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MISHRA & LAKHOTIA: REPLICATIO?

On the basis of autoradiographic labelling patterns
in the analyzed polytene nuclei, 14 independently
labelling sites in the X and 18 in the 3L segment could
be delineated 1n cold- as well as warm-reared larvae.
This delincation is based on the same criteria as
adopted by earlier workers for identifying inde-
ne1 eatly labelling sites in polytene chromosomes® =7
WL eytological extents of the labelling sites identified
on ihe X and 3L segments are presented in Fig. 1. The
pr nce(a minimum of a cluster of 3 grains at a site) or
~ nce of labelling at each of these sites of the X and

.~ nents of well spread nuclei showing the mid-

*_d (early patterns) or discontinuous (late

~oeaas, for det als of the labelling patterns in these
coland Lo a-eon odlarvae see ref. 2) type labelling
e v wewdd Toowraedls These observed patterns have
| 1arran_ . in matsces of ordered arrays®*’ of
v ryand ot ot oas, respectively, to determine the
o upcmal temie o0 of initiation and termination of
o sat * e~ two dev p - atal temperatures.
- : o meesoof Rollic g of each of these

1

1

S - ¢ .7tz patte o5 r...2 also been
1.3 " ooane the rank ordor of initiation or

o e e to Ul 1y lication.
. othe ... 1. wumee. of nue .t showing the

it Toowin s patterns in the warme-rcared
LN 4 C. .o analysis of the Initiation of
Ivcton O Cuc ot L in th oo two segments
o ¢ be obt e only from cold-reared group. The
oot of I ~hing of the different sites mn X and 3L

. ved ‘v 35 mud-int. - ~d 7~ female
1« fareyp:o totin ordered arrays in Tz 20 On
© ooZoofthela. (I i uencies of different sites in
G, ot L L 2d0 wld the ordered arrays
of 1 ol ..od  lioas (Fig. 2a) it appears that the
71. . putf .. ‘on is the first (in the two segments
w2 C) O it 1) 1 cation foltowed by 75B, 74 -

(130, and 2L 0ond 2, 11-18 on the X segiment 1n
t, cord I Lweve o itis striking to note that for none

e g

of 1 sit~c the presence of labelling remains
v v ptewe w the comt w b poterns of X and
Sf et are arranged in the ordered arrays
Cazo Ao examples of the . ible ' belling of
tro 2 oo, tobelling | affsites in the X and 3L segments
o eeo.oodiin Figl 30 An examination of the ordered
« .o, of paierns in Fig. 2a shows that the other
Uy e wtesinthe X and 3L segments are initiated to
ref, €« at luer stages but the sequence of therr

mnit 1 .on i dudereat nuclei also dppears to be variable
si- > the labelline of these sites cannot be arranged in

uniy  aupted soquence in the ordered arrays (see
D~ =si0n).
T w oo v Ipatte s of labelling of different sites

in difter nt discontinuous type labelled polytene nuclel
from warm- and cold-reared female larvae have also

1.2 POLY1_.'.E CHROMOSOMES FROM 24 C & 10°C REARED LARVAE
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Fig. 1—Cytology of the segment of 3L (a) and X (b) of D.

melanogaster analysed for *H-thymidine labelling of ¢, . :ific sites.

The cytological divisions on standard polytene chromoson: 1 - =

are indicated below the chromosome segments, The ider. ity of each

of the 18 “labelling sites™ on 3L and 14 on X segment is indicated in
the upper part of cach figure. Magnification, X 1500

been arranged in matrices of ordered arrays to
represent the possible sequence of termination of
replication of the labelling sites (¥ig.2b-¢). The
ordered arrays as well as the labelling frequencies of
different sites (Fig. 2d&e) reveal that the inde-
pendently labelling sites,an the X and 3L segments in
107 and 24 C rcared larvae are cytologically identical.
However, the frequencies of labelling of some 3L sites
in the discontinuous type labelled nucle: show
differences between [0 and 24 C rearcd iarvae: e.g.
sites 1, 6 and 9 on 3L show somewhat iower [a! ng
frequency at 10°C than at 24 C, while the sites 4, 7, 14
and 16 (all puff regions) on the 3L segment show an
merease in 10°C reared larvae. Other than ¢ --: the
labelling frequencies (in discontirtous type nuclei) of
different sites on X and 3L segmel... ..re similar in the
two temperature groups. As in .. > case of IB patterns
noted above, in the ordered arrays of discontinuous
labelling patterns also, the labelling of a given site does
not remain uninterrupted. It is interesting that the so-
called ““exceptional patterns’™ generated due to these
interruptions in the presence or absence of labelling at
a given site in the ordered arrays are more frequent in
the cold-reared larvae (Fig. 2b and ¢). An estimate of
the frequency of these “exceptional patterns™ in the
ordered arrays of discontinuously labelled X and 3L
segments has been obtained by applying the following
formula:

_ lotal exceptional labelling in the array

Eu= - x 100

32 x No. of nuciur in the array
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Fig. 2 —a-c- -Ordered arrays of *H-thymidine labelling patterns of X and 3L segments from polytene nuclei of female larvae. (a) 10°C reared

MIB type nuclei: (b) 10°C reared discontinuous type nuclei; (¢) 24° C reared discontinuous type nuclei. Black bar indicates the presence of label

atasite (abscissa). The labelling pattern of a nucleus (ordinate) is represented along one horizontal line. Some patterns were observed in more

than one nucleus, but cach pattern is shown only once in the ordered arrays. d-e H-thymidine labelling frequencies of different sites on X (d)
and 3L (e) scgments in mid-interband and discontinuous type labelled nuclei.
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MISHRA & LAKHOTIA: REPLICATION IN POLYTENE CHROMOSOMES FROM24°C & 10°C REARED LARVAE

(where, 32 is the total number of labelling sites, 14 on
the X and 18 on the 3L segment, respectively). The Ep,;
(Exceptional Labelling Index) for the arrays of D type
labelled nuclei at 24° and 10°C are 2.6%, and 5.1%,
respectively. Examples of such “‘exceptional patterns’
scen on the 3L segment incold-reared female larvae are
presented in Fig. 4. The 3L segment in Fig. 4a shows
labelling of all the heavier band regions and also the
four puff regions; in Fig.4b, only the dense band
regions in the labelling site nos. 1, 3.5, 6,9, 13, 17 and
18 are labelled; at a later stage in Fig. 4c, the site nos. 5
and 6 become unlabelled, the site nos. 1, 3and 9 are low
labelled while the site nos. 13, 17 and 18 are fairly well
labelled. In the examples in Figs. 4d and e, among the
dense regions, only the site nos. 17 is distinctly labelled
but the puff region in site 16 (75B, Fig. 4d) or in site 14

WY—231-10
]—-2811-‘!8

C . lT ,

b

d L., *

Fig. 3

(74C-F, Fig. 4e) is alseo seen to be labelled. In the very
late stage, in Fig. 4f, only the band region in the site 17
is labelled. In these examples, the labelling on any one
of the two puff regions in Fig. 4d and 4e, is considered
to be ‘“‘exceptional” since in the ordered arrays in
Fig. 4a-f, the presence of labelling at the puff 75B in «
and d or at 74C-F in a and e is interrupted by no
labelling in b and ¢ or in b, ¢ and d, respectively.

In our earlier study?, we have shown that the
independently labelling sites on 2R segment and their
temporal order of initiation and termination is
generally similar in the warm- and cold-reared larvae.
As in the X and 3L segments, in the 2R segment also,
the sites labelled in late S (1D type nuclei) are generally
unlabelled in the interband type labelled nuclei seen in
cold-reared larvae. The possible temporal sequence of
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Examples of variable *H-thymidine incorporation by the early labelling sites on 3L and X segments in different mid-interband type

nuclei from cold-reared female farvae. In (a) the X segment s unlabelled while the puffsites 7IDE, 74 C-F and 75B on 3L are labelled. In the
other nucler showing similar fabelling on 3L (not shown). the site 2B1-10(b) or 2B11-18(¢) is only labelled on X. At a still ater stage (d), when
7IDE, 72D, 74C-F and 75B are labelled on 3L, both the regions 2B1-10 and 2B11-18 on X are labelled. Magnification, X 1600
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initiation of different sites on the 2R segment in cold-
reared female larvae is shown in Figs. Sa-e, while the
temporal sequence of termination of replication in the
late labelling sites is shown in Fig 5f-1. The puff region
t S8 DE is the first to inittate DNA synthesis in this
-gment, followed by initiation in other disperse and
later in other regions leading to continuous labelling
stage. The patteon of nitiation 1 the very late
.plicating 56.7-37B region 1s interesting. Not only the
"irk bands m scction 56F, 57A and 57B remain
unlabelled orlow labelled even tuill 2C stage (Fig. 5d, ).
oplication in . 2 interband regions in this area is also
‘uitiated later than in other interbands. In the late 1D
type nucler, only the dense bands in the 56F-57B
ains are seen 1o be labelled and of the 3 dense bands,
qat in S6F ¢ rocars to be the last to complete its
ol ation. owreeptional” labellinz patterns are seen
the or® 1 arrays of early ¢ 1l as late labelling
it oo of the 2R segment{data not presented), and as
Zoe orof Xoand 3L segsments, the incidense of
woetelling is higher in cold-reared larvae.
o us oo of exceptional” presence or absence of
vend 9 on s¢ .. oof the late replicating sites (like
e U L) are shown in Figs. Sf-1

=« v arrays of labelling of s o
“oumrzstt canthe Xano 3L chromosome - s
o7 o o rhier suggoe Son that the ey oo ally

- Lo toavpendently labething oo (0 ST
units™ at tv ¢ comosomal lev ) in »gland

Dby te 2 clues, coomes remain sinular i -
ueaces in larval rearing conditions ete. On Lo
sa ot of other studies on 2777 fiber caworaiiography
Yl appears
10 us that in ¢ neral the independently labelled sites

it ule at chromosomal level are reflection of the

"0y e chromosomes mour laborato,

reelon :plication origin points. Thus. the
“y oof the eplicating units™ at chromosomal
in ' warm- and cold-reared larvae observed in
would imply a similarity in the number
1L ton of active replicons in polytene nuclet
Dwarm- and cold-rear . LroLo.

ke ordered arrays of lat L1,y on specific segments
4 X and 3L also provide eov. ioace for a g roater
w wchrony in the initiation and completion of

4 1. .aples of vanable *H-thymidine labelling of puff sites on

e ~ cncn IDwypel*b- dnucle” ” ot temale
w. ¢t chodiffer  segmenisar. 4 dinthe putativ «mporal
u .. of term. ati a from many sies T ibel 3 () to only 75C
i al ( vo he sxeeptional” poines - fiibelling on the
utf sites 75 d) ..l 4 Tyl u vl ge of 'yt S-
uod whea caly the ler s eplica n shk o ud)yor Yod

75C (e} are labelled. 70 L0 cne o X 1600
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MISHRA & LAKHOTIA: REPLIC/.T O] IN POLYTENE CHROMOSOMES FROM 24°C & 10°C REARED LARVAE

replication of the different replicating units in cold- -

reared larvae. As discussed in the earlier paper? the
more frequent occurrence of interband labelling
patterns in cold-reared larvae is indicative of a greater
as’ nchrony in initiation of replication in the different
aisperse and dense chromosome regions. The large
cil erences in the frequencies of labelling of the
d" ‘erent disperse sites replicating in the early S-period
("I patterns) in cold-reared larvae is indicative of
. ater time interval between initiation of replication
in the different regions. In warm-reared larvae, IB type
al oili,  patterns are infrequent and moreover, the

1 uwype patterns are nearly absent? and, as such,
t: : ~uld not be such large differences between the
lal lling frequencies. Therefore, interval between the
ti- e «1 activation of origin points of different early
lal 'ling sites in warm-reared larvae would be smaller.
.~ lysi of the ordered arrays of late labelling patterns
1. . '3 that many sites which are infrequently labelled
in the D-type nuclei (late patterns) in warm-reared
. v :ui. iabelled more often in the D type nuclei in
¢ llaoe od larvae. It 1s significant that all sites which
i, completing their replication earlier in the warm-
re; =+ larvae do not show equal increase in their
lal  lig frequency in D type nuclei in the cold-reared
le vae. It may thus be suggested that since the
iriation of replication of the different replicating
ur s i° more sla; gered at low temperatures, their
1 min lonis a'.o correspondingly staggered. In this
¢ ..text, the relatively more frequent tabelling of the
pt ™ in sections 71, 72, 74 and 75 of 3L in the late
] t. nsis somewhat unexpected, since these sites are
a’ 0. ong the first to initiate a replication cycle. The
1 . c:intheir . lling frequencies may imply that in
co.d d larvae the period of replication of these
{* 1 ~ites 1s lor_ r than in warm-reared larvae.

ver, a fer rther possibilities may also be raised in
th - ¢ ~text - further studies. The occasional
' of some of these puff sites in the [D type
n- .. from cold-reared larvae could also be due to a
pa . of t... T 1A of the adjacent late replicating band
(e. 1. 74A " region near the 74C-F puff, and the 75C
L n 1 . 7% puff) being drawn into the puff
“t1 'ctuaea at low rearing temperature. Higele and
_ . lisch® have recently shown that even after puffing, a
r<_licating” site remains late replicating. An
all .cnative |~ s ility could be that in some nuclei
from cold-reared larvae a new replication cycle may be
mniti “~  before the previous ongoing cycle is
completed, so that the early replicating puffs may
occasio® ‘ly appear labelled in ID type nuclel.
Chatterjee es al.'® have shown that after inhibition of
protein synthesis with puromycin, a new polytene
1. lication cycle is initiated before the ongoing cycle is
completed.
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Fig. 5—Examples illustrating the possible temporal sequence of
initiation and termination of replication of different sites on the 2R
segment from salivary glands of cold-reared larvae pulsed with *H-
thymidine for 10 min. Note the relatively late initiation of replication
in 56F-57B region. For details sce text. Magnification, X 1230

657



INDJAN J EXP BIOL, VOL 20, SEPTEMBER 1982

The decrease in the labelling frequencies of some late
replicating sites (sites 1, 6 and 9 on 3L segment) in D
type nuclei in the cold-reared group as compared to
those in the warm-reared ones also appears to be a
result of greater asynchrony in the initiation of their
replication. Assuming that the duration of replication
of a given site remains same at the two developmental
conditions and that the very late replicating sites (e.g.
74AB and 75C) initiate their replication cycle later in
the cold-reared group compared to that in the warm-
reared group, the observed decrease in the labelling
frequencies of some other sites in the former then does
not appear to be an absolute decrease in its total period
of replication, but only reflects a relative decrease in
relation to the sites which are very late replicating and
which thus invariably show a 1009, labelling. The

ateern of labelling of the very late replicating regtons

. -J7B in the IB and C type nuclei in cold-reared
larvae (Fig. 5) is suggestive of a later initiation of such
vory late replicating sttes tn the cold-reared than in
v irm-redared larvae.

.2 have noted the so-called “exceptional” patterns
in the ordered arrays of early as well as late labelling
patterns in cold- and warm-reared larvae. We do not
think that the “‘exceptional” patterns are generated
due to technical artefacts as has been sometimes
believed® ”. They appear to reflect an important aspect
of polytene replication. One of the basic assumption
n de while arranging the observed labelling patterns
o: different nuclet in matrices of ordered arrays is that
tt *»mporal sequence of initiation and termination of
re slication of different sites is stringently regulated in
al nuclet. The present observations, however, suggest
tk 1t the temporal order of nitiation and termination
of replication of different sites 1s variable within
certain limits. From the matrix of the early patterns in
Fi1 2a, it is clear that even the temporal order of the
in.. ‘ation of replication of the very early replicating
sit>s (viz. 71DE, 75B, 74C-F, 2B1-10 and 2B11-18
pu ts) is variable in different nuclei, although several of
th = -ites are always labelled in later MIB nuclei in
which some other sites have also been initiated to
replicate. Similarly, the order of termination of
replication of the different late replicating sttes is seen
to sary in cold- as well as in warm-reared larvae; but
again, if in a 1D nucleus a relatively less late replicating
site (i.e. with a lower labelling frequency) 1s labelled,
several, though not all, of the later replicating sites
(with a higher labelling frequency) are also invariably
I led. From these 1t appears that in cold-reared as
wel, as warm-reared larvae, there are “‘families” of
rer icating sites, so that between the different
“families” the temporal order of initiation and
termination 1s maintained, but, within a given
“family” the temporal order of replication of different

658

sites is variable. This organization appears to be a
manifestation at chromosomal level of the pro-
babilistic order of activation of one of the several
potential origin points suggested at the DNA molecule
level by Taylor'!. It is possible that this probabilistic
variability in activation of different origin points in
polytene chromosomes of cold-reared larvae is
enhanced due to their overall higher levels of polyteny.

Besides the above discussed assumption of a rigid
temporal order of initiation and termination of
replication of different sites, the other assumption in
arranging the labelling patterns of different nuclei in
matrices of ordered arrays is that the replication at a
given site proceeds uninterrupted from initiation to
termination and there is only one round of replication
during one S-period*. Implicit in this is also the
assumption that all the homologous origin points on
lateral strands of a polytene chromosome are initiated
to replicate synchronously. Both these assumptions
may also not be valid. Recent results of Laird*? have
suggested that certain regions in a polytene
chromosome are more replicated than others and this
means that some sites may re-replicate during a given
S-period. It has also been suggested that in
chromosomes having higher overall polyteny levels,
this aspect may be further exaggerated'?. Results of
DNA fiber autoradiographic studies of polytene
chromosomes in our laboratory® (and other
unpublished observations) have favoured Laird’s
concept of polytene chromosome organization, and
have also suggested that the initiation of replication in
homologous origin points on lateral strands of a
polytene chromosome occurs asynchronously. These
two features, viz. unequal polytenization of different
euchromatin regions of a polytene chromosome and
asynchrony in replication of the lateral strands would
also contribute to the generation of ‘“‘exceptional
patterns” in the matrices of ordered arrays. It is likely
that unequal replication of different regions and the
lateral strand asynchrony will be more pronounced in
nuclei with higher polyteny. Therefore, a greater
incidence of “‘exceptional” presence or absence of
labelling at a site, noted in the ordered arrays of
labelled nuclei from cold-reared larvae, may be due to
the cold-reared polytene nuclei having higher overall
polyteny levels'.

The present results thus reveal that although the
cytological extents of the independently replicating
units remain similar in polytene nuclei at the two
developmental temperatures, the temporal order of
replication of these units can be modulated
independent of cach other. This autonomy in
programming their replication is probably the basis of
the morphological and functional organization of
polytene chromosomes*?.
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