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INTRODUCTION
kY
The cywlogical region uncovered by Df(2RIPC4 (55A 1o 35C) contains three pencs off
developmental interest. The maternal effect locus staufen (staw) is requincd for abdorninal
segmentation und pole cell formation (Schiipbach and Wieschaus 1986). In the absence of maternally
supplied gene product, most abdominal scgments and the. pole cells fail to form . The anteriorly
Incated head skeleton is also reduced. The zygotic locus three rows (thr) is required for completion of
post blastoderm mitoses. Cells in thr embryos progress through to metaphase of the 14th call
division guite successsfully but fail to undergo the following anaphase (C. Lehner pers. comm,). The
third gene, Polvcomblike (Pel), is required for the comrect expression of the homeatic penes in the
bithorax and Antennapedia gene complexes (Duncan 1982; Jiirgens 1988). In the absenug of
zygoucally capressed gene product the abdominal segments adapt identitics of sepments morc
posterior 1o them. Pel is also haplo insufficient, with males carrying only one functional copy of the
gene occasionally developing sex comhs on their second and third legs.

Several other embryonic lethal and maternal effect genes have also been mapped to this cytolagical
region: grainy head (grh; called U2MM45 in Nisslein Volhard, Wieschaus and Kluding 1984), early
(gay), subito (sub), halied (hal) and maternal(2)iate oogenesis-DFG (mat(lta-DEG) (Schiipbach aud
Wieschaus 1989, T. Schiiphach pers. comm.). The relative abundance of penes in the repion with i
maternal or embryonic lethal phenatype, the nead 10 recover further alleles at somne of these logi and
the occasional clustering of genes with similar function in I, melanueaster prompted us to undertake
a detailed genetic analysis of the region. We therelore curricd out un EMS mutational screen for
visihle, maternal effect and zygotie lethal loci by screening against the deficiency Df(2RIPC4
{55A:55C.

Only the zygotic lethal screen was snceessful, u neovering 19 loci in this eytological region. The
maternal component of the sereen was wnsuccessful in that it filed o uncover futher alleles at two of
the four previously known Toci bul it Jid provide us with two more maternal effact laci. All of the fic:
were mapped with respeet Lo six deficiencies which overlap Df2R)PC4. Surpisingly the number of
alteles per Tocus differed markedly between different regions, with the bulk of the

- loei mappiag to
distal end of DI(2R)PC4 beinyg represented by only onhe allele.



MATERTALS AND METIIODS

Fly Stocks: Most of the markers, cylological aberrations and balancer chromosomes are described
in Lindsley and Grell (1968), Lindsley and Zimm (1984) or Steward and Nisslcin-Volhard (19861,
Alleles of thr, Pcl, grh and stau were recovered in previous screens in this laboratory (summarised in
Tearle and Niigslein-Volhard 1989). ar ware provided hy T. Schilpbach. Df(2RPeL- XME2 wis
isolated by G, Jurgens (unpublished). DE(2R)Pcl-7RB and Df(2ZR)Pe1-7R were provided by I. Duncan.
DIGRIPIY, DEQRIPAY, and DIERIPII were provided by 7.

Fly Food: Flies were grown on standard medium as described in Steward and Niisslein-Volhard
{1986).

EMS Mutagenesis: A sccond chromosome marked with black purple ¢innabar waxy®aXEX brown
(b pr en wxEA bw) was isopenised. When epg lays were tested, over 95% of embryos homozygous
for this chromosome successfully completed embryvonic developtment, About 1,000 homozygons b pr
cn wxal by males were treated with ethyl methane sulphonate (EMS) essentially as deseribed by
[awis and Bacher (19GR). After 24hr exposure to EMS the males were mated to CyQ DTS 100/B1 ]
females in aliquots of 100 pairs per hottle. The flias were mansferred to fresh bottles every 2 days for
& days and theri discarded. CyQ.DTS100/b pr en wxsal bw Fy males and virgin females were:
enllected and individually mated to 2-3 CyQ/RFQRIPCA or CyQ.bw/DEQRIPCY exull bw males or
females. The vials were incubated at 20° for several days to kill animals carrying the temperature
seasitive CyQITEI10Q chromasame. Lpon eclosion flies were transferred to egg laying blocks for
analysis ol female fertility. Where mare than 25% of the eggs failed to hateh, the blocks were
checked for the presenue of DIZRIPCA/D pr on wx¥il bw Fa pareats. If found, these were set up
independently of their siblings to determine whether the femule sterility was likel yiobedueioa
mutation on the b pr cn wx¥X bw chromosome. After testing for female sterility wus completed, the
F: vials were examined for the presence of mutant Df2RIPC4/h pr cn wxX bw (visible mutations)
ar the ahsence of this genotype altogether ( zygotie lethal muttions). Where a visible, female sterile or

zygotic lethal motation was snspected stacks ware set up with Cy(Q/b pr en wx ¥k hw flies,

Cytological mapping of mutationg; Pulative mutations were rechecked apainst
SYQ/DIGRICA and (along with extant mulations) crossed o the three deficiencics DI(2R)Pcl-
AME2, DIQRIPCI-7B, and DE2RIPC-1 [B. When this screen was undertaken, only these
deficiencies were available All three map to the proximal end of DE2RIPCA, so mutations which e
viable over them and lethal over the DfCRIPCA bearin g chromosome could map either to the distul
end of this deficiency, or to ather lethals carried by the chromosome. To separate such lethals into
these two claosses, they were crossed to DF2R)Pe1-XM8S2 and resultant DfQRIPc]-XMB2/1(2)x
tfemales then backcrossed to DIGRIPQA, Crosses giving chromasomes bearing neither the deficiency
uor the lethal were taken to indicate that the tethal lay outside DE2RYPCA. The rermminder WEIC
assumed to map within Df(2R)PC4, an assumption that is supported by the failure of these lethals 1o

complemnent three recently generared deficiencias which map to the distal end of DIZRYPC4):
Df(2R)P29, DF(2RIP34, and DIC2R)PAG,
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Chromosome Cytology: 3-4 Males carrying deficiency bearing chromosomes over CyQ were
crossed (0 5-6 Canton § fernales. Larvac wers grown at 18° and yeasted well. Polytene chromosomes
were oblained from salivary glands of wandering 3rd instar larvac and prepuired by standard methads.
Chromosomes were stained with lacto-accio-oreein and examined with phase optics. Assignment of
hreakpoints was made nsing Lindsley und Grell (1968) and Lefevre (1976).

Determination of lethal phase and embryonic phenotype: For lethal mutations, the time ol
lethality was deternined by crossing stocks o CyQ/DIIRIPCA and counting the number of progeny
thal failed to hatch (CyQ homoeygotes die as first instar larvae), Where this did not differ
signitieantdy from 25% the mutation was considered embryonic lethal. For femule sterile and
cmbrynnie lethal mutatons, cobryanic cuticle preparations were prepared essentially as described in
Wicschans and Niisslein Volhard (1986).

Frequency of fethal matations: To determing the average number of lethal hits per
chromosome, CyO/b pr ¢n wext hy flies were taken from 100 Fa vials selected at random and
transfarrad to fresh vials, Their progeny were examinced and the proportion containing homozygous
(i.c. fethal free) b pr oo wats! bw flies calculated. We ussume thar lethal hits per chromosome follow
a4 Poisson distribution and can estimate the average number by using the expression P(0)—¢™ where
P{0) is the fraciion without lethal hits and m is the average number of Jethal hits per chromosome,



RESULTS

Tsolution of lethal and female sterile mutations: 7784 flics carrying an FMS weated b pron
wxdA bw bw chromosome were arossed to CyQ/DR2RIPCA and tested [or lethality and female
sterility. 4659 lines produced sufficient progeny to be tested; of these 55 cartied lethal mntations and
5 carried female sterile mutations that failed to complement the DfQ2RIPCA bearing chromosome. 41
of the lathal rmutations mapped to the region uncovered hy DF2RIPCA itself, the remainder mapped
outside the deficiency and presumably represent extrancous lethals on the deficiency chromosome,
These 44 true DFQRIPCA region mutations (41 lethals and 5 female steriles) were initially crossed to
3 other deficiencics which overlapped or were contained in DEQRIPCA: DECR)Pcl-7h, DQ2RIPc
11h nnd DFQ2RIPC-XMB2. This allowed us 1o assign small groups of mutations to different
chromasomal intervals as defined by the deficiencies. Mutants mapping to different intervals were
then crossed inter se, and then to previously recovered mutations which were mapped to the same
iniervals. We were this shble to establish complementation groups across the region.

The 41 lethal mutations ancovered in this screen represent 19 complementation groups. The 5
famale sterile mutations recovered represent 4 separate loci, only 2 of which were previously known,
and bring the number of female sterile loci in the region to 7, The mutations map to the following

intervals:

Region 1: This region is defined by the left breakpoint of DF2RIPCY and the right break point of
Df(2R)Pe]-Th. Loci mapping to this region fail wo complement all four deficiencies. They are: Pel, thr,
H2PCA-A, {2PC4 B stau and gav. Alleles ware recoversd for all three of the pre-existing lethal
laci, Pel, thr and U2YPC4: A. MThe L2IPCA-A locus was previously represented by the allele
H2)HDS3 (T.Schiipbach pers. comm.)[. On average 3 alleles were recovered per lethal
complementation group. Two alleles of the maternal locus, gav, were recoverad, and none for gtay.

Region 2: "This region is defined by the right breakpoint of DI(ZR)P¢l-11B and the right breakpoint
of DECRIPeI-Th. Loci mapping to this region fail to complement DEZRIPCA, DF2RIPel-XMS2 and
D(2R}Pci-Th. They are: grh, U20PC4-C and 2)PC4-D. yxh was previously described on the basis
of one allele and 4 more alleles were recovered in this screen. Three of then are algo embryonic letha!
in trans (o the original grh allele and show the same degenerating head skclcion, For this region 3
alleles un average were recovered per lethal complementatgon group

Region 3: This region is defincd by the right hreakpoint of DE(2RIPCL7B and the right hreakpoins
of DIQZRIPCI-XME2. Loci mapping to this region fail to complement RECRIPCY and Df(2R)Pal-
AMSE2. They include 9 previvusly undescribed loei - J2)PCA-E to U2IPCA-M and [s(23PC4-N,
Three temale sterile loei mapping (o this region have been previously described, hal, mat(lto-DF6
and sub (Schilpbiach and Wieschaus 1989). Onc allele of sub was recovered in this screen. [ The
nature of the mutagenesis screen would not permit the recovercy of alleles for hal as nuizant fermales
{=il ta lay epps (T. Schilphach pers. comm.)|. For 6 of the 8 lethal loci anly one allele was recovered
and un averape only 1.6 alleles were recoverad per lethal complementation group,
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Repion 4: This region is definud by the right breakpoint of D{ZR)Pcl-XM82 and the right
breakpoint of NF2RIPel PC4. Loci mapping to this region fail to complement DEQRIPCA alone.
They include § previously undescribed loci - U2PC4-P to K2IPCA-S and [5(2)PC4-T. These loci
were further tested for complementation with 3 deficiencies that fail 1o complement DQRIPCLPCA
but do complement DIZR)Pel.XM82, DE2RIPGI-TB and DEZR)PCI-11B. They are D(ZRIP2Y,
DFRIP34 and DE2RIPS6. Three Inci, W2)PCA-P, UOPC4-Q and 1(2)PC4-S map to the region
uncovered by all three deficiencies. The remaining lethal locus, I(2)PC4R fails to complement
DI(2R)P34 and DEIZRIPE6 bul does complement DF2RIP29. The placement of of loci withi this
repian is nncertain because DIORx lies within DEQRIPCA, For 3 of these 4 lethal loci more than onc
allele was recovered in this screen but an average only 1.8 allcles were recavered per lethal
complementation group.

Number of Lethal Hits per Chromosome: To cstablish the degree of saturation of the region
achieved in this screen, we first estimated the telative number of lethal hits per mutagenised
chromasome. 100 of the 4569 lines were taken at random and checked for homozygous b pr ¢n
wx¥Xt bw progeny. 23 lines produced homozygous progeny. Assuming that the number of lethal hirs
per chromosome follows a Poisson distribution, rhis represents 1.47 hits per chromosome. There are
approximately 1700 loei on the second chromosome that can mutate to lethality (Anderson and
Nitsslein Volhurd) and we analysed 4569 chromosames, so on average every lethal incus was hit 3.9
tunes.

Agymmetrical Distribution of Alleles Recovered: The distribution of alleles fur the lethal
loei shows a distinetly asymmetrical distcibution, For the 7 oci in regions 1 and 2, 3.0 alleles were
recovered per locus. For the 13 loci in regions 3 and 4 this drops to 1.6 and 1.8, All & lethal loci

which are represenied by anly one allele mup to regions 3 and 4 (out of 12 lethal loci in these
regions).
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DISCUSSION

The one of the main aims of this screen was to snrurare the region uncovered hy NF(2RPCY for
lethal and maternal loci, We have probably identificd most, i€ not all, of the lethal loci mapping (© this
deficiency, We recovered 41 lethal mutatdons which map tw 19 loci, an aversge of 2.2 alleles per
locus. This is less than that expected when compared to the average number of hits per locus of 3.9
for the whole chromosome. The reason for this discrepancy is not obvious. The frequency of alleles
recovered 18 further confounded by the distinct bias in alleles per locus for different regions. The
seven loci in regions 1 and 2 are represented here on nverage hy 3 alleles, region 3 by 1.6 alleles and
region 4 by 1 R alleles. This bias is even more pranounced when the number of loci represented by
only one locus 1s considered. Seven of 8 such loci are clustered in region 3, with the remaining locus
found in region 4. We can see no reason inherent in the design of this mutational screen which wonld
explain these results. We are left with the possibility that Region 3 contains an abnormally high
number of looi which ure relatively resistant to TMS mutagenesis. Unfortunately EMS mutagenesis
tor lethal loci in this region is unlikely to be repeated.

Of the 19 lethal loci, 5 ere embryonic lethal. This is consistent with previous data for virtually the
whole genome which suggests that shour 25% of all lethal loci are embryonic lethal (Niissicin-
Valhard, Wieschaus and Kluding 1984: Tirgens, Nijgslein-Volhard and Wigschays 1984:
Wieschans, Niisslein-Valhard and Jiirgens 1984), Three, Fel, thr and srh have been shown to cause
defecis in the embryonic cuticle (Niisslein-Volhard, Wicschaus and Kluding 1984). The Pl and thr
alleles recovered here closely resemble proviously described alleles. Prior to this sureen grh was
represented by only the one allele, with the possibility that the phenotype was atypical for null
mutations at the: laeus, However three of the four yob alleles recovered here are virtually identical to
the original grh allele in phenolype, with a degenerating head skeleton. They also appear to be rmore
suseeplible to rupture of the cuticle. The fourth allele, grhd80 is not embryonic lethal and thus
appears 10 be hypomorphic.

The matarnal component of the screen was less sucecssful. We had originally plunned to follow
the general approach of Steward and Niisslein-Volhard (1986), in using 4 dominant female sterile
vhromosome to ensure that only DERPC4/b Pr ¢n wxdial bw females could Iny eggs in the By,
However we discovered (hiat DICRPCAFID flies tended to either die before eclosion or two
ghow severe developmental and behavioral defects, und were unsuitable to use in the screen. This
meant that scrcening for defective eggs had to be carried out in 4 background of normal oogenesis and
cinbryogenesis, which mitigated against recovering mutatons at any locus which produced either no
€ges or d reduced number of eggs with not strikin g embryanic phenotype, For this reason we
probably missed alleles ar loci such as cdy. sub, hal and Lo, Howsever the dramutic effects of
S1an mutataang on segmontation patters should huve guurunteed thetr recovewy and we curnot euplir
why nane were recovered. Two novel maternal loci, designated fs(2)PCA N and fa(2)PC4 T were
Wentified. Qnly one allele waus recovered for each, and although both complemented all the lethal loci
mapping to their respective regions, it is poasible that they represent hypomorphic alleles of
undescribed lethal laci (c/f torpeda; Sehii phach 1987),
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7
Orie question which we wanted to address was whether there ure other loci in the region which
plday a similar role to that of thuse genes which affect embryonic development - sidu, Pel, thr and
grh. The failute to recover stau allcles makes it difficalt to argue that there are o stau like ganes in the
region. Huwuver the data for lethal loci Is much more extensive and it is unlikely that other genes
with functions similar to Pcl, thr or gzb cluster to this region.
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Cytogenetics of chromosomal deficiencies

Deficiency o Breakpoints Reference
DICRIPCA ~ 55A;55C ) This report
DI2RIPcl XMS? (55A;55B) This report
Df2RYPc1-T8 54ER-F1:535R0.C1 Dhncan 1082
DfC2R)YPcl-118 S4F6-55A1:55C1-3 Duncan 19482
Df(2R)P66 :

Df{2R)IP29 ?

DECORIP3IA ?
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t.0ci mapping to the region defined by DIQRIPCY

Loxaus Alleles Phenotype? Previously Reference
Recovered Found®
0 Pcl 216, 372 E Y |
B [the 313, 321, 454 K Y %
a g% PCE-A 139, 458 1p Y 3
N ¥ o pCAR 110, 124, 378, 398, 399 LP N
@ » : M Y 4
C\ /Stau pom% 1
L eay 360, 455 M Y 5
ath 300, 370, 380, 436 E Y 2
rCA-C 197, 388 LP N
PC4-D 202. 414, 418 1.P N
PC4-E 262, 322, A18, 420, 463 Lp N
PCA-F 198, 463 LP N
PC4-G 51 E N
pPC4-H 119 i.P N
PC4-J 7% LP N
PC4-K 236 LP N
PC4-L 363 LP N
PC4-M 427 Lp N
sub 397 M Y 3
hal none M Y 5
It none M Y 5
PC4-N 140 M N
PC4-P 11, 42 LP N
- PC4-Q 267,272 LP N
PC4-R 147, 459 P N
PC4-5 159 E N
PCA-T 133 M N
References

1 Duncan (1982); Mirgens (1986)

2 Niisstein-Volhard, Wieschaus and Kluding (19843
3 Schiipbach pers. comm. ‘ ‘
4 Shiipbach and Wieschaus (1986)

3 Shiipbach and Wieschaus (1988)
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PC4
Pel-XM8E2
Pel- 7R
Pcl-11R
Pcl-W5
Pu29
Pu3d

P&6

XM82
PC4
XME2 ®
7R #
1B *
Pu29 #
Pu34 *

CLASSES

LML LI oD it ol O DA e

REGION 55 DATA

55A
?

SAES-E']
54I6-55A1,2
?

55C1.2
55D2-EL
55D2-El

COMPLEMENTATION OF DEFICIENCIES

7B 11B

* £ F ¥ |
¥ X ¥

i=XM82 7B 11B-
2= XM82- 7B 11B+
3= XMR2- 7B+ [ 1B+

4a= XMR2+ 7B+ 11R+ Pu29 Pu3d

DEFICIENCIES
55C
7

53B9-C]
55(C1-3
9
56812
SSE3 4
S6R2

Pu?290 Du24 Po6

+ + +
+ + +
+ + +
* _ -
He B

- P66+

4b= XMR2+ 7B+ 11B* Pu29- Pu34- PG

Hodle
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1) XM82-, 78, 11B-

Pci 216, 372

thr 313, 321, 454

HD33 139, 458

v 110, 124, 378, 394, 199
eay 360, 455

2) XM8$2-, 78-, 11B*

grh 300, 370, 380, 436
b§ 197, 388
[T 202, 414, 419

3) XM§2-, 7B+, 11B*

1 262,322,418, 420, 465
1i 198, 463

111 51

IV 119

Vo 223

Vi 236

VIl 363

VL 427

sub 397

X 140

4) XM82+, 7B+, 11B*

1 41,42
M 267,272
M 147, 459
v 159
Vo133

H.Bis






