
Terminology and Nomenclature

NOTATION FOR GENETIC FACTORS OF
HUMAN IMMUNOGLOBULINS *

In a previous memorandum stating recommenda-
tions for a uniform notation for human immuno-
globulins,a it was considered advisable that analo-
gous recommendations be made in the future for
genes, genotypes and allotypes. In thatmemorandum,
classes of human immunoglobulins which are com-
mon to all normal individuals of a given species were
considered. These classes of immunoglobulins can
be distinguished from each other by a number of
means including their antigenic specificity (isotypic
specificity).

Another kind of classification, which is at present
based on serological typing, distinguishes variants
which occur among proteins of the above classes.
The corresponding determinants, which are present
in some groups of individuals within the species,
define antigenic specificities which in animals are
commonly termed as " allotypic specificities " and
in man as "factors". Many of these antigenic
specificities determine genetic polymorphisms in the
different races of man and other animals.
The genetic factors of human immunoglobulins

are currently identified by serological tests which
measure the inhibition by the test material of the
agglutination of erythrocytes pre-coated with in-
complete antibody. The agglutinating antibodies
occur in selected sera from patients with rheumatoid
arthritis or from normal subjects. The incomplete
coating antibodies are usually IgG immunoglobulin
molecules and the agglutinating reagents are usually
IgM molecules. The whole serum, an isolated
immunoglobulin, or an immunoglobulin subunit
may be used in such an inhibition test.
The term " factor " defines a particular property

of certain immunoglobulins which enables them to
be identified by a given set of reagents, but it should
be noted that the characterization of factors by these
means does not preclude the possibility of a cross-
reaction.

* This memorandum was drafted by the signatories (see
last page) following discussions held during the meeting of
the WHO Scientific Group on Genes, Genotypes and Allo-
types of Immunoglobulins, that took place from 31 May to
5 June 1965 in Geneva. A French version will be published
in a later issue.

a Bull. Wld Hlth Org., 1964, 30, 447-450.

Family studies have shown that the factors
involved are inherited according to Mendelian
principles. Two series of factors controlled by
independent genetic systems are known; one (the
Gm system) is associated with the heavy polypeptide
chain of some IgG molecules, and the other (the
Inv system) is associated with light polypeptide
chains of immunoglobulin molecules.
The nomenclature currently in use is based on

serological tests, with genetical analysis providing
linkage group information. In higher organisms,
the term locus (and the corresponding terminology
for genes and genotypes) may be ambiguously used
for indicating either a complex chromosomal region
or a structural gene, and owing to the nature of
serological analysis a one-to-one correspondence
between one factor and one gene or one region of
a gene cannot be inferred at the present time. For
these reasons, the term " system" is used here for
a unit of closely linked genetic information which
cannot be separated into subunits at the level of
resolution allowed by formal human genetics.
A new notation should provide a symbol which

suggests the relation of the system to the structure
it influences, which does not go beyond established
fact and which is sufficiently flexible to meet future
needs. It should relate to prior terminology for the
same system if at all possible, and provide for
different systems a series of symbols which differ
from each other by at least two letters when practic-
able. The following recommendations have been
designed to meet these requirements as far as
possible.

Notation for the factors of the Gm and Inv systems
At the present time, the accumulated information

is insufficient to permit precise correlation of the
genetic loci for the human immunoglobulins with the
structures they influence. Consequently, it seems
advisable at this time to retain the present symbols
Gm and Inv to describe the two currently recognized
systems. For these systems, particularly at the Gm
locus, an ever-increasing complexity has been
developing in recent years. To avoid these complex-
ities and the implication of possibly false relation-
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ships, we recommend a non-committal, flexible
numerical notation, similar to that suggested for the
Salmonella antigens, Rh blood groups, and histo-
compatibility antigens in the mouse.
The assignment of numbers to the already known

Gm and Inv factors has been done using the prin-
ciples outlined below and considering also the order
of their discovery and the known relationships of
the Gm factors to the subgroups of the polypeptide
chain of IgG.

Notation for the factors
at the Gm locus *

Original
a
x

bw and b2
f

b and bl
c
r
e
p
ba
bg
bv

New

I
2
3
4
5
6
7
8
9
10
11
12
13
14

Notation for the factors
at the Inv locus

Original
1 (lower-case L)
a
b

New

l
2
3

reference must be made to the list of reagents used
for this information.

It is recognized that studies with several sets of
reagents of Gm factors 7-14 inclusive have not yet
been extensively published. Nor is the closeness of
the relationship between Gm3 and Gm4 precisely
known at the present time. These factors have
nevertheless been assigned separate numbers here.
Future decisions in the form of deletions of some
numbers are foreseen.
The phenotypes of isolated discrete (e.g.,myeloma)

proteins may be recorded on the same basis as whole
serum and by adding the symbol for the immuno-
globulin subtype if known. For example: pheno-
types

y2b:Gm(1,2); or yWe:Gm(1,2); K:Inv(l); etc.

Notation for genes

Symbols for genes should be underlined when
typed and italicized when printed. The factors
determined by the gene should be indicated by
superscript digits.

It is understood that the assigment of a genotype
to a phenotype can be done only after genetic
analysis, i.e., the observation of family segregation.
Assignment of " the most probable " genotype in
the absence of family data should be clearly indicated.

Examples
Phenotype *

Gm(l,5)
Gm(l,5)
Gm(l,2)

* A number has not been assigned
to Gm (D) because it has been
found to be an artefact and not a
Gm factor.

Either of two methods is suitable for recording
the phenotype of an individual:

(a) Record the result obtained with each set of
reagents: e.g., Gm(l,-2,3,4,5); Inv (1,-2,3). Punc-
tuation includes commas between the reactions with
each set of reagents. This would mean that the
sample was tested with reagents which correspond
to the factors Gm(l), Gm(2), Gm(3), Gm(4), and
Gm(5) and Inv(l), Inv(2), and Inv(3); and that it
was positive with the test systems for Gm(l), Gm(3),
Gm(4), and Gm(5), and negative for Gm(2); and
positive for Inv(l) and (3), and negative for Inv(2).

(b) Record only the positive results: e.g., Gm(1,3,
4,5); Inv(1,3). In this case, the factors tested cannot
be determined from the recorded phenotype and

Population
Caucasoid
Negroid
Caucasoid or
Mongoloid

Most probable genotype

Gm1/Gm5
Gm"'5/Gml o5
Gm' 2IGml,2 or Gm' Im

* All samples were tested for Gm(l), Gm(2) and Gm(5).

It should be emphasized that findings in other
immunological systems indicate that serological
specificities may appear in the phenotype which
may not be represented in the genotype (that is,
specificities resulting from interaction of different
genes). Although such specificities have not yet
been found in the human immunoglobulins, the
proposed system of nomenclature may be used to
record them.
The use of genetic symbols containing several

numbers is a convenient notation to describe the
inheritance of complex patterns of serological
reactions (phenogroups). The symbols do not
imply that regions corresponding to the individual
numbers do or do not exist in the relevant genes.
For example, a gene Gm' 2 does not necessarily have
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part of its structure determining factor I and a
different part determining factor 2.

Notation for new systems

It is possible that new factors in addition to those
currently known will be discovered and shown to
be inherited independently of any of the known
systems. If this occurs it seems advisable to relate
the system symbol to the immunoglobulins and to
the appropriate polypeptide chain and to rename
the currently established Gm and Inv systems so
that their symbols reflect the structural units they
control. In this event, it is suggested that the
symbol " I" be used as the initial letter in the
description of all the loci for the immunoglobulins.

Notation for new factors
There is no wish to restrict the freedom of investi-

gators to publish data in any way they desire.
On the other hand, the usefulness of the proposed
system of notation will be seriously jeopardized if
numerical symbols are added to the present list in
an uncoordinated way. For these reasons, the
following recommendations are made:

(a) If the serological and family data are insuffi-
cient to meet the criteria for recognition of new
factors set out below, either because of insufficient
quantity of the reagent or because the frequency of
the factor in the population precludes definitive
family studies, it is recommended that the author
give the new factor a provisional name using a two-
letter abbreviation derived from town name, name
of patient, etc. This should be preceded by the non-
specific generic term I, rather than a specific system
symbol, e.g., I(pr) and I(-pr) for the phenotypes.

(b) If the factor which has not yet been assigned
a number is known to be part of the Gm or Inv
systems, it can be indicated in the parenthesis after
the numbered factors, for example: Gm(l,-2,3,4,
5,pr) or Gm(1,3,4,5,pr).

(c) If the author believes that the criteria are
fulfilled and that the linkage relations have been
established, the use of a number instead of the
provisional name is warranted. To avoid duplicate
use of the same number a request for a number
should be sent to the WHO International Reference
Centre for Genetic Factors of Human Immuno-
globulins, addressed to Dr C. Ropartz, Directeur,
Centre departemental de Transfusion sanguine et
de Genetique humaine, 609, Chemin de la Breteque,
76-Bois-Guillaume, France.

(d) If the factor is shown to belong to one of the
already known linkage groups (systems), it would be
assigned the next available number of that group,
e.g., Inv(4).

(e) If the factor is shown to belong to a different
system, it would be given the number 1. If it is
located on a particular immunoglobulin class, the
system symbol could be chosen according to the
suggestions made above. In choosing the system
symbol for a factor not localized on one particular
class of immunoglobulins, transposition of the provi-
sional letter into the system symbol might be useful.
The phenotype I(pr) would in this instance be
changed to IPr(l).
None of these suggestions should be taken to

imply any formal control over the future use of
numbers to describe factors inherited in the immuno-
globulins. The sole intention is to avoid duplication
of numbers or their use for poorly defined factors,
and to assist in the rapid inclusion of reported
factors into the proposed system of notation.
Circulation of data relevant to their identification
to other investigators would be helpful in this respect.

Criteria for recognition ofnew factors

To establish that a test system detects a " new
factor, it is recommended that the following condi-
tions be fulfilled:

(a) The reaction system employed should show
complete reproducibility. With the current haemag-
glutination-inhibition technique, the difference
between " inhibiting " and " non-inhibiting " normal
sera from the same population should be three
tubes or higher in a twofold dilution test system.

(b) Since antisera may contain mixtures of anti-
bodies of different specificities, steps should be taken
to show that the observed " new " reaction patterns
are not due to an obvious mixture of antibodies of
previously known specificities. (Absorption experi-
ments using cells coated with selected antibodies,
inhibition tests with purified myeloma proteins, and
tests for consistency using cells coated with anti-
bodies from different persons may give information
concerning these matters.)

(c) It is essential to specify all reagents used in
any study because,

(1) two reagents (antiglobulin and a cell coat) are
necessary to define a factor;
(2) the same coated cells in some cases may be
used for defining more than one factor; and
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(3) the antiglobulin from one person may be used
with different cell coats to define more than one
factor. For example:

Factor Anti- Dilu- Cell coat Dilu-
globulin tion tion

Gm(5) Dr.* 1/8 Anti-D V.S.* 1/5
Gm(13) Th.* 1/8 Anti-D V.S.* 1/5
Gm(6) Bomb.* 1/32 Anti-D Warren * 1/10
Gm(5) Bomb.* 1/32 Anti-D Berg * 1/10

* Identification of reagent.

(d) Enough family data should be obtained to
establish the pattern of inheritance of the new factor.

(e) Tests with isolated immunoglobulins from
positive and negative sera should be performed to
show that the new factor is associated with immuno-
globulins. Tests with agammaglobulinaemic sera
might also be useful.

(f) The reactions observed with the new set of
reagents should be different in at least one race from
those of any previously described set of reagents.
It is suggested that a useful standard for deciding
that the new factor differs from known factors is a
x2 test of the comparisons of the reaction with
different reagent sets, giving values with a P 0.02.
However, one clearly established and inherited
difference, confirmed in several laboratories, may be
acceptable as evidence for a new factor.

Reference panel of sera
In order to maintain uniformity in reagent sets

used to detect established differences between the
immunoglobulins of different individuals,the specifi-
cities of the reagent sets should be defined by their
reactions with a reference panel of normal human
sera. It is hoped that such a panel will be made
available through the WHO International Reference
Centre for Genetic Factors of Human Immuno-
globulins.
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