD GENERATION RESISTANTS

Females divided into three groups on the basis of caries time,

d ho5(173)
Group ° Cross ° Females, Shcwin * No. of ‘ Mean Caries Time °
No, f No. f Caries Time ; f Progeny ° of Progeny : ¢ of Progeny
P30 7122 o \ :
. 1. 713( 7 . . .
L% ki LWL mmminis osors
: 33 719( 72} : : :
R § :

I 12 386( 98) X o 121.b0t7.12 4l bs.
. 16 hgg( 97) . ; :
P13 Mbaze) E

mr 11 : uoe(lgg, P32} 133.00115.85 1 88,32

8¢
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is demonatrated that the phenotype 1s a poor indilcator of the
genotype, with respect to caries time.

Table IX shows these 9 females grouped as early, inter-
medliate, and late anlmals. As might be expected from the
above analysls, there ls no significant difference in the av-
erage caries tlme of the progeny of these 3 groups. The data
of Table IX would suggest, nevertheless, that selectlon of
late breeders had some effect 1n producing late caries devel-
opment in the offspring. The selection of a late animal for
breeding purposes, only on the basis of 1ts phenotype, would
thus be a slow method of developlng a resistant line. Such
selections should be accompanied by progeny tests.

As previously mentioned, I of the females used in these
progeny tests were second generation resistants, and 5 were
third generation resistants. Table X shows a comparison of
the average caries time of the progeny of these two groups.
There is no significant difference in these two averages.
This is not surprising for two reasons. These third gene-
ration females were all early resistants, as compared to
later resistants in the second generation. Even 1f this
were not the case, there would probably still be little dif-
ference, since resistance in the Hunt and Hoppert line 1s
being extabllshed slowly.

The foregoing analysls of the progeny of the Hunt and
Hoppert second and third generation reslstant animals re-
vealed that tﬁe phenotype is a poor expression of the geno-

type. It should also be noted that the offspring of these
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TABLE X
A COMPARISON OF THE SECOND AND THIRD GENERATION
RESISTANT PROGENY TESTS

All females crossed with second generation & 405(173)

f No. Progeny f Mean carles f g of

Progeny Test . Precduced . Time of Progeny , Progeny
2nd generation o7 . 123,U9+ g Li : 68.52
3rd generation 52 P118.59r 7.14 51.01

animals had a much wider range of carles tlme than dild the
progeny of either the third or fifth generation susceptlbles.
This fits the theory that inherited susceptibllity and resis-
tance to caries results from multiple factors, the factors
for resistance being cumulative. If this theory 1s correct,
the preogeny of the second and third generation resistant fe-
males, taken as a. group, should conglst of a few susceptible
animals, a few highly reslstant ones, and a large number of
intermediates. Table VII reveals that ¥ offspring from these

animals had a caries time of 56 days or less, 15 exceeded the

173-day caries time of the male parent, and 100 were between

56 and 173 days.
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CROSSES BETWEEN SUSCEPTIBLE AND RESISTANT ANIMALS

These matlngs were made primarily to determine if suffi-
clent segregatlon occurs in the F2 progeny to indicate the
presence of multiple factors. The Pl crosses wlll also be
treated as progeny tests. A second generatlion resistant male
was crossed with 5 thlird generation early susceptible females.
From these 5 crosses &8 Fl animals were produced. Reciprocal
crosses were also made. A third generation early susceptible
male was crossed with 5 second generstion females. These re-
ciprocal crosses were extremely unsuccessful. One of the fe-
males was sterile, and another dled before producing young.
The disease, whilch has been previously mentlioned, destroyed
all the litters produced by another female and 4 of the 1it-
ters produced by the remaining 2 dams. The total number of
litters lost from these crosses was 8. Consequently only 13

Fl progeny were ralsed from these matings.

Fy Erogeny

Tables XI and XII show data on the progeny of male 305(185),
a second generation resistant, and 5 early females from the
third generation susceptible line. The genotypes of these Pq
animales may be analyzed on the basis of the carles time of
thelir Fl offspring. An examlnation of Tablé X1 reveals that
13 progeny of male 305 had a carlies time between 60 and 70

days, and 5 had a still lower figure. Such early animals
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F. PROGENY FROM A SECOND GENERATION RESISTANT MALE

1

AND THIRD GENERATION SUSCEPTIBLE FEMALES

Cross #19
o 508(29)

3 149(
& 150
; %%.%
: @ 15

15

(
(
(
(
(
g 223 (
d 22&(
g 225 (
(

(

(

6.

o
Q R OWAN~ O~~~ O\OWNO

N N
na o
-1 OWJ1

Tt Nl VitV il il Not® Tt Nt st Nogst® WtV 2o

CF229

Av. 7

& 305(185)
Cross #20

9 537(35)

d‘ 42( g0)

Cross #21
@ 536(35)

a(12)
26(10%)
27( 85)
2g(101)
29( &5)

92( 63)
ﬁ (133)
(105)
95(133)
96(119)
97(133)

8 183(133)
d 184(133)
¢ 185(161)
o 186( 77)

¢ 187(133)

104040 Q003 +040 O 0, A4y

Av. 111.47

Cross #22

101040 QuOy 104040 O 40y 4040 QQuQy

OO MIMNON e e
WAL~ ONONONCNON
~N oW N O\ B—4 0NN

4O
n
AN
o
—

chr



TABLE XII
F, PROGENY FRON HUNT AND HOPPERT SECOND GENERATION RESISTANT MALE
AND THIRD GENERATION SUSCEPTIBLE FEMALES
¢ 305(185)

© No. and . No. of Av. No. Days No. of Progeny , No. of Progeny
No. of, Caries Time , Progeny . for Csries . PG' of , Below 56 Days . Above 56 Days
Cross : of Females Produced = Progeny rogeny i Fiet glat Tocal | 3 g'st Total
16 | 500(30) i 23 . 108.09t1k26l 66.90 ;0 fo ! o ikl 9! 23
19 ' s08(e9) | 12 1 76.08%7.000 2555 P2 fo P2l 3t o7 o0
20 o533y 0 18 L ogsesrednl zher P1 fo 1} 3wt oy
21 ¢ 536(35) ¢ 17 P ally+éebel 2567 o to t 0 103 7! 17

[} . e ¢ . . . : . H
22+ Ue2(36) ¢ 18 i &b+ 534 2301 1 to0 i 1 : &: 9: 17

Total @8 . 97.33% 465 B3O b lo o b 38 h6. b

£
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from a 185-day parent indicate that this male must have been
heterozygous for resistance. The mean caries time of all the
F, progeny from male 305 was 97.33% 4.65 days. This value is
almost intermediate between the carles time of the sire and
dams. The intermediate figure between the mean caries time
of the dams and the caries time of the sire is 109.00 days.
Thus these dats seem to fit the theory of multiple factors.

The phenotypes of the 5 females used in these crosses
were practlcally ldentlical, as seen in Table XII. Yet an
analysis of the mean caries time of their progeny reveals
certain significant differences. The average caries time of
the progeny of female 508(29) was significantly less than that
of the progeny of females 500(3C) and 536(35). Also, the mean
caries time of the progeny of female 462(36) was significantly
less than the average for the offspring of female 536. Thus it
is again demonstrated that the phenotype 1s a poor indicator
of the genotype.

liost of the Pl female parents used in these crosses were
undoubtedly not homozygous for susceptibllity because indivi-
dual differences have just been demonstrated. These genetic.
differences probably represent the presence of one,or a very
few, genes for resistence. The mele, on the other hand, ap-
pears to be heterozygous for several genes for reslistance.
According to the theory of multiple factors, few offspring from
these crosses would be expected to develop cariles extremely
early. Table XII reveals that only 4 out of &% progeny, or

4.5 per cent, developed caries at 56 days or less. Also, ac-

<
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TABLE XIII
F, PROGENY FROL HUNT AND HOPPERT THIRD GENERATION SUSCEPTIBLE MALE
AND SECOND GENERATION RESISTANT FEMALES

& 413(20)

Cross #26 Cross #2b
¢ 331(119) o hog(235)
g 110(59) d 215(68)
d 111(59) 0 216(5k)
&1:{2(53.; 1 (68)

1 295 (68

9 2(59) ) 292(54)
g 115(59) d 297(68)
A— o 298(68)
Av. 61.5 %299(68)
Av, 64,00

ot



TABLE XIV
DATA ON F, PROGENY FROM HUNT AND HOPPERT THIRD GENERATION SUSCEPTIBLE MALE

1
AND SECOND GENERATION RESISTANT FEMALES
d 413(20)
. . | No. of Progeny . No. of Progeny
No. of ¢ No.and : No. of ! Av. No. Days : @ of : g :
Crogs : Carles Time : Progeny ! for Carles ! ppooopy 56 Daye or Below, Above 56 Days
: ¢ Produced ¢ 1 : oY :
: of Females : roduce : n Progeny ) . st g's: Total : e o'st Total
o i hog(e3m) T P 6h00F2.58 : 6,32 1 1 f 2 13 ia i g
26+ 331(119) : 6 : 61.50%2,50 : 5.59 10 0 i 0 ;3 i3 : §
Total D13 L 62.85£1.77 4 6.3 .1 11t 2 6 :5 i 11
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Thlis was true even though the total progeny of these crosses
conslsted of 6l females as compared to 55 males. The male
parent of these progeny was a late resistant animal. Four
progeny of the crosses shown in Table XII had a caries time
of 56 days or less. All 4 animals were males, even though
46 of the total 88 offspring were females. Here agaln the
male parent of these rats was a falrly late resistant. Such
2 tendency in both of these sets of crosses suggests that each
of the two male parents might have carried one or possibly
more genes for resistance on the X-chromosome. In such a case,
all of the female progeny would receive this gene. If the fe-
male parents carried this possible sex-linked gene, 1t 1s un-
likely that many were homozygous for it, because most of them
were intermediate or early animals. Thus there would be a
greater tendency for the female progeny toc get the sex-linked
factor for resistance than would be the case in the male pro-
geny. As a Turther argument for Lhls sex-llinkage TLeory, Lt
should be noted that autosomsl segregation of the other genes
for resistance might tend to mask evidence of sex-linksge 1in
most of the progeny. If homozygous, or approximately homozy-
gous lines are reached in the future, further crosses between
reslstants and susceptibles should demonstrate the valildity
or falseness of thils sex-linkage theory.

The number of progeny secured from crosses between a susg-—
ceptible male and resistant females was disappointing. Tables
XIIT and XIV show data on the 13 Fl offspring produced. Dlisease

among the young wag so extensive and the number of animals 8o
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small that analysls 1ls probably unreliable. The average caries
time of these 13 progeny was only 62.85% 1.77 days, a much
smaller figure than would be expected on the basis of the re-
sults from other crosses already discussed. Eleven of the 13
offspring from these 2 crosses had a caries time above 56 days,
hbut the range was small. It 1sg possible that the disease in
the young rats lessened the genetic resistance to caries., On
the basis of the data shown in Table XIV, there was no genetic
difference between females H40&(235) snd 331(119). Both appar-
ently had phenotypes which exceeded thelr genotypes in caries
time. The number of progeny from these two females, however,

is too small for satlsfactory analysis.

Fo Progeny

The F2 progeny were produced from crosses 1in which all

of the F, females from a glven Pl cross were mated with one

1
of thelr respective male sibs. In each case the Fl male slb
selected most nearly approximated the average carles time of
the flrst litter of the slbship. Tables XV, XVI, XAVII, XVIII,
and XIX show the caries time of each Fo anlmal from the dif-
ferent Pl crosgses.

Table XX shows the distribution of the F2 progeny from

each P. crose resistant male X susceptible female. The off-

1
spring were grouped into classes having a ll-day width. This

class width was used because 1t represents the interval of
time between observations for caries in the rats. Disease

killed the progeny from all save one litter of the Fl females




TABLE XV

FE PROGENY FROM P, CROSS NO. 18

1
F; & No. 20(&7)

Cross #34 Cross #91 Cross #35 Cross #36 Cross #85 Cross #86 Cross #37
9 23(117) o &9(k05) g 90(66) @ 91(66) ¢ 2k8(125) ¢ 2h9(111) g 313(67)

g 25 48) & 683( 59) & 306(100)  F300( 92) 4 665( 62) & 770( 78) & 651
9, 322 1) o 307( 58y J 301 50)  d66B( &7) I I7L( 53) o 682
Jooel g8 gendian g o By gzoal Bo)  deer( 32) o 7r2( 53) g 6
¢ 3070 1) ge1n( 86) g 309(19%)  F303( B4) o 668( 52) o (HSC I
@ TN g BTV Sugltgg) o7l g erolle) g 5133 g e
Q ,
o BEM( M) Av.85.67  d576(37) L 2ehllos) g sogt on)  Ave ThET
o Les(137) ¢ 577( 51) 3 810( 35)
g 4eB(260 ) o 578( 36) 2 675( 70) & €11( &§)
: ¢ 579(119) & 676( 70) o &12( 74)
Av. 8%.00 3 6r7( 59) & £13( g8
8 730( 93)  d 678( 96)
¢ 731( 67) 3 679( 70)  av. 60.75
732( 52) o 680(138)
o 7133(107) o 681(110)
g 734 67) o 682( 70)
g 735( 79)
- Av, 82,63
Av., 81,06

#*These rats had not developed caries at time of writing. See enclosed data
at back of thesis for final results.

06
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TABLE XVI

FZ PROGENY FROM Pl CROSS NO. 19

223(74)

F‘l d* No.

Cross #72
g 153(65)
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TABLE XVII

1 CRO3S5 NO. 20

F, d No. 43(110)

F, PROGENY FROW P
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Fo PROGENY FROM Pl CRCSS NO. 21

TABLE XVIII

F, d No. 26(101)

§ Cross #U42 Cross #43 Cross #65 Cross_#h8 Cross #64 Cross #66
- o 28(101) Q 29£§§lm 0 95(133) 9 96(119) o 186(77) 9 97(133)
¢ 277(110) 4 289( 99) & 525( 6
S SEE JELE pem fmy Iand
d279( 68) o 291( 68) 5 527( 79) a'u7z 265)% & he1( 75) o 557( 37)
o 280(257) 292( 68) ¢ B2&8( 79) g Wh( 73) & Lé2( 65) 558( u47)
ooy SR G 200N g kshon) g sl 7ol :
9 ugggi7§§ Q 294( 68) Q 530(160) o 476(237) o 461(116) Av, 72,00
11( 82)  dhzg U5 @ 713 3
>, a hi2(201) & 339? 70} o ;1ﬁé ?2? g g%ggiégg: g g%ﬁflé?%
£ o u13(106) o Mol 5, o 715(180)% & 821(139)* & 635( 27)
w o h1h(208)* o Wu1(111) ¢ 718( 72) ¢ 822(111) o 635( 51)
e 0 312( g2) o Uho(oLs) 9 717(152) o 637( 81) Cross #34
ﬂ;} o M6( 92) o Muz(138) o 718(111)  Av. 137.60 o 638(108) ;“;g;f;gg)
Exe ]
R R T
0 533( 92) @ 7u5(167)% : 79£( 7; ¢ ezl 39)
¢ O3 g i) SREAIELAN C 0
13 g 747( 17
iy s R L
)
AL135.78 4 $§2El§§3 Av. 57.40
751 ( Zo)
@ 752( H3)
Av. 88,67

¢S

#These rats hsd not developed caries at time of writing., DSee enclosed data

at back of thesls for final results.

)
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F2 Progeny

TABLE XIX

F2 PROGENY FROM P, CROSS NO, 22

1l
Fq & No. 66(%3)

Cross #ubt Cross #57 Cross #56 Cross #68 Cross_ #92 Cross #67
9 67(69) o 68(129) o 168(7H) ¢ 169(90) 9 235(129) Q 237(59)
5316( 39) 4 bhb(e2h) o lag(130)  d51i( 38) @ 785(113) 7 586( 32)
¢ 317( 39) & Ws(1ck) o U36( 79) & 212( 38) o 787( 71) & 587( 73)
¢ 318( 53) o uhp(129) ¢ 431(1%;) o 513(199) o 788( 85) & 588( 32)
g 319(270) o MAT(143) o W32(267)% o BIh( 52) ¢ 789(LI™ o 589( 32)
o 320( 54) o uh&( 63) 9 515( 62) 2 590( 59)
o 321( 25) & 559( 29) Av. 102,50 ¢ 591( 32)
d 598(125) g heo( 45) & 671( 32)
g uep( 41)  @599( 58) 4 561(113) o 672( L6) & 7h2( 3k)
g 45e( 55)  d6o0o( 71) & 562( 72) : ) 7&3( &5)
& 60L( 58) & 563( 21}  Av. 66.71 o TH4( 32)
T8 g0 Lmg sy 2ominer ross #2 4y .67
e - Ve .
o 6156( 61) 2 BZn Av. 111,30 Wy g 236(101)
Av. 101. Cross 09 ol he
d 783( 83) 9 170(116) § 228& %f;
Av. 73,38 e gggglg%% % 612( 61)
3 b U3y 9 614( 61)
; d' 799( 63)
W TLET OB 2d)
Av. 51.86

#*These rate had not developed caries at time of writing. See enclosed data
2t back of thesls for final results.




TABILE XX

DISTRIBUTION OF F

RESISTANT WALE X SUSCEPTIBLE FLMALES

2

ANIMALS FROM P, CROSSES

1

55

No.

Time

Days
of Caries

No.

Fo Progeny

. P

1
No

CrossiPy Cross’P; Cross'P; Cross.P; Cross’

1&

14
28
%)
56
70
gl

210
o2k
238
252
266
294

28
Lo
56
70
gh
98
112
126

210 °*

o2k
238
252
266

13
19

10

HoOFE N

Totsl

73

i No. 19 } No. 20 | No. 21 | No. 22 @ Total
: : o2 i 3 5
o1 i e 13 b a3 es
2 : & ; 12 § 11 § 71
2 30 © 11 . 18 i g0
: 1 - 7 F s
.2 15 ;& ;. 5 1 35
; P18 ) o127 n 1 38
: S 3. 5 .21
: L5 9 b ee
: : 6 30 3 513
S 5
) A T Py
B S
: : % 1 5 1 % 2
e T T
§ % 1 5 2 % 1 L
% 1 )
; E E 2 E : 3
: L. i s
I
T kgt s ¢ 78 ¢ 392
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from Pl cross No. 19. Ample numbers of FZ'S were produced
from the other Pl crosses. At the time of writing 18 Fs an-
imals from P, crosses 18, 21, and 22 had not developed caries.
All, however, had been on the caries dilet over 100 days, and
5 over 200 days. Consequently, when these animals have de-
veloped carles, the means and standard deviations of the F.

2

progeny from these 3 P. crosses will be larger than the val-

1
ues shown in tables of data on these matings.

Table XXI was constructed to compare the data of the Fl
and F2 animals. It is 1nteresting to note that the mean caries
time of the‘F2 progeny is less than the mean of the respective
Fl offspring. This tendency will be modifled to some extent
when the records of all of the Fe's are complete. In Pl cross
No. 20, however, the records are already complete.

The possible reasons for the mean of the FE progeny be-
ing lower than that of the Fl's should be analyzed. It 1is

probable that the P, females carried one, or possibly two,

1
genes for resistance in the heterozygous state. The Pl male
may have carried the alleles of these particular genes. For
instance, let 1t be assumed that one of the Pl females had
the genetic constitution of Aabbec, and the Pl male aaBBCC.
Some of the Fl's would thug receilve A, B, and C. If A and

B, or A and C have a total effect greater than the sum of

b

thelr separate effects, resistance in the Fl progeny would
be increased above that which otherwise might be expected.
In the F2 generation, however, segregation would tend to

again break apart some of these genic combinations and re-



TABLE XXI

DATA ON Fl AND F2 PROGENY FROI Pl CROSS RESISTANT MALE X SUSCEPTIBLE FEMALES

P, & 305(185)

Eranrg

N g 0

.No. and Caries§ . Mean Carles , . Mean Caries, .Coef. of ;Coef of
No. of I Mime of Py [No. of Fi0 Tipe ror |0 0f Fy/No. of Fp, Time for 0 0f Fo,vVariation;Variation
P, Oross,  Females , Progeny , F, Progeny , Progeny Progeny , F2 Progeny Progeny, of Fi's : of Fo's

g _'
s

: o 23% 1108, 0971k, >6* 66.90*: : : : 61.39%
& ¢ 500(30) b ohsoths t ppaz i D i 76.23’:4.36: 36.68 P TR A &
19 . osos(29) . 12 ! 76.0847.00} 25.55 1 7 1 5A.g6rs.90l 21,817 33.58 1 37.54
20+ 537(35) ¢ 18 ¢ o9n.28tg bt ozhoek i 149 ¢ 85,833,120 37.9% ¢ 36.36 ¢ 420
o1 536(35) 17 §111.l+71r 6.42 ¢ 25.67 1 &5 §1oz.36~:6.21§ 56.98¢ 1 23.03 , 55.67
22 L62(36) 18 ©a6 UL e 5.345 23,01 78 81.31%5.91¢ 51.945 26.62 62,65
L gge 1 97,33t ,65% U3, low! : : } bhsgu
. Zzieiiciigz igi%ude F, female 89(405) from P, cross 18, Data immediately beneath
\n
N
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duce the total progeny average by reducling the resistance of
the intermedlate animals. Ther~ seems to be evidence that
this 1s actually true. Figure 3 shows graphs of the distri-
bution of F‘l and F2 progeny. It will be noted that the mode
of the Fg's is located further toward the susceptible side
then that of the F,'s. The reglon of the mode includes the
more or less intermedlate animals. If the number of pairs of
genes 1lnvolved 1s greater than three, such combinations and
segregations would be still more likely.

In Table XXI two values are given for the means, stan-
dard deviations, and coefficients of varlation of the Fl pro-
geny in P, cross No. 1&, and for the column of totals. One Fj
female, No. &9, shown in Table XI, d41d not develop carles un-
til 405 days. None of her sibs exceeded 125 days. Thus 1t
would seem that some unknown factors, possibly not entirely
genetic, were operating to produce this slngle extremely late
caries developer. Since there 1s such a wide gap between this
animal and her sibs, two sets of data are shown. The first
includes this female and the second omits her. In the anal-
vsls of these data, the values secured by omltting this rat
will be used For comparilson wilth the F, data.

The depgree of segregatlon In the Fg's as compared to
that in the Fl's cshould indicate whether or not multiple fac-
ftors are involved in the production of dental caries. The
relative size of the standard deviation indicates the degree
of segregation. Table XXI shows a comparison between the

standard deviations, as well as the coefflclents of variatlon,
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of F; and F, anlmals from P, crosses reslstant male X suscep-
tible females. The number of F, progeny from Pl cross No. 19
1s so small that thls cross will not be comsidered in these
comparisons.

The standard deviatlons of the FE progeny from Pl crosces
18, 2;, and 22, and totals for all the crosses comblned, are
signlificantly greater than those of the respective Fl off-
spring. These differences could not have been due to chance
in one case out of a hundred. In Pl cross No. 20, the stan-
dard deviationsof the F; and Fp, progeny are not significantly
different, although that of the Fg's 1s greater than that of
the Fl's. The fact that the degree of segregation 1n the F2
progeny 1s significantly greater than that in the Fl's strong-
ly suggests that multiple factors are involved in susceptibi-
lity and resistance to cariles.

The same difficulty with the loss of young was exper-
ienced among the Fe's from the reclprocal crosses susceptible
male X resistant females, as was mentioned previously 1in the
casé of the Fl's from the same crosses; Conseguently the num-
ber of FE progeny produced 1is too small to be of much value.
Tables XXII and XXIII show the caries time of the Fg's from
P, crosses 24 gnd 26, and Y4 back-cross progeny. The back-
cross animals came from a Fl male from Pl cross 26, and a
Hunt and Hoppert fifth generation susceptlible female. As
suggested in the case of the Fl's from these two Pl crosses,

it appears that the prevalence of disease among the F2's may

have lessened thelr resistance to caries. There is, neverthe-
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TABLE XXII
F, PROGENY FROM P, CROSS NO. 2k

Fq d' No. 297(68)

Cross #&9 Cross #90

g 299(68) g 216(5k)
3 673(32) g 725(42)
Q 67?»( 6) of ;22(26)

2 151132
Av, 39.00 g 729(“’03
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TABLE XXIII
Fo PROGENY FROM P, CROSS NO. 26
F, d No. 112(59)

Cross #U47
g 115(59)
F 395(62)
s s

39 7)
ﬁ 399(62)
g 516(45)
d 517(45)
d 518(45)
3 684(57)
3 os (303
¢ 686(U0)
o 687(55)
Av, B&,326

BACK_CROSS PROGENY FROL F; MALE 112(59) (FROW P, CROSS 26)
AND H&H FIFTH GENERATION SUSCEPTIBLE FEWAL 966(28)

Cross #61
Q@ 966(28)

S 695(38)
5 696 (50)
q 823(49)

Av. 48.75
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less, some evldence of segregstion among the offspring from

cross No. 47, Table XXIII.

Back-cross Progeny

This dlscussion willl be concerned with back-crosses made
by mating Fl males (from Pl crosses reslistant male X suscep-
tible females) with Hunt and Hoppert early fifth generation
susceptible females. It would have been more desirable if
these Fl males had been back-crossed to thelr respective Pl
female parents. Thls was not consldered feasible, however,
because these dams were approaching the age at which sterility
usually occurs.

Progeny were secured from % of the 5 crosses made. Ta-
ble XXIV shows the results of these matings. In cross No.

63 it will be noted that one of the back-cross progeny, fe-

- Yot Fmm N .
mnmaiLe T\ <oy =1

cmely lote animal, Tike the late

~vm A
CLiL S wn VL

n

F, female g9(405), it seems improbable that thle high degree
of resistance was due entirely to heredity. Table XXV shows
the mean and standard deviation of these anlmals. Data are
chown which both inelude and exclude female 454, It should
be noted that the mean of these back-cross animals 1s slg-

nificantly less than the means of both the Fl's and Fe's

shown in Table XXI.

If resistance results from multiple factors, the per-

centage of Fl

progeny'having a caries time exceeding 56 days ‘qi
should be greater than that of the F,'s, and that of the FE'S
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TABLE XXIV

BACK-CROSS PROGENY FROW Fl MALES AND HUNT AND HOPPERT FIFTH

71 @ 20(87) from

GENERATION SUSCEPTIBLE FRMALES

F, d 43(110) from

Fy d 26(101) from

F, & 66(23) fronm

Py Cross No. 18 Pl Cross No. 20 P, Cross No. 21 P Cross No. 22
Cross #62 Cross #H4 Cross #h5 Cross #63
9 941(33) g 917(39) 2 926(39) o 942(33)
H&H Hth Gen, Sus, H&H 5th Gen. Sus. H&H 5th Gen. Sus. 5th Gen. Sus.
& 537(26) d' 372(&5) & Lo
3 23k 156) 7 350) 32302 7 o( 35)
g 529(6#) d 375(9Z> & 381(63) J 450( k)
d 540(26) o 376(7H) 382 (55) J U51(125)
541(119) 377(85) a7 d" Usa( 4b)
3 23263 5 578(13) 2 8o 2 135( gh)
e — g & 5 U5h(235)
d 697(€3) Ve (: & 493 (5k :
7 G35 (25) g wie] g, 604 ( 56)
d 699(36) o 495(Lo) d 605( h2)
gred i { Gort )
’D —
3 702(50) % 48%(?8) ® Goh( 65
Av. 45,2 N Lo & 766( 29)
T hv. 56,42 o 767( 55)
2 76&( 55)
2 769( 39)
Av, 72.80

£9
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TABLE XXV
DATA ON BACK-CROSS PROGENY FROM F, MALES (FROM P, CROSSES
RESISTANT MALES X SUSCEPTIBLE FEMAIES) AND FIFTH
GENERATION SUSCEPTIBLE FEMALES

No. of, No, of f Mean Caries f g of
Cross |, Progeny | Time of Progeny ' Progeny
62 12 . 45,25+ 8,02 | 26.63
5 6 1 73.83 + &.38 i 18.78
55 ¢ 12 ! s6.h2 X 5,25 P 17,4k

‘ 154 72.80%X1%,16% . U9 27
23 i i 61.21 % G.71 o ok.oo

: Low 0 63,31 F 5.57% P 36,96%

fotal Y om0t habk | 27.16

#These data include ¢ U45L(235). Those Just
beneath omilt her.




TABLE XXVI

A COWPARISON OF THE SEGFEGATION OF Fl’ Fga AND BACXK-CRO3S PROGENY

ABOVE AND BELOW 56 DAYS OF CARIES TINE

4
L]

; F, Progeny

F2 Progeny

o ee we

. Back-cross Progeny

No. of ., No. of . © No. of | No. of |

P, Cross,F; Progeny;% 56 Daysf%/abcve;p Progeny, % 56 Days:f &bOVGQBaCK‘CPOSS;% 56 Days :% above
: .oT below ;50 Days: :or’below 356 Days: Progeny . or below 556 Days

1€ . 23 . 0.00 $100.00 L3 3L E e.b9 L 12 L 75.00 % 95.00

19 g 12 % 16.67 © &3.33 g 7 E Lo, g6 E 57.14? - ; _____ i _____

0 1 18, 5.8 19kl2. 18 25.00 ; 75.00 | 6 . 16.67 ; £3.33

21 i 17 P 0.00 %lO0.00 a5 b 2112 ) 78.82 ; 12 ? 66.67 . 33.73

2 18 i 5.8 9kl 78 | 35Uk ; 64.56 . 15 . 53,33 ? 46,67
Total 88 : k.56 i 95, bl ; 392 : 27.81 : 72.19 ; Ly ?, 57.77 i Lo, 23

*e we

$9
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greater than that of the back-cross animals. Table XXVI re-
veals that this 1s the case 1n every instance except one. 1In
this case there were only 6 animals in the back-cross genera-
tion. The totals shown in this table include a sufficlent
number of anlmals to give rellable results. These totals re—
veal that 95.44 per cent of the Fi's, 72.19 per cent of the
Fg's, and 42,23 per cent of the back-cross animals had a ca-
ries time which exceeded 56 days.

The distributicon of Fl , FE’ and back-cross nrogeny is
probably best shown graphically. Figures 3 and 4 show graphs
of each of these three sets of animals. Figure 3 shows the
number and Figure 4 the percentage of animals in each gene-
ration. There are as many back-cross animals in the first
class, 14-28 days, as there are Fy's, although there 1s a
total of almost nime times as many of the latter as of the
former. With the exception of the extremely late animal,
female 454, the back-cross generation did not extend beyond
the 126-day class. The Fy's, however, extended to the 308-

day class, with one or more anlimals in every group except

one.

As shown in Figure 3, the Pl females fall in the class
24-.U42 days of caries time. The Pl male ls located in the
class 182-196 days. One F, rat is in the same class with
the P. male, and another F,, female 89, had an extreme ca-

1
ries time of W05 days. All other F,'s were distributed be-

The F

tween the P 's exceed both extremes of the Pl's.

1'8- 2




Graphs of F,, F,, and Back-cr~ss

Figure 3.
Progenies Showing Number of Animals

Intervals.
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F_ Progeny
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Figure 4,
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This would occur 1f some of the Pl females carried one or two
genes for reslstance which were not present in the P; male.
This 1s probable, as has been previously shown.

Both the mode and the mean of the distribution of the Fq
and FE orogeny are slightly skewed toward the susceptible side
of the graph. If the P1 females had been homozygous for sus-
ceptibllity, and the Pl male homozygous for reslstance, the
mode and mean of thelr Fl and F2 offspring would be expected
to fall at a point intermediate between the parents. 1t has
been shown, however, that these Pl's were apparently hetero-

zygous. It 1s probable that the P, susceptible females car-

1
ried only one, or a very few, genes for resistance. The Py
resistant male, however, probably carrlied several genes for
susceptibility, as indlicated by the distribution of hls off-
spring. This would mean that the total genes for suscepti-

bility carried by both P. parents exceeded the total number

1
of genes for resistance. If such were the case, the distri-
bution of Fl's and FE'S would be skewed toward the suscepti-
ble side of the granh.

The mode for the back-cross progeny is further toward
susceptibility than that of the Fl and Fg offspring. The
same 1s true for the mean. The mode 1sg located in the class
which represents the lower 1imit of the Fl distribution.

The dispersion of back-cross animsls 1is less than that of

both Fl's and Fe's, if the single 235-day animal shown in

the graph 1s omitted.

In general the dilstribution of Fl‘s and Fg's, and the
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baclk-cross animals flts the theory of multiple factors. The
difficulty with which reslistance 1s belng established in the
Hunt and Hoppert resistant line, and the wide degree of vari-
ation 1in this line, suggests that the number of genes involved
1s not small. On the other hand, the ease with which a nearly
homozygous susceptible line has been created, suggests that
the number of pairs of genes 1s not large. |

This ten&ency for susceptibllity to become fixed rapldly
may have been due, however, to a possible homozygous conditilon
of one, or a few, genes for thils tralt in many of the animals
used by Hoppert and Hunt in starting their experiment. This
1s indeed suggested by a graph of thelr filrst generation, from
which the resistant and susceptible lines were produced. This
graph i1s decldedly skewed toward susceptibllity. A few animals
showed considerable resistance. Such a condlitlon, coupled with
the results in succeeding generations of thelr lines and the
data presented 1in this study, strongly suggest that most of
the early carles developers of thls first generation were ho-
mozygous for some of the genes for susceptibility. The late

animals, which were used to start the resistant line, were un-

doubtedly much more heterczygous, carrying several genes for
resistance. If such were the case, perhaps 4 or more genes

are involved in the production of resistance and susceptibl-

lity to caries.
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DISCUSSION AND CONCLUSIONS

The data presented 1n this study clearly indilicate that
susceptlbility and reslstance to dental carlesare hereditary
in the rat. Thile substantiates the findlnge of Hunt and Hop-
rert.

The evidence shown indicates that the phenotype of a rat
1s not a reliable indicator of the genotype, with respect to
carles time. Anlimals which have late phenotypes may often
produce some progeny with a much earlier caries time, and vissa
versa. Such a sltuation must frequently be due to heterozy-
geelty. This 1ls probably not always the case, however. Ani-
mals may have sometlmes been recorded as lste because of fail-
ure to recognize caries at its first appearance. On the other
hand, acclildental fractures of the teeth may have sometimes
caused the lnitiatlon of caries at an earller date than it
would otherwise have appeared.

There 1s apparently a variation in the degree of resis-
tance to the activity of caries after it is initiated. It
was noted that rats, which had gone a conslderable length of
time without showing evidence cf the dlsease, often developed
only a single cavity, when caries did set in. Such a cavity
frequently increased in size very slowly, so that after two
or three observations‘the dlameter was not much larger than
when first noted, although there was no doubt as to 1its pre-
sence. Such a tendency was rarely noted in the more suscep-
tible animals. On the contrary, the teeth of these rats fre-

quently dlsentlgrated very rapidly. Often two, three, or even
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four cavitles were present in the same mouth. An observation

which was recorded as questlonable when first detected, fre-

quently had extended to include the major portion of the tooth
two weeks later. Thus 1t 1i1s evident that susceptible animals

not only develop carles earlier than resistants, but also are

apt to have the dlsease more extensively.

A lesser degree of genetlc reslstance might concelvably
be sufficlent to prevent the appearasnce of caries in an older
rst during a given perlod of time, than 1s the case in a young
rat. The caries diet was begun when the rats were 35 days old.
The teeth at thet age have not reached thelr mature size. They
may, therefore, he more susceptible to decay at this stage than
when maturity is reached.

The distribution of offspring from the different progeny
tests suggests that multiple factors are involved 1in the pro-
duction of susceptiblility and resistance to carles. The re-

L S [ 5 AT ~ s e . - e . 2 - YR A AV A
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his 1s the case. Genes for resistance apparently are cumu-—

ct

m
h

lative. The Tact that the caries time of a few offspring some-
times exceeds the total caries time Tor both parents combineqd,
suggests that possibly two or more different genes for re-
sistance have a greater effect when present together than the

sum of thelr separate effects.

The number of factors lnvolved is not known. The wide
distribution among the F2 progeny suggests that there are

seversl, perhaps four or more.

| amerie
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