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Genet i ca . — Human genetic polymorphisms and fertility analysis : 

preliminary data (•). N o t a d i L U C I A N O T E R R E N A T O e A N D R E A N O V E L L E T 

T O , p r e s e n t a t a (••) da l S o c i o G . M O N T A L E N T I . 

RIASSUNTO. — Le possibili relazioni tra fertilità e polimorfismi genetici nell'uomo 
sono state analizzate sulla base degli esami effettuati in un campione di famiglie fertili 
italiane esaminate al momento del parto di uno dei figli. I risultati ottenuti per circa 
20 marcatori genetici sono stati confrontati con quelli riportati in letteratura su cam
pioni di famiglie non selezionate per ciò che riguarda misure correlate ai differenziali 
di fertilità. Nel complesso i dati non rivelano alcun effetto selettivo misurabile. Viene 
inoltre discussa la possibilità che sporadici errori tecnici, benché rari, abbiano un effetto 
nel mascherare deviazioni significative dall'equilibrio. 

INTRODUCTION 

Since the beginning of study of Mendelian inheritance in man, three levels 
of genetic variability amount have been progressively discovered. Up to the 
middle forties the genetic variability was thought to be associated mainly with 
deleterious traits, with few exceptions represented by PTC tasting ability and 
ABO blood group; therefore, genetic variability was considered at that time to 
be very low. The rapid discovery of a series of different blood group systems 
started to change the overall picture, but it was only in the middle sixties that 
the high level of genetic variability measurable in natural populations, man 
included, became apparent. 

In view of these findings the argument that polymorphisms are mainly 
maintained by selection is no longer acceptable [see e.g. 1]. In fact, together 
with the obvious remark that species cannot survive with such a high level of 
mutational and/or segregational load, one can also consider that the allozymic 
alleles (by far the vast majority of the newly discovered polymorphisms, with 
the relevant exception of MCH systems) are good candidates to approach neu
trality, in view of the very poor biological effects that can be inferred from their 
differences in electrophoresis. 

Starting from the middle seventies a third level of genetic variability became 

amenable to investigation, i.e. the nucleic acids. The extent of such a varia

c i This paper was presented during the Meeting on « Genetic Polymorphisms 

and Fertility in Mammals », Ace. Naz. Lincei, Rome, May 24-25, 1985. This paper is 

dedicated to Prof. Montalenti on occasion of his 80th birthday. 

(#•) Nella seduta dell'8 febbraio 1986. 
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bility is turning out to be extremely high and therefore the neutral hypothesis 
is progressively gaining support, at least for a substantial part of polymorphisms. 

Under these circumstances human population studies on selection became 
less frequent and practically only those cases for which more or less definite 
selective effects had been suggested (e.g. ABO and Rh blood group systems, 
not to mention the so called malarie polymorphisms and a few others) continued 
to be the subjects of this kind of research. 

At this point it is useful to make a clear distinction between the two pos
sible approaches: physiopathological studies performed on clinically selected 
cases (e.g. recurrent abortions) and human population genetic studies perfor
med on stricly non-selected samples. 

It clearly follows that the first kind of study uses not only specific materials, 
but that the specific aim is to discover mechanisms related to some types of re
productive failure. On the other hand studies of the second kind are mainly 
devoted to the possible discovery of mechanisms relevant to the phenomenon 
of natural selection. 

It is useful to mention that in 1966 Morton et al. [2] very comprehensively 
condensed the seven methods to be followed in order to assess selective forces: 

1) Identification of the relevant environmental differences between po
pulations with high and low gene frequencies; 

2) Detection of systematic departures of genotype frequencies from 
Hardy-Weinberg equilibrium; 

3) Association between genotype and a specific type of morbidity or 
response to a specific agent; 

4) Analysis of adaptive trends in genotype frequencies with age or 
among successive generations; 

5) Detection of different genotype frequencies in the two sexes; 

6) Measurements of fertility and mortality differentials among geno
types; 

7) Analysis of departures from Mendelian segregation frequencies. 

For example, in a very large scale study, performed in a Brazilian popu
lation still exposed to high selection pressure [2], only ABO system appears 
subject to measurable selection: ABO incompatible matings being associated 
with a higher rate of prenatal and postnatal deaths. Pre- and postzygotic se
lection (also working in opposite directions) were already suggested [3] for 
ABO, MN and P blood groups. On the other hand no distortion was found 
in two other extensive studies [4, 5], making therefore very likely that pre
viously reported anomalies were simply due to technical problems. 

Hp system has a very long story of studies of this kind: an excess of 2-1 
children to Hp 2-1 X 2-2 matings was found [6,7,8], but also opposite results 
were obtained [2]. More recently an excess of Hp 2-1 children of ABO incom
patible matings was found [9]. Segregation distortion has been also claimed 
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for alpha-1 antitrypsin system, but these results have not been confirmed [for 
a review see 10]. 

An example of a suspected mother-child segregation distortion has been 
reported [11]; in 6974 mother-infant pairs Rh (—) mothers were found to 
produce more Rh ( + ) infants than expected and Rh (-f) mothers to produce 
fewer Rh (—) infants than expected. 

No segregation distortion was found in several researches related to cases 
of testcrosses for dominant detrimental genetic traits: out of 1033 progeny 
for several traits 518 affected and 515 normal subjects were found [for a review 
see 12]. 

In recent years studies devoted to highly selected cases are more common ; 
for example couples with recurrent abortions of unknown etiology that raise 
problems associated with a high sharing of HLA B, D/Dr and M T antigens 
[see for example 13]. 

In this context it is also worth mentioning those studies devoted to varia
bles associated with electrophoretic mobility that could be evolutionsrily re
levant, such as in vitro enzymatic activity [14]. 

In the meanwhile, for each newly discovered polymorphism a certain 
amount of segregating families had to be collected. Therefore in the last 20 
years literature presents several instances of segregation analyses. In the pre
sent paper this kind of data have been re-examined from the standpoint of 
the possible presence of selective forces, together with those obtained in a large 
scale study carried out in an Italian population sample. 

MATERIAL AND METHODS 

The available literature was examined with the aim of collecting a repre
sentative sample of papers dealing with segregation analysis performed in strictly 
non-selected families ; therefore, no project of exhaustive collection of data was 
pursued. 33 segregation analyses related to the following polymorphisms 
were re-examined: PTC tasting [15], ABO [3, 16], MNSs [4, 5] and Rh [16] 
blood groups, haptoglobins [Hp; 6, 9], adenylate kinase [AK; 17, 18], pho-
sphoglucomutase [PGM1; 19,20,21], glyoxalase [GLO; 22,23,24], acid pho
sphatase [ACP; 25], adenosine deaminase [ADA; 26], glutamic-pyruvic tran
saminase [GPT; 27], esterase D [EsD; 28,29], phosphoglycolate phosphatase 
[PGP; 30], delta-aminolevulinate dehydrase [ALADH; 31, 32], S-adenosilho-
mocysteine hydrolase [SAHH; 33], paraoxonase [ESA1; 34], alpha-fu cosidase 
[FUC; 35], C 4 [36] and C 8 [37] systems, coagulation factor XIII [38]. 

Since literature data refer to samples collected in several populations, at 
different times and for various genetic markers, all the statistical tests were 
performed mainly to verify intra-sample significant departures from expec
tations under the appropriate null hypothesis. The results are therefore given 
in the form of probability distributions of the relative statistics. 
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As to the Italian sample, it refers to a collaborative study relative to 3432 
nuclear families examined for about 20 polymorphisms: ABO, Rh5 MN, Kell, 
PGP, ACP, PGM 1, AK, ADA, GLO, GPT, EsD, 6-phosphogluconate dehy
drogenase (PGD), galactose-1-phosphate urydil transferase (GALT), C 3, Hp, 
HLA—A, —B and —C, placental alkaline phosphatase (ALP), placental pho-
sphoglucomutase-3 (PGM 3) and cytogenetic polymorphisms. The relative 
detailed papers are either published by the authors of the specific analyses 
[39-49] or in preparation. Here, only cumulative data are presented in com
parison with literature data. 

RESULTS 

A possible measure of fertility differentials has been adopted for the lite
rature data, according to which a heterogeneity chi-square is calculated for the 
number of children associated with each genotype. 

This was possible since families reported in the literature are always com
posed of more than one child. The resulting 30 values are reported in fig. 1 

10 
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Fig. 1. - Heterogeneity of number of children among genotypes. Original data from 
literature (see text). On the horizontal axis significance probabilities of the chi square 

values calculated for each system (dotted line = expected distribution). 

subdivided according to a suitable scale of probability. Two points are to be 
stressed: the excess of low values which could cast some doubts on the random
ness of the samples and the excess of significant values (3 against 1.50 expected 
at p < 0.05) among which the ABO (data from 16), C 4 and SAHH poly
morphisms are present. 

A second step of analysis is devoted to the segregation ratios observed in 
hétérozygotes. We tested the hypothesis of equal segregation ratios (even 
equal or different from 0.5) among the different matings for each genetic system. 
The obtained results are shown in fig. 2 where both literature data (a) and our 
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data (b) are reported. The agreement with the expected is fairly good, with 
the possible exception of Hp system. 

1 .900 .500 .100 .025 0 
.975 .750 .250 .050 .010 

15 _, 

10 

5 . 

Q i=l 

2 
P(X ) 

Fig. 2. - Testing equality of segregation ratios among matings. Original data from 
literature (a) and an Italian sample (b) (see text). Segregation ratios variability within 
each system was tested by contingency table chi squares. On the horizontal ^axis 

significance probabilities (dotted line = expected distribution). 

The overall effect of a segregation ratio different from .5 would result in 
a shifting of allelic frequencies in the filial generation as compared to the pa
rental one. We tested the equality of these frequencies in the two genera
tions for the data reported in the literature and ours. The distributions re
ported in fig. 3 refer to normal deviate statistics calculated from the two genera
tions for the most common allele of each system. As to the literature data (a) 
no relevant departures of filial vs. parental gene frequencies can be observed, 
with the exception of ABO system in the study of Hiraizumi [3]. It is worth 
noting however that the strong excess of values closely clustered around 0 
is a variation lower than expected. A question arises about the effective con
sistency of the collected data. On the other hand, in our family sample (b) 
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in 12 out of 15 instances a further increase of the most common allele can be 
observed. Here the intrinsic differences between the two samples must be 
stressed: 1) whereas our distribution is obtained from a single population sample 
sectioned according to several genetic systems, in the literature data each system 
is studied in a different group, and 2) whereas in the literature families different 
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b 
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+ 
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l O j 

0 J 

a 
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Fig. 3. - Testing gene frequencies constancy between generations. Original data from 
literature (a) and an Italian sample (b). A normal deviate value was calculated for the 
most common allele of each system as the difference in frequencies between parents and 
children divided by its standard error. On the horizontal axis symmetrical significance 
probabilities (negative and positive values correspond to frequencies in children higher 

and lower than parents, respectively) (dotted line = expected distribution). 

orders of birth are included, our families have only one child each, in about 
50% of cases a first born one. Therefore, in the literature data the hypothe
tical effects of the birth order would be averaged. In this context the well-
known effect of birth order should be remembered, for instance on the sex-
ratio [see for example 50]. 
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To see whether our data could be the result of a biased sample, we also 
tested the equality of gene frequencies between fathers and mothers. The 
results are shown in fig. 4 where a perfectly symmetrical distribution around 
0 value clearly appears. 

10-, 

1 .98 .9 .8 .5 .9 .98 

p[ul + 
Fig. 4. - Testing gene frequencies differences between fathers and mothers in the Italian 
sample. See legend to fig. 3 for details (dotted line = expected distribution). 

As a futher source of information about the randomness of our sample, 
possible departures from Hardy-Weinberg equilibrium were tested by estimat
ing an F value [51]. The relative t distribution is shown in fig. 5, where the 
accord between the observed and the expected can be appreciated. The test
ing of the Hardy-Weinberg equilibrium in the literature data should comprise 
not only family data and is therefore beyond the scope of the present paper. 

oJ 
.8 .6 .2 .1 .05 .01 

p i t ] 
Fig. 5. - Testing departures from Hardy-Weinberg equilibrium in the Italian sample. 
F values and variances calculated according to [51], eqs. 13 and 14. On the horizontal axis 
significance probabilities of the relative t statistics (dotted line = expected distribution). 

The genetic structure and fertility performance of our families were fur
ther examined. The panmittic condition is clearly demonstrated in fig. 6 
where chi-square distribution closely matches the expected values. 
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Fig. 6. - Testing the panmittic hypothesis in the Italian sample. On the horizontal 
axis significance probabilities of chi square values calculated from observed matings 
and expected ones on the basis of phenotype distribution. For each genetic system all 
but one of the matings have been considered (dotted line = expected distribution). 

In view of the previous results, according to which no clear sign of selec
tive effects measurable with our sample size can be detected, the direct approach 
of fertility analysis was attempted. The information collected for our sample 
allows the study of the following three putative covariates : number of pregnan
cies and natural abortions of the mother prior to the birth of the proband, and 
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Fig. 7. - Analysis of fertility in the Italian sample. A normal deviate statistics was cal
culated from the average number in each genotype and the general mean. On the hori
zontal axis significance probabilities, (a) Number of previous pregnancies referred by 
proband's mother, (b) Number of previous natural abortions, (c) Number of grand

mother pregnancies (dotted line = expected distribution). 
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overall number of pregnancies of the maternal grandmother of the proband. 
Fig. 7 (a) shows the distribution of mothers' previous pregnancies in the diffe
rent genotypes; the average number of pregnancies (1.833) closely matches 
the value (1.793) reported by official statistics for the whole population of the 
area. The heterogeneity among different genotypes was tested against normal 
standardized deviate: the observed distribution was in good agreement with 
the expected one. Fig. 7 (b) shows the previous natural abortions distribu
tion. The overall good agreement with the expected, with the possible signi
ficant exception of ABO and EsD systems which plot at a p value lower than 
0.05, appears clear. Fig. 7 (c) shows the total number of pregnancies of the 
maternal grandmother of the proband. Once again the observed and expected 
distributions closely fit each other. Moreover, as expected on the ground of 
random fluctuation around the respective means, the correlation between the 
average number of pregnancies of mothers with given genotype and their mo
thers turned out to approach 0. 

CONCLUSIONS 

Preliminary data presented here, agree with the vast majority of selection 
studies performed on randomly selected families for several polymorphisms, in 
that they do not show measurable deviation from the expected under the null 
hypothesis, with the possible exceptions of ABO and Hp systems. On the 
other hand, even if many details are still to be clarified, there are genetic systems 
for which evidence of selective effects are being accumulated, for example 
the ABO, Rh, Hp and HLA systems. 

A specific result obtained in our sample deserves a brief discussion: in 
12 out of 15 instances the frequencies of the most common allele in the filial 
generation showed an increase compared to those of the parental generation. 
As already stressed, the differences between the characteristics of our sample 
and those collected in the literature make the comparison not completely feasible 
and therefore the absence of the above mentioned phenomenon in the published 
data does not invalidate per se our finding. Further analyses on fully compa
rable samples are likely to be useful. 

On the other hand, the results presented for apparently " neutral " poly
morphisms show, more or less systematically, an excess (of variable intensity) 
of values approaching expectations. The explanation of this quite unexpected 
finding is not straightforward; however, it should be stressed that hypothetical 
biases in typing or technical errors favouring the most likely result (for example 
the most frequent phenotype, the most frequent filial phenotype given the pa
rental ones and so on) could produce the observed phenomenon. More so if 
one considers that a bias of the order of magnitude of a percent of the gene 
frequencies under measure is sufficient to give a substantial effect, with the 
sample sizes usually attained. 
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On the whole the present difficulty in carrying on selection study in our 
species cannot be understated. Selection intensity is very likely to be highly 
variable in our species, both in space and in time, not to mention the possible 
racial differences. In particular, Europeans, by far the most commonly studied 
group, are now experiencing reduced levels of variances in fertility and morta
lity, the two components of opportunity for selection [52]. Under these con
ditions homogeneous samples of several thousand families would be necessary 
to show any measurable effect, at least as far as fertility differentials are con
cerned, a task hardly achieved. In any case, the methodological approach 
here presented appears to be suitable for a comprehensive segregational analysis 
of samples examined for different genetic systems in different populations. A 
further and more complete analysis is in progress, which will also take into 
account all the literature data collected in Becker's Humangenetik [53, 54]. 

Moreover one has to consider that in the family sample discussed here 
(and the same applies to most literature data) families without progeny are not 
included. However if, on one side, these infertile couples would contribute 
to fertility differentials of the whole populations, on the other side our data on 
Hardy-Weinberg equilibria and frequencies of matings can exclude relevant 
specific effects. 

As to mortality variability the residual perinatal mortality is the best can
didate to search for genetic effects. The search for hypothetical selective ef
fects on Mendelian traits exerted through perinatal mortality seems therefore 
more reasonable. Some variables known to be associated with this kind of 
mortality, including the birth weight [55], perhaps will afford more chances of 
detecting such effects, even if contradictory results have been reported [56]. 
In fact, dealing with continuous traits, a higher amount of information is likely 
to be gathered from population data, as compared to " yes/no " variables, 
mostly when the trait is very rare, as is the case with perinatal mortality. Some 
of these variables have been measured in our family sample on the newborns 
themselves together with some others examined during a 1-year follow-up. 
The data are still being analyzed, not only with reference to single gene mar
kers, but also to extended haplotypes as in the case of HLA system and linked 
genes. The relative results will be reported elsewhere. 
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