CHAPTER 34

Human Population Cytogenetics. A Review*

M.K.Bhasn

1. INTRODUCTION

Since the development of human cyto-
genetics and the discovery of different syndro-
mes with chromosomal aberrations, the main
emphasisin various cytogenetic laboratories had
beento study personswith abnormal karyotypes
rather selectively. The major criteria for such
studies had to be phenotypic in expression, such
as congenital abnormalities, clinical signs of
established syndromes and institutionalized pati-
entswith lower intelligence quotient. The occu-
rrences of sometypesof chromosome aberration
were common in the population examined, but
thereislittle knowledge of incidence of thesein
human population. Court-Brown (1967) coined
theterm ‘ Popul ation Cytogenetics’ for the study
of theincidence of major and minor chromosomal
aberrations in a rather random-sample of a
population. Themain aim of such type of studies
is to find out their causation and the selective
forces operating on persons with these anoma-
lies. Court-Brown (1967) al so stressed the study
of different populations having contacts with
environmental chromosome damaging agents,
both mutagenic chemica sand irradiation effects.

Observations of chromosomal anomaliesand
variantsamong normal healthy individualswere
reported by Lubs and Ruddle (1970) who
gnedtheterm‘ QuantitativeKaryotype' for this
type of study. Since then, several reports have
been published providing quantitative dataabout
thevariability of human karyotypein normal adult
and newborn populations.

Theterm ‘variant’ hasbeen recommended for
usein situationswhere deviationsfrom the norm
of chromosome morphology are observed (Paris
Conference, 1971) whereas in a supplement of
the Paris Conference (1975) the term ‘hetero-
morphic’ hasheen recommended to describethe
chromosomes with variable bands. With the
advent of new banding techniques, amore speci-
fic and detailed characterization of the already
known variants, as well as new variants has
become much easier (Caspersson et al., 1971,
Craig-Holmesand Shaw, 1971; Evansetd., 1971;
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Schnedl, 1971a; Bhasin and Singh, 1978; Wyandt
and Tonk, 2004).

Studies on human chromosomeshad revealed
that there was a great deals of polymorphism
with certain pairs of complement; in particular
pairs 1, 9 and 16 along with the distal part of the
longarmof theY chromosomeand D and G group
chromosomes (Cohen et al. 1966; Craig-Holmes
and Shaw, 1971; Lubs and Ruddle, 1971). The
fivepairsof human acrocentric chromosomesare
of interest for at least thefollowing four reasons:

(a) the short armsareinvolved in association
between themselves and with the secondary
constriction sites of the nonacrocentric
chromosomes of the complement (Ferguson-
Smithand Handmaker, 1961, 1963; Shaw, 1961).

(b) They show heteromorphism for al three
armregions

(i) the short arms proper,

(i) the satellite stalks, and

(iii) the satellitesthemsel ves (Paris Conference,
1971)

(c) the short arms are the location for the
genes coding for 18S and 28S ribosomal RNA,
and the human is highly polymorphic with
respect to a number of such genes (Henderson
etal., 1972; Evanset a., 1974a) and

(d) the proximal regions of acrocentric
chromosomes are the sites of breakage and
exchange in the formation of Robertsonian
translocations, the most frequent structural
rearrangement inman (Jacobset al., 19744).

Heteromorphic regions consist of constitu-
tive heterochromatint and are known to contain
varying amounts of different classes of highly
redundant DNA. Inview of therepetitiousDNA
that is present, as well as other characteristics,
this constitutive heterochromatin'is believed to
contain no structural genes. But a possible
relationship with the control and functioning of
the organization of the nucleolus, the cell’s
machinery to produceribosomal DNA, evolution-
ary change, attracting homologues at meiosis,
providing raw material for new genes, acting as
gene spacers and loci for recombination and as
an ‘absorbent’ for mutagens, carcinogens,
clastogensetc., that constantly bombard the cell,
lends significance to the variability of these
regions(Walker, 1971; Yunisand Yasmineh, 1971,
Cooper, 1975; Hsu, 1975).



436

Reviews by Jacobs (1977 a,b), Lubs (1977),
Bhasinet al. (1978), Vermaand Dosik (1980), an
edited volume by Wyandt and Tonk (2004) and
on heteromorphisms have presented their occu-
rrence, distribution, nature, clinical significance
and applications. Heteromorphisms have been
shown to be very useful for theidentification of
individual chromosomes, cells and individuals.
They have been frequently used in linkage stu-
diesfor assignment of geneloci, in establishing
paternity to distinguish zygosity, as well as
maternal and foetal cellsinamniotic culturesand
in tracing the origin of extra chromosome in
trisomies and triploidies. Because of difference
in frequencies among populations with respect
to heteromorphismsthe popul ation studies could
helpin gaining precise knowledge of the selective
forces maintai ning these heteromorphisms.

Morevariationsareidentified with each new
cytogenetic technique, but the sitesinvolved in
some of the techniques may essentially be the
same. Most commonly, heteromorphisms have
been studied by G- and R- banding techniques
(Arrighi and Hsu, 1971; Casperasson et a., 1971,
Dretsand Shaw, 1971; Vermaand Lubs, 1975a,
b). GAG banding was utilised for differential
staining of various pairs of acrocentric chromo-
somes, thereby giving estimates of variation
shown by individual pair of homologues. The
same can be studied using QFG (Q-) and RFA (R-)
banding procedures also, where, besides size
variation, intensity variation, is also observed
(Vermaetd., 1977a,1978b).

The C-banding techniqueisthe best amongst
the banding procedures of study the hetero-
morphismsof chromosomes1,9,16 and Y, sinceit
stains most of the heterochromatin? dark. Even
though other chromosomes of the complement
also contain centric heterochromatin and show
variation, identification of the specific pairs of
chromosomes is not possible with C-banding.
Since good quality chromosomal spread with a
clear bandisamust for evaluation of chromosomal
heteromorphisms (Lubs, 1977; Jacobs, 1977a),
sequential staining of G- or Q- and C-banding is
not alwaysup to the mark. Cytochemical staining
methods are al so reported to locate in nucleolus
organizing regions (NORs) of metaphase chromo-
somesviz., N-banding (Matsui and Sasaki, 1973)
and Silver (Ag-NOR) staining (Goodpastrue and
Bloom 1975).

Thevariationsin human chromosome can be
subdividedintwo parts: (1) Mgor variationswhich
are associated with devel opmental malformation
and reproductive wastages and (I1) Minor
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variations which do not have any phenotypic
disadvantage. This study has been divided into
these two categories and the incidences of both
to them reported in various human popul ations
have been summarized respectively.

1.1 Major Variationsin Human Chromosome
Complement

Court-Brown (1967) reported that about one
percent of al children born possess chromosomal
abnormalities, of which 50 percent have structural
rearrangement. Data were cumulated from
MacLean et al. (1964) for sex chromosome
aneuploidy, Penrose (1963) for Trisomy 21,
Mardenetd. (1964) for Trisomy 17/18 and Court-
Brown et al. (1966) for structural rearrangement.
After initiation of the above frequency studies
of various major anomalies, a number of large
newborn surveys have been done in respect of
the genetic, clinical and social significance of
chromosomal variation on the human popul ation.

Seven major surveys have been reported on
newbornsfor estimation of frequenciesof major
and minor variations in various human
populations. These are on 4353 newborns of New
Haven (U.S.A.) by Lubsand Ruddle (19703, b);
2081 Canadian newborns (Ontario) by Sergovich
etd. (1969); 13151 Boston (U.S.A.) newbornsby
Walzer and Gerald (1972); 11680 Edinburgh (U.K.)
newborns by Jacobset al. (1974b), 2500 Russian
newbornsby Bochkov et al. (1974); 11148 Danish
newborns by Nielsen and Sillesen (1975) and
13939 Canadian newborns by Hamerton et al.
(1975). Theincidence and percentages of various
chromosomal abnormalitiesfrom the above seven
surveys have been compiled in Table 1 & 2.
Nielsen and Wohlert (1991) reported chromo-
some abnormalities found among 17872 boys
liveborn and 17038 newborn girls (34910 newborn
children), this study included 11148 newborns
reported earlier listed inthe Tables 1, 2 (Nielsen
and Sillesen, 1975).

1.1.1 Sex Chromosomal Abnormalities

In sex chromosome abnormalities, the
incidence of the XYY syndrome among 34379
males examined cytogenetically in seven surveys
is approximately 0.102 percent. Though not
showing a consistency in different studies. It
ranges from nil in Russian newborn series
(Bochkov et al., 1974) to 0.37 percent among
Canadian newborns (Ontario) (Sergovich et al.
1969). XXY (Klinefelter’ssyndrome) also shows
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an incidence of 0.113 percent in 34379 males
examined and rangesfrom 0.07 percent in Boston
newborns (Walzer and Gerald, c.f. Jacobset al.,
1974) to 0.18 percent in New Haven (U.S.A.)
newborns (Lubsand Ruddle, 1970). Other types
of sex chromosome anomalies in males are
approximately 0.0359 in the total male sample.
Theincidence of 45, XO maeor 46, XX malehas
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been estimated to be 1 per 15000 to 20000 boys.

Of the 20370 femal e newborns studied, only
8 are of XO (Turner’s syndrome) constitution
and an incidence of 0.04 percent in the total
sample hasbeen given, while XXX (Trisomy X)
shows a high incidence 0.12 percent.

Gardner and Sutherland (2004) estimated from
a non-banded data and moderate level non-

Table 1: Frequencies of chromosomal anomalies in various newborn populations

Population and Authors

<
S
o
Chromosome s % O g
- Q i o ~ & o2} o
anomalies s o oy ol Y 38 o3 B8 Zo 8
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IRLN FFETN g 0 34T g S E TS o g2
;2835 £9vs glz £S%w 'gggﬁ EEsZ Eow Bgw3
232° 38s° S2° 88wl Azl STsl S5 fase
No. % No. % No. % No. % No. % No. % No. % No. %
Sex Chromosme Anomalies
Males
XYY 3 04 4 0 11 0B O 013 5 0087 4 006 2 04 -
XXY 4 018 1 00 »P» 07 9 071 8 014 6 00 1 02 1 008
Others - - - - 00 5 006 5 0087 2 002 - 6 018
Females
X0 1 006 - 3 06 - -
XXX 3 014 5 013 8 05 5 007
Others - - X 0B - -2 00
Autosomal Aneuploidy
+D1 002 - 1 000 1 o001
+E1 002 - - 2 02 1 000 3 0 -
+G3 007 2 010 008 17 015 16 014 14 010 4 016
Others - - - - - - 19 o001 6 0B - 2 088
Structural Rearrangements
Balanced
D/D 2 06 1 00 5 06 6 06 BB 01 122 08 - - - -
D/E 1 002 - 3 0 4 0B 2 02 1 o00L - - 1 o
Reciprocal and 3 007 - - 2 006 0 00 1 0% 11 08 1 02 2 008
Insertional Translocations
Inversions - - 7 0@ 2 0 1 001
Unbalanced
Robertsonian - - 1 006 1 o0
translocations
Reciprocal - - 1 0B - -1 00 6 0B 1 o001
translocations
Inversons - - - - - -1 o001 1 o001 - - 1 02 2 008
Deletions - - 1 0B 2 - - 1 0001 - - - - 1 0
Supernumery - - - - 5 04 1 000 - - - - -
Others - - - - - -2 0 2 0019 - - -
Total 22 050 10 048 & 046 7B 06/ B 084 6 046 5 04 19 076

(a) 46,XY/47,XXY,46,XY (2) 46, XX 47, XXp- Y, 46, Xinv (Y) (6) Cases 46, XYq-

(b) 46,XX 46, XY/A7T XYY, 45X/46,XY /47 XYY,46 XY/47 XXY () 45, X/46, 45X/46, XY

(d) 6IXXY (€) 46, XX/47, XX, +r, 46, XY/46, XY, 16q+

() 46,XY/47, XXX 45, X/46, XY /47, XYY (g) 46, XXIA7 XX, + mar. 46, XX/47, XX, + mar

*Nielsen and Wohlert (1991): Liveborn boys = 17872 and liveborn girls = 17038 Total = 34910; Sex Chromosome
abnormalities: Klinefelter's syndrome=30; XYY syndrome=20; Triple X syndrome=17; Turner’s syndrome=8; other=3;
Total=78 and Autosome Chromosome Abnormalities: +13=2;+18=7; +21=51; +8=1; +mar=24;+ring=1; Deletions=3;
Duplications=3; 13/14=34; 14/21=7; 15/21=1; 15/22=1; Reciprocal translocation=50; inv (2)=8; inv (6)=3; inv
(11)=1; fra (X)=1; Total=198 Sex Chromosomal and autosomal abnormalities=276).
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Table 2: Number and percent of chromosome abnormalies in six newborn studies
Type of Abnormelity Edinburght  Arhus*® London*  Winnipeg® Boston® New Have’  Total
(UK)  (Denmark) (UK) (Canada) (USA) (USA)
Sex chromosome-Males
47, XYY 10(0.13) 3(0.05) 4(0.37) 4(0.06) 11(0.08)  3(0.14) 35(0.093)*
47 XXY 9(0.11) 6(0.10) 1(0.09) 6(0.09) 9(0.07).  4(0.18) 35(0.093)*
Others 5(0.06)? 9(0.16)° - 2(0.02)°¢ 12(0.09)¢ - 28(0.074)*
Sex chromosome—Femal es*
45X - 1(.02) - - - 1(0.05)  2(0.010)*
47, XXX 5(0.13) 7(0.13) - 5(0.07) - 3(0.14) 20(0.104)*
Other 2(0.05)° 3(0.06)f - 2(0.03)¢ - - 7(0.037)*
Autosomal trisomies
+D - 1(0.01) - 1(0.01) - 1(0.02) 3(0.005)
+E 2(0.02) 1(0.01) - 3(0.02) - 1(0.02) 7(0.012)
+G 17(0.152 16(0.14) 2(0.10)  14(0.10) 19(0.14)  3(0.07) 7(0.125)
Other 1(0.01) - - - - - 1(0.002)
Sructural Rearrangements — Balanced
Robertsonian translocations
t(DgDq) 6(0.05) 14(0.13) 1(0.05)  12(0.09) 5(0.04) 2(0.05) 40(0.072)
t(DgGa) 4(0.03) 2(0.02) - 1(0.01) 3(0.02) 1(0.02) 11(0.019)
Reciprocal and insertional 10(0.09) 15(0.13) - 11(0.08) 12(0.09)  3(0.07) 51(0.090)
translocations
Inversions 20(0.02) 1(0.01) - 1(0.01)"  4(0.03) - 8(0.014)
Sructural Rearrangements — Unbalanced
Robertsonian translocations (1.01) - 1(0.01) - 2(0.01) - 4(0.007)
Reciprocal and insertional
translocations - 6(0.05)" - 1(0.01)" - - 7(0.012)
Inversions 1(0.01)° - - - - - 1(0.002)
Deletions - 2(0.02)P 1(0.01)¢ - 2(0.01)" - 5(0.009)
Supernumerary 1(0.01) 4(0.04) - - 5(0.04) - 10(0.018)
Other 2(0.02)! 2(0.02) - 2(0.02)™ - - 7(0.012)
Total abnormalities 78(0.67) 93(0.84) 10(0.48)  66(0.4)Y  84(0.61) 22(0.50) 353(0.620)
Total newborns 11,680 11,148 2,081 13,939 13,751 4,353 56,952
Males 7,849 5761 1,066 7,176 13,751 2,176 37,779
Females 3,831 5387 1,015 6,763 — 2,177 19,173

*The rates for the sex chromosome abnormalities apply only to the affected sex, not the total studied.

UBX X, 46, XY /47, XYY. 45.X/46, XY [4TXYY, 46XY 47, XXY, 46, XY /[ATIXXY P45X/46,XY /47, XYY. 46, XY /47 XYY.
46,XY/47,XXY, 46,XY/47,XXY, 46,X,inv(Y). 46,X,inv(Y). 46,X,inv(Y). 46,X,inv(Y), °46,XY /47 XYY. 45X/
46, XY/47,XYY. Y46XY /47, XYY. 46,XX 46, XY /47, XYY (2cases). 46,X,inv(Y) 6 cases, 46,XYq-. 47,XXp-Y. ®45X/
46,XY. 145,X/47, XXX, 45X/46Y X. 45,X/46,XX. 945X/46,XY(-. 45,X/46,XX/47,XXX. "69,XXY. includes one
47.XY,+2 inv (19) also scored as an inversion 146,XX,47, XX+r. 46,XY/46,XY,16q+. 46X X/47,XX,+mar. 46,XY/
47, XY, +mar. M46,XX/47,XX,+mar. 46XX/47.XX.+mar. 46.XY/47+mar. "46,XY,15p+=Yq. 46,XX,22p=Yq.
46,XY,15p+,2t(15p+;Yg-)mat. 46,XY, 15p+, t(15p+YQ) pat. 46,XX, 15p+2(15p;Yq-)mat. 46,XX, 15p+,2t (15p+YQ-
)pat °47,XX,inv(18)pllg21)+rec(18)dup p. P46,XY/46XY /46,XY,5p-.46,XY.12p-. 946,XX.Bp- (cri du chat). '46,XX,-
18+der(18)ins (11:18) (p 15:911qg21). *46XY,-Dt(DgDq). 46XY,-G+t(GqGQq).t (46,XY,Bp-. 46,XY 5p-"Same case as
in i above. I mosaic with marker detected since ref. 5 appeared. (Modified and updated from “A cytogenetic Survey
of 14.069 Newborn Infants” by Hamerton et a., Clinical Genetics, Vol. 8 pp. 223-245. 1975.)

banding data of newborns studies for sex
chromosome aneupl oidy among male (XXY-0.12
percent, XY Y-0.12 percent and other 0.015
percent) and female (45, X and X/X X-0.03 percent
and XX X-0.11 percent).

1.1.2 Autosomal Chromosomal Abnormalities

Among autosomal trisomies, +D or + 13

(Patau’'s syndrome) and +E or + 18 (Edwards
syndrome) show a low incidence; only 3 cases
of the former out of 54,749 infants studied are
giving anincidence 0.005 percent of 8 instances
of the latter, which comes to 0.015 percent. A
total of 63 individual s has been found with +G or
+ 21 trisomy (incidence 0.115 percent) and show
arangefrom 0.07 percent in the New Haven study
(Lubs and Ruddle 1970a) to 0.16 percent in
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Russian newborns (Bochkov et al., 1974). Other
extraautosomal marker chromosomes arefound
in 0.03 percent cases. Gardner and Sutherland
(2004) estimated automal trisomy —13(0.008), -18
(0.015) and 21 (0.12 percent) among newborns,
from non-banded data and moderate level
banding data.

1. Structural Rearrangements. Balanced
Type: In structural rearrangements of the
balanced type D/D translocations show an
incidence of 0.08 percent and which range from
0.05 percent in New haven newborns (L ubs and
Ruddle, 1970) to 0.13 percent in Danish newborns
(Nielsen and Sillesen, 1975). D/G translocation
shows0.02 percent in thetotal sample. Reciprocal
trans-locations al so showed afrequency of 0.085
percent in the total sample, whereas inversions
shows an incidence of 0.013 percent. Gardner
and Sutherland (2004) estimated structural
rearrangement, balanced 1 in 120 reciprocal
translocations — 0.25 percent, Robertsorian
translocations — 0.10 percent and inversions
pericentric—0.08 percent.

2. Sructural Rearrangements-Unbalanced
Type: In structural rearrangements of an
unbalanced nature Y autosomal translocations
show an incidence of 0.01 percent and deletion
anincidence of 0.009 percent. Thetotal genome
mutation has been found to be 0.57 percent and
ranges from 0.32 percent in Winnepeg newborns
(Hamertonetal., 1972) to 0.76 percent in Russian
newborns (Bochkov et a., 1974). Gardner and
Sutherland (2004) estimated structural rearrange-
ment, unbalanced form newbornsstudiesas1in
250.

Some more studies, though not as large as
described earlier, have conducted for cytogenetic
evaluation of newborninfants. Coneneta. (1970)
reported in a male survey of 1080 newborns, 4
abnormal cases, one with XYY, one with XXY,
one male with 45, XO constitution with no
evidence of a'Y chromosome or translocation
and one with +G chromosomal complement.
Cohenetal. (1975) inasurvey of 500 Jerusalem
newborn infants did not find any numerical
anomaly though six inherited structural rearrange-
ments (four inversions and two deletions) were
observed in the sample. Lin et a. (1976) has
reported from chromosomal analysis of 930
Canadian newborns with the help of Q-banding
technique the incidence of major chromosome
aberrationsto be 0.54 percent. The incidence of
XYY was0.4 percent and that of XXY 0.2 percent.
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One male was found to have translocation
involving chromosomes 10 and 21 and onefemale
waswith inversionin chromosome5.

It can be concluded from the various reports
that there is a wide range of distribution of
chromosomal aberrationsfrequency in different
populations. The main emphasis of the study is
to procure the incidence of chromosomal
aberrationsin human populations. Theetiological
reasonsare still unknown and precise knowledge
of the selectiveforcesalso not yet explored. The
selection for atrait may occur from zygotelevel
and therefore newborn surveys are more
important as correct (though not exact) incidence
could be ascertained. Further data could be more
informative if the spontaneous abortion surveys
areasoincluded in astudy. Still we cannot detect
chromosome aberrations in zygotes of a few
weeks age asonly those abortuses can be studied
which survive long enough to give rise to a
clinically recognizable size. There is no infor-
mation on conspectuses which are losing early
in pregnancy. The frequencies of common
chromosomal aberrationsreported from various
newborn surveys have been therefore regarded
asminimal estimates as they refer only to those
abnormalitieswhich aredetectablein mitotic cells
and which are compatible with a recognizable
pregnancy (Jacobs, 1972).

Further studiesof alarge number of newborns
and spontaneous abortion cases from different
populations would reveal more information on
etiological factorsand selectiveforcesoperating
on these chromosomal variations, especially with
the help of banding techniques.

Miller and Therman (2001) estimated inci-
dence of numerical and structural chromosome
abnormalitiesin spontaneous abortuses and still
birth and reported that almost half (47.9%) of all
spontaneous abortuses are chromosomally
abnormal with 9.8 percent polyploid (mostly
triploid) 8.6 percent 45, X, and 26.8 percent
trisomic for one or another chromosome and
added that virtually all trisomies have been seen
in abortuses. Nearly 6 percent of still births are
chromosomally abnormal, with 0.6 percent
polyploid, 0.25 percent 45, X and 38 percent
trisomic.

Videbech and Nielsen (1984) studied chromo-
some abnormalities and the season of birth and
they observed significant seasonal variation in
birth for maleswith Klinefelter’ssyndromeborn
before 1946, but not for those born later and not
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for any other sex chromosome abnormality.
Further, no significant monthly variations was
found for any autosomal abnormality, except a
significant increase in the frequency of concep-
tions for Down’s syndrome during the first 4
months of the year. Kallen and Masback (1988)
studied seasonality and parity effectsin Down’s
syndrome and observed that high observed/
expected values are January-March.

Nielsen et al. (1982) studied the etiological
aspects of chromosomal abnormalities in
newborn children and found no indication of any
environmental etiological factor for the different
chromosome abnormalities by recording the
residencearea, socia status, maternal occupation
and marital status. Parental social status is
evaluated from the status of the father and it is
interesting that fathers of boys with enlarged Y
chromosome, who also would be expected to
haveanenlarged Y chromosomethemselvesare
found more frequently among the lower social
classes (77 percent) compared with 59 percent
for parents of children with normal karyotypes;
however, statistically the differences are not
significant. The only significant increase in
maternal ageisfound for themothersof children
with aneuploid or unbalanced autosomal abnor-
malities.

Studiesare available on associations between
paternal and maternal age and trisomies. Early
studiesin birthsdemonstrated strong association
with increasing maternal age, but most studies
(Jenkins, 1933; Penrose, 1933; Sigler et d., 1965;
Milham and Gittlesohn, 1965), if not all (Mantel
and Stark, 1966; Lilienfield, 1969), detected no
independent contribution of advancing paternal
age. Nonetheless the hypothesis that paternal
age might also have an influenceisreviewed in
light of cytogenetic evidence suggesting that in
about one-fifth of trisomy 21 hirths the extra
chromosome is paternal (Wagenbichler et al.,
1976; Hanson and Mikkelsen, 1978; Mikkel sen,
et al., 1980; del Mazo et al., 1982; Juberg and
Mowrey, 1983); the proportion of paternally
derived cases is lower according to molecular
analysis (Chakravarti et al., 1989). Subsequent
research in both liveborns and foetuses diagnos-
ed prenatally has, with few exceptions (Stene
et a., 1977, 1981, 19873, b; Mastsunaga et al.,
1978; Erickson and Bjerkedal, 1981), continued
to find no association between advanced paternal
ageandtrisomy 21 (Cohenet a., 1977; Erickson,
1978, 1979; Regal et al., 1980; Hook et al., 1981,
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1990; Hook and Cross, 1982; Roecker and
Heuther, 1982; Ferguson-Smith and Yates, 1984,
Crossand Hook, 1987). Hatch et al. (1990) studied
paternal age and trisomy among spontaneous
abortions and concluded that neither on statis-
tical nor biological grounds do the data provide
compelling evidence of paternal age effectsonthe
trisomies found among spontaneous abortions,
or on chromosomally normal losses. Schwanitz
and Eggermann (1999) observed that despitethe
high frequency of trisomies, their aetiology
remains imperfectly understood and further
added that thereis consensus regarding a causa-
tive role of any of the many factors that have
been investigated with the single important
exception of maternal age.

Low oestriol concentrations are found in 7
percent of the mothers of the 93 children with
chromosome abnormalities, compared to 2.1
percent of the mothers of the 4,895 children with
normal karyotypes and the difference is
significant. Sterility problems in parents with a
balanced translocation or inversion arefound in
20 percent whichissignificantly higher than the
6 percent among parents of children with normal
karyotypes. Anincreased frequency of abortions
and neonatal death is found for the carriers of
autosomal reciprocal trand ocations. Thereisalso
an increased frequency of abortions in mothers
of boys with an enlarged Y. The frequency of
twin birthissignificantly higher anong boyswith
an enlarged Y. Oestrogengestagens given 2to 6
months before pregnancy aretaken by 15 percent
of the mothers of children with all types of
aneuploid chromosome abnormalities and by 20
percent of mothersof children with sex-chromo-
some abnormalities. These frequencies are
significantly higher than among mothers of
children with normal karyotypesand AB Rhesus
negative blood type is found to a significantly
higher degree in children with chromosome
abnormalitiescompared with childrenwith normal
karyotypes. This indicates the need for studies
of the association between non-disjunction, de
novo structural chromosome aberrations and
certain blood types.

Patil et al. (1977b) reported a chromosomal
study of 4342 seven-eight year old children and
observed an over al frequency of chromosome
abnormalities of 0.48 percent which islessthan
that found in newborn infant studies (0.62
percent). Twenty one chromosomally abnormal
children are ascertained. They observed lower
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frequency of autosomal trisomies, absence of
XXX girlsand thefrequency of XYY males. The
autosomal rearrangements are similar to that
found in newborn surveys [(a) Sex Chromo-
somes: males47, XYY (Three); 46, XY /47, XXY:
(one); 46, X inv (Y) (pl1gll): one; female
structural rearrangements: four; (b) Autosomal
trisomies: 47, XY +21: two; (c) Balanced reciprocal
translocations: three (d) Robertsonian trans-
locations: three and inversions: one].

Some reports are available on the incidence
of Down’ssyndromewheretheoveral incidence
at birth variesfrom 0.098 percent (Japan, 1970-
1993 by Kuroki et a., 1977) to 0.132 percent
(Sweden 1968-1970 by Linds6, 1970). Theother
studiesavailablearefromWesternAustralia(0.114
percent 1966-1975 by Mulcahy, 1979);
Copenhagen area (0.115 percent 1960-1971 by
Mikkelsen, et a., 1976); Manitoba (0.108 percent
1965-1968 by Uchidal, 970); British Columbia
(0.128 percent, 1952-1973 by Lowry et d., 1976);
Wallonia, South Belgium (0.123 percent, 1971-
1978 by Kouischer and Gillerot, 1980).

The frequency of 0.95 percent of standard
trisomy 21 isusually accepted (Mulcahy, 1979).
Thefrequency of translocationisabout 3 percent
(variesfrom 2.61 percent reported from Wallonia
to 6.2 percent observed in Copenhagen). Hook
and Hamerton (1977) tabulated newborn
chromosome studies and observed 72 Down's
syndrome patients (0.126 percent), inwhich only
(1.38 percent) is an unbalanced translocation
carier.

Kleczkowskaet al. (1988) reported 569 male
patients with X-chromosome polysomies out of
77,000 persons karyotypes in the Leuven
Cytogenetic Center between the years 1966 and
1987. They found classic 47, XXY karyotypesin
522 patients:. different variants of this 47, XXY
constitution i.e., mosaicism and/or autosomal
rearrangementsin 22 malesand in therest of the
25 patients they detected other types of X-
chromosome polysomy with cell-linesincluding
a 48, XXXY and/or 49, XXXXY chromosome
constitution. Based on nuclear sexing surveys
of newborn babies, theincidence of the47, XXY
karyotypeisfoundto be 1.01 per 1000 (Buckton,
1983). In the same surveys the incidence of 46,
XY 47, XXY mosaicismismuch higher (7 mosaics
witha47, XXY cdl lineversus43 maleswith the
classic 47, XXY karyotype in a total of 42602
male newborns) than has been found in the
Leuven study: 15 mosaic patients versus 522
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maleswith 47, XXY karyotypegivingaratioof 1
to 35 compared to the 1 to 6 ratio in the newborn
studies. The constitutional presence in the
human complement of an additional (“super-
numerary”) small chromosome, which is not
directly equivalent to any of the normal chromo-
some, has been reported (Soudek and Sroka,
1977; Steinbach et al ., 1983). Such an “ accessory”
chromosome of unknown originisreferredto as
amarker chromosome (mar) using the standar-
dised human chromosome nomenclature (Paris
Conference, 1971) and they comprise a mixed
collection of structurally rearranged chro-mosome
regions. Buckton et al. (1985) observed that Mar
Chromosomes are largely, but by no means
exclusively heterochromatic. Mar probands are
relatively rare in the general population with
prevalence of lessthan 1in 1000. They arefound
more frequently among various abnormal
individuals with a high prevalence rate of 3.27
per 1000 in patients in mental subnormality
hospitals.

1.1.3An Analysisof Chromosome Aberrations
in Human Sperms

A few reports on chromosomal analysis of
spermatozoafrom normal men areavailablewhich
show the frequency of chromosomal abnormal
spermsvaried among different studies (Rudak et
d., 1978; Martinet a., 1982, 1983, 1987; Brandriff
etd., 1984, 1985, 1988; Kamiguchi and Mikamo,
1986., Jenderny and Roehrborn, 1987; Martinand
Rademaker, 1990; Estop et al., 1991, 1995;
Pellestor, 1991; Rosenbusch et a ., 1991; Benet et
al., 1992; Jenderny et a., 1992; Benkhalifaetal.,
1994; Templadoet al., 1996). It hasbeen observed
that the frequency of structural abnormalitiesis
higher (varies from 6.2 to 13.0 percent) as
compared with numerical chromosome abnor-
malities (about 2 percent) except in the study of
Martin et al. (1983) where reverse relationship
has been observed i.e. higher aneuploidy rate
(5.2 percent) versus a lower rate of structural
chromosomal abnor-malities (3.3 percent). The
main types of structural chromosomal abnor-
malities in all studies are particularly chromo-
some-type breaksfollowed by chromosome-type
fragments. The most likely explanations for
different frequencies of numerical chromosome
abnormalities seem to be interring individual
variability among the different donors. Thediffe-
rent results between the frequencies of structural
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chromosome abnormalities in difference the
various investigations could be additionally
ascribed to the different scorings of chromosomal
abnormalities among the laboratories and
different culture conditions. In human sperm
metaphases reciprocal chromosome transloca-
tions, inversionsand small del etions are the most
important types of chromosomal aberrations.
These types may originate from induced chro-
matid or chromosome type aberrations in
spermatogonial stem cells, because they have
the chance of being transmitted to mature sperm
cells(Jenderny and Roehrborn, 1987). For review
on chromosome abnormalities on sperm see
Guttenbach et a. (1997).

1.1.4 Cytogenetic Abnormalities Detected by
Amniocentesis

Systematic studies of women at prenatal stage
provide the best relatively unbiased source of
data on the frequency of chromosomal abnor-
malities. A number of reports are available on
cytogenetic findings in prenatal diagnosis from a
large single center (Squire et a., 1982) and large
scaecollaborativestudies(Simoni et d., 1982; Hook
etd., 1984; Ferguson-Smith and Yates, 1984; Hook
and Cross, 1987a). These studieshavereported the
frequenciesof variouschromosomal abnormdlities
and their association with parental (materna and
paternal) age, and theanalysis of rates of inherited
and mutant structural abnor-mélities.

1. Cytogenetic Abnormalities: Schreinmachers
et al. (1982) have analyzed the results of 19675
prenatal cytogenetic diagnosis reported on
women aged 35 yearsor over inwhomthereisno
known cytogenetic risk of a chromosome
abnormality except parental age. It is observed
that the frequency of trisomies of sex chromo-
somes (XXX and XXY) is aimost identical
whereasthefrequency of XYY showsanincrease
in live births. They observed an increase in
maternal age-specific rates of 47, +21 cons-
pectuses. Thefrequencies of autosomal trisomies
shows a decrease in the live births as compared
to the fetuses studied prenatally. It appears
possible that spontaneous fetal death accounts
for the differences.

Ferguson-Smith and Yates (1984) have
analysed alarges scal e European study of 52965
prenatal cytogenetic diagnosis carried out at
multiple centers in Europe from 1970 to 1981
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which indicated that after increasing exponen-
tially from age 35 years the proportions of the
autosomal trisomies reached a peak at specific
age and then leveled off or declined in at the
upper end of the age range; whereas Hook et al.
(1984)2 analyzing North American dataon 56075
fetuses studied because of no known cyto-
genetic risk factor (aside from maternal age)
observed that for 47, +21 the data from amnio-
centesis studies provided no evidence for any
drop in the rate of change of proportion with
maternal ageupto49years. For 47, +18the data
from prenatal diagnosisare more consistent with
an exponential increase up to age 43 yearsand a
level proportion of rate® after that Table 3.

For 47, +13 no caseis observed above age 42
years, consistent with the drop in proportion of
affected above this age observed in European
series. Hook et al. (1984) emphasised the possible
effect of sampling fluctuation and reporting error
upon those apparent trends.

2. Structural Cytogenetic Abnormalities
Detected by Amniocentesis: Structural chromo-
some abnormalities while less frequent than
numerical abnormalities, still have animportant
effect upon human morbidity and mortality Table
4. Hook and Cross (1987a) reported data on
diagnosis made on amniotic fluid specimensfrom
1977 to 1984 which arereported to the New York
State Chromosome Registry. They observed rates
of mutant and inherited structural cytogenetic
abnormalitiesin about 63000 fetuses and found
that the rate of al de novo (presumed mutant)
abnormalitiesisabout 2 per 1000in about 61,000
fetusesinwhich resultsare unlikely to be biased
by the reason for amniocentesis (except from
maternal age). Thisincludes about 0.5 per 1000
de novo markers, about 0.5 per 1000 other de
novo unbalanced, and about 1.0 per 1000 de hovo
balanced rearrangements. In about 55,000
foetusesinwhich rates of inherited abnormalities
could be evaluated without apparent bias, the
rate of all inherited rearrangements was about
2.9 per 1000. This includes about 0.3 per 1000
inherited markers, about 0.2 per 1000 other
inherited unbal anced rearrangements and about
2.4 per 1000 inherited balanced abnormalities.
They observed a clear association of mutant
markerswith maternal age (37.6+ 2.7in24 cases
v. 35.8+ 3.6in controls) which was not exhibited
ininherited markers(35.8+2.0in 12 casesv. 36.4
* 2.8 in controls). Paternal age does not appear



HUMAN POPULATION CYTOGENETICS: A REVIEW

443

Table 3: Frequency of chromosome abnormalities in fetuses studied prenatally

Type of U.SA. European North Americans
abnormality Schreinemachers Ferguson-Smith Hook et al. (1984)
et al. (1982) and Yates (1984)
Sex Chromosomes
XXX 20(0.10) 65(0.12) -
XXY 25(0.13) 87(0.16) -
XYY 10(0.05) 18(0.03) -
Autosomal Trisomies
+21 179(0.91) 613(1.16) 473(0.84)
+18 49(0.25) 121(0.23) 120(0.21)
+13 12(0.06) 39(0.07) 32(0.06)
All Other 67(0.34) 257(0.49
Total Abnormalities 362(1.84) 1200 (2.26)
Total Fetuses 19672 52965 56075
Maternal Age Range 35-49 years 35-52 years 35-49 years

at Amniocentesis

to account for the association. Among abnor-
malities of known origin, the ratio of mutant of
inherited cases is for markers 64: 36; for other
unbalanced rearrangements 73: 27 and for all
balanced abnormalities 29: 71. In asub-group of
about 55,000 foetuses of 263 total abnormalities
there are 8 instances of apparent true somatic
mosaics (5 mutant and 3 of unknown origin).
There are also 20 instances of markersin which
presumptive somatic loss has resulted in
mosai cism (10 mutant, 6 of unknown originand 4
inherited) and 13 other instances of mosaicism
associ ated with apparent somatic loss (9 mutant,

3 of unknown origin and 1 inherited). The sex
ratio (Y tonon-Y karyotypes) for al abnormalities
detected is 228: 210 (1.09), not different from
controls. Only deletions (5: 14) and ‘other’
unbalanced rearrangements (5: 13) exhibited a
suggestive deviation from this trend. Among
foetuses studied because of maternal exposure
to putative mutagens there is a non-significant
excessof mutants (2.9-5.7) per 1000v. 1.7-2.2 per
1000) and a borderline significant excess of
inherited rearrangements(8.6-11.5 per 1000v. 2.6-
3.1 per 1000). The latter effect, if not due to
chance, may be de to effects on segregation.

Table 4: Comparison of frequencies of de novo and inherited structural abnormalities among those
studied with no known selective factor for any structural abnormality*

Structural Proportion  Proportion
abnormalities inherited mutant
Inherited among those among those
de Not of known of known
novo known  Maternal Paternal Total origin origin
Unbalanced
Robertsonian 3 2 1 0 6 0.25 0.75
Deletion 11 4 1 0 16 0.08 0.92
Derived aberration 0 0 2 2 4 1.00 0
Markers 21 6 8 4 39 0.36 0.64
Rings 2 2 0 0 4 0.00 1.00
Other 6 3 2 0 11 0.25 0.75
All (excluding markers) 22 11 6 2 41 0.27 0.73
All unbalanced 43 17 14 6 80 0.32 0.68
Balanced
Robertsonian 15 2 12 9 38 0.58 0.42
Inversions 7 83 23 28 61 0.88 0.42
Reciprocal 29 5 19 32 85 0.64 0.36
All balanced 51 10 54 69 184 0.71 0.29
All Robertsonian 18 4 13 9 44 0.55 0.45
All (excluding markers) 73 21 60 71 225 0.64 0.36
Total 94 27 68 75 264 0.60 0.40

*Includes only those detected in RFS groups G and H listed in Tables, a total of 54806 (after Hook and Cross 1987a)
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The comparison between the studies of
Ferguson-Smith and Yates (1984) and Hook and
Cross (1987a) for structural abnormalities show
that for all unbalanced Robertsonian trans-
locations there are 0.13 per 1000 cases in the
European seriescompared with 0.10 per 1000in
the New York series. For balanced Robertsonian
trand ocationstheratesare 0.76 per 1000in Europe
and about 0.73 per 1000 in New York. For extra
markerstherateis 0.5 per 1000 in the European
study compared with about 0.64 per 1000 in the
New York study (4 casesfor the New York series
are excluded as those are not ‘extra’). But for
non-marker non-Robertsonian unbalanced
rearrangements, the rate is 0.43 per 1000 in the
European series and 0.75 per 1000 in the New
York one and for non-Robertsonian balanced
rearrangements the rates are 1.76 per 1000 and
2.67 per 1000, respectively. Hook and Cross
(1987a) observed that the reasons for the
differencesin thelatter two comparisons are not
readily apparent but they do result in lower rates
of al unbalanced, all balanced and total abnor-
malitiesin the European series than in the New
York series. The comparisons are respectively
1.15per 1000v. 1.46 per 1000, 2.51 per 1000v. 3.39
per 1000 and 3.66 per 1000 V. 4.86 per 1000. There
is no ready explanation for these differences.
Hook and Cross (19874) further added that why
theNew York and European seriesfound roughly
equal rates of total Robertsonian rearrangements
but disparate rates of all non-Robertsonian
abnormalitiesremainsunexplained. The European
datado not allow inferences asto whether these
differences arein de novo of inherited groups.

3. Extra Structurally Abnormal Chromo-
somes (ESAC) Detected by Amniocentesis: Hook
and Cross (1987a) analyzed rates of extra
structurally abnormal chromosomes (ESAC)
which are detected in prenatal cytogenetic
diagnosis of amniotic fluid. These karyotypes
include both Extra Unidentified Structurally
Abnorma Chromosomes(EUSAC) often denoted
as"“makers’ and/or “Supernumerary” and Extra
I dentified Structurally Abnormal Chromosomes
(EISAC). They observed therate of all EUSACis
0.64/1.000 (0.32-0.40/2000 mutant and 0.23-0.32/
1000inherited), and that of dl EISACis0.11/2000
(0.07/1000 mutant and 0.04/1000 inherited). The
rateof all ESACis~0.8/1000(0.4-0.5/2000 mutant
and 0.3-0.4/1000 inherited). They reported the
mean maternal age of mutant cases 37.5 £ 2.9
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which is significantly greater than the value of
35.8yearsin controls. Since ESAC include hetero-
geneous group of abnormalities, the maternal age
and paternal agetrend, if not the result of statis-
tical fluctuation or undetected biases, may invol-
vedifferent typesof events. Intheliterature, itis
reported that chromosomes with de novo dupli-
cated inversion of 15p have strong maternal age
effect (but little paternal age effect). Such
chromosomes, however do not account for the
active maternal age trends seen in the study of
Hook and Cross (1987b). Inherited ESAC
exhibited no such trends.

Eggerman et a. (2002) observed that super-
numerary marker chromosomes (SMC) trans-
mission inheritance is amost equal from both
the parents.

1.2 Minor Variants in Human Chromosome
Complement

There has been a trend in human cyto-
geneticsto attribute the questionable anomalies
to any change seen in the morphology of any of
given chromosome. However, human chromo-
some complementsdo show variantswith normal
phenotype. These variants are seen quite fre-
quently and are maintained in the population
without precise knowledge of the selectiveforces
favouring them or not.

According the Paris Conference 1971, the
term ‘variant’ (whereasin supplement of the Paris
Conference (1975) theterm ‘ Heteromorphic’ has
been recommended to describethe chromosomes
with variable bands) is recommended for usein
situations where deviations from the norm of
chromosome morphology are observed. These
minor variations have been considered polymor-
phic on the basis of their high frequency in the
population with normal phenotype and inheri-
tance by most of them from one generation to
another. It is well known that the genomes of
higher eukaryotesaredivided into two functional -
ly different parts, eu- and hetero-chromatin.
Heterochromeatinisformed by tandemly organized
highly repeated sequences (satellite DNA) that
do not encode proteins. Larger amount of hetero-
chromatin are usually associated with the peri-
centromeric regions of chromosomes. The
function of satellite and heterochromatin in
general are not known.

A number of cytological techniques have
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been devel oped to demonstrate heterochromatic
regionsin chromosomes (for review see Bhasin
and Singh, 1978). The heterochromatic regions
arerecognised on most juxtacentromeric regions
either through several treatments or through
directly stained dides (Verma, 1988). Each techni-
gue reveals characteristic staining patterns, a
result that demonstrates constitutional differen-
cesin heterochromatin; that is, heteromorphisms
identified by onetechnique may not reveal similar
variants when another technique is used (Olson
etal., 1986). Thisimpliesthat theadjacent fraction
of heterochromatic segments may contain
cytochemically distinct chromatin and may stain
differently (Babu and Verma, 1987). The hetero-
morphisms of C-band regions of human chromo-
somes are evaluated by means of restriction
endonucleases Alu |, Ddel, Mbo |, Rsal. (Babu
eta., 1988).

Initiation of such type of studies has been
doneby Lubsand Ruddle (19703, b) who termed,
them as ‘quantitative karyotype' studies and
chromosomevariantswereidentified withthehelp
of conventional staining techniques (Orcein or
Giemsa). But with the devel opment of new band-
ing techniques which help in identifying each
and every chromosome of a set, some of the
variants not recognized with conventional stain-
ing procedures could be visualized, like with C-
banding procedure (Arrighi and Hsu, 1971). C-
band heterochromatic regions in each chromo-
some stain rather selectively and variants found
in secondary constriction regions, short arm and
satellites of acrocentric chromosomesand distal
part of chromosomes are highly polymorphic,
whereas Q-banding produces a new class of
polymorphic variants in terms of intensity and
length of brilliant fluorescent regions of chromo-
somes 3 and 4 (in the region adjacent to the
centromere on the short arm) and in the short
arm region of acrocentric chromosome. Various
techniques have been described to investigate
human chromosome polymorphismslike densito-
metric measurements (Erdtmann et al., 1981)
scanning electron microscopy (Harrison et al.,
1985) and flow cytometry (Trask et a., 1989a).

Thebiological significance of these variants,
or heteromorphisms, is still poorly understood.
Yet their use as genetic markers is a powerful
tool inclinical diagnosis(Verma, 1990; Kalz and
Schwanitz, 2004), paternity exclusion (Olson et
al., 1986) and popul ation genetics (Podugol nikova
and Korosteler, 1980; Erdtmann et al., 1981,

445

Ibraimov et d., 1982). In generd heteromorphisms
areindividually stable (Hoehn et d., 1977), have
alow mutation rate (Baliéek et a., 1978) follow
Mendelian inheritance (Mageniset al., 1977) and
provide proof of parentage and determination of
zygocity in sets of twins and triplets (Kalz and
Schwanitz, 2004). The heterochromatinishighly
complex and heterogeneous (Verma, 1988) and
consequently there is no necessary or direct
relationship among various types of chromo-
somal heteromorphisms.

Thus with these developments human
chromosome polymorphic variantscan be studied
inthreeformsasfollows:

1 Heteromorphisms shown by short-arm
regionsof D- and G- Group chromosomes.

2. Heteromorphismsshown by paracentriclong
arm regions of chromosomes 1, 9 and 16

3. Variationinthelength of theY chromosome.

1.2.1 Heteromorphisms Shown by Short Arm
Regionsof D- and G- Group Chromosomes

The first autosomal heteromorphisms to be
commonly recognized in the human karyotype
involved the short arm regions of the acrocentric
chromosomes*. Since 1961, it has been known
that the short arm of all five acrocentric chromo-
somes of both D-chromosomes and G-chromo-
somes groups are satellited and these regions
namely (i) satellite (ii) stalk and (iii) short arm
proper vary greatly in size and morphology in
theform of (i) enlargement of the short arm (ph+)
(i) absence of short arm (ph-) (iii) enlargement of
satellites (ps+) (iv) tandem satellites (pss+) and
(v) some very rare variants like (a) streak or
multiple satellitesand (b) split satellites (Soudek,
1973; Niikawaand K gjii ,1975; Hayataet al., 1977,
Vermaet al., 1977b; Schnedl, 1978; Mikelsaar and
I1lus, 1979b; Verma and Dosik, 1979; Wachtler
and Musil, 1980). Short armsof acrocentricsare
heterochromatic, and therefore, extensivevaria-
tions are possible, usually without any detri-
mental effect (Soudek, 1973).

The short arms of al acrocentric chromo-
somes are composed of three bands: p 11, p 12
and p 13 (ISCN, 1995). The p11 band contains
several types of tandemly repeated DNA,
including proximal satellitesl, I1, 111, 1V and distal
beta-satellite (Jones et al., 1973, 1974; Gosden
etd., 1975; Waye and Willard, 1989; Greig and
Willard, 1992; Taggaro et ., 1994a, b). Thepl2
band contains multiple copies of ribosomal RNA
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genes (Evans et a., 19744) and the p13 band
includes proximal beta-satellite DNA (Greigand
Willard, 1992) and terminal telomeric sequences
(Moyzisetd., 1988). The centromereband p10is
made of alpha-satellite tandem repeat DNA of
171- bp (Vissel and Choo, 1987; Wayeand Willard,
1987). The beta-satellite is made up of 68-bp
repeat units (Waye and Willard, 1989). Satellitel
isAT-rich and made up of 17- and 25-bp repeat
units (Prosser et a., 1986). Satellites Il and 111
(classical) are made up of 5-bp repeat units
(Prosser et dl., 1986).

The heritability of these chromosome vari-
ants has been established by documenting their
transmission in simple Mendelian expectations
through successive generations (Geraedts and
Pearson, 1974; Robinson et .., 1976; Vermaand
Lubs, 1976b) and by observing that concordance
among monozygotic twins was greater than
among dizygotic twins (Van Dykeet al., 1977).

Studieson thevariation in thelength and the
morphology of the short arm and satelliteregions
of acrocentric chromosomes have been reported
extensively (Starkman and Shaw, 1967; Battaglia
etal., 1971; Lubsand Ruddle, 1971; Zankl and
Zang, 1971; Mikelsaar et a., 1973; Rary and
Borgaonkar, 1973; Ferguson-Smith, 1974;
Bochkov et al., 1974; Cohen et a., 1975; Ghosh
and Singh, 1975; Ghosh et ., 1975; Hamerton et
al., 1975; Nielsen and Sillesen, 1975; Wal zer and
Gerdd, 1977; Funderburk et d., 1978; Kenue, 1979;
Buckton et al., 1980; Sofuni et al ., 1980).

1. Enlargement of Short Arm Regions. Lau
et al. (1979) reported the enlargement of the
chromosome 14 short arm making it nearly as
long as the long arm, giving the chromosome a
submetacentric to metacentric appearance. Inthe
D-group chromosomes, higher frequency of
enlargement of short arm and satelliteregionsin
chromosome 15 than in chromosomes 13 and 14
has been reported (Ferguson-Smith, 1974;
Nielsen et a., 1974¢e; Stoll et al., 1974; Tipton,
1974; Sofuni et a., 1976; Tharapel and Summit,
1978; Kenue, 1979) and in G-group, chromosomes
21 and 22 show almost the same frequency for
thischaracter. Vermaet a. (1977a) using acridine
orange reverse banding (RFG) observed more
large size levelsin G-group chromosome short
arm regions as compared to D-group chromo-
somes But no sex difference for the frequencies
of size variation of the short arms has been
observed by them.
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2. Number and Size of Satellites: It hasbeen
known that the number and size of the satellites
of the acrocentric chromosomes are constant
fromcdll tocell inanindividua, but vary markedly
betweenindividuals(Miller et a., 1962; Ford and
Wollam, 1967; Leisti, 1971). In the twin study,
high concordance is observed which confirms
theseresults (Engmann, 1967). Inahighly inbred
Amish community, Bahr and Golomb (1971)
observed giant satellites in ten percent of the
individuals and attributed their inheritance to a
common ancestor. But Chiyo et al. (1975) and
Nakagome et al. (1977) reported huge satellites
in the offspring but not in either of the parents
and paternity hasto be established with the help
of other genetic traits.

A number of cases of double satellites have
beenreported intheliterature (Jacobset al. 1964,
Hamerton et al., 1965; L uciani, 1968; Bauchinger
and Schmid, 1970; Lubsand Ruddle, 1971; Rocchi
etal., 1971; Gigliani eta., 1972; Yoder et d., 1974;
Henderson and Atwood, 1976; Stoll et al., 1976;
Archidiaconoetal., 1977; DeCopoaet al., 1978;
Miller etal., 1978; Martinet a., 1979; Balitek and
eieka, 1980) and the origin of thedouble satellites
is mostly attributed to translocation of satellite
regions between two acrocentric chromosomes
(Bauchinger and Schmid, 1970; Rocchi et al.,
1971; Gigliani et al., 1972). Ray Chaudhuri et al.
(1968) reported quadripartite satellites in the
acrocentric chromosomes of both D- and G-
groups.

Enlarged short arm and satellite regions of
acrocentic chromosomes have been reported in
anumber of familial cases(Ellisand Penrose, 1961;
Patau et a., 1961; Cooper and Hirschorn, 1962;
Kallenand Levan, 1962; Chandraand Hungerford,
1963; Dekaban, et al., 1963; delaChapelleet d.,
1963a; Reitalu, 1964; Summit and Patau, 1964;
Woly et al., 1964; Wolf et a., 1966; Luciani etdl.,
1968; Ray-Chaudhuri et d., 1968; Subrtetd., 1968;
Sands, 1969; Yunibhand, 1969; Hossfeld et al.,
1970; Markovic et al., 1970; Bauchinger and
Schmid, 1970; Bannerman et al ., 1971; Rocchi et
a., 1971; Vormittag et a ., 1972). Inamgjority of
the above studies it has been observed that the
variant is familial and normal carriers are
observed. Normal individuals carrying both
maternal and paternal variants have also been
reported (Wolf et al. 1966; Hirschorn and Cohen,
1969). Someof thesefamilial caseswith enlarged
short arm and satellite regions of acrocentric
chromosomes, associated with clinical conditions
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such as Marfan’s syndrome (Tjio et al., 1960;
Kallen and Levan, 1962), Down’'s syndrome
(Dekaban et d., 1963; Subrt et al., 1968; Markovic
et a., 1970), partial trisomy syndromes (Patau,
1961) and other malformations (Ellisand Penrose,
1961; Wolf et al., 1966; Summitt and Patau, 1964)
have been reported.

In general, clinically abnormal populations
have shown positive aswell asnegative associa-
tions with enlargement of short arm regions.
Various studies have reported anincrease in the
short arm and/or satellite regions in Down's
syndrome cases(Dekaban et ., 1963; Therkelsen,
1964; Edgren et al., 1966; Starkman and Shaw,
1967; Subrt, 1970; Hamerton, 1971; Bott et al.,
1975; Mikelsaar et al., 1975; Robinson and
Newton, 1977). In contrast to the above findings
Sands (1969) and Giraud et a. (1975) have not
found such an association in individuals with
trisomy 21 and parents of Down’'s syndrome
cases, respectively. The presence of prominent
G-group satellite variantsisassociated with low
birth weight and malformations (Lubs and
Ruddle, 1971). Higher frequencies of satellite
variants have been observed in child psychiatric
populations (Crandall et al., 1972; Christensen
andNielsen, 1974; Say et ., 1977; Funderburk et
al., 1978), adults with reproductive failures
(Rosenmann et al., 1977; Tsenghi et a., 1976) and
inchildren referred for cytogenetic examination
(Krag-Odlen et al., 1980) when compared with
normal population. In a study of spontaneous
abortions, Holbek et al. (1974) reported statisti-
cally significant difference for the ph+ and s+
variants which are more frequent in the parents
of clinically abnormal and normal abortuses.
Mikelsaar et al. (1975) have a so reported ahigh
frequency of prominently fluorescent satellites
of the acrocentric chromosomesin oligophrenics
rather than in controls. There are other reports
which show no correlation of these variantswith
increased risk (Nielsen et al., 1974e), develop-
mental defects (Funderburk et al., 1978) or IQ
scores (Funderburk et al., 1979).

3. Deletion in Short Arm Regions. Deletions
in short arm of D- and G- group chromosomes
have been reported in alarge number of familial
cases (Shaw, 1962; Migeon, 1965; Abbot, 1966;
Neu et al., 1966; Pfeiffer, 1966; Subrt and
Brychnac, 1966; I1to and Makino, 1966; Jagiello
and Faiman, 1967; Emerit et al., 1968, 1972;
Mikelsaar, 1969; Parker et al., 1969; Yoshidaand
Honda, 1969; de Grouchy, 1970; Juberg and Jones,
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1970; Kelch et a., 1971; Amarose et a., 1980).
Various population survey have revealed its
frequency to bevery low (Lubsand Ruddle, 1971;
Mikelsaar etd., 1973, 1975; Rary and Borgaonkar,
1973; Bochkov €t al., 1974; Cohen et al., 1975;
Hamertonet a., 1975; Walzer and Gerald, 1977,
Kenue, 1979; Buckton et al., 1980).

It has been observed that the frequency of
the short arm del etion of chromosomes 13ismore
than that of chromosome 14 and 15 (Ferguson-
Smith, 1974; Nielsen et al., 1974a; Sofuni et al .,
1976). Theassociation between chronic lympho-
cyteleukaemiaand the so called Phtchromosome,
ashort arm G-group deletion originally postul ated
by Gunz et al. (1962) has not been supported by
other studies (Court Borwn, 1964; Gunz and
Fitzernald, 1964). Warren and Remoin (1970)
associated Gp- with two different pathological
conditions. Nielsen et a. (1974a) observed neither
significant difference between institutionalised
and normal population nor increasesin abortion
or non-digunction interms of short-arm deletion
frequency of acrocentric chromosomes. G ph-
chromosomes have also been reported in asso-
ciaionwithfamiliesof Down’'ssyndrome children
(Shaw, 1962; de Grouchy, 1970; Jacobset d., 1978;
Mayer et al., 1978), but no conclusive results
could be gathered to establish whether G ph-
chromosome is causal to Down’s syndrome
(Mayer et al., 1978). Ballantyne et al. (1977)
suggested that G ph- may predisposeto devel op-
mental anomalies and nondisjunction or both.
Ballestaand Serra(1976) could not associate any
anomaly with any variant in particular. It may be
evaluated from the foregoing discussion that the
association of pathological conditions with size
and morphology of the short arm region of the
acrocentric chromosomes is not direct. Further
research work isneeded to find more about such
association.

A number of studies are available in which
variationsin thefrequency distribution have been
observed for the short arm regions of acrocentric
chromosomes. The results of D- and G- group
chromosomes of various populations reported
intheliteratureare presentedin Table 5 combining
the frequenciesfor the enlargement of short arm
and satellites (ph+, ps+ or psst).

The highest frequency for the incidence of
the enlargement of short arm regions (ph+, ps+
or pss+) of D- group acrocentric chromosomes
has been observed among the Negro newborns
(26.63 percent) as reported by Lubsand Ruddle
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(1971). Among the Europeans the frequency for
this character has been observed from nil in
Edinburgh newborns (Buckton et al., 1980) to
16.70 percent in American newborns (Lubs and
Ruddle, 1970b), whereas among the Jerusalem
newborns (Middle East) the frequency of 3.20
percent has been observed asreported by Cohen
et al. (1975). Among the Uzbeks of the Asiatic
part of the USSR the frequency of 4.40 percent
has been observed by Kuleshov et a. (1975).
From India, high frequency for the incidence of
this character has been observed which varies
from 7.00 percent in Indian normal adults (Ghosh
et al., 1975) to 15.50 percent Jat normal males
(Kenue, 1979). In the newborns of Delhi study,
the incidence of the enlargement of D-group
acrocentric chromosomes has been observed as
10.43 percentinmalesand 7.89 percent infemales
(Bhasinetd., 1981).

The frequency distribution for the enlarge-
ment of the short-arm region of G-group varies
from 0.08 percent (Edinburgh newborns by
Buckton et al., 1980) to 8.65 percent (Estonians,
Mikelssar et ., 1975) among Europeans, whereas
among Jerusalem newbornstheincidenceis 1.40
percent. Among the Negro newborns (Lubs and
Ruddle, 1971) the highest frequency i.e., 10.04
percent is observed as also the enlargement of
the short-arm regions of D-group chromosomes.
Among the Uzbeksof the USSR, theincidenceis
1.20 percent. From India, inincidencefor thishas
been observed to be highest among Jat normal
males (11.50 percent). In the newborns of Delhi
study, the incidence of the enlargement of the
short-arm region of G-group acrocentric
chromosomesis 3.04 percent in males and 2.63
percent infemales, whichisquitelow (Bhasin et
al., 1981). However, theincidenceisamost smilar
to a few European population groups studied
namely German newborns studied by Zankl and
Zang (1971) and Italian normal subjectsreported
by Battaglisetal. (1971).

Ethnic variationintheincidenceof theenlarge-
ment of the short arm or satellite of acrocentric
chromosomes has al so been reported by several
authors (Starkman and Shaw, 1967; Lubs and
Ruddle, 1971; Muller and Klinger, 1975; Funderburk
eta.1978).

Theincidence of the short arm deletion of D-
and G-group acrocentric chromosomesis found
tobevery low invarious populationsaslisted in
Table 6. Among European popul ation groupsthe
frequency in the short arm deletion of D-group

M. K. BHASIN

chromosomes varies from 0.10 percent (Boston
newborns by Walzer and Gerald, 1977) to 0.96
percent (Estonians by Mikelsaar et al., 1975). It
has been observed to be absent among the
Jerusalem newborns and among the Negro
population groups. Among the Asiatics the
incidence for the short arm deletion of D-group
chromosomes ranges from 1.25 percent in Jat
normal malesto 2.11 percent for Delhi newborn
females. It may be observed that Asiatic
population groups show a high frequency for
the incidence of the short arm deletion of D-
group chromosomes as compared to other
population groups reported in the literature.

Among Europeans, theincidence of short arm
deletion of G-group chromosomesvariesfroma
total absence to 0.48 percent (Estonians).
Jerusalem newbornsfrom Middle East show the
incidence to be 0.20 percent. Among Negro
newborns deletion of the short-arm has been
observed. From India, the incidence of this
character has been observed as being 0.75
percent among Jat normal males, whereasin the
newborns of Delhi study it is absent. It may be
eva uated from the foregoing discussion that the
trait in question isvery rarein occurrence and a
small deviation may lead to marked fluctuations
in the frequency.

German et al. (1966) suggested that small
chromosomal variations in structure are trans-
mitted in phenotypically normal individuals in
the general population and constitute the chro-
mosomal structural load: when the relatively
infrequent but inevitable genetic imbalance of
an embryo occurs as a consequence of such a
chromosome polymorphism, it may cause
embryonic maldevel opment. Similarly, increased
susceptibility to nondisjunction in women
carrying aG ph- chromosome has been suggest-
ed but has not been confirmed statistically
(Bdlantyne et al. 1977). Further Jacobs et .
(1978) suggested an associ ation between the Gp-
chromosome and families of Down’s syndrome
children, whereas Mayer et a. (1978) did not
observe conclusive results to establish whether
Gp- iscausal to Down’s syndrome.

Henderson et al. (1972, 1976) have shown
that highly polymorphic polycistronic geneslike
18S and 28S RNA are located on the short-arm
regionsof acrocentric chromosomes. Therefore,
heteromorphisms observed in these regions may
not essentially be of neutral selective value, and
some of the reports suggesting positive associa-
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tionswith clinical anomalies could betheresults
of fluctuationsin these regions beyond thelimits
of tolerance.

Schnedl et al. (1975) reported that chromo-
some 15 short armregionsarerichin A-T partsin
comparison to other D- and G- group chromo-
somes and show high variability. Wachter and
Musil (1980) reported in short arm of chromo-
some 15 up to six regionsto be highly polymor-
phic, apparently independent of each other.

Hills et al. (1991) reported that unusual
acrocentric variants may be investigated using
Ag-NOR staining and in situ hybridization of
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chromosomes from the proband and the
probands parents is necessary.

Reddy and Sulcova (1998) analysed three
polymorphic regions in acrocentrics that have
been translocated to different chromosomes.
These mutations are explained with the existence
of homologous sequences in the break-points.
Two children show malformations, and third is
sterile. In each of the cases, clinical importance
isderived from the heterochromatin.

As awhole, it can be inferred that hetero-
morphisms of short-arm regions of D- and G-
group chromosomes, persist in populations

Table 5: Incidence in the enlargement of the short arm and/or satellite regions (ph+ps+or pss+) of D-
and G-group acrocentric chromosome in various populations

Population Number of Enlargement of shortarm or satellites
individuals (ph + and ps + or pss +) Authors
D-Group G-Group
No. Percent No. Percent
EUROPEAN
Denmark
Danish Newborns 5049 17 0.34 20 0.04 Friedrich and Nielsen (1973)
Danish Newborns 11148 34 0.30 47 0.42 Nielsen and Sillesen (1975)
United Kingdom
Scots 2291 55 2.40 37 1.70 Ferguson-Smith (1974)
Edinburgh Newborns 1320 0 0.00 1 0.08 Buckton et a. (1980)
Fife Newborns 2073 3 0.11 4 0.15 Buckton et a. (1980)
West Germany
German Newborns 280 19 6.80 8 2.90 Zankl and Zang (1971)
Italy
Italian Normal Subjects 298 12 4.02 9 3.02 Battaglia et al. (1971)
United States of America
American Newborns 2444 417 16.70 146 6.00 Lubs and Ruddle (1970)
(New Haven)
Caucasian Newborns 3476 562 16.16 179 5.16 Lubs and Ruddle (1971)
Normal Institutionalised 4635 247 5.02 212 4.58 Rary and Borgaonkar (1973)
Boston Newborns 13751 51 0.37 51 0.37 Walzer and Gerald (1977)
Canada
Canadian Neonates 6929 18 0.026 27 0.40 Hamerton et al. (1972)
Canadian 13939 40 0.29 78 0.56 Hamerton et al. (1975)
U.S.S.R.
Moscow Newborns 2500 11 0.44 9 0.36 Bochkov et al. (1974)
Estonians 203 28 11.46 10 8.65 Mikelsaar et al. (1975)
MIDDLE EAST
| srael
Jerusalem Newborns 500 16 3.20 7 1.40 Cohen et al., (1975)
NEGRO
Negro Newborns (U.S.A.) 807 215 26.63 81 10.04 Lubs and Ruddle (1971)
ASIATIC
Asiatic Part of USSR
Uzbeks 250 11 4.40 3 1.20 Kuleshov et al. (1975)
India
Rajput Norma Males 100 9 9.00 5 5.00 Ghosh and Singh (1975)
Punjabi Norma Males 100 10 10.00 6 6.00 Ghosh and Singh (1975)
Indian Normal Adults 100 7 7.00 6 6.00 Ghosh and Singh (1975)
Jat Normal Males 400 62 15.50 46 11.50 Kenue (1979)
Delhi Male Newborns 230 24 10.43 7 3.04 Bhasin et al. (1981)
Delhi Female Newborns 190 15 7.89 5 2.63 Bhasin et al. (1981)
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Table 6: Incidence of deletions in the short arm (ph-) of D-G-group acrocentric chromosomes in various
populations
Population Number of Short arm deletion of acrocentric
individuals chromosomes Authors
D-Group G-Group
No. Percent No. Percent

EUROPEAN
Denmark

Danish Newborns 5049 2 0.04 2 0.04 Friedrich and Nielsen (1973)

Danish Newborns 11148 6 0.05 2 0.02 Nielsen and Sillesen (1975)
United Kingdom

Scots 2486 7 0.28 1 0.04 Ferguson-Smith (1974)

Edinburgh Newborns 1320 1 0.08 0 0.00 Buckton et al. (1980)

Fife Newborns 2673 1 0.04 0 0.00 Buckton et al. (1980)
United States of America

Causasian Newborns 3476 2 0.06 0 0.00 Lubs and Ruddle (1971)

Normal and Institutionalized

Children, Maryland 4735 21 0.45 2 0.04 Rary and Borgaonkar (1973)

Boston Newborn Males 13751 13 0.10 0 0.00 Walzer and Gerald (1977)
Canada

Canadian Neonates 6929 4 0.06 0 0.00 Hamerton et al. (1972)

Canadian (Winnipeg) 13939 9 0.06 4 0.03 Hamerton et al. (1975)
U.S.S.R.

Moscow Newborns 2500 1 0.04 0 0.00 Bochkov et al. (1974)

Estonians 208 2 0.96 1 0.48 Mikelsaar et al. (1975)
MIDDLE EAST
| srael

Jerusalem Newborns 500 0 0.00 1 0.20 Cohen et a. (1975)
NEGRO

Negro Newborns 807 0 0.00 0 0.00 Lubs and Ruddle (1971)

(New Haven, USA)

ASIATIC
India

Jat Normal Males 400 5 1.25 3 0.75 Kenue (1979)

Delhi Male Newborns 230 3 1.30 0 0.00 Bhasin et al. (1981)

Delhi Female Newborns 190 4 2.11 0 0.00 Bhasin et a. (1981)

usually without any detrimental effect. Sincetheir
mode of inheritance is in simple Mendelian
fashion, the frequencies of their occurrence in
different population groups are preserved and
vary considerably among them as population
variation.

1.2.2 Heteromor phisms Shown by
Paracentromeric Long Arm Regions of
Chromosomes 1, 9 and 16

The secondary constrictions at sites other
than the short arms of acrocentric chromosomes,
namely the paracentric constrictionsin the long
arms of chromosomes 1, 9 and 16 show high
variation both in size and position (Ferguson-
Smithetal., 1962). These heteromorphismshave
been well demonstrated by C-banding (Arrighi
and Hsu, 1971) and other various cytochemical
staining techniques (Evanset al., 1971; Bobrow
et a., 1972; Gagfie and Laberge, 1972; Craig-

Holmeset al., 1973, 1975; Galloway and Evans,
1975; Angell and Jacobs, 1975; Patil and L ubs,
1977b; Balitek et al., 1977; Schweizer et dl., 1978;
Magenis et al., 1978; Mikelsaar et al., 1978;
Sigmund and Schwarz, 1979; Starkeet a., 2002).
Paracentromeric heteromorphic regions represent
congtitutive heterochromatin (Brown, 1966) and
are composed of different classes of highly
repetitive DNA. Despite uniform chromosomal
|ocations (centromere) and staining properly (C-
banding) the DNA contents in C-band regions
of nonhomologues may be quite dissimilar
(Jones, 1973; Gosden et ., 1975).

Vermaet al. (1984) demonstrated by a high
resolution banding technique that the secondary
constriction region (h) of human chromosomes
1, 9 and 16 is not only heterochromatic (dark
staining) but euchromatic (light staining) aswell,
which suggeststhe presence of different satellite
DNAs in these regions.

The great interindividual variability of
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centromeric heterochromatin is well known
(Craig-Holmesand Shaw, 1971). Different views
are available to explain the length variations
detected in C-band regions. Donahueet al. (1968)
and Sands (1969) suggested that increase in
length of paracentromeric long-arm regions is
attained by the uncoiling and elongation of
heterochromatic regions. On the other hand, C-
and G-banding techniques indicate that
elongation of the heterochromatic regions might
be due to partial duplication of the hetero-
chromatic segment itself (Hol zer and Rosenkranz,
1972; Lobitset a., 1972). A variety of molecular
and cytogenetic evidence supports the hypo-
thesisthat heteromorphismsresult from unequal
double strand exchange during mitotic DNAs
replication (Kurnit, 1979).

Numerous studies have demonstrated that
C-band heteromorphisms are stable from cell to
cell and are transmitted from generation to
generationinasimple Mendelian fashion (Leisti,
1971; Craig-Holmeset d., 1973; Fitzgerad, 1973;
delaChapelle et al., 1974; Madan and Bobrow,
1974; Nielsenet d., 1974b, ¢, d; Craig-Holmeset
al., 1975; McKenzieand L ubs, 1975; Sekhon and
Sly, 1975; Carnevaleet al., 1976; Halbrecht and
Shabtai, 1976; Robinson et al., 1976; Mageniset
al., 1977; Phillips, 1977, 1980; Bditek et al.., 1978;
Mayer et al., 1978; Madan and Bruinsma, 1979)
except in some very rare events where one gets
unegual crossing over, ultimately affecting the
usual transmission (Ferguson-Smith, 1974). By
observing absolute concordancein twin data for
these heteromorphisms, linumaet a. (1973) and
Van Dykeet al. (1977) confirmed the heritability.
However, Viegas and Salzano (1978) did not
observe absolute concordance in their study of
monozygotic twins. Preferential segregation of
C-band heteromorphisms has al so been reported
in some studies (Dar and Winter, 1969; Pamer
and Schroeder, 1971; Fitzgerald, 1973; Palmer et
al., 1974; Carnivale et a., 1976). Reciprocal
heritable alterations of 1 gh heterochromatin in
fibroblast surviving mitomycin-C treatment is
reported by Hoehn and Martin (1972, 1973),
whereas Hoehn et al. (1977) reported somatic
stahility of C-band heteromorphisms.

Wegner and Pawlowitzki (1981) have used
inverted, oblique illumination to study C-bands
of human chromosomes 1 and 9 (Wahedi and
Pawlowitzki, 1987) and the advantage of Ce-
bandsin quantitative studiesisthat itisno longer
necessary to rely an length measurements due
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to problems in these have often been pointed
out (Benyush et a., 1977; Mason et al., 1978;
Podugolnikovaet al., 19794, b, c).

The heteromorphisms in size and inversion
of C-band have been reported among various
population groups, where a wide range of
variation has been observed in their frequency
distribution.

Polymorphisms of C-bands are used for
segregation analysis (Craig-Holmeset a., 1975),
for gene mapping (Chaganti et al., 1975;
Ferguson-Smith et al., 1975), for detection of
inversions (Mayer et a., 1978) and dicentric
translocations (Daniel, 1979). Other applications
are paternity testing (Mdller et al., 1975) and
determination of zygosity intwins (Van Dyke et
a., 1977; Viégasand Salzano, 1978).

1. Size Heteromorphisms: The methodical
problem of size heteromorphismsis the quanti-
fication of polymorphisms. Attemptsto solvethe
technical problems of length measurements
(Benyush et al., 1977) and variable contraction
of heterochromatic regionsare made (Balitek et
al., 1977; Schmiady and Sperling, 1976).

Inaddition, avariety of proceduresfor quanti-
fication of C-band polymorphismsare described
as it is evident from the literature that various
authors have utilised different scoring methods
to study the heteromorphisms demonstrated by
C-band constitutive heterochromatin at paracen-
tromeric secondary constriction regions of
chromosom 1, 9and 16. Initially, Craig-Holmeset
al. (1973, 1975), McKenzieand Lubs (1975) and
others attempted to classify these hetero-
morphisms as discrete classes by the visual
arbitrary scoring methods and further classified
them into three size categoriesviz., normal (N),
large(+) and small (). MUller et al. (1975) selected
21q as the internal standard within the cell for
reference, whereas Lubs et a. (1977a) and Patil
and Lubs (1977b) chose the short arm of
chromosome 16, which had been proved to be
less variable than other chromosomal segments
in the complement (Ledley et al., 1972; Lubs et
al., 1975) asastandard reference within the cell
and classified these into five size levels®. These
are not discrete levels, but they represent class
categorization of the continuous variations to
facilitate interpretation of the distribution of
different C-band sizes as described by Patil and
Lubs(1977b). Baicek et al. (1977, 1978) however,
recommended direct linear measurements on
uniformly enlarged C-stained regionsof chromo-
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somes and have showed familial transmissionto
the C-band size heteromorphisms. Schmiaday
and Sperling (1976) havereported alocyclic beha
viour of C-band constitutive heterochromatinin
man, which indicates that the linear measure-
ment methodshaveyet to beverified for reliability
and consistent results. With a further intra-
cellular standard (Ig-h) different mathematical
approaches were introduced to correct the vari-
able contraction in the heterochromatic region
(Balitek et al., 1977; Friedrich and Therkel sen,
1982).

Different investigators have used different
criteria for scoring heteromorphisms in their
respective study and due to that reason it is not
possible to compare these results. This makesit
difficult to differentiate between the relative
contributions of populational or technical
factors.

The studies reported among various popu-
lation groups are compiled for the size and
inversion C-band heteromorphisms, and are
listed in Table 7. The incidence of 1 gh+ among
Europeans ranges from total absence in
Caucasians of Colarado (Vermaet al., 1978a) to
8.10 percent (newborns of New York; Mller et
al., 1975). Among Negro population groups it
variesfromnil (American Blacksby Vermaet a.
1981b) to 6.18 percent (Black 7 and 8 year old
children by Lubs et a., 1977b). Among Indian
population groups the frequencies are found to
be between nil (Delhi female newbornsby Bhasin
et a., 1981) and 10.00 percent (Indian normal
individual by Ghosh and Singh, 1976).

For 1gh-, the incidence varies from nil
(Estonian females by Kivi and Mikkelsar, 1980)
to 14.28 percent (Caucasians of Texasby Craig-
Holmes, 1977). Among the Negro population
groupsit rangesfrom 2.58 percent (Black 7 and 8
year old children by Lubs et al., 1977) to 10.00
percent (American Blacksby Vermaet d., 1981b).
Among theAsiatic groupsthefrequency for 1gh-
varies from complete absence among female
newbornsof Delhi (Bhasin et al., 1981) to 24.00
percent (Orientals by Park and Antley, 1974).
Among male newborns of Delhi (Bhasin et al.
1981) theincidence of 1gh-is2.50 percent which
issimilar to that of Edinburgh children studied
by Buckton et al. (1976).

Among Europeans, the frequency of partial
inversionin the C-band region of chromosome 1
ranges from total absence in many populations

M. K. BHASIN

to 1.00 percent (Colarado Caucasians by Verma
etal., 1978a). Among Negro popul ation groupsit
variesfrom 0.03 percent (Black newbornsand 7
and 8 year old children by Lubset al., 1977b) to
17.50 percent (American Blacksby Vermaet al.,
1981b). Among Asiatic groups, the range of
frequency varies from 0 (normal individuals of
India by Ghosh and Singh, 1976; Orientals by
Park and Antley, 1974) to 11.00 percent among
malenewbornsof Delhi (Bhasinetd., 1981) which
isarelatively high frequency. A similar frequency
has been observed among Jat normal males
(Kenue, 1979) and Colarado Caucasians (Verma
etal. 1978a).

Complete inversion of the C-band region of
chromosome 1 has been observed only among
Estonians of Europe and male newborns of Delhi
(Bhasin et a., 1981) with the frequency range
between 0.20 percent (Estonian normal adultsby
Taur et al., 1974) and 3.80 percent (Estonian
femalesby Kivi and Mikelsaar, 1980). Thereare
reportswhereindividual familial casesof complete
inversion of chromosome 1 C-band region have
been cited (Nanceand Engel, 1967; Bhasinet al .,
1973; Jacobset d., 1974a; Leeet d., 1974; Howard-
Peebles, 1978)

Among Europeans, frequency of 9gh+ varies
from compl ete absence among White newborns
and Black 7 and 8 year old children (Lubset al.,
1977b), Colarado Caucasians (Vermaet d., 1978q)
and Estonian females (Kivi and Mikel saar, 1980)
to 12.90 percent (Greek normal individuals by
Metaxotou et al ., 1978). Among Negro population
groups it varies between nil (American Blacks
by Vermaet al., 1981b) and 5.15 percent (Black 7
and 8 year old children by Lubs et al., 1977b).
Among Asiatic population groups the range
varies from total absence among both the sexes
of newbornsof Delhi (Bhasinet ., 1981) to 8.30
percent among Indian normal individuals (Ghosh
and Singh, 1976). Thefrequency distribution for
the incidence of 9gh- among Europeans varies
from nil (White newbornsand Black 7 and 8 year
old children by Lubs et al., 1977 and Estonian
females by Kivi and Mikelsaar, 1980) to 24.40
percent among Colarado Caucasians (Verma et
al., 1978a). Among Negro population groups it
rangesfrom 1.55 percent (Black 7 and 8 year old
childrenby Lubset a., 1977b) to 13.75 percent.
Among Asiatic population groupsit variesfrom
nil among both the sexes of the newborns of
Delhi (Bhasin et a., 1981) to 9.70 percent (Jat
normal malesby Kenue, 1979).
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Among Europeans, the frequency of com-
plete inversion in the C-band region of chromo-
some 9 varies from nil (Barras populations by
Buckton et al., 1976; Colarado Caucasians by
Vermaet al., 1978a and Winnipeg newborns by
Wang and Hamerton, 1979) to 6.30 percent
(Estonian femalesby Kivi and Mikelsaar, 1980).
For Negro population groups the range is
between 0.56 percent (Black newbornsand 7 and
8year old childrenby Lubset al., 1977b) t0 1.30
percent (American Blacksby Vermaet al ., 1981b).
Among the Asiatic groups, the incidence varies
from 0.87 percent (Jat normal males by Kenue,
1979) to 3.30 percent (Indian normal individuals
by Ghosh and Singh, 1976).

Theincidenceof 16gh+ variesfromnil (Barras
population by Buckton et a. 1976; adults of Texas
by Craig-Holmeset al., 1973; newborns of New
York by Mller et a., 1975; Colarado Caucasians
by Vermaet al., 1978a and Estonian females by
Kivi and Mikelsaar, 1980) to 6.00 percent (Indiana
Caucasiansby Palmer et a., 1975). Among Negro
population groups the range is between 0.63
percent (American Blacksby Vermaet al., 1981 b)
and 2.06 percent (Black 7 and 8 year old children
by Lubset d., 1977b). AmongAsiatic population
groups the range varies from nil (Newborns of
Delhi by Bhasin et al., 1981) to 9.00 percent
(Orientals by Park and Antley, 1974). The
frequency for 16gh- ranges from 0.04 percent
(Estonian females by Kivi and Mikelsaar, 1980)
t0 23.60 percent (New York newbornsby Mdller
etal., 1975). Theincidence of 16gh- isrelatively
high among Negro population groups, varying
from 19.58 percent (Black 7 and 8 year old children
by Lubset al., 1977b) to 40.00 percent (American
Blacks by Vermaet al., 1981b). Among Asiatic
groupstherangeis between 1.00 percent (Delhi
newbornsby Bhasineta., 1981 ) to 18.20 percent
(Jat normal malesby Kenue, 1979).

Partial inversion in the C-band region of
chromosome 16 has been observed only among
New York newborns (1.40 percent), whereas
complete inversion in C-band region of
chromosome 16 has not been reported in various
population studies. However, individual cases
have been reported in the literature (del Solar
and Uchida, 1974; Fonatsch, 1977). This could
be because the C-band on chromosome 16 ismuch
smaller than on chromosomes 1 or 9, and partial
minor inversion may bevery difficult to visuaize
and atransfer of C-band to the short arm from
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thelong arm may not bring an overall changein
morphology.

The frequency of partial inversion among
Europeansfor the C-band region of chromosome
9rangesfrom nil (Estonian females by Kivi and
Mikelsaar, 1980) to 16.00 percent (Greek indivi-
dualsby Metaxatou et al., 1978). Among Negro
populationstherangeisfrom 0.25 percent (Black
newborns) to 2.60 percent (American Blacks by
Vermaet a., 1981b). AmongAsiatic populations
the range is relatively high, varying from total
absence (Indian normal males by Ghosh and
Singh, 1976) to 22.50 percent among malesamples
of Delhi (Bhasinetal., 1981).

Using densitometric C-band measurements,
Cavalli et al. (1984) and Zanenga et al. (1984)
reported smaller C-band sizes in Japanese than
in Caucasians and in Blacks when compared to
Caucasoid in their respective studies suggesting
ethnic/racia variations of C-band size hetero-
morphismsin chromosomes 1, 9 and 16. Ethnic/
racial variationin C-band size heteromorphisms
has not been concluded yet because of varied
scientific methodology used in different studies
(Erdtmann, 1982). Ethnic variation in chromo-
somal polymorphismsof 1,9, 16 and Y hasbeen
recorded from amniotic fluid specimens also
(Shapiro, et al. 1984; Hsu et al., 1987; Kalz and
Schwanitz, 2004). Kalz and Schwanitz (2004) who
observed that the frequencies of polymorphisms
for amniocytes are significantly higher than for
lymphocytesfor 1, 9, and 16 chromosomes.

Thompson and Roberts (1987) and Pinel
et al. (1988) reported four and two cases of anew
variant of chromosome 16 with an additional
euchromatic segment in the proximal region of
theshort arm, respectively. Thompson et a. (1990)
reported another case of thisvariant (with GTG
and CBG banding) in which they have carried
out replication studies by RBG staining and
observed additional maternal to belight staining,
similar to the inactive X and late replicating
chromosomeregions.

1) meiotic or mitotic crossing over in those
heterochromorphic regionswhich are composed
of various classes of repetitious DNA (Ferguson-
Smith, 1974) and

2) atwo break event leading to the insertion
or an interbinary deletion (Hansman, 1976).
Although crossing over in these regionsis very
rare, the study of Page (1973) however, revealed
that in male meiosis, paracentromeric hetero-
chromatin in chromosome 9 remained extended,
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Table 7: Precentage of C-band size and inversion heteromorphisms of chromosomes 1, 9 and 16 in various
populations

S. Population No. of individuals 1ql2
No. Size heteromor phism Inversion heteromorphism
+ - T Pl Cl T
EUROPEAN
United Kingdom
1. Edinburgh Newborns . 467 3.00 4.10 - 1.40 0 -
2. 14 year Old Children (Edinburgh) 101 5.40 2.50 - 0.50 0 -
3. Barra Population (Scotland) 149 3.70 1.70 - 1.70 0 -
Greece .
4. Greek Individuals 600 - - - - - -
France )
5. French (Paris)
Sweden 70++ 0 13.6 - - - 4.3
| 6I. Swedesh (Lund) 78++ 0 1.3 - - - 9.0
taly
7. ltalians (Tuscany) 469++ 0 11.1 - - - -
Central Europe
Whites 20 - - 4.50 - 0 -
Germany
9. Europeons 200 - - - - - -
Hungary
10. Hungarian . 1131 - - - - - 0.03
United States of America
11. Normal Adults (Texas) 20 2.50 10.00 - 0 0 -
12. Causcasians %Texas) 43 - - - - - -
13. Caucasians (Texas) 53 - - - - - -
14. Caucasians (Indiana) 74 1.00 9.00 - - - 2.00
15. Newbornsg olaradOL 7 1.90 4.50 - 0 0 -
16. Newborns (New Yor ) 376 8.10 0.60 - 1.60 0 -
17. White 7 & 8 year Old Children = 95++ 5.70 1.05 - - - -
18. White Newborns and 7 & 3084 - - - 0.22 - -
8 Year Old Children
19. Causcasian ETexas) 35 4.28 14.28 - 0 0 -
20. Caucasians (Colarado) 80++ 0 10.00 0 - - -
Canada
21. Winning Newborns 165 - - - 0.90 0 -
USSR )
22. Estonian Normal Adults 208 0.70 - - 0 0.20 -
23. Estonian Females 40++ 0.01 0 - 0 3.80 -
Turkey
24, 200 - - - - - -
Highland Mongoloids
25. Kirghiz of Pamir 110++ 0 5.0 - - - -
26. Kirghiz of Tien Shan 100++ 0 5.5 - - - -
Stegpe ongoloids
27. Kazakhs 50++ 0 6.0 - - - -
28. Chinese (Dunghans) 115++ 0 4.8 - - - -
29. Mongolians 72++ 0 6.2 - - - -
NEGRO )
30. Black 7 & 8 year Old Children  97++ 6.18 2.58 - - - -
31. Black Newborns and 7 & 1780 - - - 0.03 - -
8 Year Old Children
32. American Blacks 80++ 0 10.00 - 17.50 0 -
ASIATIC i
33. Orientals (Indians) 49 4.00 24.00 - 0 -7.00
Ja&an
4. Japan Normals 29 - - 15.50 - - -
35. Japanese (Hiroshima) 993 0.40 - - 0.30 0 -
China
36. Han 56 0 0 - - - -
37. Li 19 0 0 - - - -
Indian )
38. East Indians 100++ 0 14.0 - 16.5 1.0 -
39. Normal Individuals 30 10.00 1.70 - 0 0 -
40. Jat Normal Males 400++ 1.50 5.25 - 7.25 0 -
41. Punjabis 100 7.00 1.50 - 0 - -
42. Ra uts 100 6.50 3.50 - 0 - -
43. Delhi Male Newborns 100++ 1.00 2.50 - 11.00 0.50 -
44. Delhi Female Newborns 100++ 0 0 - 5.00 0 -
45. Southern Indian 134 - - - - - -

* Percent per Chromosome = Twice the Number of Subjects. ** Level 5 for + and Level 1 for - Heteromorphisms
Pl = Partia Inversion CI = Complete Inversion
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Table 7: contd.....

IS 9g12 16q11 Authors

No. Sze Inversion Size Inversion
heteromorphism  heteromorphism heteromorphism  heteromorphism

+ - T Pl Cl_ T + - T PI* CI* T
1. 2.20 4.80 - 3.70 0.70 - 210 2.20 - 0 0 - Buckton et al. (1976)
2. 3.50 6.40 - 1.00 1.00 - 490 490 - 0 0 - Buckton et al. (1976)
3. 3.00 3.70 - 0.30 O - 0 3.00 - 0 0 - Buckton et al. (1976)
4. 1290 7.90 - 16.00 2.00 - - - - - - - Metaxatou et al. (1978)
5. 0 336 - - - 100 O 85.0 - - - 0 Berger et al. (1983)
6. 0 95 - - - 21.8 O 61.5 - - - 2.6 Berger et a. (1983)
7. 0 35.6 - - - - 0 77.1 - - - - Simi and Tursi (1982)
8. - - 14.00 - - 0.50 - - 1.00 - - - Kaz and Schwanitz (2004)
9. - - - - 0.50 - - - - - - Kazetal. (2005)
10. - - - 0.94 - - - - - 0.03 Décsey et al. (2006)
11. 5.00 7.50 - - 250 - 0 17.50 - 0 0 - Craig-Holmes et al. (1973)
12. 7.00 1.00 - - - 0 - - - - - - Palmer et al. (1975)
13. - - - - - 0 - 1.00 - 0 0 - Palmer et al. (1975)
14. - - - - - - - - - - - - Pameretal. (1975)
15. 7.10 4.50 - - - 3.90 5.20 11.70 - 0 0 - McKenzie and Lubs, (1975)
16. 8.00 040 - 10.70 0.60 - 0 23.60 - 1.40 - - Muller et a. (1975)
17. 3.60 2.63 - - - - 1.05 17.36 - - - - Lubs et a. (1977b)
18. 0 0 - 0.27 0.06 - - - - 0 0 - Lubs et a. (1977b)
19 1.00 1.00 - - 285 - 2.85 12.85 - 0 0 - Craig-Holmes (1977)
20 0 244 - 1125 0 - 0 48.10 - 0 0 - Verma et al. (1978a)
21 - - - 3.30 0 - - - - - - - Wang and Hamerton (1979)
22. - - - - - - - - - - - - Tuur et al., (1974)
23. 0 0 - 0 6.30 - 0 0.04 - 0 0 - Kivi and Mikkelsaar (1980)
24, - - - - - - - 0.50 - - - - Kalz et al. (2005)
25. 0 132 - - - - 0 84.6 - - - - lbraimov et al. (1982b)
26. 0 7.5 - - - - 0 89.5 - - - - Ibraimov et al. (1982b)
27. 0 9.0 - - - - 0 90.0 - - - - Ibraimov et al. (1982b)
28. 0 8.7 - - - - 0 86.9 - - - - Ibraimov et al. (1982b)
29. 0 9.0 - - - - 0 88.9 - - - - Ibraimov et al. (1982b)
30. 5.15 1.55 - - - - 2.06 19.58 - - - - Lubsetal. (1977b)
31. - - - 0.25 0.56 - - - - 0 0 - Lubs et a. (1977b)
32. 0 13.75 - 20.60 1.30 - 0.63 40.00 - 0 0 - Verma et al. (1981)
33. 6.00 8.00 - - - 3.10 9.00 18.00 - 0 0 - Park and Antley. (1974)
34. - 17.24 - - - - - 17.20 - - - - linuma et al. (1973)
35. 0.15 - - - - 0.55 0.30 - - 0 0 - Sofuni et al. (1977)
36. 0 0 - - - - 0 0 - - - - Li et al. (1982)
37. 0 0 - - - - 0 0 - - - - Li et al. (1982)
38. 0 70 - 210 O - 0 370 - 15 0 - Verma et al. (1982b)
39. 8.30 6.70 - 0 3.30 - 5.00 8.30 - 0 0 - Ghosh and Singh (1981)
40. 1.10 9.70 - 10.37 0.87 - 0.50 18.20 - - - - Kenue (1979)
41. 4.00 3.00 - 1.00 - - 7.50 10.50 - 0 - - Nand et al. (1981)
42. 5.00 4.00 - 250 - - 5.50 15.00 - 0 - - Nand et al. (1981)
43. 0 0 - 2250 1.00 - 0 1.00 - 0 0 - Bhasin et al. (1981)
4. 0 0 - 15,50 1.00 - 0 1.00 - 0 0 - Bhasin et al. (1981)
45, - - - - 1.50 - - - - - - Kalz et al. (2005)
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and some chromosome 9 bival ents had chiasmata
in position, suggesting crossing over between
the centromere and heterochromatic region.

Hulten (1974) reported that 2 out of 34
chromosome 9 bivalents had chiasmatain their
long arm very close to the centromeres, thus
supporting Page's study (Page, 1973). As the
inverted heterochromatic segmentsget larger rela
tive to the length of the chromosome involved,
the chances of one chiasmataformationincrease.
Thiscould lead to the production of duplication-
deficiency gametes which may or may not be
genetically balanced, whereas in the case of
inversion heteromorphisms involving a short
segment, the chances of chiasma formation are
very low, and they would generally produce
genetically balanced gametes. Therefore,
theoretically inversion (9) with thesmaller C-band
size should be morefrequent than with the larger
C-band sizeif theseregionshave somebiological
functionsin the genome, the alteration of which
could produce deleterious effects. As evidence,
some of the reports have suggested association
of inv (9) with reproductive failures, mental
development and non-disjunction; but the
hypothesis is yet to be proved conclusively on
the basis of cause and effect. Boueet al. (1975a)
and Osztovicset a. (1977) observed ahighmale
ratio among the carriersof inv (9), and suggested
that the development of the female gameteswith
inv (9) may bedisturbed. Earlier, Moorhead (1976)
reviewed the data on inversion in man, and
concluded that inversion itself may not directly
cause clinical anomalies and the proportion of
clinically abnormal offsprings due to crossing
over induced duplication deficiency issmall. In
most of the cases, theinversion heteromorphisms
either causelittleclinical harm or theundesirables
are selected against at an earlier embryonic stage.
Vermaet a. (1978a, 1981b) however, observed
interrelationship between the size of the
heterochromatic region and the inversion. Most
of theinversions in these studies have found to
have alarge C-band chromosomessize than the
chromosomes without inversion. These results
suggest the maintenance of these hetero-
morphisms in normal populations by morpho-
logical aterationsoccurring very rarely in C-band
regions, on the one hand as reported by Craig-
Holmes et al. (1975), and selective pressures
operating against them on the other.

C-band size and inversion heteromorphisms
have also been associated with various clinical
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conditions. Atkin (1977) observed that hetero-
morphisms for the size of C-bands of chromo-
some 1 are more frequent in patientswith malig-
nant diseases, than in controls. Atkin and Baker
(19774, b) and Shabtai and Halbrecht (1979) also
reported partial pericentricinversions, alongwith
size heteromorphisms, to be more commoninthe
patient group as compared to the controls.
However, Kivi and Mikelsaar (1980) found no
correl ation between presence of C-band hetero-
morphism and elevated risk to ovarian or breast
carcinoma. Nielsen et al. (1974b) have not found
significant differencesin the prevalence of 1gh+
between normal and ingtitutionalized individuals.
The variahility of centromeric heterochromatin
in chromosome 1 issaid to bear arelationship to
foetal wastage (Kunze and Mau, 1975) and
recurrent abortion (Tsenghi et al., 1976; Ford,
1977); but the sameisnot observed by Hemming
and Burns (1979). Heteromorphism of 1gh+ has
been associated with congenital malformations
(Gardner et al., 1974; Kunze and Mau, 1975;
Halbrecht and Shabtai, 1976) including the
Chediek-Higashi syndrome (Salamance-Gomez et
a., 1978), and it hasbeen postul ated by Gardner
et al. (1974) that although heterochromatin itsel f
is harmful, its potential to harm may usually be
masked by an unstimulating genome. Kim (1973)
has observed three distinct types of C-bands on
A-1 segregating among five offspring. Wegner
and Pawlowitzki (1981) reported that Ce-band
pattern adds some further but still preliminary
evidence, that variation of 1gh is based on
discrete blocks of heterochromatin. Ce-bands
may be successfully used for segregation
analysis. Possibly they might help in studies
depending upon quantification of C-band
polymorphisms such as paternity testing, gene
mapping etc.

Heteromorphism 9 ph+ has been associated
with repeated spontaneous abortions and
malformed stillborn infants (Boue and Boue,
1975a). Holbek et al. (1974) observed a high
frequency of 9gh+ in parents of chromosomally
abnormd abortions, whereasHemming and Burns
(1979) have not encountered significant
differencein the 9gh+ regions between aborting
and non-aborting couples. Kunze and Mau
(1975) reported high frequency of 9gh+ hetero-
morphism in patients with multiple congenital
malformations. Nielsen and Sillesen (1975)
observed 9 gh+ heteromorphism in 8.00 percent
of the members of children with de novo major
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chromosomal aberrations; where astheincidence
of 9 gh+ was0.04 percent among newborns. Lubs
et a. (1977b) observed a steady drop in intelli-
gence quotient score as the amount of 9gh
material increased in Negro children. Soudek and
Sroka (1979) observed ahigher incidence of 9gh+
in the mentally retarded as compared to normal
controls. Contrary to this, Madan and Bobrow
(1974) did not observe any adverse effect of 9gh+
intheir study. Ford and Lester (1978) suggested
that 9ghand inv (9) play significant rolesin non-
disjunction. Shabtai and Halbrecht (1979)
observed significantly increased incidence of 9gh
and inv (9) in patients with malignant and
premalignant diseases. Inversion 9 heteromor-
phisms have been shown to be significantly more
frequent in mentally retarded children than in
newborns (Lubsand Lubs, 1972). Inversion has
been associated with reproduction failures (Boue
et a., 1975; Tsvetkova and Yankova, 1979;
Tsvetkova, 1980; Tibiletti et al., 1981). Osztovics
et a. (1977) aso reported a higher incidence of
inv (9) in subjectswith reproductivefailuresin
comparison with the malformed subjects or
parents of subjectswith chromosomal anomalies.
However, Lubs(1977) did not find any significant
foetal lossin familieswithinv (9). Tharapel and
Summitt (1978) reported ahigh frequency of inv
(9) inunclassifiable mentally retarted patientsas
compared to normal controls. In none of these
conditions, however, could the role C-band
variants be proved unequivocally (Erdtmann,
1982)

16gh+ heteromorphisms have been frequent-
ly associated with congenital heart disorders
(Makino, 1963; Sasaki et al., 1963; German et
al.,1966; Kelly and Almy, 1971). Nielsen et .
(1974c) have not observed any association of
16gh+ with developmental or reproductive
effects. Frequency of 16gh+ isfound to be almost
equal iningtitutionalized and normal individuals.
Soudek and Sroka (1979) noticed high frequency
of 16gh+inthementally retarded when compared
to the controlled group.

Say et dl. (1977), using C-banding technique,
reported a high prevalence of gh+ hetero-
morphismsin psychiatric patients. Kucerovaand
Palivkova (1977) studied the following four
groups:

(1) persons with abnormal karyotype and
abnormal phenotype,

(2) persons with only abnormal phenotype,

(3) healthy nearest relatives of persons with
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abnormal phenotype and karyotype and

(4) normal healthy persons with normal
phenotype and karyotype, without congenital
malformation infamily history.

They did not, however, observe significant
difference between these groups for gh
heteromorphisms. Similarly, Wang and Hamerton
(1979) studied C-band polymorphisms of
chromosomes 1, 9and 16, in

(1) newborns

(2) Down’s syndrome patients

(3) patientswith acquired mental retardation

(4) idiopathic patients and

(5) idiopathic with multiple congenital
malformations.

The C-band size of chromosomes 1, 9 and 16
showed asimilar normal distribution in al five
groups, and no significant sex difference in the
data from any of the five groups is noticed. A
significantly higher frequency of C-bands, some
of which arelocated on the short arm of chromo-
some 9, is observed in the groups of patients
with Down’ssyndromeand withidiopathic mental
retardation. Any relationship could not be
established between gh+ heteromorphisms and
chromosomal anomaliesor reproductivefailures
(Osztovicet d., 1977; Hemming and Burns, 1979;
Brownetal., 1980; Blumberg et al., 1982; Maeset
al., 1983; Rodriguez-Goémez et al., 1987). These
resultsareinconsistent (Tho et al., 1982; Verma
et al., 1983b) mainly dueto thelack of objective
C-band evaluation and well paired controls
(Erdtmann, 1982).

Some reduction of C-segment lengths and
their variability on chromosomes 1,9, 16 and Y is
exhibited by children who had some disturbances
at early stages of morphogenesis(Podugolinikova
and Blumina, 1983). From data, they suggested
that this may be due to certain activity of the
heterochromatic regions during embryo develop-
ment.

Centromericinstability of chromosomes 1, 9,
and 16 has been described in eight patients with
variableimmunodeficiency (Hulten, 1978; Tiepolo
etal., 1979; Carpenter et al., 1988; Marsachio et
al., 1988; Turleau et al., 1988). Although the
pathogenetic relationships of these cytogenetic
abnormalitieswith the clinical symptomsare not
clear, it has neverthel ess been proposed that they
are a hallmark of this syndrome. Based on the
clinical,immunological and cytogenetic datafrom
the literature, Haas (1990) presented a model
suggesting that the cytogenetic changes are not
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causatively involved in the immunodeficiency
syndrome, but result from specific virus infec-
tions occurring as aconsequence of theimmuno-
deficiency ingenetically predisposed individuals.

Precise knowledge of the role of condtitutive
heterochromatin in the developmental or
reproductive cycle of an individual is yet to be
acquired. No heteromorphism hasexclusively been
attributed to one or agroup of clinical anomalies.
Lubs (1977) postulated that future researches may
revea subclasses of these heteromorphisms and
that one or a group of these subclasses may be
associated with clinical abnormality.

It can be concluded that the variationsin the
incidence of C-band heteromorphismsare mainly
dueto population difference. At times, they may
be associated with some clinical conditions
because they may carry some structural load,;
otherwise populations bearing these hetero-
morphismsare apparently normal.

1.2.3Variation in the Length of Y Chromosome

Extreme variation in the long arm of Y
chromosome was first suggested at the London
Conference (1963) after Patau’'s (1960) reported
observation of such variability. Even before the
advent of banding techniques, the length of
human Y chromosome has been known to vary
from man to man and in different population
groups (Cohen et al., 1966). This variability is
evident in the heterochromatic regions, speci-
fically inthedistal two-third of thelong arm of Y
chromosome (Bobrow et al., 1971