
LETTER

Terminology for  tw in zygosi ty

Even in the pages of this august pro-
fessional  journal  for tw in researchers,
I have noted a creeping tendency to
use inexact terminology concerning
two zygosi ty. I disagree wi th the use of
the terms ‘identical ’ and ‘fraternal ’
instead of MZ and DZ. My objections
stem from l inguistic, logical  and prac-
tical  points of view.

‘Frater’ is the Latin for ‘brother’, and
i ts use for female/ female or female/
male DZ twins is objectionable
because i t is prejudicial  and demean-
ing to females. The only ‘fraternal ’
tw ins are male/male twins (whether
MZ or DZ) and the male twin of a
male/ female pai r.

Parents are completely confused
about the use of the word ‘identical ’
instead of ‘MZ’ because they interpret
the word l i teral ly to mean ‘absolutely
identical  in every detai l ’. This is the
sense in which we al l  use the word in
other contexts, and i t is therefore true
to state that there are no such enti ties
as ‘identical ’ tw ins. For many years, I
have been answering e-mai ls, talking
at tw in clubs and offering zygosi ty
testing when zygosi ty is in doubt. It is
very infrequent for parents of DZ
twins to ask for testing. Just occasion-
al ly, a DZ twin pai r has such strong
fami l ial  resemblance that zygosi ty
testing is indicated. More than 99% of
requests for zygosi ty testing yield MZ
resul ts. The reasons are plain.

There are prenatal  genetic, epige-
netic and envi ronmental  effects on
development that ensure that MZ
twins are never ‘identical ’.

1
In fact,

MZ twins show a far greater pheno-
typic range of concordance/discor-
dance than do DZ twins.

Genetic discordances include the
most phenotypical ly discordant MZ
twins who are the pump and acardiac
twins of reversed arterial  perfusion;
these twins are always MC and there-
fore always MZ. About 50% of acar-
diac twins have abnormal  chromo-
somes, whereas the corresponding
pump twins are usual ly normal . Het-
erokaryotypia is wel l  known in MZ
twins. Striking examples include
cases where a 46,XY zygote maintains

a 46,XY cel l  l ine, but there is also a
45,X cel l  l ine (as a resul t of post-
zygotic mi totic non-disjunction/ana-
phase lag). The resul ting Turner-Ul l -
rich twin has female gonads and
internal  and external  geni tal ia, but is
MZ to the male twin. MZ twins can
also be discordant for 21, 18 and
13 trisomies. MZ twins who are con-
cordant for trisomy may be qui te dis-
cordant for the phenotypic severi ty of
that trisomy. Female MZ twins can
show such di fferent degrees of X chro-
mosome inactivation that one has an
X-l inked genetic disease (such as
Duchenne muscular dystrophy),
whereas the other is qui te normal . MZ
twin males wi th X-l inked mental
retardation may show di fferent expan-
sions of trinucleotide repeats, resul t-
ing in di fferent phenotypic severi ty.
MZ twins wi th autosomal  dominant
genetic disorders may show pheno-
typic discordance for severi ty of
expression. Among the epigenetic
effects are the observation that MZ
twins are usual ly (though not always)
discordant for major mal formations.

Envi ronmental  prenatal  and perina-
tal  events include al l  the effects of
monochorionici ty on fetal  growth and
development. No-one would deny that
the donor or recipient of tw in transfu-
sion are MZ, but no-one could say that
they resemble each other closely. And
twin transfusion occurs in at least
10% of MC twins! It is notable that
first-born twins of HIV-posi tive moth-
ers are more l ikely to acqui re HIV in
the bi rth canal  transi t than are second-
born.

Whereas these examples of discor-
dance may be thought to be unusual ,
extreme and freakish, not representing
the ‘norm’, I bel ieve that they are the
tip of an iceberg of many prenatal
events that affect MZ twin develop-
ment, making them considerably less
than ‘identical ’. In varying degrees,
often in rather subtle ways, they di ffer-
ential ly affect development of al l  MZ
twins. Yet many people wi l l  mislead
twins and thei r parents by the use of
the word ‘identical ’, when the
researchers or heal th care profession-
als know they themselves do not mean

‘identical ’ in the usual  sense. So why
mislead the confused parents?

It is a paradox that, in an age when
so much emphasis is placed on the
influence of parenting and rearing on
the development of al l  chi ldren, we
use the word ‘identical ’ for MZ twins
to imply that genes are the beginning
and end of development, wi th no
other factors involved. Even i f MZ
twins were genetical ly identical , this
would be terribly wrong. The resul ts
of testing MZ twins reared apart show
how highly simi lar they are in ways
that we could not ever imagine to be
genetical ly based,2 but I am not aware
that anyone thinks they are
‘identical ’.

Consider the fol lowing examples.
My col league Dr Louis Kei th, (a

renowned twin researcher) and his
twin brother, Donald, were convinced
into thei r 40s that they were DZ
because everyone can see di fferences,
most obviously in depth of skin pig-
mentation. Mul tiple blood protein
tests at that time showed that they
were MZ (which is what everyone but
themselves bel ieved). But the whole
issue boi led up again in thei r 60s
when they decided to have defini tive
DNA-based zygosi ty testing done,
using RFLPs and several  loci . They
turned out to be discordant at one
locus, raising again the question of
dizygosi ty.

3
Every one views this di f-

ference at a single locus as a post-
zygotic mutation, and that most, i f not
al l , MZ twins are genetical ly dis-
cordant, the number of mutations per-
haps increasing wi th age.

A few years ago, I publ ished (wi th
the twins as co-authors) a paper in
which twin males had from an early
age designated themselves as DZ
because they were not completely
‘identical ’. This had disastrous conse-
quences many years later, when one
twin was a l iving renal  transplant
donor for the other tw in, who had
been on immunosuppression therapy
(wi th significant compl ications) for
15 years before I met the twins for the
first time and told them I thought they
were MZ. We proved this by formal

Twin Research (2000) 3, 335–336
© 2000 Macmillan Publishers Ltd All rights reserved 1369–0523/00 $15.00 y
www.nature.com/tr

https://doi.org/10.1375/twin.3.4.335 Published online by Cambridge University Press

https://doi.org/10.1375/twin.3.4.335


DNA zygosi ty testing, and the recipi -
ent can now sleep at night secure in
the knowledge that he won’t reject his
donated kidney tomorrow i f he forgets
to take his cytotoxic drugs – from
which he has been weaned whi le
maintaining normal  renal  function.
The 15 years of anxiety, chemotherapy
and compl ications had been com-
pletely unnecessary.

4
The twins were

MZ, but not ‘identical ’.
Take a close look at the amazing

case publ ished in the Lancet.
5

These
boys have very marked pigmentary
and other physical  di fferences, but
they were MC and they have had more
DNA tests than any other twins on the
planet. They were defini tively MZ.

Here is my latest e-mai l  case. The
twins’ mother is a nurse, and she
knows what MC and MZ mean. The
boys were MC, but they have di fferent
bi rthmarks and freckles, so they are
not ‘identical ’. Somewhat against her
better judgement, she did check swab
DNA sampl ing and was sent back a DZ
resul t from a highly reputable genetic
laboratory. There is no doubt in my
mind from the photographs that these
twins are MZ, and thei r placenta says
so. But the word ‘identical ’ was used,
so now we have to sort i t out al l  over
again.

So let us spare twins and thei r
parents the pain and anguish of the
word ‘identical ’. MZ twins are not
identical  in any way. Many (perhaps
most or even al l ) are not even geneti -
cal ly ‘identical ’. Parents of MZ twins
resort most frequently to the hypoth-
esis that thei r remarkably simi lar
twins must be of the ‘thi rd’ or ‘polar
body’ type. I am deeply skeptical  that
polar body twinning can explain any
but an extremely smal l  number of
cases, and I mysel f have never seen a
pai r. There is only one wel l -docu-
mented pai r in the enti re l i terature,

6

and these have not been re-tested in
the DNA era – I think they should be.

Whenever I visi t tw ins’ clubs, I always
ask parents to bring photos of thei r
tw ins i f i t is past thei r bedtime. I think
I am fai rly good at sorting out zygosi ty,
and the way I do i t is to hold up a
photo and get al l  the other parents to
vote. By then they have learnt that MZ
twins are not ‘identical ’ and a majori ty
of parents immediately get the idea
and wi l l  vote MZ cases as MZ because
‘they are too al ike to be DZ’, which is
my cri terion. Invariably the index par-
ent is mortified that everyone else
finds zygosi ty diagnosis so easy,
al though they can do i t on other tw ins.
Of course thei r tw ins are not ‘identi -
cal ’. Of course they defini tely are MZ.
We have to teach a ‘Gestal t’ approach,
which simply says that the resem-
blances are not due to random sorting
of genes during the development of
two zygotes. They are the resul t of
genetic and non-genetic effects on
development of tw ins derived from
one zygote, such that no two humans,
even when MZ, wi l l  be as ‘identical ’ as
two cars coming off the assembly
l ine.

MZ twins absolutely need to know
that they are MZ, because of the heavy
impl ications for concordance/discor-
dance for QTL disorders

7
and for

transplantation. The declaration of
twin rights states that knowledge of
zygosi ty is a bi rthright.

8
Let us there-

fore use the correct zygosi ty terminol -
ogy. Twins and thei r parents are per-
fectly capable of understanding what
zygosi ty means, and that MZ simply
means derived from one zygote wi th-
out any impl ication whatsoever that
the twins wi l l  be ‘identical ’ in the
accepted sense of that word. To use
the words ‘identical ’ and ‘fraternal ’ is
probably more detrimental  than not
tel l ing twins or thei r parents anything
about zygosi ty – ‘i t’s none of your
business’, or ‘i t w i l l  become obvious
wi th time’, or ‘i t doesn’t matter’. A l l  of
us know of tw ins and fami l ies who

have been fobbed off w i th those say-
ings. Let us tel l  them the precise truth
as we know i t. I think i t is l ikely that
the majori ty of tw ins and thei r parents
throughout the world today are con-
fused and misled because of imprecise
terminology, as a resul t of which thei r
zygosi ty is actual ly completely
unknown to them. The communi ty (I
nearly said fraterni ty) of tw ins and
thei r parents should be encouraged to
understand that we don’t real ly mean
‘identical ’ when we say ‘identical ’, so
let’s not say i t. That should be per-
fectly clear.

Geoff Machin
Department of Genetics,

Kaiser Permanente Medical Group,
Oakland, Cal i fornia, USA
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