HOKKAIDO UNIVERSITY

il %979‘37#/&“‘/9 (Podisma sapporoense SHIRAKI) ICRH I /- 2B8F L EEs HoMEAEEE s DA
Author (s) BE, H
Citation HLIRBYF R, 12(2-3), 79-85
Issue Date 1932-07-10
Doc URL https://hdl. handle.net/2115/64021
Type journal article
File Information Vol. 12No. 2-3 004. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




A SUPERNUMERARY CHRVOMOSOME’ FOUND
IN A PODISMA SAPPOROENSE SHIRAKI,
AND ITS RELATION TO THE SEX-CHROMOSOME.

BY -

BUk0 NATORI
(With One Plate)

e AN~ ——

The occurence of the supernumerary chromosome is of sxgmﬁcance from
the view point of cytology in relation to the problem of mutation. So it has
long attracted the attention of many investigators such as WiLson (1907,
1908), McCrunG (1914, 1917), CArROL (1920), CAROTHERS (1919) ROBERTSON
(915, 1916, 1917), Vowov (1914) and WoorsEY (1914) etc., who have re-
ported emphatically the fact in various cases. The present author during his
cytological study of Podisma sapporoense SHIrAKI in 1928, one of the common
acridids in Hokkaido, found a supernumerary chromosome in the meiotic divisions
of germ cells.

The material and the method. Podisma sapporoense SHIRAKI was col-
lected abundantly in the suburbs of Sapporo in July 1928, since in this season
generally, the meiotic divisions in the testis had been proved to take place very
actively. The testis was taken out from the fresh material and was fixed in
strong FLEMMING’s fixative solution for twenty-four hours. = After washing
carefully in running water, dehydration was carried out in alcohol. The testis
was imbedded in paraffine and stained with HEIDENHAIN's Fe-haematoxylin. It
was cut in serial sections with a thickness of twenty micra.

The drawings were made by the aid of Abbe’s drawing apparatus using a
Leiz objective 1/t2, and a Leiz ocular 4 with the tube length 190 mm., the draw-
ing plate being placed about 1T cm. beneath the stage of the microscope. By the
suggestion of Mr. K. SHIMAKURA, the figures were shaded so as to make any
chromosome or any part of a chromosome at the deeper focus to appear darker
than the shallower. In this way, the depth of a chromosome is made easily
visible which would otherwise be very unclear.

Observations. The spermatogonia. The supernumerary chromosome
is to be identified by its size and form as well as the sex-chromosome already in

[Transact. Sapporo Nat. Hist. Soc.,-Vol. XII; Pt. 2, 1932].
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the spermatogonial metaphase ; in this stage, twenty-four chromosomes are found
of which twenty-two are autosomes, one is the supernumerary chromosome
and the remaining one is the sex-chromosome. The supernumerary chromo-
some marked s in the fiqures is a bipartite V-shaped chromosomes of medium
size, as shown in Fig. 2 a, b, c. We see at present that the supernumerary
chromosome and the sex-chromosome are in a more diffused state than the
others; the condition was more marked in the sex-chromosome. From the fact
that every cell in the spermatogonia in different stages, thus far observed, con-
tains one supernumerary chromosome and one sex-chromosome, it is highly
probable that the supernumerary chromosome undergoes mitotic division nor-
mally like the other chromosomes.

Apparently there is no definite relation in position between the supernumer-
ary chromosome and the sex-chromosome during the spermatogonial metaphase.
In the normal* case we find only twenty-three chromosomes and no super-
numerary chromosome, as is seen in Fig. 1, which shows the spermatogonial meta-
phase in the normal Podisina sapporoense SnirakI. Though V-shaped chromo-
somes are generally to be seen in the species of Stenobothrus-type (after
McCrung), it is peculiar that it also occurs in the species of Hippiscus-type
(after McCLUNG) such as Podisma sapporoense SHIRAKI.

The early leptonema stage. The sex-chromosome appears in this case
prior to the supernumerary chromosome in any stage during the prophase of
the first spermatocyte, even at the time when the chromosome substances are in
a state of condensed karyotin mass.. It constantly takes a peripheral position
in the nucleus, and is clearly distinguishable from the other autosomes by its
heavy heteropycnosis.

The leptonema stage. The sex-chromosome becomes a more condensed
karyotin mass, keeping the same position as before, but the supernumerary
chromosome, which is now a condensed karyotin thread, approaches nearer to
the sex-chromosome so as to be arranged ready for the bouquet stage (Fig. 3).

The bouquet stage. The sex-chromosome condenses intensely in this
stage and shows at the same time an irregular U-shaped thread or sometimes
an open ring. Here apears then the bouquet stage, in which karyotin threads
come into sight between the sex-chromosome and the supernumerary chromo-
some (Fig. 4). The two chromosomes approach each other still further.

The pachynema stage. The sex-chromosome and the supernumerary
chromosome become confused with each other to make a karyotin mass, con-
sisting of unequal halves in size. We see a vesicle attaching to one end which

*The normal nucleus was described by the writer in a recent work (1931)
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is forked (Fig. 5). Judging from the size and the form of the karyotin mass
and the position of the vesicle just mentioned, the larger half may represent
the sex-chromosome and the smaller half the supernumerary chromosome. So
it is to be understood that we have a modified diakinesis, as regards to these
two chromosome. From this stage, the heteropycnosis of the bivalent chromo-
some, consisting of the supernumerary chromosome and the sex-chromosome, be-
comes more precocious than in the sex-chromosome of the normal individuals.

The strepsinema, the diplonema and the diakinesis stage. During
these stages, the karyotin mass takes a tetrad form, but the sex-chromosome
and the supernumerary chromosome are each identified clearly by their size
and form (Fig. 6). The terminal vesicle in these stages attaches to the neck
part of the pointed end of the sex-chromosome. A peculiar fiber, having the
staining quality of karyotin, is distinctly recognized between the tip of the sex-

chromosome and the vesicle (Fig. 6, Fig. 14). Now the segregation of the
tetrad takes place (Fig. 7). '

Even after the segregation, the vesicle always attaches to the sex-chromo-
some (Fig. 7, Fig. 14b). There is a question whether the vesicle has some
direct functional mechanism in the segregation of the tetrad in this case. How-
ever, it is highly probable that the vesicle does have some attraction to the
sex-chromosome, while the supernumerary chromosome is separated from the
sex-chromosome indirectly (Fig. 5, Fig. 6, Fig. 7, Fig. 14 a, b). It seems true
that the behavior of the vesicle in this case differs from what was reported by
Dr. CaroTHERS (1916), who is of the opinion that the vesicle actua]ly divides
the tetrad into two.”" " "~

The metaphase of the first spermatocyte. Fig. 8 a,b and Fig. 9a,b
show the stage in which eleven out of the thirteen chromosomes are tetrads,
and the remaining two, namely, the sex-chromosome and the supernumerary
chromosome are dyads. The supernumerary chromosome is now a compact
sphencal chromosome with a ring skeletal structure. ~

While the other tetrads are arranged in the equatorxal plate, the super-
numerary chromosome appears at the pole region and the sex-chromosome
is seen a little apart from the equatorial plate (Fig. 8 b, Fig. 9 b). They never
segregate in the metaphase of the first spermatocyte. After this stage. the
supernumerary - chromosome 'becomes more conspicuous than the sex-chromo-
some in appearance. The vesicle of the sex-chromosome, however, has disap-
peared by this time. In some of the cells the supernumerary chromosome and
the sex-chromosome, together go toward the same pole (Fig. 8. a, b), while in
the other they are separated . (Fig. 9 a, b).

With a view to determine the mechanism of division of the sex-chromo-
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some and the supernumerary chromosome, the investigation of 146 nuclei was
carried out as follows.

toward one pole both X & S~ X only
frequency 76 . 70
ratio 1.08 1.00

From the above the conclusion is that they divide only by chance. Con-
squently, it is obvious that four kinds of daughter nuclei are produced accord-
ing to the combination of the sex-chromosome, the supernumerary chromosome
and the autosomes. In other words, in case the sex-chromosome and the
supernumerary chromosome go toward the same pole, one daughter nucleus will
contain thirteen chromosomes, namely, eleven autosomes, one supernumerary
chromosome and one sex-chromosome, while the other daughter nucleus will
contain eleven autosomes. In another case, in which the éex-chroinosome and
the supernumerary chromosome go toward the opposite poles, both nuclei will
contain twelve chromosomes of which eleven are autosomes. The four kinds
of nuclei thus produced are shown in the following table.

chromosome number | chromosome formula | type
13 chromosomes 1A+ X+S a-t.ype ,
12 chromosomes 1IIA+S b-type
12 chromosomes mA+X c-type
11 chromosomes IIA : ! d-type

A =autosome, S=supernumerary chromosome, X =sex-chromosome

The second spermatocyte. The sex-chromosome is no longer identified
in this stage, but the supernumerary chromosome is clearly recognized by its
size and form as well as strong staining capacity. It is a heart shaped chromo-
some and segregates in this stage as the other chromosome (Fig. 10, Fig. 11),

The four kinds of nuclei which are supposed to come forth in the previ-
ous stage are actually traced in this stage as shown in the fiqures represent-
ing a-type (Fig. 10), b-type (Fig. 11), c-type (Fig. 12) and d-type (Fig. 13)
respectively.
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The spermatid. The sex-chromosome and the supernumerary chromo-
some can no longer be distinguished from other autosomes. However, the four
kinds of spermatids, still to be identified in this stage by their chromosomal
constitution, develope into spermatozoa respectively without any disturbance.
The ripe spermatozoa are seen filling the cysts as normal in this insect.

From the above observations the following facts are
summerised: A supernumerary univalent chromosome shows heteropycnosis
like the sex-chromosome. A supernumerary univalent chromosome takes a sex-
chromosome as a mate for tetrad formation. The abnormal tetrad, con-
sisting of a supernumerary chromosome and a sex-chromosome, undergoes the
division precociously. Especially it is worthy of notice that the tetrad is able
to divide into two in the early diakinesis stage of the nucleus which has not
yet complete achromatic figure.  Taking part in the tetrad formation the
supernumerary chromosome accelerates the process of heteropycnosis of the
sex-chromosome.

From the Zoological Institute,
The Faculty of Agriculture,
Hokkaido Imperial University, Sapporo.
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Explanation of Figures

(X 1200)
I Spermatogonial metaphase from a normal individual without super
numerary chromosome. (23 in number).
2+a,b,c. Spermatogonial metaphase showing V-shaped supernumerary
chromosome (S) and rod-shaped sex-chromosome (X). (24 in number).

. 3 Leptonema stage showing supernumerary chromosome (S) and sex-

chromosome (X). (optical section).

. 4 Amphinema stage showing supernumerary chromosome and sex-chromo-

some with vesicle. (optical section).

. 5 Pachynema stage. A tetrad consisting of supernumerary chromosome

and sex-chromosome with vesicle. (optical section).

. 6 Early diakinesis stage showing completed tetrad with vesicle. (optical

section).

. 7 Early diakinesis stage. =~ Showing segregated supernumerary chromo-

some and sex-chromosome with vesicle. (optical section).

. 8 a,b. Metaphase of the first spermatocyte; a, polar wiew. b, oblique

side view.  Supernumerary chromosome and sex-chromosome go
toward the same pole. (II tetrads & 2 dyads).

. 9 a,b. Metaphase of the first spermatocyte; a, polar view. b, side view.

Supernumerary chromosome and sex-chromosome go toward opposite
poles. (II tetrads & 2 dyads).

. 10 Metaphase of the second spermatocyte, containing supernumerary chro-

mosome and sex-chromosome. (13 dyads).

. TI Metaphase of the second spermatocyte, containing supernumerary chro-

mosome. (I2 dyads).

. I2 Metaphase of the second spermatocyte, containing the sex-chromosome.

(12 dyads).

. 13 Metaphase of the second spermatocyte, containing autosomes only.

(11 dyads).
I4 a,b. Segregation process of a modified tetrad in later prophase of
the first spermatocyte.
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Ty~ 7 %50 % (Podisma sapporoense SHIRAKL) T

R i 2 B8R GER L KoR G 2 ok
& L ® %

HAEREOBRIIRY 2BHLEHROENIT, BORABRAOMEICHE LGRS It R
BBHICHEED SWEMENL Yo INTROMBEIToIWM AL DT 2BEIBLLEP, b
‘WILsON, MCCLUNG, CARROL, CAROTHERS, ROBERTSON, VoOINOV % WOOLSEY oi{KiZ. HEEOD
BRLEAEIID I TEHEERT, RVB 10284 7o w8575 20 xR TBUREALEHL
FFRHOMLREHT ORBKRTRELZ B[R EZBOTAE, BRELCHMEICRT sHEilE
2hIo

FIEMRITAT 2 BRI A, VEROWBLEGHEIIL T, SEaBIERo AW G
Yo MEMIc—EE 3 EMRFEL ¥ 3 Hic diffused state 2573 ARE DN ¢ Hippiscus-type kKB
3 3 b DI T Stenobothrus-type $FD VR R ta i ¥ 3 2 HWIAHFR L T3 Lo 35— M
OFEEITRTREE 2 b HoRBMECK Y TR L2, EMcE 2 CBRRGR L el
BEA&L, FHEHBO karyotin mass % RF3KE 3, K( LT vesicle RHfFER 3 Mok kYt
BIILThE2B5RBHEEHRIIRI LY, Ko X YRAEIFL BRERET B
¥osslogRo#t iR o Karyotin mass (3Jf; % $&~ tetrad formation 2 RZRIFTIKEZ, 8
FYEREIARCRTRYE L3 2 bRROPIRE L B L 707, REBBEMET 3G tetrad
BHHRLTHBLETRET 30 REZRT 2HEME i~ T RS HOBRICRT, BULRER
CHEREML XV IRD tetrad 3, SEERSHE LS @HERD 2 HRIL Y, Vesicle ZRABKI D
HREBORUEIIHEEST, WO vesicle i3 tetrad OHFBICHFEARFT 2 b o s BTS2
A 3 CAROTHERS (1017) ® B7:2 ME oM 2 REEINYIC tetrad 5T PECHEB LEEL.
BLROMBICRTL, o vesicle pPEyifilic® LTHT 3 attraction »°, MECBRPERE
OGBS 2 LRBT o 2RE L To SHBRITAY 2 BRY el Ral. R—E&CBTT
SHBAIHRY L 2MCBITTORAI DY £ 146 OHERITo 2 TORF K XY, BERE
PR PEY: 8%k 2 { chance KKMKY RT3 4 DI LT, REOHICHEOBMMER XK
M2 HLESTIYo TNLEZFEUDBHCHRTERRL I FHETS. RO TEYail, BRY
aBEELEEoMAT K IY (HEOHRY 22 RABELFT 3 BBLETINY.




