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As has been shown in a previous paper, 1 the serology and genetics of the M-N-S 
types are analogous to that of the Rh-Hr types. To date, however, an entirely satisfactory 
nomenclature for the M-N-S genotypes has not been devised. Is is customary to refer 
to the 4 known alleles by the symbols MS, Ms, NS, and Ns, respectively. While these 
symbols are adequate if one accepts the theory of linked gene couplets, they are not if 
one believes, like the present author, that heredity of these types is by a series of 4 allelic 
genes. As been pointed out previously, 2 the 4 alleles determine corresponding complex 
agglutinogens, each characterized by a minimum of two blood factors as follows, MS, 
Ms, NS, and Ns. Therefore, it is important not to use the terms blood factors and agglu
tinogens interchangeably when discussing the M-N-S system, as well as the Rh-Hr types 
and A-B-O groups. One could designate the 4 M-N-S alleles as LMS, LMs, LNS, and LNs, 
respectively, but these symbols are cumbersome. In the present paper simplified, rational 
designations for the 4 allelic genes are suggested, as well as simple formulae for estimating 
the gene frequencies from the distribution of the phenotypes. 

When tests for the three M-N types are carried out, the genes are designated by the 
symbols M and N, or LM and LN, respectively, the symbol L being selected in honor of 
Landsteiner. This suggests the use of the same base symbol when naming the 4 allelic 
genes of the M-N-S types. It is therefore proposed to give the 4 allelic M-N-S genes the 
simple designations, Ls, L, Is and I, respectively. These symbols are easy to learn and to 
work with, since all one has to remember is that large L stands for the presence of blood 
factor M in the agglutinogen and small I for the presence of blood factor N in the agglu
tinogen. Similarly, the superscript large S in the gene symbol stands for the presence of 
blood factor S in the corresponding agglutinogen, while the omission of any superscript 
indicates the presence of blood factor s in the agglutinogen. The four allelic genes and 
their corresponding agglutinogens may then be represented as shown in table 1. 

When preparing a table of the M-N-S phenotypes and genotypes, it is necessary to 
take into account the various possible levels of the serological tests. If tests are carried 
out with serums anti-M and anti- N alone, only three phenotypes are differentiated; if 
tests are carried out also with anti-S serum, then the number of phenotypes is increased 
to 6; while if tests are carried out also with anti-s serum, the number of phenotypes is 
increased to 9. In table 2 the possible phenotypes and corresponding genotypes are listed 
at these three levels. The simplicity and clarity of the designations of the genotypes using 
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Table i - The Four Allelic M-N-S Genes 

Designations of 

genes under mul
tiple allele theory 

LS 

L 

is 

I 

Designations of 
" chromosomes " 
under theory } of 
linked couplets 

MS 

Ms 

NS 

Ns 

Corresponding 

Designations 

M.S 

M.s 

N.S 

N.s 

agglutinogens 

Blood factors 
present 

M and S 

M and s 

N and S 

N and s 

Table 2 - Nomenclature of the M-N-S types 

3 M-N Types 

Pheno-
types 

M 

N 

MN 

Reactions with 

Anti-M 

+ 

— 

+ 

Anti-N 

+ 

+ 

Geno
types 

M M or 
L M L M 

N N or 
LNLN 

M N or 
L M L N 

6 M-N-S Types 

Pheno-
types 

M.S 

M.ss 

N.S 

N.ss 

MN.S 

MN.ss 

Reactions 
with 
anti-S 

+ 

+ 

+ 

Geno
types 

LSLS or 
LSL 
LL 

IHS or IH 

11 

LHS, Lsl 
or Lls 

LI 

9 M-N-S Types 

Pheno-
types 

M.SS 
M.Ss 
M.ss 

N.SS 
N.Ss 
N.ss 

MN.SS 
MN.Ss 
MN.ss 

Reactions 
with 
anti-s 

+ 
+ 

+ 
+ 

+ 
+ 

Geno
types 

LSLS 

LSL 
LL 

m 
11 

LHS 

L s ! o r L i s 

LI 

the new symbols for the 4 allelic genes is apparent on inspection. It will be seen that the 
designations for the M-N-S phenotypes in common use are retained without change. 
This is as it should be, since the names of the phenotypes should be quite independent 
of the genetic theory. For example, there is nothing in the names of the blood groups 
O, A, B, and AB to indicate whether they are inherited by triple allelic genes, or by linked 
gene couplets as was maintained at one time by a large body of workers. 

The ease with which the new gene symbols can be manipulated is best demonstrated 
by illustrating their use in a sample mating. Suppose that in tests carried out with the 
three antisera, anti-M, anti-N, and anti-S, the types of the parents proved to be MN.S 
and N.ss, respectively. As shown in figure 1, three genetic possibilities then exist, and 
in each case only two different M-N-S types can occur among the children. If any child 
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Phenotypes MN.S X N.ss 
Parent j Genotypes (a) LHS X 11 (b) Ls/ X 11 (c) Us X 11 

IX! IXi IXI 
{ Genotypes LH IH Lsl II U IsI 

Children j p h e n o t y p e s MN.S or N.S MN.S or N.ss MN.ss or N.S 

Figure 1 

is encountered with blood of type N and lacking blood factor S, then the genotypes of 
the parents must be Lsl and 11 (mating b, figure 1), respectively, so that all the type N 
children in such a family would lack the S factor while all the MN children would have 
the factor. The other possibilities can be recognized in the same way from the types in 
the children. 

Gene frequencies 

A method of calculating the gene frequencies for the M-N-S types, using the method 
of maximum likelihood has recently been proposed by Boyd. 3~4 While this method 
gives values with minimum standard errors, it is cumbersome and too difficult to use, 
except for skilled mathematicians. Therefore, the method is impracticable, especially 
considering that the available reports on the distribution of the M-N-S types are all based 
on relatively small series, and since in addition a certain number of technical errors in 
determining the types are inevitable, such exact and difficult mathematical techniques 
seem to be out of place. At any rate, calculating gene frequencies to the seventh signi
ficant figure, based on tests on a few hundred or thousand individuals, as has been done 
by certain other workers in the field, is incongruous to say the least. 

The method to be proposed here develops a principle presented in an earlier paper. 5 

The principle is best explained by citing the example given in that paper. In a popula
tion, the M-N types have the distribution, M = 0.2681, N = 0.2754, and MN — 0.4565. 
count, the frequencies of the two genes are obtained as follows: 

m = M + ^ = 0.4964 
2 

and n = 0.5036 
The square root formulae, on the other hand, give the following estimates: 

m = | / M = 0.5178 

n = | / N = 0.5247 
The principle of adjusting the square root formulae is to make the sum equal to unity 
with a pair of simple simultaneous equations. 

n _ m = t 'N — l M = .0069 
n + m = 1 

From these simple equations are obtained the adjusted estimates, 
m = 0.4966 and n = 0.5034 
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As can be seen, these estimates agree very closely with the values obtained by direct count. 
Suppose we now consider the case where tests are carried out with all four anti-

sera, anti-M, anti-N, anti-S, and anti-s, so as to differentiate all nine M-N-S types. The 
frequencies of « major genes » M, N, S, and s, are first determined by direct count as 
follows: 

MN MN 

2 2 
SS 

Ss 
; and 

Ss 

2 
The next step is to make a first estimate of the frequencies of the genes L and I by means 
of the square root formulae, as follows. 

L = / M . s s 

1 = 1 N.ss 
These estimates are then adjusted so as to make the sum L + I equal to the value of s 
obtained by direct count. 

This is done with the aid of the following simple pair of equations: 

L — I = ^M.ss — 1 N.ss 
L + l = s 

From these adjusted estimates of the frequencies of the genes L and I the frequencies of 
the other two genes are obtained by simple subtraction. 

Ls = m — L 
Is =n — l, 
where m and n are the values for the frequencies of genes M and N obtained by 

direct count. 
Where the tests are limited to the three antiserum, anti-M, anti-N, and anti-S, so that 

only six phenotypes are differentiated, the principle of estimating gene frequencies is 
the same, except that here the frequencies of the « major genes » S and s cannot be deter
mined by direct count. Instead, therefore, the frequency of s must be estimated by the 
sguare root formula below. 

s = J'ss = t'M.ss + N.ss + MN.ss 
The ease with which the formulae for the M-N-S gene frequencies can be applied is 

best demonstrated by an actual example. Among 230 Bengalis in Dacca Boyd found the 
following distribution of the M-N-S types: 

Type 

M.ss 
M.S 
MN.ss 
MN.S 
N.ss 
N.S 

Totals 

Number 

35 
44 
47 
62 
21 
21 

230 

Percent 

15.217 
19.130 
20.435 
26.957 

9.130 
9.130 

100. 

317 

22 - A. Ge. Me. Ge. (Ill) 

https://doi.org/10.1017/S1120962300021193 Published online by Cambridge University Press

https://doi.org/10.1017/S1120962300021193


Acta Geneticae Medicae et Gemellologiae 

By direct count we find: 
m = 0.58043 and n = 0.41957 

Moreover, s = l^ss = ^0.44783 = 0.66920 
The first estimates of L and I are as follows: 

L = f7M.ss = t70.15217 = 0.39009 

I = J N.ss = 1/0.09130 = 0.30216 
The improved estimates are then simply derived as follows: 

L + I = 0.66920 
L — I = 0.08793 

Therefore, L = 0.37857 and I = 0.29063 
and Ls = m — L = 0.58043 — 0.37857 = 0.20187 
Is =n — l =0.12894 

Since these gene frequencies are based on tests on only 230 individuals, the last two 
significant figures can now be dropped from the estimates of the gene frequencies. 

In table 3 the estimates of the frequencies using the simplified formulae are compared 
with those obtained by Boyd using the maximum likelihood method, as well as Mourant's 
method. As will be seen the differences in the estimates affect the third significant figure 
only whereas the size of the series and the standard deviation indicate that the estimates 
can at most be correct only to the second significant figure. Therefore, the additional 
effort required by the maximum likelihood method is not justified, since it does not 
increase the accuracy of the estimates. 

Table 3 - M-N-S Gene frequencies Among 230 Bengalis in Dacca 
East Pakistan (data of Boyd) 

Genes 

Ls 

L 

Is 

I 

Calculated gene frequencies (percent) 

Author 's 
method 

20.2 

37.9 

12.9 

29.1 

Maximum 
likelihood 
method 1 

20.0 

38.0 

13.0 

28.9 

Mourant 's method 1 

Original 

20.3 

37.8 

12.8 

29.1 

Alternative 

20.2 

37.8 

12.9 

29.1 

Standard 

1.8 

2.2 

1.4 

2.0 

1 Calculated by Boyd. 
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Summary 

The symbols for the 4 allelic M-N-S genes in common use, namely, MS, Ms, NS, 
and Ns, are satisfactory only if one subscribes to the theory of linked gene couplets, but 
not for those who, like the present author, believe that the theory of multiple alleles is 
valid. Therefore, it is proposed to designate the 4 allelic genes by the symbols Ls , L 
Is and I, respectively. These symbols are easy to learn and to use, if one bears in mind 
that L stands for the presence of blood factor M in the corresponding agglutinogen, 
and I for the presence of blood factor N . Similarly the letter S in the superscript stands 
for the presence of blood factor S in the corresponding agglutinogen, while the absence 
of any superscript denotes the presence of blood factor s. It is unnecessary to change the 
names of the phenotypes. This is fortunate, since duplication of nomenclature is avoided, 
such as exists unnecessarily in the case of the Rh-Hr types. The purpose of a phenotype 
name is to identify and not to provide a full description, or to indicate the genetic me
chanism. For this reason, the phenotype designations of the M-N-S types should be 
the same, regardless of the genetic theory to which one subscribes. 

The practicability of the new gene symbols for the M-N-S types is demonstrated by 
applying them to a sample mating. A simple method of estimating the frequencies of 
the 4 allelic M-N-S genes is also described. These formulae are applied to Boyd's data 
on the distribution of the M-N-S types among 230 Bengalis. The results obtained do not 
differ significantly from those obtained by the more complex maximum likelihood 
method. Since the maximum likelihood method does not improve the accuracy of the 
estimates, the additional effort and skill which is required are wasted. The simple formu
lae proposed here yield results which fulfill all the requirements of anthropologists and 
geneticists. 
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RIASSUNTO 

I simboli generalmente ado-
perati per i quattro geni allelo-
morfi M-N-S, i. e., MS, Ms, 
NS e Ns, sono accettabili solo 
a condizione di condividere la 
teoria deU'appaiamento dei ge
ni; ma cio non e per quanti, co
me l'A., pensano che si debba 
accettare la teoria degli alleli 
multipli. Percio si propone di 
designare i quattro geni allelo-
morfi con i simboli U, L, Is e I. 
Questi simboli si imparano e si 
adoperano facilmente, quando si 
ritenga che L indica la presenza 
del fattore M nell'agglutinogeno 
corrispondente e che I indica la 
presenza del fattore N. In mo-
do analogo la lettera S adopera-
ta come esponente indica la pre-

RESUME 

Les symboles generalement 
usites pour les quatre genes al-
lelomorphes M-N-S, i. e., MS, 
Ms, NS et Ns, ne sauraient sa-
tisfaire qu'a la condition d'adhe-
rer a la theorie de la liaison des 
genes par paires; mais il n'en est 
pas ainsi pour ceux qui, comme 
1'auteur, pensent que c'est la 
theorie des alleles multiples qui 
est fondee. C'est pourquoi Ton 
propose de designer les quatre 
genes allelomorphes par les sym
boles L", L, Is, et /. Ces symbo
les sont faciles a apprendre et a 
employer, si Ton veut retenir 
que L est indicatif de la presen
ce du facteur M dans Paggluti-
nogene correspondant et que I 
indique la presence du facteur 
N. D'une maniere analogue, la 

senza del fattore S nell'aggluti
nogeno corrispondente, mentre 
l'assenza di qualsiasi esponente 
significa la presenza del fattore 
sanguigno s. £ inutile modifica-
re i nomi dei fenotipi. Si evita, 
in tal modo, felicemente, il rad-
doppiamento della nomenclatura 
che esiste inutilmente nel caso 
dei tipi Ah-Hr. II compito di 
un nome relativo al fenotipo e 
d'identificazione e non di for-
nire una descrizione completa o 
di indicare il meccanismo gene-
tico. Di conseguenza, le designa-
zioni dei fenotipi dei tipi M-N-
S dovranno essere gli stessi, 
qualunque sia la teoria genetica 
che si accetta. 

La praticita dei nuovi simboli 
dei geni relativi ai tipi M-N-S 
viene dimostrata con l'applica-

lettre S comme exposant, indi
que la presence du facteur S 
dans l'agglutinogene correspon
dant, alors que l'absence de tout 
exposant signifie la presence du 
facteur sanguin s. II est inutile 
de modifier les noms des pheno-
types. On evite ainsi, heureuse-
ment, la duplication de nomen
clature telle qu'il en existe inu-
tilement dans le cas des types 
Rh-Hr. Le role d'un nom de 
phenotype est d'identifier, et non 
pas de fournir une description 
complete ou d'indiquer le me-
canisme genetique. Par conse
quent, les designations des phe-
notypes des types M-N-S de-
vront etre les memes, quelque 
soit la theorie genetique qu'on 
accepte. 

On demontre la praticabilite 
des nouveaux symboles de genes 

zione ad un incrocio esemplifi-
cativo. Viene inoltre descritto un 
metodo semplice per valutare le 
frequenze dei quattro geni alle-
lomorfi M-N-S. Queste formu-
le vengono applicate ai dati di 
Boyd relativi alia distribuzione 
dei tipi M-N-S in un gruppo 
di 230 bengalesi. I risultati ot-
tenuti non differiscono in modo 
significativo da quelli ottenuti 
mediante il metodo piu com-
plesso della massima probabili-
ta. Poiche questo metodo non 
migliora la precisione delle va-
lutazioni, lo sforzo e l'esperien-
za richiesti vanno sprecati. Le 
semplici formule che qui ven
gono proposte, conducono a dei 
risultati di tale natura da sod-
disfare le esigenze degli antro-
pologi e dei genetisti. 

relatifs aux types M-N-S en les 
appliquant a un croisement ex-
plicatif. On decrit en outre une 
methode simple pour evaluer les 
frequences des quatre genes al
lelomorphes M-N-S. On appli
que ces formules aux donnees 
de Boyd relatives a la distribu
tion des types M-N-S parmi 230 
Bengalis. Les resultats obtenus 
ne different pas d'une maniere 
significative de ceux obtenus au 
moyen de la methode plus com-
plexe de la probability maxima. 
Etant donne que cette methode 
n'ameliore pas la precision des 
evaluations, l'effort et l'experien-
ce supplementaires necessaires 
sont gaspilles. Les formules sim
ples qu'on propose ici, donnent 
des resultats de nature a satis-
faire les exigences des anthropo-
logistes et genetistes. 
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ZUSAMMENFASSUNG 

Die allgemein gebrauchlichen 
Symbole fur die 4 M-N-S-Alle-
logene, namlich MS, Ms, NS 
und Ns befriedigen nur dann, 
wenn man der Theorie der ge-
paarten Gene anhangt, nicht 
aber wenn man, wie der Autor, 
an die Gultigkeit der Theorie 
der multiplen Allelen glaubt. Es 
wird daher vorgeschlagen, die 4 
Allelogene mit den Symbolen 
L", L, I" und / zu bezeichnen. 
Diese Symbole sind leicht zu er-
lernen und zu behalten, wenn 
man sich merkt, dass L die An-
wesenheit des Blutfaktors M 
im entsprechenden Agglutinogen 
und / die Anwesenheit des Blut
faktors N bedeutet. In ahnlicher 
Weise bedeutet das hochgestellte 
S die Anwesenheit des Blutfak
tors S im entsprechenden Ag

glutinogen, wahrend das Fehlen 
eines Index die Anwesenheit 
des Blutfaktors s bedeutet. Es 
fiigt sich gut, dass es nicht not-
wendig ist, die Bezeichnungen 
der Phanotypen zu andern, wo-
durch eine Duplikation der No-
menklatur vermieden wird, wie 
sie iiberfliissigerweise im Falle 
der Rh-Hr-Typen vorkommt. 
Die Bezeichnungen der Phano
typen sollen der Identifizierung 
dienen, und nicht eine voile 
Beschreibung oder einen Hin-
weis auf den genetischen Me-
chanismus geben. Aus diesem 
Grunde sollten die Phanotypen-
bezeichnungen der M-N-S-Ty-
pen die gleichen sein, ohne 
Riicksicht auf die Genentheo-
rie, der man anhangt. 

Die Brauchbarkeit der neuen 
Genensymbole fur die M-N-S-
Typen wird an Hand eines 

Paarungsbeispieles erlautert. Ei
ne einfache Methode zur Ab-
schatzung der Haufigkeiten der 
4 M-N-S-AUelotypen wird eben-
falls beschrieben. Diese Formeln 
werden auf Boyd's Arbeit iiber 
die Verteilung der M-N-S-Ty-
pen unter 230 Bengalen ange-
wandt. Die Ergebnisse weisen 
keine wesentliche Verschieden-
heit gegeniiber den mittels der 
komplizierteren Maximalwahr-
scheinlichkeitsmethode erhalte-
nen auf. Da die Maximalwahr-
scheinlichkeitsmethode die Ge-
nauigkeit der Schatzung nicht 
erhoht, waren die zusatzlich er-
forderlichen Bemiihungen und 
Kenntnisse vergeudet. Die ein
fache, hier vorgeschlagene, Me
thode ergibt Resultate, die alien 
Forderungen der Anthropologen 
und der Genetiker gerecht 
werden. 
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