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ABSTRACT: A completely new and improved system for the study of comparative puffing
and banding patterns in different tissues of Meianagromyza obtusa during development
is reported. A comparative study of puffing in polytene chromosomes of salivary and mid-
gut epithelial cells at the third instar larval and prepupal stages was made. Based on the
behavior of these puffs, three categories of puffs were observed—common puffs, tissue-
specific puffs, and stage-specific puffs. The functional significance of these puffs in rela-
tion to the cellular activity during development is discussed. In addition, the data on band-
ing patterns between the homologous chromosomes in different tissues has further
strengthened the concept of the constancy of banding patterns.

PUFFING is common in cells with polytene
chromosomes, but it was not until 1952 that
puffing was clearly understood through the
detailed study of its behavior during the de-
velopment of two dipteran insects—Chiro-
nomus® and Rhynchosciara'':'2, Since these
initial studies were published a voluminous
literature has accumulated on the subject.
Recently, there have been numerous reviews
on puffing in polytene chromosomes of dif-
ferent insects4:10.13,

Despite the extensive studies on puffing,
data on comparative puffing patterns in dif-
ferent tissues of the same organism at different
stages of development are still meagfy and
fragmentary. Since polytene chromosomes
from the salivary glands attain the highest
degree of polyteny of all tissues, it is the sali-
varies that have been the target of the most
studies of puffing. Apart from a few ab-
stracts!416.19.21.22 g detailed comparison of
puffing is that of Berendes®* with D. hydei.

Melanagromyza obtusa is a dipteran pest
of the family Agromyzidae, causing substan-
tial damage to an important pulse crop (Ca-
Jjanus indicus) in oriental regions of the world.
While checking its larval salivary chromo-
somes for naturally occurring chromosomal
polymorphism it was noticed that larval mid-
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gut epithelial cells also possess adequately
large polytene chromosomes. This charac-
teristic prompted a detailed comparative study
of the banding as well as puffing patterns in
different tissues during the development of this
insect.

Material and Methods

The material for the present study was
collected from the natural breeding sites of this
insect. Although partial rearing could be done
satisfactorily by supplying its natural food
(Cajanus seed), it has not been possible to
maintain its culture in the laboratory through
successive generations. Thus, infested pods of
Cajanus containing larvae of different age
groups were brought to the laboratory and the
larvae were allowed to continue their devel-
opment inside the seed. In order to stage larvae
and prepupae the number of pores of the
spiracles and the appearance of a yellowish
hard covering around pupating larvae were
used as important markers. In addition, the
time interval (approximately 8 £ 1 hours)
between two successive stages also was a
consideration. Several larvae and prepupac of
similar age were examined in order to gener-
alize the pattern of puffing for a particular
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FIGURE 1 Comparative puffing activity in the salivary gland and midgut cells during third instar larval
and prepupal stages of development in the X chromosome. Circles at the right represent the centromeric
positions of the chromosome. Abbreviations used: LSG—larval salivary gland; PSG—prepupal salivary
gland; LMG—larval midgut; PMG—prepupal midgut.
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FIGURE 2 Puffing activity in salivary gland and midgut cells of chromosome A (see Figure 1 for de-

scription and abbreviations).

tissue at a certain stage of development. The
use of a particular portion of a tissue was made
50 as to avoid any possibility of variation in
puffing due to different regions of the
organ.

Slides of polytene chromosomes were made
by the usual squash method. All preparations
were observed with high power and oil im-
mersion objectives. The puffed sites were lo-
cated with the help of the reference map of
Singh and Gupta?3. The activity of these puffs
were estimated following the method of Ash-
burner?. To generalize the pattern of puffing
and level of activity, nuclei from 20 individuals
of each type were examined. [

|

Results

A comparison of the banding sequence in
polytene chromosomes of salivary glandﬂ B
and midgut cells during third instar larval 4rid
prepupal stages of M. obtusa revealed an ap-
parently identical banding sequence in both
tissues. However, a striking difference was
observed in their puffing patterns. Altogether!
49 loci were examined that formed observable
puffs. Based on the behavior of these puffs
during development, three different categories
could be identified (Table I; Figures 1-5), e.g..
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FIGURE 3 Puffing activity in salivary gland and midgut cells of chromosome B (see Figure 1).

the first category contained puffs that were  were observed in the larval and prepupal types of puffs, differences in the number and
common to both tissues and stages of devel- midgut cells, respectively. the level of activity of these puffs also were
opment. A total of 12 such puffs was detected Apart from the occurrence of different observed.

involving loci 2C, 3A. 7A, 9B, 13D, 14B, 18C,

26B/C, 26D, 29B, 36B, and 39B. y ) i g ; ) ) e :
The second category of puffs included those Table I. Details of various types of puffs in salivary and midgut tissues during third instar larval
and prepupal stages of Melanagromyza obtusa

“™\t were associated with specific tissue only.

During the present study only 5 puffs specific No.

to the salivary gland, and 12 puffs specific to Types of puffs puffs Details of loci forming puffs

the midgut tissue were detected. The salivary Common 12 2C,3A,7A, 9B, 13D, 14B, 18C, 26B/C, 26D, 29B,
specific puffs were located at 8B, 13C, 13E, 16B. 9B

16B, 21C, and the midgut puffs were exclu-

sively associated with, 1C; 17A,:A7D, 20B, | sue-specific

22D, 23A, 24B/C, 25A, 27A, 27D, 27E, 1 salivary gland 5 8B, 13C, 13E, 16B, 21C

28A. midgut 12 1C, 17A, 17D, 20B, 22D, 23A, 24B/C, 25A, 27A,
The third category contained the stage- 27D, 27E, 28A

specific puffs that are always found to be as- Stage-specific

sociated with a particular stage of develop- salivary gland:  larval stage- 3 13C, I1SD/E, 29A

ment, e.g., three exclusively larval puffs (13C, specific

15D/E, 29A) and 19 exclusively prepupal b

puffs (1E/2A, 2F, 8B, 11A, 11D, 13E, 14A, prep_upal slage- 19 1E/2A,2F,8B, 11A,11D, I3|§. M!}. 15A, 16B,

I5A, 16B, 18D, 19B, 22A, 223,"(:, 10C. 32C, specific ;gk 19B, 22A, 22B/C, 30C, 32C, 35A, 37B, 38D,

15A,37B, 38D, 39A) were recognized in the

salivary gland cells. In addition, six puffs as- midgut: larval stage 6 15D/E, 17A, 20B, 22B/C, 22D, 25A

sociated with the larval stage (15D/E, 17A, specific

20B, 22B/C, 22D, 25A) and 12 puffs attached = Sl iflem 5

to the prepupal stage (1C, 1E/2A, 2F, 16C/D, E’;cp:)frcﬂ Ll . 1(2,','[!;/22%2:2(;6:}":3 i TR

17D, R2A, 27A, 27B/C, 27D, 27E, 32C, 35A)
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O Discussion

The results of the present study pertainin
O to the banding pattern in homologous chr
mosomes of different tissues reveal that aj
parently there is a homology in banding pal
terns, However, some minor differences i
relative staining and spacing of the bands wer
observed. These differences probably are du
to a low degree of polyteny in the midgut cell
in relation to the salivary gland cells. In gen
cral, the present results are in accordance witl
the conclusion of Beermann? regarding the
constancy of banding patterns in polyten
chromosomes of different tissues.

However, a detailed comparison of puffing
patterns in polytene chromosomes of different
tissues revealed a striking difference. Of
course such a difference in puffing activity in
different tissues is expected because of their
specific functions and different palhwayst,
differentiation®. Also, the occurrence of vari-
ous types of puffs and their appearance and
disappearance during development also seems
to be in accordance with expectations, since
every tissue and developmental stage is distinct
in terms of biochemical and synthetic activity.
For example, a total of 12 puffs was found to
comprise the category of common puffs during
the present study. These puffs were present
irrespective of the tissue and the stage of de-
velopment, indicating that the products of
these puffs probably are essential for the
general maintenance of the cell metabolism
during the development.

In contrast to the above category of pufTs,
the stage-specific puffs are always associated
with a particular stage of development. Alto-
gether 3 larval and 19 prepupal puffs were
detected in the salivary gland cells, and 6 lar-
val and 12 prepupal puffs were observed in ™
midgut cells. Unfortunately, very little is uPF)
derstood about the function of these puffs
except that they are always associated with a
particular stage of development. Ashburner!
has suggested that these puffs may code for
proteins of little significance to the tissue itself,
i.e., proteins exported from the tissue are
perhaps utilized by the imaginal tissues during
histogenesis.

The third category of puffs observed were
tissue-specific puffs. Altogether five puffs
specific to the salivary gland and 12 puffs
specific to midgut tissue were identified. From
the functional point of view these puffs may be
related to functions specific to a particular cell
type, e.g., the secretion of glue substance by
larval and prepupal salivary glands or the se-
cretion of the digestive enzymes by the midgut
cell may be assigned to these puffs.

Apart from the occurrence of different
| types of puffs, differences in the level of ac-

PSG
LMG

FIGURE 4 Puffing activity in salivary gland and midgut cells of chromosome C (see Figure 1).
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tivity of these puffs also was observed. The
activity of an individual puff was estimated by
taking the ratio between the maximum di-
ameter of the puff region and the diameter of
an adjacent band not involved in puffing ac-
tivity’. The number of puffs and their total
activity in different cell types is shown by a
histogram in Figure 6. Such differences in the
level of activity are considered as the special
feature of both stage and tissue specificities.
The results of further studies on the level of
activity of individual puffs in different cell
types of this insect will be published else-
where.

Another interesting observation made
during this study is that differences in puffing
at one particular time are more striking than
indicated by the number of tissue-specific
puffs. However, Berendes? has argued for such
differences by assuming that cell metabolism
of different tissues and of different cells within
the same tissue is regulated by asynchronous
changes in gene activity. It should, however,
be possible to relate a particular puff with a
specific cellular function. In fact, there have
been a few good correlations between the ap-
pearance of specific puffs and the appearance
of specific cell products®!5.17.18.20,24.25

The demonstration of puffing patterns in M.
obtusa provides further support to the concept

NUMBER OF PUFFS
[:] ACTIVITY OF PUFFS

i
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FIGURE 6 Histogram showing number of puffs
and their total activity in different cell types of
Melanagromyza obtusa.

FIGURE 5 Puffing activity in salivary gland and midgut celis of chromosome D (see Figure 1).
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of differential gene activity. Moreover, the
extremely favorable polyteny found in tissues
other than salivary glands in M. obtusa pro-
vides the background for a detailed investi-
gation into the mechanisms of puffing.

References

1. ASHBURNER, M. Patterns of puffing activity in
the salivary gland chromosomes of Drosophila. 1.
Autosomal puffing patterns in a laboratory stock
of Drosophila melanogaster. Chromosoma 21:
398-428. 1967.

. Function and structure of polytene chro-

mosomes during insect development. /n Advances

in Insect Physiology, Vol. 7. p. 1-95. 1970.

. Patterns of puffing activity in the salivary

gland chromosomes of Drosophila. V1. Induction

by Ecdysone in salivary glands of D. melanogaster

cultured in vitro. Chromosoma 38:255-281.

1972.

and H. D. BERENDES. Puffing of polytene
chromosomes. /n The Genetics and Biology of
Drosophila, Vol. 2b. M. Ashburner and T. R. F.
Wright, Eds., Academic Press, NY. p. 316-395,
1978,

5. BEERMANN, W. Chromomerenlonstanz und
spexifische Modifikation der chromosomenstruktur
in der Entwicklung und Organdifferenzierung von
Chironomus tentans. Chromosoma 5:193-196.
1952

. Ein Balbianiring als locus einer Speichel-
drusenmutation. Chromosoma 12:1-25. 1961 .

370  The Journal of Heredity

(A

. Chromeres and genes. In Results and
Problems in Cell Differentiation, Vol. 4: Devel-
opmental Studies on Giant Chromosomes, W.
Beermann, Ed., p. 1-31. Springer, Berlin/
Heidelberg/New York. 1972.

. BERENDES, H. D. Salivary gland function and

chromosomal puffing patterns in Drosophila hydei.
Chromosoma 17:35-77. 1965.

. Gene activity in the malpighian tubules of
Drosophila hydei at different stages. J. Exp. Zool.
162:209-218. 1966.

. Synthetic activity of polytene chromosomes.
Int. Rev. Cytology 35:61-116, 1973,

. BREUER, M. and C. PAVAN. Gens na differenci-

acao. Cienc. Cult. (Sao Paulo) 4:14, 1952,

and . Behaviour of polytene chromo-
somes of Rhynchosciara angelae at different stages
of larval development. Chromosoma 7:371-386.
1955. !

. DANEHOLT, B. Transfer of genetic information

in polytene cells. /nt. Rev. Cyrology (Suppl.) 4:
417-462. 1974,

. DOANE, W. Isoamylase in D. hydei: a system for

the analysis of gene specific puffing activity. DIS
47:100. 1971.

. GROSSBACH, U. Chromosomen, Aktivital und

biochemische Zelldiffer enzierung in den Spei-
cheldrusen von Camptochironomus. Chromosoma
28:136-187. 1969.

. KAUFMAN, T. C. Characterization of three new

alleles of the giant locus of Drasophila melano-
gaster. Geneties 71:28-29. (Suppl.) 1972.

. KORGE, G. Direct correlation between a chromo-

some puff and the synthesis of a larval saliva pro-
tein in D. melanogaster. Chromosoma 62:155-174.
1977.

18. LEWIS, M., P. J. HELMSING, and M. ASHBUR-

20.

21

22,

23.

24,

25,

NER. Parallel changes in puffing activity and pat-
terns of protein synthesis in salivary glands of
Drosophila. Proc. Natl. Acad. Sci. 72:3604-3608.
1975.

. MAC PHAIL, L. A. Comparisons of chromomeric

and puff patterns in the salivary gland and fat body
chromosomes of Drasophila gibberosa third instar
larvac and prepupae. Diss. Abstr. 39:4184B
4185B. 1979.

PAnkOw, W., M. LEzZI, and L. HOLDER-
EGGER-MAHLING. Correlated changes of Balbi-
ani ring expansion and secretary protein synthesis
of larval salivary glands of Chironomus tentans.
Chromosoma 58:137-153. 1976.

ROBERTS, P. A. Chromosomes of functionally
different malpighian tubes of Drosophila gibber-
osa. Genetics 68:54 (Suppl.). 1971,

. Puff patterns in the larval fat body of Dro-
sophila gibberosa. Genetics 71:52 (Suppl.).
1972.

SINGH, O. P.and J. P. GupPTA. Contribution to the
cylogenetics of an Indian insect pest. I. Karyotype
and salivary chromosomes of Melanagrom:
obtusa Malloch (Diptera: Agromyzidace). Cary..
logia 34:275-282. 1981,

SLIZYNSKI, B. M. Functional changes in polytene
chromosomes of Drosophila melanogaster. Cyto-
logia 29:330-336. 1964,

WINTER, C. E., A. G. DE BIANCHI, W. R.
TERRA, and F. J. S. LARA. Relationship between
newly synthesized proteins and DNA puff-patterns
in salivary glands of Rhynchosciara americana.
Chromosoma 61:193-206. 1977.

Gupta and Singh: Puffing patterns in polytene chromosomes



