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Abstract

The band-interband pattern of salivary gland chromosome 2R in Drosophila nasuta
albomicans (division 53—83) was studied by light (LM) and electron microscopy (EM)
using squash preparations and surface-spread polytene (SSP) chromosome preparations,
respectively. LM and EM maps were compiled. Based on the digitized EM patterns of
five homologous SSP chromosomes a computerized chromosome map was plotted. The
EM pattern analysis showed a total number of 662 chromosome bands with an almost
98% increase compared with the LM analysis of squash preparations. The majority (about
92%) of interband lengths in SSP chromosome 2R ranged between 0.25 and 0.64 pm,
which equal about 0.8—2.1 kb of totally extended DNA or 2.5—86.4 kb of DNA, if a
DNA packing ratio of 0.1 um/kb is assumed for the interbands of SSP chromosomes.

Introduction

Drosophila nasuta albomicans is one of the twelve members of the nasuza subgroup
of the immigrans species group (Wilson ez al., 1969; Ranganath and Hiigele,
1981; Daniels ez al., 1990). During the last two decades, the nasuta subgroup
has focused interest by several evolution, genetic, biochemical and molecular
studies (cf Kalisch, 1991).

The subgroup members D. n. albomicans and D. n. nasuta are anisohomo-
sequential (Ranganath and Krishnamurthy, 1974; Yoon, 1989): the mitotic
chromosomes of both members show anisogenetic differences [D. n. nasuta,
2n = 8; D. n. albomicans, 2n = 6 by fusion of chromosome 3 with the gonosome.
Further differences exist in the amounts of heterochromatin and in the size of
chromosome 4 (Ranganath and Higele, 1982)]. The band-interband patterns
of the polytene chromosomes in both members are almost homosequential on

7D Merger DENO - Puchase om wive 20 b¥@ et mieroscropic (LM) level [the polytene chromosome complement of both
members consists of five chromosomes designated X, 2L, 2R, 3 and 4. These
comprise of a very long third chromosome, three medium sized chromosomes
(X, 2L and 2R) and a very small fourth chromosome (Lin et al., 1974; Ranganath
and Krishnamurthy, 1974)]. However, there are no electron microscopic (EM)
analyses of the band-interband patterns which prove that the homosequential
patterns at the EM level exist.

In this paper, we revise the earlier LM chromomeric data of chromosome 2R
(Sajjan and Krishnamurthy, 1973; Lin er al.,, 1974; Ranganath and
Krishnamurthy, 1974; Lambert, 1976; Roy and Lakhotia, 1981) by compiling
a new LM map and counting the polytene structures in the individual sub-
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divisions. We also present an EM map based on SSP chromosome preparations
and compare the patterns in both the maps. A computerized EM chromosome
map has been plotted based on the digitized patterns of five homologous SSP
chromosomes, and we use these data for an analysis of interband lengths. It is
suggested that more than 92% of the interbands in D. n. albomicans are long
enough to host the DNA-sequence of an average eukaryotic gene. These data
coincide with earlier data on interband lengths in D. hydei (Kalisch ez al., 1986a,b).

Our study is to be seen as a first approach to a future EM comparison of the
band-interband patterns between D. n. albomicans and D. n. nasura, as well as
a basis for any further cytological work in the nasuza subgroup.

Materials and methods

The Drosophila nasuta albomicans wild-type strain used in this study was obtained
from the National Drosophila Species Resource Center, Bowling Green, Ohio,
U.S.A. (stock number 15112-1751). Larvae were raised on standard medium
at 25 = 1°C. Extra baker’s yeast was provided to optimize the development
up to the late third-instar.

Squash preparation and light microscopic pattern analysis

The standard technique with alcohol and acetic acid (3:1) was used for squash
preparations of salivary gland chromosomes. For the LM band-interband pattern
analysis and the light micrographs of the unstained chromosomes in squash
preparations, we used a Neofluar objective 100/1.3 Ph, Zeiss and a Neofluar
63/1.25 Ph, Zeiss, respectively.

Surface-spread polytene (SSP) chromosome preparation

Salivary glands were excised and processed for SSP chromosome preparations
according to the standard technique for D. melanogaster (Kalisch and Whitmore,
1986) after slight nasura-specific modifications (Singh and Kalisch, 1991a):
3.74 M citric acid (12 g dissolved in 15 ml of aqua bidist) was used in the salivary
gland pretreatment solution instead of the standard 3.18 M concentration. For
the final composition of the pretreatment solution, 15 ml of citric acid (stock
solution 3.74 M) was mixed with 30 ml of propionic acid (8.82 M, 7.e. 19.8 ml
propionic acid + 10.2 ml agua bidist).

After 5—7 min of pretreatment, chromosomes were spread on the surface of
a drop of the spreading medium (mixture of 4 M urea and 0.1 M HCI solutions)
and picked up on a Formvar coated grid with a central 500 x 1,000 um mesh.
Grid coating with 0.35% Formvar solution provides a film strong enough to
observe the preparations up to an EM magnification of x3,000.

Electron microscopic pattern analysis

The SSP chromosomes were observed (without using any contrast medium) with
a Siemens Elmiskop 101 at 60 kV and 80 kV and photographed on Elford
technical film (0.18 mm polyester base) at x1,600 magnification. The final
magnification of the micrographs used in the photo map was x2,800. The band-
interband pattern was analysed from the original micrographs.
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Chromosome mapping

Sectioning of the LM and EM maps in Figure 1 is based on the LM map of
D. n. nasuta (Ranganath and Krishnamurthy, 1974) which is seen to be almost
homosequential with D. n. albomicans (Rajasekarasetty er al., 1978, 1980). Accord-
ing to the mapping of D. n. nasuta, chromosome 2R of D. n. albomicans is divided
into thirty-one divisions labelled from 53 to 83.

In the earlier D. n. nasuta LM map (Ranganath and Krishnamurthy, 1974)
there was no sub-divisioning. We mapped the subdivisions according to the needs
for EM computerized band-interband patterns (Kalisch e al., 1984). Each band
in the EM map of Figure 1 is denoted by a dot and the total number of bands
counted in each sub-division is mentioned at the right hand margin. Total
numbers of bands including closely juxtaposed and dotted bands are given in
Table 1. Bands of similar thickness and band type, with interbands not greater
than 0.094 um (Kalisch ez al., 1986b), have been listed as doublets and triplets
in Table 1.

Digitization and computerized plotting of the chromosome map

In order to plot a computerized EM chromosome map, measurements of polytene
structures [band thicknesses, band diameters, interband lengths, band types
(dotted) according to the approximate DNA content of the chromomeres, and
characteristic marker-bands] were taken from five different electron micrographs
using a magnified measuring scale of 0.1 mm unit and pattern parameters defined
earlier (Kalisch ez al., 1984). The computer and plotter hardware used [IBM
PCXT (MS-DOS; BASIC); HP 7475A plotter (pen diameter, 0.3 mm; minimum
pen shift width, 0.025 mm)] as well as the digitizing and plotting programs are
the same as in earlier studies (Kalisch ez al., 1984, 1986a,b).

Results

LM and EM pattern analysis

Cytogenetic identification of chromosome 2R is favoured by the constantly found
loop configuration (division 53) at the proximal end. This chromosome
configuration is formed by multiple ectopic pairing among the bands of the
subdivisions 53A, 53E, 54A and 55A (Singh and Kalisch, 1991b). The tip of
chromosome 2R is characterized by a fan-shaped expansion of the terminal
bandgroup. Both land-marks are to be found in squash preparations as well as
in SSP chromosome preparations (Figure 1).

Division sectioning of the LM map in Figure 1 is based on an earlier LM map
of the almost homosequential D. n. nasuta strain (Ranganath and Krishnamurthy,
1974). The subdivision sectioning presented in Figure 1 follows the parameters
for computerized chromosome mapping (Kalisch ez al., 1984) concerning the
position of the section borders in relation to the interbands (cf EM chromosome
map in Figure 2).

The LM map in the four plates of Figure 1 shows one and the same chromo-
some, whereas the EM map in the same Figure is compiled from one SSP
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Figure 1 EM (a) and LM (b) maps of chromosome 2R in Drosophila nasuta albomicans. Division
53—83, arranged on four sequential plates (63—54, 55—66, 67 —76 and 77—83). The LM
map comes from one squash preparation. In the EM map, subdivisions 53A—E, 61B—66C
and 73B—76B have been replaced by three different SSP chromosome preparations. The
constantly found loop configuration of subdivision 53 (Singh and Kalisch, 1991b) has been
arranged in the EM map in a similar position to be seen in the LM map. Division sectioning
is based on the LM reference map of the almost homosequential D. n. nasuta strain (Ranganath
and Krishnamurthy, 1974). Each dot in the EM map labels one chromosome band identified
in the original EM micrograph. The total number of bands are given at the right border in each
subdivision. The bar scales equal 10 ym in both LM and EM maps.
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chromosome preparation in which three regions are replaced by material from
three different SSP chromosome preparations: subdivisions 53A—E, 61B—66C
and 73B—76B. In the LM and EM maps depicted from third-instar
developmental stages the puff patterns are somewhat different (e.g. puffs in 96B
and 79C).

The average lengths and widths of chromosome 2R in squash preparations
are about 165 and 3.4 um, respectively. In SSP chromosome preparations with
a comparable degree of polyteny, an average chromosome size of 500 pm in
length and 10.7 pm in width is found. This indicates an almost three-fold
longitudinal and lateral expansion of the giant chromosomes by the SSP
chromosome preparation technique used. Comparable spreading degrees of
salivary gland chromosomes using the same technique have also been found in
several Drosophila and Chironomus species (Kalisch and Whitmore, 1983; Kalisch
et al., 1985). In Figure 1, the LM and EM maps are depicted at the same
magnification which illustrates the differences in pattern resolution between
common squash preparation and SSP chromosome preparation.

In the majority of the SSP chromosome preparations, chromosome subdivisions
53E—54A, 57B—58A, 66C, 71A—B and 76B—77A showed conspicuous con-
strictions. Constrictions are generally characterized by different cytogenetic
peculiarities: ectopic pairing points, weak points, underreplicated chromosome
sections, intercalary heterochromatin and/or late replicating polytene structures
(Kalisch and Higele, 1976). In chromosome subdivisions 53E—54A, 58A and
76B—77A the weak point character is obvious from stretched parts in squash
preparations and excessively spread in SSP chromosome preparations where these
regions were often found broken or weakly connected.

The number of bands (Table 1) were counted light microscopically in the
original chromosome from which the LM map is depicted (Figure 1). The total
number of 335 chromosome bands has to be compared with the 315 bands in
an earlier chromosome map of the almost homosequential chromosome 2R in
D. n. nasuta (Sajjan and Krishnamurthy, 1973). Unfortunately, any light micro-
graph of squash preparations shows only a reduced pattern compared with the
direct LM analysis of the chromosome itself. The LM pattern resolution in earlier
light micrographs of D. n. nasuta and D. n. albomicans in which the total number
of bands is not listed (Lin ez al., 1974; Ranganath and Krishnamurthy, 1974;
Roy and Lakhotia, 1981) cannot be compared with the analysis of our present
study.

The EM map in Figure 1 indicates a total band number of 635 compared
with 662 in the chromosome map of Figure 2 based on five homologous
chromosome preparations analysed. This indicates that even in the EM analysis
of individual SSP chromosome preparations of D. n. albomicans a certain amount
of faint bands and interbands cannot be identified.

EM chromosome map

The EM band-interband pattern of chromosome 2R, based on the average data
pooled from five SSP chromosome preparations, has been included in the
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computerized chromosome map in Figure 2. In comparison with other
computerized chromosome maps (Kalisch ez al., 1986a,b), the interband lengths
of the chromosome map in Figure 2 do not represent the relationships to be
seen in the original micrographs. Interband lengths are relatively shortened (in
comparison with that found in the EM map of Figure 1), in order to reduce
the total length of the chromosome.

To mimic the different DNA/protein contents of individual faint or diffused
bands, these polytene structures are represented by dotted lines with different
numbers of dots used in individual polytene structures of the chromosome map
in Figure 2. In cases, where the pattern gets complex by closely juxtaposed dotted
bands, the total number of bands can be checked in Table 1. The LM map
used as reference map for the EM chromosome map in Figure 2 is identical
with the one in Figure 1.

A subdivision-wise comparison of the band numbers between LM and EM
analyses has been listed in Table 1. The number of bands in the EM analysis
indicates about 98% increase compared with the LM analysis. This was achieved
both by the technique of SSP chromosome preparation as well as by the higher
EM resolution.

Quantitative analysis

Measurements of interband lengths in the electron micrographs of SSP chromo-
somes 2R indicated that about 92% interbands are in the range of 0.25 to 0.64 um
(the decision on range selection was made by the distribution of measurement
values). Another 3% of interbands are longer than 0.64 pm (maximum 1.5 um)
and the remaining 5% are shorter than 0.25 pm. A range of 0.25 to 0.64 um
equals about 0.8—2.1 kb of totally extended DNA. If a DNA packing ratio of
0.1 pum/kb is assumed for SSP chromosomes (Kress er al., 1985), then the
interband lengths should represent about 2.5—6.4 kb of DNA. In both ways
the DNA content of interbands coincide with the average DNA length of a
eukaryotic gene.

Discussion

For the first time, a complete band-interband pattern analysis of an entire polytene
chromosome is given in one and the same paper, including the LM and the
EM maps together with the EM chromosome map. The side-by-side arrange-
ment of the LM and the EM maps in the same figure (Figures 1 and 2) facilitates
a direct comparison between these two levels of pattern resolution.

Several LM analyses of the band-interband pattern in the almost homo-
sequential salivary gland chromosomes of D. n. nasuta and D. n. albomicans have
already been published as photo maps (Sajjan and Krishnamurthy, 1973; Lin
et al., 1974; Ranganath and Krishnamurthy, 1974; Lambert, 1976; Roy and
Lakhotia, 1981). Unfortunately, different division sectioning used in each map
makes them distinct from the other ones. It is extremely difficult to correlate
cytogenetic data from different analyses. In order to overcome such discrepancies

93 EM band-interband pattern in Drosophila



‘| @|qe| ui uaaib aie spueq pallop pue
pasodeixnl Ajgso[d Buipnjou: spueq jo siequnu [B10] "(qL 66| ‘Uosiey pue ybuig) uoneinBiyuod doo| punoj AjlUBISUOD SB1BDIPUL £G UOISIAID 8A0GE 18X0RIq
ay] | ainBi4 ui dew W7 8yl yum jeanuapi si dew aoualayel sy “paonpal aie sydesbosoiw |3 ul sanjea abelaae ayl o) uonejal ul syibua| pueqialu|
‘SaWOSOWOIYD 4SS 3Al Jo sydeiBoioiw uoi198|8 Ul SjuaWaINSEaW uo paseq sanjeA abelsae ale dew siyl ul paloidap sainjonils aualAjod [enpiAlpul jo
islawelp pueq pue ssawyoiyl pueg ‘€8 — £G UOISIAIP :Suediwoqge elnseu ejiydososq ul 4z awosowoiyd pue|b Azeajes jo dew swosowoiys N3 Z ainbiy

|

69 vi9

m

=

bl ]

i

ds s v

R T T T T LR LLLLLEL R

\FEFT

Rraseased

HEHHE

SHHTHHHE

D
CLRLER RN RRL RN R ]

Thraasarnaananneanine
REEEEEE TR

LR LR R TR AR T T T T YY)
IR RER LRI R AT R AT RARLINL)

|

E Kalisch

0. P. Singh and W

94 Cytobios



Y
ARATAILALAAA AL 4y

95 EM band-interband pattern in Drosophila

Figure 2 Continued



'y

4
9'€9 9g 9z G zT s|e10]
- ¥ - £ 4 005 Sl €l L ol s|e1o|
9 v L £ 3 ¢ S 9 T 4 2
9 14 L g a 4 =3 L z g
(o]} 9 z 4 o] 8 8 = ¥ Y09
L £ 5 v a8 0°0% zL 8 z 8 s|elo|
€ L L € VLL v z L v g
§'L8 Gl 6 € 8 s|elo] 8 9 L 14 ves
8 9 L ¥ g 0°001 oL 9 z g sje10)
L € B 14 V9L g £ L £ g
0'SL 1l zZl 1 8 s|e10 | S £ L 4 V8%
8 8 = € a8 0'00L 8l zl £ 6 s|elo}
9 4 L 5 VSL 8 9 L g g
9°6G 2l 8 € 6 s|ejo) (o]} 9 Z v VLS
9 ¥ L g g Z'8LlL e zL 9 Ll s|e1o]
8 v z v VL oL 8 L z 2
vLL zl 8 T L s|e10| 9 z z g |
S € L € a 8 z £ ¥ V95
& g L v VEL viL zL 8 z L s[eio
L°Z01L 62 61 S Tl s|e1o) 5 S = 4 8
LL L z g 2 L € z S VvSG
6 L L g g SZLL Ll el z 8 s|e10}
6 g z ¥ vZL 8 9 L € |
L'L6 €2 p1is € zL s|elo| 6 L L S Vs
8 9 L L g L'68 S5 8¢ FaE LT 6¢ s|e1o]
Sl tL z ] YLiL £l 8 o zl 3
L'GE 6l Ll v vl s|elo] 6 g z £ a
VI € Z 4 9 6 L L S 3
g g L v ] L g L e g8
L g 1 9 VoL i el z 9 VES
% 1 S a 1 suolsiAlp gns % 1 S a 3 suoisiap-gns

:dew awosowoiys K3

dew N7 pue suoisiaig

:dew swosowoyd N3

dew |7 pue suoisialiQ

€8—EG UOISIAID ‘suednwoge einseu eyydososq ul Yz aui0sowolyo pueb Asenijes jo uiened pueqiaui-pueg | sjqey

O. P. Singh and W-E Kalisch

96 Cytobios



"dew awosowoIys 3 8yl ul Spueq |euonippe jo asesioul ebejuadsad ‘o,
‘spueq 8|Buis Jo Jaquinu ‘g ‘sysjgnop jo ‘equinu g ‘spueq 3a|dul Jo saquwinu ‘| ‘spueq jo Jequinu IE10] 1 ‘suonesedsid sWoSOWOIYD 455 8Al Jo sish|leue |\ ay) uo paseq ase
yalym ‘z ainbiy ul pajoidap dew 3WOSoWOIYD A 8yl Jo elep sy} pue | ainBi4 ur pajoidap uonesedaid swosowoiyd |euibuo 8yl jo sisAjeue N7 ayl usamiaq uosuedwon

9'821 9l el 4 & s|elo]
oL 9 C 4 a
9 9 — £ V69
0°001L 44 g1 € Ll s|e10]
(8% 6 L ] q
(25 L Z 9 v89
9°L6 €99 vSt 86 +1¥ SEE £€8—¢€G selo) Ev9L LE £C 74 i s|eio}
P'9EL 9z €€ 4 Ll s|elo| oL 2 (4 b4 a
8 8 — i ce L 2] L £ ]
Ll 6 L 4 q 6 ] 4 € 2|
L ] L £ VES Ll L (A ¥ VL9
S'ETL 8¢ 6¢ € +11 Ll s|elo) 0'GLL TT cl S 8 s|e1o|
Ll 6 L L ) 14 [4 L € 2
Ll L = g 8 8 ¥ 4 € 8
gl 6 z +1l 5 \74: ol 9 < ¢ V99
£'99 GL 6 € 6 s|e10] 0091 EL 6 4 S s|e10)]
2 q L = g g e L € 8
-] b Z g vig 8 9 L £ V&9
£'€8 it 91 4 zL siel0) 0'sL ¥l 8 € 8 SISIOL
vl oL z 5 g oL 9 4 ¥ g
8 g L Vi Y08 14 C k 4 v+9
0001 4 9l £ L sjelo) £eel e St £ 6 E|B10],
£ G L £ ey 145 oL & S g
6 ¥ L g g L i} L v vEQ
9 14 L £ V6L SLEL 6l gl € 8 S|e10y
Lol Vi 1z £ €l sjelo] & - [4 v g
g & L z 3 8 9 L 4 ve9
£ & = 4 a L'601 £2 £l e gl LL S|e10}
14 v = € i) L ¥ =Sl 14 5
£ <] l £ a 8 9 L & g
8 o L {72 V8L 8 g SNt S ] vi9
% 1 S a 1 suoisiAIp gns % 1 S a 1 suoISIAIp-gns
‘dew awosowoiys |3 dew |7 pue suolIsiAIg ‘dew swosowoiyd 3 dew |7 pue suoisiaig
(Penunuod) | eiqey
o
-4
g £ ] - - —

EM band-interband pattern in Drosophila

97



and to provide generalized EM and LM reference maps, we compiled a new EM
map and revised the LM maps. We used the sectioning modus of D. n. nasuta

(Ranganath and Krishnamurthy, 1974), because the sectioning of thirty-one
divisions used for chromosome 2R in this map allows us to divide each division
into a small number of subdivisions which do not cover too many polytene
structures.

EM band-interband pattern resolution in Figure 1 is limited to the somewhat
indistinct characters of the chromosome bands. Modifications of the SSP
chromosome preparation technique used during the last decade indicate that
pattern resolution in SSP chromosome preparations depends not only on the
degree of polyteny and the skilful handling of the preparation technique but
also on the species-specific chromosomal proteins (Kalisch and Higele, 1981).

As a result, the data analysed of the five homologous SSP chromosomes
presented in this paper (Table 1 and Figure 2) cannot be considered final and
should not be compared with larger studies (Kalisch et al., 1985, 1986a,b) on
D. hydei (an organism which is much more appropriate to the SSP chromosome
preparation technique used). The present study should also not be compared
with the very detailed studies on D. melanogaster, which lasted for about two
decades probably due to the difficult technique of chromosome preparation used
(¢f Sorsa ez al., 1984; Saura ez al., 1988). For a comparable analysis in Drosophila
nasuta albomicans, a collection of further data from different developmental stages
are needed. However, we know from additional unpublished data of individual
subdivisions of chromosome 2R that the increase of additional bands will be
very low compared with the differences found between the LM and EM maps
in the present study.

Our comparison of the band-interband patterns between the LM and the EM
maps indicated an increased number of faint chromosome bands (due to the
EM resolution) as well as an increased number of closely juxtaposed bands and
interbands visible within prominent band groups (due to the SSP chromosome
preparation technique). An increase of about 98% bands was recorded in the
EM chromosome map compared with the LM analysis in the chromosomes of
squash preparations. This indicates that computerized EM chromosome mapping
is to be considered as a prerequisite for any detailed EM cytogenetic analysis,
where data need comparison with a generalized band-interband pattern.

During the present study in D. n. albomicans we found interband lengths in
the range of 0.24—0.62 um. Regardless of the actual configuration of DNA in
the interbands of SSP chromosomes (totally extended DNA or a DNA packing
ratio of 0.1 um/kb), the DNA content of more than 92% interbands coincides
with the DNA value (1.0—1.7 kb) estimated for an average eukaryotic gene
(Hovemann er al., 1981; Benyajati er al., 1983). Therefore, we assume, in contrast
to other investigations (Sorsa, 1982), that the average interband in D. 7. albomicans
should be long enough for coding a eukaryotic gene. This is in accordance with
the results of the earlier studies in D. hyde (Kalisch er al., 1986a,b), where an
average interband was measured at about 0.33 pm, i.e. 50% longer than the
calculation based on squash preparations in D. melanogaster by Sorsa ez al. (1984).
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We also excluded the argument that band material is pulled into the interbands
during the SSP chromosome preparation by pattern analyses in chromosomes
which showed different degrees of longitudinal spreading (Kalisch and Whitmore,
1983; Kalisch ez al., 1986a,b).
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