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SUMMARY

D. melanogaster is well-used experimental organism in analysis of developmental processes in eukaryotes. The
enhancer trap technigue gives oppurtunity to examine these processes at tissue level and facilitates cloning of the target
gene responsible for this expression.

This article purposes to examine a homozygous male sterility caused by P[GAL4]c682 at the genetic analysis. The
P-clement insert was first excised to prove that the insert is the cause of sterility and 80 % of the excision events returned
to fertility. In the remaining 20 %, imprecise excision produced 17 steriles and 6 lethals. Genetically, both excision
events were mapped to the 26B region on the left arm of second chromosome as kisir. Genetical crossing showed that the
lethals established a new independent lethal phenotype group. The rescue of sterility and lethality phenotypes by
transgene of kisir without heat-shocking proved that kisir involves in viability and spermatogenesis processes of D.
melanogaster,

Key Words: D. melanogaster. P[GAL4]c682. kisir. hs-kisir

OZET

D. melanogaster (sirke sinegi) bir canlinin gelisim evrelerini aciklamada yaygin olarak kullanilan dkaryotik deneysel
bir oreanizmadir. Insansir tirap teknigi bu evreleri doku diizeyinde tespit etme olanad@ini verdigi gibi. bu ekspresyondan
sorumlu hedef genin klonlanmasim da kolaylastirr.

Bu aragirmada homozigot steriliteye yol agan inhansir tirap P[GAL4]c682 transposununun inhansir teknigi ile genetik
olarak analizi amaglanmustir. Bu amagla mutasyona yolagan P[GAL4]c682 transposunu eksizyon iglemi ile genomdan
cikanldi ve bu iglemin yapildidt sineklerin % 80'nin dolli hale dondiigi gozlendi. Geriye kalan % 20'lik gruptaki
cineklerin 17'si steril ve 6'st letal olarak belirlendi. Yapilan eksizyon iglemi sonucunda elde edilen steril ve letal
fenotiplerinde kisir gibi ikinci kromozomun sol kolundaki 26B bolgesine yerlesmis oldugu tespit edildi. Yapilan
genetiksel eglemeler sonucu Jetallerin yeni ve bagimsiz bir fenotip grubunu olugturdugu anlagildi. Sterilite ve ileri donem
embriyonik letalite fenotipleri transjenik Kisir ile is1 sokuna tabi tutulmaksizin normal hale dondiigii, boylelikle kisir'in

canhilik ve esey hiicrelerinin geligim evresinde rol aldigs ispatlanmgtir.
Anahtar Sizeiikler: Sirke sinegi. PIGAL4]c682. Kisir. hs-kisir.

INTRODUCTION

The fruitfly, Drosophila melanogaster, pro-
vides an excellent system in which to analyse
behaviour by forward genetics. As a result of
the short life cycle (10 days from fertilization to
adult eclosion at 25 °C) and small genome size
(165Mb or 1/20 of a typical mammalian ge-
nome) of the fruitfly, it is possible system-
atically screen for all genes, mutations of which
may produce a given phenotype (1.2).

The standard approach to studying develop-
ment in D. melanogaster, has been to idertify
mutations that disturb the process of interest,
and then characterize the gene thus identified.
Extensive classical genetical screens have been

used to identify many genes involved in early
developmental processes (3.4). Other approac-
hes have been devised to isolate developmental
genes in Drosophila. In recent years, a family of
mobile DNA, P-elements, have been used ex-
tensively. In the last two decades, particular at-
tention has been given to the P-elements family
(5) which has been the subject of intensive rese-
arch as a molecular tool. Complete P-elements
are 2907-bp in length and feature a perfect 31-
bp short inverted terminal repeat and 11-bp sub-
terminal inverted repeat (6). The elements en-
code a well characterized, germ -line limited
transposase and regulate their own copy number
and activity in wild type strains.
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In addition to the study of their interesting
properties, P-elements have been developed as
an important tool of genetics and molecular bi-
ology in D. melanogaster. They have been used

“in numerous applications such as insertional
mutagenesis (7-9), transposon tagging of genes
for cloning (10), P-element-mediated trans-
formation (11,12). site-specific recombination
(13-15). generating flanking deletions (16.17).

The availability of P-elements for genomic
manipulation in Drosophila facilitates genetic
analysis of behaviour following mutagenesis,
transformation rescue. and molecular cloning
and expression analysis of the tagged genes us-
ing reporter gene, f-galactosidase. The enhanc-
er trap line P[GAL4)c682 subjected to this ar-
ticle contains yeast activator protein, GAL4 and
is a kind gift of Dr. D. Shepherd from South-
ampton University. The line was reported to
have an expression in the giant fibre circuit of
the fly. This nerve circuit is well used in the ex-
amination of behavioural mutant phenotypes
such as Shaking-B and bendless (18.19). This
study determined the line PIGAL4)c682 as ho-
mozygous male sterile. The aim in this project
is to prove that the insertion of P[GAL4)c682
into the fly genome causes homozygous male
sterility. If the insertion is the cause of male
sterility. to rescue the mutant phenotype (s) by
generating transgenic animals.

MATERIALS and METHODS
Fiv Stocks

Flies were generally maintained on standard
cornmeal. agar. molasses and yeast medium.
Fly stock were standard laboratory stocks (ex-
cept where stated) and were cultured at either
18 °C or 25 °C in plastic vials (Regina Indust-
ries Ltd) or glass bottles of food. White canton
S was used as a wild type in all the genetical
and molecular analysis and is shown with apos-
trophe. 'wild type'. Mutant and balancer chro-
mosomes are listed in Lindsley and Zimm (20).
Some other fly strains were provided from
Bloomington Stock center or by personal com-
munication and they are shown below. Defici-
ency chromosomes: Df(2L)E110 (25F3-26A1:
26D3-D11), Df(2L)cl-h3 (25D2-D3; 26B2-B35).
P-element lethals: (1(2) 10424[k06801}/CyO,
EiF4a(k14518]/CyO. 1(2)10424[10424}/CyO.
The donor for these lethals was the Berkely
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Drosophila Genome Project.

Examination of fertility with mating and dis-
section

One male was crossed to three females which
were confirmed as virgin by keeping at 25 °C
for 3 days. The cross was left at 25 °C for 3
days and in the third day it was searched for lar-
vae under microscope in the vial. The vial was
kept five days more at 25 °C to see pupae, un-
less we could see larvae. The male genitalia
was then dissected in 1X PBS and then mount-
ed with 50 % PBS-glyceral.

Cuticle preparations

Flies laid eggs on grape juice agar plates &nd
cuticle preparations were performed (21).

RESULTS

The phenotypic description of the male steril-
ity

The enhancer-trap line had been reported as
homozygous male sterile, homozygous flies
were analysed in different aspects. 100 homo-
zygous male flies for P[GAL4)c682 aged 4-10
days were collected. They were then first ex-
amined for fertility and the male reproductive
system of these were dissected to examine un-
der Nomarski optics after mounting with 15 %
glycerol in PBS. No hatched larva were ob-
served after incubation at 25 °C as described.
This proved that they were homozygous sterile.
20 'wild type' flies were also examined in a sim-
ilar way. all produced larva. The male re-
productive system of the mutant flies were ex-
amined under the microscope and found that
they had an agametic appearance with reduced
and shrivelled testes (Figure 1A-B). All the oth-
er parts of the reproductive system appeared to
be normal, including the paragonial gland
which is a tissue producing secretory part of the
seminal fluid. The testes seemed to lack any
spermatogenic steps and appeared devoid of
germinal content. The mutant flies were an-
alysed in relation to the male reproductive sys-
tem of 'wild type' flies. The mutant phenotype
will be named hereafter as kisir.

From a stock population of, P[GAL4)c682.
410 flies, only 32 were found to be homo-
zygous. This represent only 8% from the
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expected 25 %. thus male and female homo-
zygous flies for the insert show reduced vi-
ability.

Genetical mapping of the enhancer-trap in-
sert with the deficiencies and with known male
steriles

The insert facilitates cloning of the target
gene due to that the P[GAL4]c682 insert con-
tains multiple cloning sites in the Bluescript
vector. Molecularly, the chromosomal position
of the insert was determined to be as 26B region
(data not shown). The mapping of this new lo-
cus was also proved by genetical mapping. To
do tihs. Drosophila chromosomal deficiencies
were used. A flybase search showed that there
were two deficiencies chromosomes which un-
covered the region 26B to which P[GAL4]c682
mapped. Deficiencies. Df(2L) E110 and Df(2L)
cl-h3. were crossed to the insert. Twenty Cy+*
male progeny from each cross were aged and
then analyzed for fertility. The male re-
productive system of 20 flies were dissected
and they were all found to be sterile (data not
shown). This result also genetically proved that
the insert maps to 26B region on the left arm of
second chromosome which was uncovered by
the two deficiencies around the region.

A single male sterile allele of chickadee and
adenosine 2 (chi!! and ade210) were crossed to
P[GAL4]c682 and 20 progeny from both cross-
es were tested for fertility and dissected. The
fertility test and dissections demonstrated that
both ademosine2 and chickadee complemented
P[GAL4]c682 and therefore the insert represent
a new locus required for fertility.

Does the P[GAL4]c682 insert cause of steril-
iy

To prove the P[GAL4]c682 insertion disrupts
a locus required for fertility, the enhancer-trap
line was subjected to an excision screen. The
enhancer-trap line, P[GAL4]c682, was brought
together with a transposase source on the third
chromosome (The crossing scheme and sche-
matization for the insert P[GAL4]c682 out of
genome are shown in Figure 2). 165 crosses
were set up and 108 excision events were pro-
duced (Table 1). The nomenclature for exci-
sions described using vial number and sex of fly
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for example; AGIMI: A depicts deletion, 69th
excision event as male from the vial number 1.
The excisions were examined for fertility with
mating experiments. This analysis showed that
809 (85) excisions were restored to fertility,
but 17 still remained sterile. In addition, pos-
sible imprecise excision of P transposon insert
produced 6 homozygous lethals.

Table 1. The results for the
[GAL4]c682 out of genome

Tablo 1. P[GAL4]c¢682'nin total genomdan ¢ikaril-
mast ile elde edilen sonuglar.

excision of P

The number of excisions

Fertile 85
Sterile 17
Lethal 6

Steriles are alleles of the insert

During the excision of P[GAL4)c682 from
the genome, in a number of excision events (17/
108). fertility could not be restored. These still
remained sterile as confirmed by dissection
(data not shown). Three possibilities existed, ei-
ther they were internal deletion of the P-
element or contained genomic deletions. or rep-
resented different sterile mutations. These ster-
ile excisions were then crossed to the original
insert to test whether they are allelic. All the
male progeny carrying one copy of P
[GAL4)c682 and the different excision event
were found to be sterile, therefore they are al-
lelic to the original insert (data not shown).

Characterization of the Excision Lethals

6 homozygous lethals: A4F4, AS8M2,
AS8M4. AGOM1 , AG9F2, A78F1 balanced over
CyO were isolated in the excision of P
[GAL4]c682 (Table 1). Over 1000 flies were
counted from each stock and these six excisions
were all confirmed to be homozygous lethal. To
determine if they were allelic to the original in-
sert, they were crossed to P[GAL4]c682 and the
male progeny carrying both c682 and the exci-
sion lethal chromosome were tested for fertility.
All the lethals were found to be sterile. and
therefore allelic to the kisir insert. This possibly
indicated that the kisir insert is required for
both viability and fertility. To confirm that all
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the lethals represented a single comple-
mentation group, they were intercrossed to each
other (data not shown).

Given that the stock was not isogenised be-
fore the screen it was important to map the le-
thal mutations to the 26B region on the chromo-
some. To map the lethals to the kisir genomic
region. the lethals were crossed to deficiency
chromosomes, Df(2L)cl-h3 and Df(2L)EI10
which uncovers the kisir insert. AGOM1., AGOF2,
and A78F1 were found to be alleles of both de-
ficiencies, but AS8M2 and A58M4. The last two
were somewhere from the genome, but from the
kisir region. The lethals were also crossed to the
known  P-lethals  from  the region: |
(2)10424k06801 (26B1-B2), Eif4ak!4518 (26B1-
B2). 1(2)1042410424 (26A8-A9) balanced over
CyO. Complementation analysis was performed
with these three lethals and they were rec-
ognised as an independent lethal group (data not
shown).

The determination of lethal phase of the le-
thals

To determine the time at which the lethality
of the P[GAL4]c682 occurs, the lethals were
first placed into a wild type background to re-
move the CyO balancer chromosome. This was
achieved by crossing the 'wild type' male flies
to virgin female of the P[GAL4]c682 lethals.
The white excision lethals were selected. The
same cross was performed for each lethal exci-
sion. The siblings of w, Cy+produce 25 % ho-
mozygous excision mutant flies for analysis.
The flies (w. the excision lethals/Cy+) were
kept in laying cages to collect eggs on grape
juice agar plates. 500 eggs were collected and
Jaid on another grape juice agar plate for further
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incubation at 25 °C. Eggs were incubated at 25
°C for 24 hours until they hatched and un-
hatched or immobilised embryos were counted
for each lethal excisionas (Table 2). In all cases
each group produced approximately 25 % dead
or immobolised embryo. The majority of em-
bryos failed to hatch and could be seen to be
full developed.

The lethality of the excision lethal were also
examined during larval and pupal stages. As an
example the scores of A6GOMI are given
shown. 500 larvae of w, AGOM1/+ were trans-
ferred into vials and 92 % (460) formed pupae
and 89 % (445) emerged as adult. As control,
200 larvae of WC-S were transferred into vial
and 95 % (190) formed pupa. 183 out 195 (91.5
%) emerged as adult. The ratio of larva and
pupa in the excision lethal in relation to the
wild type remained almost the same. Therefore,
the only lethal phase for the excision lethals
was determined as late embryonic-first instar
larva border.

Phenorypic characterization of the lethals

For further examination of the lethality. the
unhatched embryos for the lethals, were used
for cuticle preparation (21). The cuticles were
removed, cleared and mounted prior to ex-
amination in dark field microscopy. The sam-
ples were analysed using a number of key
markers such as denticle belts, mouthparts,
filzkérper and anal pads which are found on the
embryonic cuticle. The mutant embryos were
compared to the cuticle of 'wild type' embryos
and did not show any defect at the morpho-
logical level (data not shown).

Table 2. The examination of lethal phase at embryonic stage

Tablo 2. Embiryonik asamada letal fazin incelenmesi.

Number of Number of Number of Number of The % between unhatched
cug laying cge laying unhatched immobilised immobilised and total
A4F4 500 73 32 21 %
AGYM | 500 81 43 24.8 9
AGYEF2 500 920 37 25.4 %
AT8F) 500 83 53 272 %
WC-S 500 6 0 1.2 %
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Making Transgenic flies of kisir with heat
shock vector

Sterility was the first identified phenotype
and proved to be the insertion of P[GAL4]c682,
but there was not any molecular proof for which
gene mutation resulted in sterility. To make
this. the gene of interest was cloned into pCaS-
peR-hs (12) which is a P-element vector with a
white selectable marker for expressing open
reading frames under heat shock promoter con-
trol. Technical aspects of the method have been
described elsewhere (24.25).

The ¢DNAs of kisir all mapped within the
2Kb Pstl genomic fragment (data not shown)
and it was therefore the best candidate for res-
cuing the related sterility and lethality phe-
notypes of the enhancer-trap. The fragment was
cloned blunt-ended into the Stul site of pCaS-
peR-hs. Ligation and transformation reaction
were performed (27).

To produce transgenic flies of kisir, 10 (g
DNA of pCaSpeR-hs+kisir-1 — was  co-
precipitated with 625 ng DNA of transposase-
making "helper plasmid”, prwchsA2-3 (25).
The precipitate was resuspended in 10 l of dis-
tilled water The transformation was performed
as described in Sambrook (26). Blastoderm
stage of 'wild type' embryos were used in in-
jection of heat shock-kisir construct-1 (hs-Kisir-
1). The construct was injected into 1400 em-
bryos and 142 of them survived (10 %). 35 out
of 142 were identified to be Go. Of these, 8
were found to be transformants (white+) con-
taining the hs-kisir construct and they formed
three independent transformants group: hs-kisir-
1/6. hs-kisir-1/3 (5 identical transformants), hs-
kisir-1/8 (2 identical transformants).
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All the Go were then crossed to w: CyO/Sp;
TM6B/f10 and five transformants originating
from the hs-kisir-1/3 Go mapped to the third
chromosome. The transformants were named as
hs-kisir-1/3. 1. 2. 3. 4, 5 (the data for mapping
the transformants is not shown).

Rescuing the sterility phenotype caused by
the enhancer-trap

Excision of the P[GAL4]c682 showed that
the insert disrupts a locus involved in fertility
of the fly. To answer this question. hs-Kisir-1/3.
| and 3.2 transformants were crossed with the
P[GAL4]c682 background. The crosses were
kept at 25 °C and dissections were performed to
the male genitalia of homozygous for kisir un-
der hs-kisir-1/3.1 and 3.2 control without ap-
plying any heat treatment (Table 3). The male
genitalia dissections are presented in figure 3
Restoring fertility in ¢682 mutants proved that
sterility is the phenotype of kisir and can be re-
coverable in the majority of transgenic flies
without heat-shocking.

Rescuing the lethality of kisir mutation

A number of lethals were isolated from the
P[GAL4]c682 genomic region via P-clement
excisions. To prove that the lethality phenotype
was due to disruption of Kisir. hs-kisir-1/3.1
transgenic flies were crossed to lethal AGOM
from the excision screen. The cross was kept
continuously at 25 °C and homozygous flies for
the lethals under hs-kisir control were first
counted without heat shocking. The score for
each genotype are presented in a table (Table
4). The results of table shown that homozygous
lethality of excision event AGOM1 is recovered
by hs-kisir without inducing a heat shock.

Table 3. Rescuing the sterility phenotype by transgene ol kisir.
Tablo 3. Kisir transgeni ile steril fenotiplerin kurtartlmast.

The genotype of homozy gous male tlics Fertile Sterile %
w_: ¢682 : hs-Kisir-1/3.1 -
W/Y 682 hs-kisir-1/3.1/+ 95 5 95
w_: 682 hs-Kisir-1/3.2 7 5 30

w/Y ¢682  hs-kisir-1/3.2/+
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Table 4. Rescuing the lethality phenotype by transgene of kisir.
Tablo 4. Kisir transgeni ile letal fenotiplerin kurtariimass.
Parents The genotypes of progeny Phenotype NOF
w_: A6OMI ; hs-Kisir-1/3.1 wt Cy 86
w/Y CyO hs-kisir-1/3.1/+
w ; AGOMIL ; + "W Cy kD)
/Y CyO - : o
w o AGOMI : hskisie1A0
w/Y CyO + -
w_: AGOMI : hs-kisir-1/3.1 w+, Cy+ 2
w/Y A6OM | hs-kisir-1/3.1/+
§ 4 Q a
w i AGOMI @ + w, Cy* 0
w/Y A6OM | +
DISCUSSION defects causing early interrupted spermatogene-

The regulation of fertility in D. melanogaster
males is a complex process. The magnitude of
the genetic control is best demonstrated by the
number of loci when mutated will cause steril-
ity. In general. male-sterile mutations fall into
three broad class: a) weak alleles of genes in-
volved in also metabolic function, b) special al-
leles of genes required for vital functions, c¢)
genes required only during spermatogenesis. A
number of male-sterile mutants are undoubtedly
weak alleles of genes involved in general or
metabolic processes where gametogenesis is es-
pecially sensitive. In fact, many temperature-
sensitive lethal mutations that result in male
sterility, also affect female fertility (27). This
could be a reflection of the sensivity of the de-
veloping germ cells to the changes in basic cel-
lular functions. Some autosomal genes are ex-
pressed exclusively in the male germline during
spermatogenesis as well as other tissues, like
B2t which encodes spermatogenesis specific
isoform. This could also signify that many gene
products required spermatogenesis are also
needed for other developmental process.

Several of the more recent screens have uti-
lized controlled mobilization of a marked P
transposable element, a single P element in-
sertional mutagenesis (28). instead of chemical
mutagenesis, to conducts a genetic analysis of
spermatogenesis (24). Castrillion and his co-
workers (30) isolated and phenotypically char-
acterized 83 male-sterile autosomal mutants.
Spermatogenesis can be divided according to
the phenotypes of sterile mutants: proliferation

sis and testes with reduced germinal contens,
growth phase defects affecting spermatocyte
growth, meiotic entry and meiosis defects. post-
meiotic  differentiation, behavioural defect.
sperm transfer defect (22.23).

This study aimed to investigate the phe-
notypic changes in male and female flies re-
sulting from the insertion of the enhancer-trap.
P[GAL4]c682. Homozygous male flies for the
insert were found to be sterile and the testes
were shrivelled and significantly smaller than
those of 'wild type' males. Close up examina-
tion of the testes indicated that the testes from
4-10 days old flies are agametic and do not con-
tain any trace of spermatogenesis (Figure 1B).
The reduced size and shrivelled-shape of the
testes in Kkisir flies are similar to the rudi-
mentary germline-less organs from male prog-
eny of oskar 301/oskar301 females. Multi sex
combs (mxcG43/Y), diaphanous (dia) and
Chickadee (chi). castrillion and his colleagues
(29) proposed that altered testes morphology as
a screening criteria for mutations that cause ei-
ther degeneration after developmental arrest, or
underproliferation of the germline as described
in kisir.

Kisir is a new sterility locus

Dissections and fertility tests of male flies
when homozygous for the enhancer-trap line
had a sterile phenotype. 108 excisions were
screened for the reversion of fertility via fertil-
ity test and dissection, 85 (80%) returned to fer-
tility. The majority of excision events
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showed that the sterility was derived from the P
[GAL4]c682 insert. Excision screening for the
insert also generated some predicted imprecise
‘excisions having a sterile or lethal phenotype.
Different chromosomal aberrations in Dro-
sophila facilitates the determination of the locus
by complementation analysis. To define P
[GAL4]c682 as a new locus on the genome, the
insert was firstly crossed to deficiency chromo-
somes, Df(2L)cl-h3 and Df(2L)E110 from the
26B region where the original P-element
mapped. Siblings of these crosses were analysed
for fertility and found to be sterile. This defines
the position of P[GAL4]c682 insert as 26B on
the left arm of second choromosome. Known
male steriles for this region, chickadee!l and
ademosine210, were first tested for comple-
mentation. Both were found to complement,
therefore the P[GAL4]c682 insert defined a new
sterility locus, Kisir.

Rescuing the late embryonic lethality and
sterility phenotype of the insert P[ GAL4]c682

The disruption or deletion of sequence from
the region causes sterility and lethality. Even
though, northern and western analysis showed a
low level of expression in mutant flies for kisir
(data not shown), there was not enough mo-
lecular proof to consider this gene responsible
for these phenotypes.

To answer this question, the 2Kb PtsI genom-
ic fragment was used to gererate transgenic flies
using heat shock vector. Transformants were
used to rescue both the sterility and lethality
phenotypes. The homozygous male flies for Ki-
sir under ks-kisir-1/3.1 and 3.2 were directly
dissected without heat shock regime, and the
majority of them returned to fertile. This proved
that kisir is the responsible for sterility phe-
notype. The transgenic flies for kisir were also
used to rescue homozygous lethality for the ex-
cision lethal AG9M1. The homozygous flies for
the lethal under hs-kisir scored in the right ratio.
The assessment of this score proved that lethal
phenotype of these excision was also recovered
without heat shock regime the same as rescuing
sterility. This also implied that lethality is the
null phenotype of Kisir deletion.
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Resim 1. Inhansir trap PITGAL4]c682'nin fenotipi, A) Normal goriiniim  B) Mutant giiriiniim.

T: Testisler, PG: Paragonal bezler, SV: \_/esicula seminalis,

kulatér kanal, Bar: 50,;m

AED: On ejakulator kanal, TED: Tiibiiler eja-

D_w:Go: b x w682 ;¢ ?_?_ the insert and transposase
Y Sp TM3 ' w GO & together, 165 crosses
2} w682 D23 X ¥:GO: + ??’ transposase allows excision
1 ¥ GO + ' w Sp + in the male germ line
R} WAKS2 ik X w0+ ?'?. white eyed male {lies carrying
AY ()T-—O/Sp' 2 w Sp o+ the original c682 chromosome
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Figure 2. The crossing schema for the excision of P[GAL4]c682:
Resim2. P[GAL4]c682'nin ¢ikarilmasi i¢in yapilan kroslamalarin sematik gériintimii.
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Figure 3. Rescuing the sterility phenotype ol
A-B: The 'wild type', C-D: Homozygous mutant male for kisir, E-F: Ho-
mozygous mutant male for kisir in hs-kisir/3.1 background, G-H: Ho-
mozygous mutant male for kisir in hs-kisir/3.2 background.

Scale bars: 100 ymin A, C.E, G;: 20 ym in B, H; 25 ym in D, F.

Resim 3. Kisira ait siterilite fenotipinin hs-kisir ile kurtartimasi.

A-B: Normal goriiniim, C-D: Homozigot mutant kisirdan goriiniim, E-F:
Hs kisir/3.1 kontrolii altindaki homozigot mutant kisirdan goriinim, G-H:
Hs-kisir/3.2 kontrolii altindaki homozigot mutant kisirdan goriinim.



