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on in polytenc nuclei of late 3rd instar larvae of D. kikkawai has been studied by autoradicgre

- ' parations of sal’

, glands following a 10 min i» vitro pulse of *H-thymidine. In addition to the

ual

i, sites labelled) and discontinuous (condensed bands and chromocentre mainly labelled) types of : to-
abelling patterrs a variety of interband (IB) types of labelling patterns have been secn with a relatively

O cy. The disperse re

- like puffs and interbands are chiefly labelled in interband type of labelled patterns.

“on{ :number and degree of labelling of thesc disperse regions, 3 major categories of IB patterns, viz. low

T mie -
"t “es,

i and heavy (HIB) interband types have been recognized in D. kikkawai. The replication of 2
and 3C on arms E and C, respcctively, of the refercnce photomap presented here, shows unusual features

e . rtes were labelled in all kinds of labelling patterns. It is suggested that in polytene nuclei of late 3rd in
«T." Likkawai the initiation of replication at different early replicating sites (mainly disperse regions) of a nucleus
~“1y asynchronous and some of the initiating sites (e.g. puffs E-11E and C-3C) continue to replicate till later part of

* _ and ordered replication of

- Olidting units in ¢l imosomes of

: .~ s has been very .ell demonstra-

o 4 1 volytene chromoson 2¢ of Droso-

' 1" 3H-thymidis labe..ng studies

v . .. proiae’' - general picture of th~ sequential

of the ' v vidual sites on polytene chromo-

+ 7. " instar larval <2 si.y glands : the

..~ '~ i; believed to be ir tiated at inter-

: "o vt tes (dispe sseregions); the chromo-

. .18 npact “egions) - -t replicating

~ « t when the interbar .s and other

o i . t s have cc npleted their cycle.

: : sontinuous  »elling of chromo-

veginning as well at the end of the

wve tzen seen to

e Drosophila

. Inthe p. t stt "7 wel ve

"t ,mu“ne labellng p o5 ‘n “he

ulo « ule. Of Drosept’l ' kikke u. .

AL L cestin this . .cies is the repli a-

a « "t o puffs' aich apparently r plic te

I " . Z phase. A co »arable replicative

2. _2. "t peen reportes any other Droso-

imina 'y < .count of I-thymidine

pc jtex .- dmosomes of D.
ed earlier®.

~ e

i
' <l
! _ntinuous types
+n each other * »

]
\

noro_ 0
’ 4 - wa s s

vas

. . - on hods
. wild ty ¢ . ain of D, kikkawai (from Brazil)
- 1o - ‘aese studies. I vae we : grown in
: o wdl—agar  .nedium  at  0° £ 1°C,
-+« -z -~ nds from late 3rd insiar larvae

. e ) were dis  ted in Drosophila

Ringer solution. The excised glands were pulse

lled for 10 min with 3H-thymidine (250 uCi/m’- .
act. 10.4 Ci/mM; obtained from BARC, Tromba, );
the labelled glands were fixed, squashed anu proces e

for autoradiography with Ilford L4 emulsion. ™ ,
coated slides were exposed in dark for ' rayr t
4°—6°C and then developed with ¥ adac o b
fixed, washed and air-dried. The dried autoraaio-
grams were stained with Giemsa, mounted with DPX
and examined for different labelling patterns.

To help the identification of diff rent - aromos ¢
regions, a photomap of the polytene chromo ¢ =
of D. kikkawai has been prepared from tempor .
aceto-orcein-carmine squash preparations. Diffe- it
chromosome segments were photographed unde.
phase-contrast optics and photomicrographs o " we
spread segments of chromosomes joined togeth ' -~
make a photomap.

_Results

Polytene chromosomes of D. kikkawai — Po *
nuclei of D. kikkawai have 5 long arms and a i ...
‘U’ shaped 4th chromosome attached 1 ~1im
chromocentre. ~he 5 .ong arm. .epresen: th: (-
chromosome (acrocentric) and the left ani1 1 at
arms of the 2nd and 3rd pair of metacentric : ito-
somes, respectively. In an earlier 'reli.n
communication® we presented a {uotor ap o1 .
kikkawai in which we designated .. : 5long: u. .
X, 2L, 2R, 3L and 3R, respectively, and nu pere ®
the subdivisions on these five arms from 1 1> .
However, it appears that the designation of tu. ™
long arms as 2L, 2R, 3L and 3R was prematu- : since
in the absence of cytogenetic data one cannot be
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certain about the i=.. 1d right arms of a given chro-
mc.ome in polyt 1 niclei where all the arms are
joir  to a common chromocentre. In view of this,
we feel that at present it would be b.". r to designate
the different arms as A, B, C,] '+ E. The arm A
represents the 77 ~h.~ nosome while th: . .as desio.ia-
.7, C, Dand 3 repre. ... the four irms o1 the
2z ¢ i d 3cd pair of metacerti.” autosomes. Accor-
dingl* we ha.: . ..'ed a rovised photomep of
S kintaw T po it chromos -t in Fig, 1. In this
w~ ), ach of 1 ..ongarm is d vided into 20 divisions,
ntml I D e 20 ot Cfing from tip to the cirom-

=~ ad. Er~h oi 1 > uivision is .u..her sube ivided
i v ¢-6 ¢ e 4, wabered alphabetically.

e

In ‘h»_ . ntsu son -y cation of D. kikkawai
polvi ~ ¢ romo ¢. , we have anal, :d the auto-
o odic ol lab uin, patterns on twc « romosome
ooty amey o -~ osgment from 1A to 3D on
A l.'v to C-210) and the «. m.... from T{A

o7 rcaarr E(C-TMA to =10 ). A detailed
2l ~ica et of these 2 o ments is given in
T L differoat sec.'o7 s of these 2 chromo-
Syt oo oty e o nfurae Wr divieed into smaller
= 11 Mtie 1 to che analysis of 3H-thymidine

Lodtting nelll 1. .
Tener 4|  of labell ~— " total of 1874
Ik v o oL Ufrom e -thy 71 -~ labelled
Sooorgle oo 3 lerve~ o2 amtv oy e taken
at - interv ' (over ot .iod of 24 hi; after the

1 b*a'c so th~* the overall
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"o chedi o 'ro b sahivary glaads of D. kikkawai
rave o1 g I int» the follew.ao L.o.d cate-
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BRI = sy~ below, but sowe interesting
-~ i ons it [0 .o patterns .o dise. ...d later.
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labelled nuclei with more puffs nc interbands
labelled with a low to moderate grain density. In
1T patterns, nearly all puffs and interbands are
moderately labelled. Several bands are also labelled
but many remain clearly unlabelled. . In LIB, the
chromocentre is almost unlabelled while in MIB
and . »types, there isa progressively -greater labell-
ing of the chromocentre region. ’

Continuous type—Nuclei which show a nearly
uaiform labelling of most bands, interbands, puffs
and chromocentre have been classified as continouous
type. Depending on the intensity of labelling of the
nucleus, 2 categories—medium (2C) and heavy (3C)
continuous types, have been recognized following
Rodman".

Discontinuous type—In these nuclei, the labelling
is restricted mainly to the dark bands and the chromo-
centre (compact regions); again following Rodman’s?
classification, heavy (3D), mid (2D) and low (1D)
discontinuous patterns have been recognized.

On the basis of the above criteria for classifying the
labelled nuclei, the 1874 nuclei observed were grouped
into various categories. The data are presented in
Table 1. The data on the pooled frequencies of
different labelling patterns of the late third instar
larvae of D. kikkawai reveal several interesting fea-
tures. The frequency of unlabelled and disconti-
nuously labelled nuclei is very low in D. kikkawai
during the stage of larvae used for study. The conti-
nuous patterns (specially the 2C types) are very
common. However, most interesting is the relatively
high frequency of the interband patterns, particularly
the MIB. In the pooled data, the frequency of all
t,» s of interband patterns taken together is slightly
more than 25%;. In some individual cases, it was noted
that the interband patterns are present in even more
than 5077 of all polytene nuclei present in the pre-
paration.

emporal sequence of 3H-thymidine labelling patterns
in polytene chromosomes of D. kikkawai — It is now
widely believed that the different kinds of autoradio-
graphic labelling patterns observed after a short
pulse of 3H-thymidine to polytene cells, relate to
nuclei which are in different phases of a given polytenic
replication cycle®'® and, therefore, we presume
th . the above noted different kinds of Iabelling
patiorns also relate to the temporal sequence of
replication of polytene chromosomes of D. kikkawai.
During our examination of the general 3H-thymidine
labelling patterns in D. kikkawai chromosomes,
the patterns of *H-thymidine incerporation in a few
chromosomal sites (viz. 11E and-12C on arm E and

LIFFERENT T%..3 0L "A-"1v. n - LABI .LING PATTERNS IN POLYTENE NUCLEL OF LATE THIRD

...R  _ARVAL OF D). Kkikkawai
[Abbreviations of labelling patterns as in the Text]

Total no.

Autoradiographic labelling patterns Unlabelled
—— - . of nuclei*
T o jYyS} 2C 3C 3D 2D 1M ) ) )
onued 30 286 170 520 301 1St 167 73 176 1874
Joodto 1 uclei 1.6 i5.3 9.1 27.7 16.1 8.1 8.9 3.9 9.4 o

ita pooled from 31 larvae
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3C on arm C) appeared to be rather unusual since
these three sites were seen to be labelled in almost
allTabelled nuclei, except that E-12E was low labelled
or unlabelled in 2D and 1D type of nuclei. Therefore,
to understand the termporal sequence different
lah :lling patterns and to analyse the unusual replica-
tio . behaviour of the above mentioned 3s ites, we
har  cxamined the *H-thymidine labelling patterns
in wo small segments of arm E and C (viz. 11A to
I21Yonarm E and 1A to 3D on arm C)and the
chromocentre region in some detail. A detailed cyto-
logical map of these 2 segments, with reference ;to
H thymidine labelling patterns, is shown in Fig. 2.
o the sake of convenience, we have illustrated 10
dillcrent types of #H-thymidine autoradiographic
lat :lling patterns of these two chromosome segments
and the chromocentre in Fig. 3. In this figure. the
an: lysed scgments of the chromosome arms E and
(¢ nd the chromocentre region belonging to a nucleus
.ith a given type of labelling pattern, have been pre-
s-nted In composite sets. These composite sets have
b n arranged to show the proposed temporal
s¢ uence of the 3H-thymidine labelling patterns in
posytene chromosomes of D. kikkawai from initia-
tio to termination of a given replication cycle. Table
2 ver an interpretation of the autoradiographic
Jat 2lling of different sites (as detailed in Fig. 2)
on these 2 chromosome segments in the 10 labelling
patterns of Fig. 3. It must be stated that the 10 labell-
ir patterns shown in Fig. 3, are only to show some
st-rs during the replication cycle: obviously, there
would be some intermediary labelling patterns
occurring in the interval delimited by any two consc-
cutive patterns chosen for illustrations here. This
<rcuential arrangement of different labelling patterns
i inkc pine with the concept of uninterrupted synthe-
“ie of L A at a given replication site!?, since no
“. ceptional patterns”™'" have been generated in
thc~ ordered arrays (Table 2). As there is consider-
ab o evidence for relating the 1D type of labelling
pa terns in polytene nuclet of Drosophila to the termi-
n~ phasc of replication cycle®!®!> we suggest that
in ). kikkawai, the LIB patterns represent the initial
st~ of a replication cycle. Thus the proposed
tc wporal sequence of different labelling patterns
[rcm initiation to termination in D. kikkawai poly-
ter v nucleit would be as follows: LIB - MIB - HIB
»3C - 3D > 2D -+ ID.

n 1B typ. of labelled nuclei, very few sites are
fal 1l . The nucleus from which the twochromosome
s, ments are illustrated in Fig. 3a is very interesting.
In this particular nucleus only the E-11E 1-2 and
] I 2 sites are seen to be labelled. In a few other
1.7 > type of nuclei, an example of which is shown in
Fi . 3b, the sites E-11E -2, E-12C 1-2 are labelled
an ' in addition, C-3C 2 also shows a low labelling.

1 - if, as sugested above, the LIB patterns represent
th initial sta_:s of a replication cycle, it would
¢ ,.ear that in a polytene nucleus of D. kikkawai
th- r:plication cycle is initiated at E-IIE 1-2 and
o lav 1 sites, closely followed by C-3C puff site.

‘.. can be en from Fig. 2 and Table 2, in MIB
an . labotlcd nuclei, moré of puff and interband
rc ions become progressively labelled. In HIB
I1. elling patterns, the *H-thymidine incorporation
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in the puffs E~11E and C-3C is striking since in alniost
all such nuclei, only these 2 puff sites are seen! to be
very heavily labelled with *H-thymidine: other puffs
(e.g. 1B, 11C, 11D puffs on arm E and 2B on arm
C) show a moderate level of incorporation. The
E-12C 1-2 sites also show a fairly heavy labelling in
HIB patterns.

Continuously and discontinuously labelled polytene
nuclei in D. kikkawai show the usual features of 2C,
3C, 3D, 2D and 1D type of labelling noted in other
species (Figs. 3f—j)but thereare a few notable differen-
ces also. Interestingly the puff regions in 11B and
{1C on arm E continue to have a low level of 3H-
thymidine incorporation in 3D and 2D type of nuclei.
The E-12C region is low labelled in 2D type of
nuclet. In 1D type of nuclei, all interbands and pufls
(except E-11E and C--3C regions) remain unlabelled
while dark bands show heavy *H-thymidine incorpora-
tion. The E-12C region. is unlabelled in 1D type
nuclei. Significantly, in 1D type nuclei, while all other
puff regions are unlabelled, E-I11E and C-3C puff
sites appear labelled. In E-IIE puff, however, in
some 1D type nucei, the 3H-thymidine incorporation
is restricted to the proximal half of the puff (i.c. sites
E-LIE 2-3, see Fig. 3j, and Table 2, column j) while
the distal region (E-11E 1) is unlabelled. In some
other nuclei classified as 1D type, the E-11E puff was
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seen to be more extensively labelled than in the
example in Fig. 3j, which shows a late ID pattern.
In the C-3C puff region also, in late 1D patterns as in
Fig. 3j, the labelling appears to be restricted to the
proximal region of the puff (C-3C 2 site).

Discussion

The 3H-thymidine labelling patterns seen in larval
saliv ry glands of D. kikkawai present several interest-
ing .catures with respect to the temporal order and
othc.  aspects of polytenic replication cycles. The
occurrence of many different types of interband
labelling patterns, which can be arranged in ordered
arra* (Fig. 3) leading to the continuous labelling
patlrns, .caffirms the belief®% that the polytenic

UNUSUAL REPLICATIVE BEHAVIOUR IN POLYTENE

-
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replication cycle in third instar larval salivary glands
of Drosophila is inititated discontinuously at disperse
regions. The interband type of labelling patterns
have been seen in several species of Drosophila : in
D. hydei'®, D. melanogaster' -, D. pseudocbscura®s,
D. athabasca and D. azteca® and in D. bipectinata
(Lakhotia, unpublished). In most of these studies, so
many different types of interband patterns have not
been described and also the interband patterns have
been seen relatively less frequently; this paucity of
interband patterns in other species of Drosophila
has been suggested to be due to a shorter duration of
the interband labelling phase in the S-period3. The
present observations in D. kikkawai, however, show
that in this species, the interband patterns are very
frequent, the total frequency of different kinds of
interband labelling patterns is slightly more than 25%,
of all nuclei. Furthermore, in certain preparations
as many as 50%, or more of the nuclei show interband
labelling patterns. The high frequency of interband
patterns in certain larvae suggests that in. D. kikkawai
the polytenic replication cycle in late third instar
larvae may be initiated synchronously in a greater
number of nuclei than in other species. The average
frequency of different types of labelling patterns
pooled for 31 different larvae of various ages can also
be utilized for roughly estimatirig the duration of
different labelling patterns in a replication cycle.
From the pooled frequency data it appears that the
LIB stage (specific labelling of E~-11E, E-12C, C-3C
and a few other sites) is very brief but the MIB
and the HIB stages are more prolonged. The phase
of continuous labelling (2C and 3C patterns) also
appears to account for a major part of the S-period.
Significantly, in D. kikkawai, the discontinuous
patterns. particularly the 1D type are seen in very few
nuclei and this may again reflect a shorter duration of
these phases.

As already suggested in observations, the LIB
patterns in D. kikkawai appear to represent the initial
stages of a polytenic replication cycle. This is also
supported by the labelling patterns of the chromo-
centre regions since as discussed in detail by Chatterjee
and Mukherjee?, the heterochromatic chromocentre
region in polytene nuclei, as in other cell types of
Drosophila'®' initiates its replication later than
many other chromosomal regions and continues to
replicate till the very late ‘S’. Accordingly, in the
present study, we have noted that the LIB type nuclei
show almost no incorporation of 3H-thymidine in
the chomocentre while the MIB and HIB type labelled
nuclei have a progressively greater labelling of
chromocentre. Thus the #H-thymidine labelling
patterns of the chromocentre support the temporal
sequence of different labelling patterns suggested
carlier in observations.

These considerations lead us to suggest that a
new replication cycle in salivary gland nucei of late
third instar larvae of D. kikkawai is initiated at
E-11E, E-12C and C-3C sites since these sites are
specifically labelled in LIB patterns. The E-11E and
C-3C regions are typical puff sites, as eviden-
ced by their morphology and by our observa-
tions on *H-uridine incorporation at these sites (un-
published data) and. therefore. expected to be labe-
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ard C (1A~ 3.9) and the chromocentre, arranged in composite sets a to j. In cach set, the segment ol arm E is placed on the

Jeto the segment of arm C in the middle and the chromocentie (cc) region on the right side. Examples in the sets ¢and b

¢ vespond to LIB, c and d to MIB, e to HIB, f 10 2 C, g to 3C, h to 3D, i to 2D and  to 1D types of autoradiographic labelling
patterns, s 1600 [ Fordetails see Table 2 and the Text]
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Fig. 3.--(C

lled with *H-thymidine in early part of the S phase.
The labelling of E~12C region with 3H-thymidine in
LIl patterns is interesting since this region does
not appear to be a puff: rather this region has a
ser 3s of closely placed darkly stained bands which
very often have a diameter greater than the adjoining
regions (sce Fig. 2). Thus it secms that in polytene
nuclei of D. kikkawai a replication cycle is initiated
by 2-3 replicating units and these include puftf as
well as banded regions. A similar mitiation of repli-
cauon cycle in polytene nuclei of Drosoplila has not
beo 1 reported so far in the literature. However, it is
in. resting to note here that in our studies on replica-
tior in polytene chromosomes of D. nasuta (unpub-
lished data), we have recently observed a situation
closely similar to that noted in D. kikkawal. Thus
it may be suggested that in different species of Droso-
phila, the initiation of a polytenic replication cycle
in salivary glands of late third instar larvae may be
somewhat different: in general, the initiation occurs
at the disperse chromosomes regions (interbands and
pufls) but the synchrony with which the various puffs

tinued from p

. 236)

and interbands start replication may vary. In D.
kikkawai, the initiation of different sites may appear
to be greatly asynchronous so that one can observe
the diverse kinds of interband patterns ranging from
1-2 sites labelled (LIB) to a labelling of nearly all
interbands and pufls (HIB type).

The continued incorporation of *H-thymidine in
E-11E and C-3C regions even in late 1D patterns is
intriguing since in other Drosophila species, the
early replicating puff and interband regions complete
their replication cycle earlier than the bands®%.
In D. kikkawai, apparently, the 2 initiating sites
(E-11E and C-3C) do not complete their cycle of
replication earlier than the late replicating sites
(bands and chromocentre). At the present state of
knowledge we do not know if the E-11E or C-3C puff
regions are composed of only one or more replica-
ting units. In the latter case, it is possible to conceive
that one or more of these units replicate in the early
period and the other units do so in the latter part so
that in our autoradiograms, the puff sites in question,
show “*H-thymidine incorporation in all labelling
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patterns. That some such organization may be exist-
ing is indicated by a detailed examination of the site
of *H-thymidine incorporation in E-11E puff in the
different types of labelled nuclei. As shown in Fig. 2
and Table 2, we haveidentified at Icast 3 independent
labelling sites in the « 11E region (E-11E 1, 2, 3),
of which E-11E 1 and t 11E 2 (puffed faint bands)
ar. laelled in the initial stages while E-11E 2 and
P 1IE 3 arce labelied n late ID patterns. On the
basis " present analysis, it appears, therefore, that
the faint band at E-11E 2 site is labelled from the very
iitial to the terminal stage of replication cycle.
In cas of C--3C 2, we could not make a similar analy-
sis sin -~ grains were always found scattered over this
puff 1¢, ion. Nevertheless, the possibility remains
that a site which starts replicating very early in the S,
continues to do so till the very late S and this makes
the temporal scquence of replication patterns in D,
kikkawai somewhut different from the so far known
examples in other species of Drosophila where the
initial and terminal *H-thymidine labelling patterns of
polytenc chromsomes have been found to be comple-
mentary. The continued synthesis of DNA during
the entirc *S’ period at the two sites also raises the
possibility of synthesis of “extra™ DNA as is known
‘o ~ome sites in polytene chromosomes of Chirono-
ot Further autoradiograhic labelling studies in
combination with cytophotometric analysis may
provic ~ a satisfactory explanation to the curious
TH-thr midine labelling patterns scen in the polytene
chrow ssomes of D. kikkawai.
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