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BIOLOGICAL MUTAGENES AND THEIR ROLE
IN THE NATURAL MUTATION PROCESS

Two sets of lethal mulalions in chromosome 2 of Drosophiln melanogaster have been
tesied for allelism: lethals induced by viruses and exogenous DNA and those found in
different natural populations or arising de nove in the progeny of wild-type flies. It
was concluded that the mutagenic effect of different viruses and ofher sources of DNA,
excgenous for the host cells, is fo induce single-locus and multiple mufations, which
can spread throughout natural populafions, Ceriain population-genetical consequences
of the data obtained are discussed, and in particular, the position that during virus-in-
duced mufagenesis, similar multiple chromosome lesions can occur repealedly and in-
dependently in isolated populations of flies g result of a single mulation event.

A long-term analysis of the appearance of mutalions and their distribu-
tion in geographically isolated populations of Drosophila indicated that
biccenotic interactions of viruses (and their genomic components) with
the host genome could serve not only as a powerful selective factor, but
could also lead to an intensification of the rate of the mutation process
and to the activation of mobile elements of the genome [1, 2]. A many-
sided investigation of the mutagenic effect of exogenous DNA and dif-
ferent viruses, noninfectious for Drosophila, led to the same conclu-
sion [3—5]. '

From the viewpoint of population and evolutionary genetics, it is
not only the principle of virus and exogenous DNA mutagenicity, firmly
established by many works which is interesting, buf also the direct de-
termination of which kind of hereditary changes, associated with the ef-
fect of these factors, are disfributed in natural populations. The possibi--
lity of answering this question appeared after comparing two sets of se-
cond chromosome lethals obtained and analvzed during many years in
two Maboratories: (a) induced by DNA and RNA viruses and foreign
DNA [4, 5] and (b) isolated from natural populations in the USSR TIT.
The suitability of an investigation of lethals in the case of Drosophila
for these purposes is obvious, since lethals represent an obiectivelv re-
gisterable class of mutalions, which occur in not less than 80 % of loci
in the genome. Moreover, reasonable simple methods are available, which
make it possible to isolate and localize lethals in a particular chromo-
some, and to study their allelic relationships. So both sets of lethals we-

. re studied Tor allelism and some of them were localized.

The mutagenic effect both of various viruses noniniectious for Dro-
sophila and foreign DNA is characterized bv strong site-specificity. Ana-
lysis of even small samples consisting of 15—20 lethal chromosomes
shows comnlex allelic reactions and high allelism freguency. The mutati-
ons ogccur in definite grouns of loci specific for each agent iested [5].
The chromosomes with lethal defecis in many sites (mulfilethaly appear
regularly (see Fig. 1}. The mutant loci are either clusiered or dispersed
among the chromosome.

On the contrary, allelic relations of large grouns of lethals isolated
from nature are rather simole. The mutations usually aopear in a great
number of loci. Some lethals, however, have been found reneatedly both
within one population and among adjacent ones. The multilethal chro-

@ Yu. N. ALEXANDROV, M. D. GOLUBOVSKY, 1593

a4 1550 0233-7657. GHOTIQIHMMEPLL { KJETKA. 195 T. 1. M35



mosomes were also isolated (see Fig. 2). Among these groups of nafu-
ral lethals wee found allelism with the lethals induced by viruses and
foreign DNA {see Table). \ _ '
The main conclusion are: (1) mutagenic action of different viral
agents and foreign DNA sources causes the multisite mutations which
may be distributed in natural populations; and (2) this form of muta-
genesis is similar lo the action of movable genetic elements [7—-9]. In
both cases the site-specific
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Fig. 1. Diallelic crosses between — J7 —M=-3%—3% ¥ 2 57
19 second chromocomes in which  f7 —¢ M X 47
lethals were induced by addition of g5 A &
influenza wvirus in food. Allelism & —¢
is shown by black squares. Allelic g VI VERY,
relationships are complex; their % NIV
interpretation is given at left. Mu- JJ N Ny
tations occur in 12 loci; 8 chro-  JF ¥ AV
mosormes are multilethal and have a7 e3¢ [alEA
2--5 lethals in different loci. The 3 *® ra
order of loci is given here arbi- g ¥
trarily. Chromosomes 52 and 32 7 v
are dilethal. So among 19 lethal Y 5
chromosomes 10 are  multilethal; R - -
they eccur due to single mutatio- ) 23456788 @402
nal events Lethat Loci
Results of a test [or allelism belween two groups of lethal mutations (induced
b;}girusesﬁr}nd *exogenous DNA and those frequently met {n natural populalions
o} Drosophila)
Number of Information about najural futhatl  chromeso-
chrﬁm;}s‘;)nn;ua Number of mes which displayved allelism
wit £
Mutagen ** ,101}'3'3“‘91““,‘ :laIS:Isis?n[ Ineluded in
in lhc;mt;‘)gpcrl- Index, populalion, year t:ﬁﬂ%{ﬁ:‘;ﬁa?j
Algophage (DNA} 8 1 237, 264, Dilizhan, 1964 Yos
Influenza virus (RNA) 10 2 247, 255, Dilizhan, 1964 »
Herring DNA HY 2 137, Uman, 1963 »
305, Uman, 1965 N
Calf thymus DNA 29 5 97, Uman, 1963 Yes
121, Uman, 1963 Nuo
181, Uman, 1963 Yes
587, 654, Uman, 1867 »
Picornavirus C*** 5 1 108, Uman, 1963 »
Drosophita DNA 10 0 — -— —
Total 72 1 — — —

* In the test for allelism we compared 64 chromosomes with lelhals, Irequently
met in naiural populations, with the indicaled samples of induced lethals in 72.64 .-4608
crosses; ** In brackels we iudicate the nucleic acid of the particular wvirus; *** The
Jethal mutaiions were isolates in the progeny of flies infecled with picornavirus subtype
. pathogenic for Drosophila 6],
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and can induce instability of the genes. It becomes increasingly obvious
that the interaction of various DNA- and RNA-carriers plays a substan-
tial role in the natural mutation process [10]. Having presented this vi-
ewpoint, we are able to explain a series of baffling phenomena in popula-
tion genetics and cytogenetics: the mode of mutation in particular genes,

Fig. 2. Diallelic crosses between 34 chromosomes with lethals isolafed from a natural
population in Dilizhan (Armenia) in 1964. Allelic relationships as a rtule are simple.
One exclusion is shown at left. Chromosome 233 contains lwo closely linked lethals;
both of them were allelic to the virus induced tutations (see Table). Chromoesome 255
carries a short inversion on the right arm, In {(2R); 51A; 578

which arises synchronously in remote regions; outburst of mutability ac-
companied by the appearance of multiple unstable alleles; the presence of
similar multiple crossovers in different parts of an area occupied by the
species, etc. We arrive at biocenotic and at the hypothesis that the main
factor in the natural mutational process is the interaction of components
of the biocenosis.

10. M. Aaercandpos, M. H. Foayboscoxuil

BIOQJIOTIYHT MYTATEHH TA 1X POJIb
¥ IPHPDIHOMY MYTAUINHOMY NPOLECI

Pezwome

3aifickeRo TecT Ha adenism MIX Asoma uabopaMi seTadbHHXx Myraiiit 2-1 xpoMmocomu Dro-
sophila melanogasier, inpyxosaunx pipycamd i exsorenncwd IHK | Busasaenwnx s pishux
NPHPOAHKEX NONYAALIAX ¥y NOTOMCTBI Myx AHKore THny. 3po0ieHo BHCHOBOK Mpo Te, W0
MyTareHwa Ais plsnux pipycis i jnmmux gxepen exsorensoi aas xditun-xaagis JHK sn-
KAHKAE€ TIOABY OAHOMOKYCHHX i MHOMMHHEX MyTal{fl, 31aTHAX DOSMOBCIGIMYBATHCA ¥ TIDH-
poaxux monynsiirx. O6rosopwloTecs xefki TONYAAUIAHO-TEHETHYHI HacAigkW, #AKi BANAH-
BAKTH i3 OTPHMAHHX AAHMX, 30KpeMa, NNJOKEHHS MPO Te, WO [IPH BipYCHOMY MyTarcHesi
CXOMi MREOMHHHI XPOMOCOMH MOXYTb BHHMKATH O6araTopaioBo [ HezaJeXHHM UHHOM Y
Biagafedux NMOHYNALIAX MYX 32 paxyHolk ogroro Myranifisoro axry.

26 1558 0233-7057. BHONOJJMMEPDL I KJAETKA. 1985 T. 1L M5



REFERENCES

1. Golubovsky M. D., Tvanov Yu. N., Zakharoo 1. K., Berg R. L. An investigation of
synchronous and parallel changes in the gene pool in natural populations of fruit
flies Drosophila melanogasier [f Genetika,—1974—72, N 4 —P, 7283 (USSR).

2. Golubovsky M. D. The mutation process and microevolution /f Genetics.— 1980.—
152/53.— P. 139—149.

3. Gershenson 8. M. The character of mutations inducible in Drosophila by the sodiom
salt of thymonucleic acid f/ Dokl. Acad. Nauk USSR.— 1940.— 26.—P. 609—811.

4. Alexandrov Yu. N., Gershenson S. M., Malyaia 5. S. The mutagenic properties of
DNA- and RNA-containing viruses, nonvirulent for Drosophifa [{ Genetika,— 1971.—
7. N 9.—P. 102—112, (USSR).

5. Gershenson S. M., Alexandrov Yu. N., Malyuta S. S. The mutagenic effect of DNA
and viruses in Drosophila.— Kiev : Nauk, Dumka, 1975.— 160 p.

6. Golubovsky M. D., Plus N. Mutability studies in two Drosophila melanogasier iso-
genic stocks endemic for C picornavirus and virus free ff Mutat. Res.— 1982
N 1.-—-P. 2032

7. Lim 1. K, Site specific instabilily in Drosophila melanogasier. The crigin of mufa-
gorés ando cytogenetic evidence in the site specifieity }/ Genelics.— 1979.—93.—

. 681—701,

8. Berg R. L., Engels W. K., Kreber R. A. Site-specific X-chromosome rearrangements
from hybrid  dysgenesis in Drosophila  melanogaster [/ Science.— 1980.— 210,
N 4468 — P. 427—429,

9. Green M, M. Mobile DNA element and spontancous genc mutations f/ Eukaryotic
transposable elements as tnutagenic agents.— New York : Cold Spring Harbor Lab,
1988.— P. 41--50. :

10, Khesin R. B. The instability of the genome.— Moskow : Nauka, 1984.— 472 p.

Inst. of Planl Physiol. and Genet. Naf. Acad. - 24,03.95
of Sci, of the Ukraine, Kiev .

Inst. 8ci. History and Technology,

Russ. Acad. of Sci, St. Petersburg

IS8R 0233-7507, GHONMOJIMEPDT M KJAETKA., 1845 T, il. M3 27



