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SUMMARY

In the course of chromosome studies of atomic bomb
survivors in Hiroshima using the trypsin-G-staining
method, a 40-year-old male was found to have an
abnormal banding pattern in the long arm of a
chromosome 7. A similar abnormal banding pattern
was also observed by the quinacrine staining method,
although no such abnormality was detected by the
ordinary staining method. All other chromosomes
apparently had normal banding pattems. The
abnormality was determined to be a paracentric
inversion of a chromosome 7, which is described as
46,XY,inv(7)(q22q31).

INTRODUCTION

Several recently developed banding techniques have
made it possible to unequivocally identify every
chromosome in man and structural rearrangements
within and between chromosomes can be characterized
with considerable accuracy. Furthermore, structural
rearrangements which were undetectable by the
conventional staining technique can now be demon-
strated; these include paracentric
pericentric inversions where the break points are
equidistant from the centromere, and reciprocal
translocations where the exchanged segments are of
approximately equal size.

inversions,

In the present paper a male with the paracentric
inversion of a chromosome 7, as revealed by the
trypsin-Giemsa banding and quinacrine fluorescent
techniques is reported.
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CASE REPORT

The 40-year-old male (MF ) described here is a
participant in the ABCC-JNIH Adult Health Study
sample comprising A-bomb survivors and nonexposed
controls residing in Hiroshima City.!1 His height is
155.9cm and his weight 47.8 kg. He was bom to a
28-year-old father and a 26-year-old mother, and was
the second of six live-born children, all of whom are
still alive. He had a history of pneumonia at
10 years of age, pleurisy at 16 and dysentery at 17.
In 1970, he suffered from urolithiasis in the left
side. No phenotypical abnormality was observed on
physical examination at ABCC. He was in Hiroshima
at the time of the A-bomb in 1945, and his estimated
radiation dose is 453rad.2 He is married and has
two sons (13 and 7 years old).

METHODS

Chromosome studies were carried out on leukocyte
cultures following a minor modification of the method
of Hungerford.3 Slides were prepared by the 3:1
alcohol-acetic acid fixation and flame-dry technique.
The Giemsa-banding patterns in the chromosome were
obtained by a slightly modified trypsin technique;4
slides were dipped in a 0.20% rtrypsin solution for
1-15 seconds at room temperature, washed with
running tap water and stained for 10-15 minutes with
Giemsa stain (pH 6.8 phosphate buffer). Fluorescent
staining study was done according to a modification
of the method of Caspersson et al.5 Slides were
kept in 0.005% quinacrine mustard (Polyscience,
Inc., U.S.A.) in Macllvaine’s citric acid phosphate
buffer (pH 7.0) overnight, rinsed, and mounted in
buffer for observation with a Nikon fluorescence
microscope.

RESULTS

In 33 of 46 cells examined, there were 46 chromo-
somes with no morphologic deviation from the normal
chromosomal pattern. In two cells there were 45
chromosomes; chromosome 18 was missing in one
cell and chromosome 20 in the other. The remaining
11 cells had structural chromosome abnormalities
(translocations, inversion, and others) which were
considered to have been induced by ionizing
radiation.6

By chromosome banding analyses using the trypsin
technique, an abnormal banding pattern was detected
in the long arm of one of the chromosome 7 pair,
in 42 of the 46 mitoses observed (Figure 1). In two
cells this abnormal banding pattern wasnot recognized
because of ambiguous chromosome banding pattems,
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Figure 1 A representative G-banded metaphase. Arrows indicate chromosome 7
showing different banding patterns in the long arms.
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Figure 2 G-banded karyotype. An arrow indicates the inverted 7.
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Figure 3 Partial karyotypes of C-group and sex chromosomes. Arrow indicates
the inverted 7. (a) G-banded chromosomes treated with trypsin. (b) Q-banded
chromosomes stained with quinacrine mustard, showing the relative similarily o
G-banding pattern. (c) Chromosomes obtained by conventional Giemsa method.

No morphological abnormality is detected.
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and in the remaining two cells the presumed abnormal
7 was involved in radiation-induced chromosome
aberrations which made detection of the abnormal
banding pattern difficult.  This abnormal banding
pattern was identical in every cell. Because this
person was born before the A-bomb explosion, the
occurrence of the abnormal banding pattern is not
considered to be ascribable to A-bomb radiation
exposure.

On detailed karyotype analyses no recognizable
abnormality of banding patterns of any chromosome
was found other than the abnormal 7 (Figure 2).
Quinacrine staining method also showed the abnormal
banding pattern in chromosome 7, identical to that
observed by the trypsin banding technique (Figure
3a,b). However, no morphologic abnormality in
chromosome 7 was detected by the conventional
Giemsa stain (Figure 3c).

From these findings, it is evident that the abnormality
was confined to one of the chromosome 7 pair, and
represents a paracentric inversion in the long arm of
chromosome 7, rather than a reciprocal translocation
between chromosome 7 and some other chromosome.
To determine break points for the inverted part of the
chromosome, an enlarged photograph of a normal
chromosome 7 was cut and rearranged as an inverted
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chromosome as shown in Figure 4a. The abnormal
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Figure 4 Photomontage and diagrammatic representation of the band pattern of
the inverted chromosome 7. (a)Left, normal chromosome 7. Center, the ceniral
section of the long arm of inverted chromosome 7 artificiully creaied by culting
and reversing the mnormal chromosome. Right, abnormal 7. Note the banding
paitern identical to that of the photomontaged chromosome. (b)Diagrammatic
representation of the banding patterns of normal and inverted chromosome 7 num-

bered according to the Paris Conference (1971)  The breaks apparently occur at
q22 and g31.

M4 H#MEHTABTREEOSAY FAY - OEREREBEAN. a. £ EFRAE
Tietafk, v BT REEERKOPRGEED>THIZOEVTIE-AZ AT 2N, H: 2
WERBLABTREER., Gl sh A RAEO Y FRAY - E—HLTWS. b, /Y%
BONE)ICHETWTRLAEEN LI UMM EE T A2H T RAKD N Y F/AY - O R
. UIWrdiri q225 L U q3lBbh 5.

AL THl. 2R, CoRFERAKE, BT RE

chromosome seems to be the result of breakage and
inverse union occurring at bands from q22 to g31 in
the long arm of chromosome 7 (Figure 4b). According
to the nomenclature of the Paris Conference (1971),7
this inverted chromosome is designated as 46,XY,
inv (7)(prer»q22::q31->q22::q31>qter).

RER®D q22H L q3lD A3y FAYM s ¥ L TH
EWHELEEDIELZLOEEDLAE (H4b). )2
(1971 )7 o BikIciE - T o kNI %46, XY,
inv (7)( pter =+ q22: . q31—q22:. : q3l—qter ) &K &
ZhTZEHFTES.



DISCUSSION

Inverted chromosomes in man have been reported by
several investigators,8-15 and all have been
pericentric inversions associated with an alteration
of the arm ratio. However, to our knowledge, a
paracentric inversion without any morphological
change detected by ordinary karyotype analysis, has
not yet been described. The recently achieved
precision in detecting chromosome banding patterns
may facilitate the demonstration of such inversions,
hitherto unrecognizable. The case presented here
seems to be the first report in man of a paracentric

inversion, detected by the G-and Q-banding techniques.

Because family studies could not be performed, there
is no evidence rto indicate whether the inverted
chromosome was inherited from one of the parents or
was produced in a parental gamete during meiosis.

By detailed analyses of banding patterns, the break
points producing the inverted chromosome 7 studied
here were identified as q22 and q31, respectively.
Several instances of abnormalities involving
chromosome 7 have so far been reported, including
translocations, rings, deletions, and insertions,
detected by banding techniques.16-21 In three of
these cases,16,17,21 break points in the affecred
chromosome 7 were identified as q22 and g3l in the
long arm, similar to the break points described in the
present case.

With three exceptions, the reported cases with an
abnormal 7 exhibited some phenotypic abnormalities;
the phenotypically normal exceptions were a female
with ins(7;3),16 a male with t(7;14),17 and a male
with a ring chromosome 7.20 The present case is
phenotypically normal and it seems unlikely that
there is any measurable effect ascribable to the
presence of the inverted chromosome 7.

Several cases with pericentric inversions have been
reported to produce recombinant chromosomes
derived from a single cross-over in the inverted
loop.8-12,14,15 The same event would be expected
to produce recombinant chromosomes in the case of
paracentric inversion. However, the latter type of
recombinant chromosomes would be basically
different from those of a pericentric inversion. In the
case of a paracentric inversion, a single cross-over
within the meiotic loop results in the formation of a
dicentric chromatid and an acentric fragment
(Figure 5). During the first anaphase the dicentric
chromatid tends to migrate towards both opposite
poles, and thus forms a chromatid bridge.22 If
breakage of the dicentric bridge occurs, then four
types of gametes are possible. Two gametes would
contain nonrecombinant chromatids, one normal and
a second having the inversion. The remaining two
would contain recombinant parts of the cross-over

£ B

EFOREERBMIIOVTRL DL ORELNH B H, 80
WENRE BOELE N EBFEERFALTHY, bhbh
DEIBEN T, BEOBMSFTHBENELZEL
ZOVRBBEGESMOBEEIEE A2, fOLo ek si
BIBEHAREOm LIz LT, WRBINTTRETS -
RZOMOMMOREEFARIZE >/, ZZIZ@EL .
1k, GHEILUQoREIILI-THRIIENZE O
MIEERBELOFMOFTH L EE bR 5.

ERWENFTE L2207, ZORGESAR AR
—H A RIBOAL DL, FABEEOCTHLOR
BFIEHEEIZE 1 2B HOBRICE LAY 0» & HIT
T ARENL & .

Ny PRy — v RERRCHRA LR, RHOHT R
BEFEVME L5 LKA q228 K0 q3l12dh 5 &3E
oSN, FREIIE ST TELRTRARORE
oW TIE, IR, RKGEE, Rk, W65 KM
AEEERTED, 2 Foho 3HTIE, KHLEH,
YISO A8 7 et th Bl q22 5 £ 1F q3l ThH 5 L FE
B ST e el

BTHREHRICREI S S @GSN EIE, 3 xR
i, wiFhashrOEABEHLEL TS, it
LTHEEBMAEETH -0, ins (75 13) o4, ®
t(7; OB IUE7TRIRBEAFOEHY T
b5, KB ERBAERTH 20T, Z0HTRAKE
WAL IR+ B HE TR & W ATFEET AT REMEIR &
A¥iuiEbhis.

R R fr A A A BB T, MRk SA M- THAO
BRItk T HHAMABREEEITE L ERES
RTwa. 8- @EEEEGOE s, FEOER
Lk oTHlaHz BkakIITcEL L THENE. LA
L, HHEOMAHTRGEEIE, RBEFEBEAIZHRT
B0 & FAMCRL S, RHRERESELOBE L,
BBBEV—TRIIET AR -ZRI& -T2 WEEKRE
Sk & BmEFERE A T2 5 (M5 ). BT REN
Tk, Z0 2 WyEFERE S F TGS AMkEIzm e o T
BEHT 30T, £EHFEGEHIERELI S.® Z02H)
J A et 53 (R 45 1S CDHE A = h i, 4 FIEROBCM 7 27 E
L35, 20350 T olAME 2 & E & WRESF,
Thabs, —HIFEHLHESE, BWHIEHLOH 53
BaEEAELTVAS, 20O o>OBRMBFIEZXIZH



SOMATIC CELL MEIOSIS Cross-over products
{Cross-over) Non-recombinant Recombinant
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Figure 5 Consequence of a single cross-over and chiasma formation in a hel-
erozygous paracentric inversion. A single cross-over (arrow) within the meiotic
loop produces four types of chromatids: normal (Nor) inversion (Inv) dicentric
(Dic) and acentric fragment (Ace) See text describing gametes produced through

breakage of the dicentric bridge.

@5 RAUEAORMBGELCIFPIIE-ZREFTATHEROER. HEsHLV-T
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(Inv ), 2WEH( Dic )& L CEMFEEER ( Ace ) X TE 5. 2 WEEREFEIED T
Wizl ->THRENARBFIIoVTIEAL & BMH.

products, partially deficient or partially duplicated,
depending on the site of breakage of the dicentric
bridge.

If the dicentric is not broken, which is less likely,
there are two ways gametes may be produced. One
is that the meiotic division would be disturbed by
the bridge formation, and therefore would produce
gametes with a diploid complement. Alternatively
the dicentric migrates to one of the daughter cells,
thus producing complete absence of the chromosome
in the counterpart daughter cell. Neither daughter
cell, therefore, would be able to further differentiate
into a viable gamete. Since the acentric fragment is
not controlled by the spindle, it is likely to be lost
from the daughter cells during meiosis, which event
is yet another important contributing to
gametic death. Thus, gametic cells with recombinant

factor

chromosomes of this type would be inviable in meiosis.

Even if such gametic cells were viable, a ferus
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carrying such recombinants would not be expected
to survive to term, having either an excess or
deficiency of genetic material. Therefore, it isunlikely
that the recombinant chromosomes derived from the
paracentric inversion could be detected in the
offspring of the proband, although this has not been
confirmed chrough family study of the propositus.
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