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ABSTRACT

The blastoderm stage of Drosophila embryogenesis is a time of crucial
transitions in RNA transcription, the cell cycle and segment determination.
We have previously identified three loci encoding RNAs specific to this stage
(Roark ;eg al., Dev. Biol. 109, 476-488, 1985). We present here the complete
rnucleotide sequence of one of these loci, bsg25D, which encodes a 2.7 kb
blastoderm-specific RNA. The primary structure of this RNA, and that of an
overlapping 4.5 kb RNA, has been determined. The amino acid sequence of the
predicted bsg25D protein has been compared to the NERF protein database.
Structural similarities between domains in the bsg25D, fos, and tropomyosin
proteins, and their possible significance for early embryogenesis are
discussed

INTRODUCTION

Dramatic transitions occur at the blastoderm stage (1.5-3.5 hrs after
fertilization) of Drosophila embryogenesis (reviewed in 1). Nuclei, which
have been dividing synchronously at the highest rate known for eukaryotes,
migrate from the interior of the embryo to its surface to form the syncytial
blastoderm, become surrounded by membranes to generate the cellular
blastoderm, and traverse the first true cell cycle. RNA transcription is
activated to the highest embryonic level, per nucleus, during this time, and
by the end of the blastoderm stage, cells have become determined as to
their segmental fate in the ectoderm of the larva and adult.

One approach to understanding these events is the isolation amd
characterization of genomic INAs encoding mRNAs specific to the blastoderm
stage. Three blastoderm-specific genes (i.e., genes encoding RNAs which are
50-100 times more abundant in blastoderm embryos than at any other stage)
have been identified by molecular screening techniques (2). This approach
has identified two loci which encode proteins with putative "DNA-binding
fingers" (3, reviewed in 4, Baldarelli et al., in preparation); these genes
may be involved in the regulation of other genes at the blastoderm stage.
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We present here the molecular characterization of a third blastoderm-
specific locus, bsg25D, which maps to chromosomal locus 25D3. The bsg25D
locus is defined as the DNA which encodes a 2.7 kb blastoderm-specific RNA
and overlapping transcripts. We have determined the genomic DNA sequence of
the bsg25D locus and the primary structure of the bsg25D RNAs, and have
carried out computer database searches for homologies to the protein encoded
by these RNAs.

MATERTALS AND METHODS

Unless otherwise noted, routine handling of mucleic acids followed
standard protocols (5).

INA sequencing

Both genomic DNA and cDNA were sequenced by the chain termination method
(6) using buffer gradient gels (7). Most of the sequence was obtained from
random subclones generated by sonication (8). Additional sequence was
determined from subclones generated by digestion of large DNA fragments with
four-cutter restriction enzymes, DNAase I digestion of large subclones (9),
and digestion of large subclones with exonucleases IIT (10) and VII (11).
Isolation of cINA clones

cINA clones were isolated from two embryonic cDNA libraries (12,
Goldschmidt-Clermont and Hogness, unpublished) by plaque hybridization (13).
Transcription mapping

Two microgram aliquots of poly(l&)+ RNA prepared from 1.5-3.5 hour embryos
were electrophoresed and blotted as described (2). RNA was detected by a
sandwich technique, in which small, single-stranded M13 probes (unlabeled)
were first hybridized to the blot, followed by [32P] nick-translated M13 RF
DNA (14).

Primer extension and RNA sequencing were as described (15), using 6 or
12 micrograms of poly(A)+ RNA from 1.5-3.5 hour embryos, respectively.
Hybridization of 10°-10® cpm of probe was for 18 hours at 52°C. Prior to
sequencing, the hybridization mixture was divided into 4 equal aliquots.

S1 nmuclease analysis was carried out essentially as described (16) using
10°-10% cpm of probe and 6 micrograms of poly(a)* RMA from 1.5-3.5 hour
embryos. Hybridizations were carried out for 18 hours at the temperatures
indicated in the legerd to Fig. 4, followed by digestion with S1 nuclease
(500 units, BRL) for 1 hour at 37°C. Reaction products were electrophoresed
on sequencing gels.
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Computer analysis )

The DNA sequence was compiled using the DB system (17,18). Codon usage
analysis and translation were conducted using the ANALYSEQ package (19). The
standard codon frequency table for this analysis was compiled from 20
Drosophila protein coding genes (20).

Searching the National Biomedical Research Foundation (NBRF) protein
database was conducted using both the LSRCHP program (21) and the SEARCH
program distributed by the Protein Information Resource (PIR; 22).
Potentially homologous sequences were aligned by the ALIGN program, also
distributed by the PIR. Probabilities that alignment scores would occur due
to chance alone were calculated based upon the normal distribution, since
random scores generated by the ALIGN program follow this distribution (23).
The probability that an 8 amino acid identity would occur due to chance alone
was calculated according to Kabsch and Sander (24), using an average
frequency of occurrence for each of these 8 amino acids of 0.062 based upon
data reviewed in (25).

Hydrophobicity correlation coefficients were calculated according to
Sweet and Eisenberg (26) using each of the four hydrophobicity scales
compared therein. One randomization of the bsg25D sequence produced by the
ALIGN program was used as a control for unrelated structures (see Table 1).

RESULTS
Physical organization of the bsg25D locus

The genomic INA clane containing the bsg25D locus, IB150, contains two
Eco RI fragments of 9.1 and 7.0 kb which hybridize to four RNA species (2).
The 9.1 kb Eco RI fragment hybridizes to a 4.4 kb transcript (Fig. 3, lane
9.1) which is expressed throughout most of embryogenesis (2). The 7.0 kb Eco
RI fragment hybridizes to three RNAs of 2.7, 3.0 and 4.5 kb (Fig. 3, lane 7
and data not shown). The overlap of the latter RNAs is most clearly
demonstrated by their hybridization to a single cINA clone homologous to a
portion of the 7.0 kb Eco RI fragment (Fig. 3, lane c3). The 4.5 and 3.0 kb
RNAs are expressed primarily during the first 8 hrs of embryogenesis; the 2.7
kb transcript is blastoderm-specific (2).

The physical map of the bsg25D locus, which exists as a single copy in
the haploid genome (20), is shown in Fig. 1. The 4.5 kb RNA overlaps with
the 2.7 kb blastoderm-specific transcript, as indicated in Fig. 1A. This is
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Figure 1. Organization of the bsg25D locus. A) Restriction map and
transcnptlonmap. Top line repxesentsthegemm.cﬂﬂ\whosesequemels
presented in Fig. 2. Numbers above ticks represent nuclectide positions in
kilobases, letters below ticks represent restriction enzyme recognition sites
(E: Eco RI; S: Sst I; B: Bgl II). The lower two lines labeled 2.7 and 4.5
represent the transcription map of the RNAs of these sizes; solid lines are
exons, hatched lines introns. The two small arrows labeled c8 and c10
represent the map positions of partial cDNA sequences determined from clones
cINA-8 and cDNA-10. B) Codon usage analysis of the bsg25D nucleotide
sequence. Probabilities for coding are plotted along the vertical axis (the
mid-height position of each panel represents a probability of 50%) and
nuclectide position is plotted along the horizontal axis in kilcbases. Each
of the three panels represents one of the three possible reading frames.
Ticks at mid-height represent stop codons and ticks at the bottom of each
panel represent AUG codons. Open reading frames included in the bsg25D RNAs
are numbered 1, 2, and 3 and each is demarcated by upward arrows. Single-
stranded probes used for the experiments shown in Fig. 3 are shown in the
middle panel and represent nucleotides: 275-484 (a); 796-1008 (b); 1409-1597
(©); 1921-2093 (d); 2495-2639 (e); 2672-2894 (f); 3347-3523 (g); 4249-4529
(h); 4904-5075 (i); 5273-5433 (j); and 5787-6187 (k; the 3' end of this probe
is approximate since it was determined from an agarose gel). C) Probes used
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for transcription mapping experiments represent nucleotides: 276-426 (Pl1);

276-1589 (S2); 276-2836 (S3); 4460-4987 (S4); and 6637-7345 (S5). Asterisks
represent the end which was labeled in these experiments; asterisks on both

ends of a probe signify that the probe was uniformly labeled.

-120 -100 -80 -40
atcagotctaa cgatagtgta taaogatagg aacaatggtc caegatatgg ccaccteogt Qwagtttgc ttaatgeect ocagoagogcg ccacogtget

cg%gctg cattaattgt ttil:t CTCGCTAGAA AT{CZgITATC CCARAANCC (I‘Jll:SCCCGZ GATGTTTATG TT%TTCCG AAGTGCATAT
CATAGATTAG TAGTAGTAGT AACCCCTCAA ACAGCCTGCT GTCCAAMAAA CACGCGTGAT TCCCCCGCCA CCCACGCACA TAGACCCCGA TATTTCACTT
ﬁmma&nmmmmg.@mwmm%Mmm&@mnw
GAA% GGTTACGGAT AA?WTA TCCGCCGATC CGT% GAAGCTCTAC CMzonGTTCC GUGCT@GAG#Cag)‘J’GTGT GGACTTCTGG

- MEVSADPIZOEQKLYQ“I‘:OFRSCETQCGLLD

460
ACGAGAAGTC CCTGCTGAAG CTCTGCTCAC TGCTGGAGCT CCGGGATCAG GGATCCGCAC TGATCGCCAG CCTGGGCGGC AGCCATCAGC TGGGCGTGTC
EmKS LLK LS&SL LEL Rsng GSAL éwAS LGG SHQL GVS

560
CTTTGGCCAG TTCAAGGAGG CGCTACTCAA CTTCCTGGGC TCOGAGTTCG ATGgtaatac gtcatogggt ttcattggtg agatagcaca aagaatcgat
F5£Q FKEA IG.ODLN FLG SEFDD

620

caactatag attaactiat ataatasa gataatattt octataaet ey gt%taa aacaacatac gtggatctg taattgoget
Maattaccs atcascasc atcagataa tacggeatt HAEEaca ctattagag atagaatic attttgaca cgattigsa aogtgtas
tttcoctatt aataaaacac tgatctaatg aacacatttc tagcagtcta tagatgaaca aag‘pcoattac ttaatactca aagaagtgct accatctacg
tgctaatttg caaggattat gigmac ttcasaccte ogcttatctg attiggaac thctgocaa atttagca octtagggta ogaatatcat
“UCM cggattagca ogoggcagct ggcgatcata aaatcataga tgcaattgac act:gtttac gactcecaac tgttcwgac tacctgatee
t?%gam ttatcaggta gatggttaca atgtectgta taaataogog acacattcac Ct999°39tt tagtctaaat caaaatggga acacgattgt
attacogeog atooggoggt cagttaacag atcogataat tgagaagcta googctogtt ttggtagoca cctaagatee dbamactet tocagttcte
120 1300 132 13%0 1360

toctaactta tatctattga atcttecagA GOGTTCACTG GTGATTACGG ATGAGCCGCT AAACAACACA TACATCGAGA GTCCGCCGGA GTCTTCCGAT
RSL VITD EPL NNT YITES PPE SSD

1330 1400 1420 1440 1460

CGCGAGGTTT CGTCGTGGEC ACCAAGAPAT ACGGTCGCCG GTCTAGGCCA CAGCAGGGAA TCTACGAGTT ATCCGTCACG GACTCGGACA
REVSPKLVVGTKKYGRRSRPQQGIYELSVTDSDN
1480 1500 1520 1540

ATWWWMWW@WEWWQ@&WW
TDE DQL QQQQ NQR?LN GCDE LGV

ogaagtggog atacaacttc tggtatgtat gcaaaattge atagtaaaca gattttgttt aatogttatt attgctgata cagtagagca tgectaagta
gcactaccaa agcaaacaaa ttatcttaaa tatacatcat gatcatcata agcatcttat ttttccaaac cacacaggtg caaogttcct cgtcccagag
1780 1800 1820 1840 1860

?gmmwm%mmmtwmmw%mtm

wmmwmtmtmm%ﬁmmmtm

gtttoc:cbg gecagaccag ctttggctag cogateeece ttgtocctgc caccetetgt tgttgttagc ccaaaatgec aaaattaogt ttgaagcaat
g;}gamnmt@t&mmmtma@a@mammmwﬂmmw
ogttggtcat getgcaaagg tttgtgoget ctgaagcaat tgtcaacacc ctcacaccca cogaatceee aacccagtca ttoggtatct aatogeacce
2280 2300 2320 2340 2360
tatgtagcog cacatttgat togttttttt tactogtata ataacatatc ctacattttc aacccttagt aatgetgtaa tgcattgaca atcaatttaa
2330 2400 2420 2440 2460

ttaaggattt catataaatc aatttcagtt agaaaggata tttacttata atttgttcta ttttcttgat ttattagttt ctacctcttt aaataacacg

2313



Nucleic Acids Research

2480 2500 2520 2540 2560
gcaaaaattt ctcatttcta aaagccattt gatatagaga aataacaaac tttoggoget ttt.gcttaca ccatcgacac acacacacac ccttecccac
o3

2600 2660
%mmwmmmmmmmw%mw

aattgttaat tgocatgatt tacagacacc gtgacgeoge agCAATTGGA GACGATCTCA GTGCATAGCA TTATGGAAGC CTGGGAGCTG GCCAGCATTC
QLE TIS Vzal‘loSI MEA lzimFL ASIP

2780 - 2800 2820

CCAACACTCG CAACCTACTT CACGTCCTGG GATTCGATGA GGAGGAGGAG GTGAACCTGC AGCAGCTAAC TAAGGCATTG GAGGAGGAGC TGOGGGGCAT
NTR NLL HVLG FDE EEE VNLQ QLT KAL EEEL RGI
2680 2900 2920 2040 2960

CGATGGGGAT CACGAGCAAT CGAATATGTT GCGCGCTCTG GCTGCTCTGC AGGOCACCGA GTTGGGCAAC TACAGACTTG CCTATAGGCA GCAGCATGAG
DGDHEQSNMLRALAmIz\oLQATEI:;o‘gNYRLAYRQQHE
2980

3000 3060
GAGAACCTCA AGCTGAGGEC CGATAATAAG GCGGCCAACC AAAGGGTGGC TTTGCTTGOC GTGGAAGTGG ATGAGCGECA TGCGTCGCTG GAGGATAACT
ENLK LRADNK AANQ RVA LLA VEVD ERH ASL EDNS
3080 3120 3140 3160

3100 1
CCAAGARGCA GGTGCAGCAG CTGGAGCAAA GACACGCCAG CATGGTGCGT GAAATAACGC TGOGGATGAC TAATGACOGC GATCACTGGA CCAGCATGAC
KKQ vQQ LEQR HAS MVR EITL RMT NDRDHWT SMHT
3180 3200 3220 . 3240
GEGAPAGCTG GAGGCACAGC TTAAATCGCT TGAGCAGGAG GAGATCOGTC TGAGAACGGA ACTTGAACTG GTGOGCACTG AGAACACGGA GCTTGAGTCG
GKLEAQLKSLEQEEIRLRTELELVRTENTELES
3280 3300 3320 3340 3360
GAGCAGCAPA AGGCTCACAT CCARATCACA GAGCTTCTCG AACAGAACAT TAAGCTCAAC CAGGAACTGG CCCAMAGGTC GAGCAGCATT GGTGGCACCC
EQQK AHI QIT ELLE QNI KLNQELAIQRS SSI GG6TP
3380 3420 3440 3460

3400
CGGAGCACAG TCCATTGCGA CCGAGAAGGL ATAGCGAGGA CAAGGAGGAG GAGATGCTCC AGCTAATGEA GAAGCTGECT GCTCTTCAAA TGGAGAACGC
EHS PLR P35&)RH SED §52¢E)E EMLQ LME KLA A35‘I:°QM ENA

3480 3540
CCAGCTGCGT GACAAGACTG ACGAACTGAC CATCGARATC GAGAGCTTAA ATGTGGAACT AATTCGCTCG AMACCAAGG CTAMMAAGLA AGAAAMACAG
gséRDKToangTIEIESLNVELIRSKTKA;GOKQEKQ

3620 3640
GAGAMACAAG AGEACCAGGA GTCGGCGGCC ACGGCTACCA AMAGGCGTGG GGATTOGCCG AGCAAMACAC ATCTAACAGA GGAGAGCCCT CGCTTGGGGA
EKQEDQESAATATKRRGDSPSKTHLTEESPRLGK
3680 ’ 3700 3720 3740
mmmmwmmmmmmmmmmm
QRK CTE GEQS DAS NSG DWLA LNS ELQRSQS QDE
3780 3800 3820 3840 3860

GGAGCTAACA AGCCTTAGAC AGCGGGTTGC TGAGCTAGAG GAGGAACTCA AGGCTGCAAA GGAAGGCAGA TCTCTCACCC CGGAAAGCCG TTCGAAGGAA
ELT SLRQ RVA ELE EELK AAK EGR SLTP ESR SKE
3880 3900 3920 3940 3960
CTGGAGACCA GTCTAGAGCA AATGEAGCGT GOCTATGAGG ATTGOGAGGA CTACTGGCAA ACGAMACTTA GOGAGGAGCG GCAGCTGTTT GAGAAGGAGC
LETS LEQ MQR AYED CED YWQ TKLS EERQLF EKER
3980 4000 4020 4060

4040
GACAGATCTA CGAAGATGAG CAGCACGAGA GOGACAAGAA GTTCACCGAG CTGATGGAMA AGGTGCGCGA GTACGAGGAG CAGTTCAGCA AGGATGGCCG
QIY EDE QHES DKK FTE LMEK VRE YEE QFSK DGR
4080 L] 4100 4120 4140 4160
CCTCTOGOCC ATTGATGAGC GCGATATGCT GGAACAGCAG TACTCGGAAT TGGAGGCAGA GGCAGCCCAG CTGOGCTCGA GTTCCATTCA AATGCTCGAG
LSP IDER DML EQQ YSEL EAE AAQ LRSS SIQ MLE
4180 4200 4220 4240 4260
GAGAAGGCTC AGGARATCAG CTCACTGCAA TOGGAGATCG AGGATTTGCG ACAGAGATTG GGTGAGAGCG TTGAGATCCT TACAGGOGCC TGTGAACTCA
EKAQ EIS SLQ SEIEDLRO QRL GESV EILTGAT CELT
4280 4300 4320 4360

4340
CCTCBGAGTC GGTAGCCCAA CTGAGTGCOG AGGCGGGAAA AAGTCCAGCC AGCTCACCCA TCAGCTACCT CTBGCTGCAG AGCACCATCC AAGAGCCAGD
SES VAQ LSAE AGK SPA SSPI SYL WLQ STIQEPA
4380 4400 4420 4440

4460
GARATCGCTT GOCGATTCCA AGGATGAAGC CACCGOCAGT GCCATCGAAT TGCTCGGAGG CTCACCATCG CACANGACAG CCAGCOGGTG AGTATGAGM
%L ADSK DEA TAS AS%OEL LGG SPS HKTA SR*
4540

4560
GCCTC'ICH:T GTGTCCTTEG TGTGPGZATC CCTGTGTCTT CCTU\TAATT TGCACTGTAT GTCCTGTATA TATGTTTCAG TTIGTCCCTC ACATCTAACC
ATGTCTMTA TAKTITMTT TMTCCTTI'{ PATTGTATGT TTGT@TTG} TTAATAMATA TM'I'ITATAT TCATATAGAA A'IT(‘ATCKA }TATCGMAT
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4690 4700 4720 4740 4760
TCATTGATTT ATGATTTCAA TAMATATACA TTTAATATTT Tw TTACTCTTTT TCGGTTATGA AATTGGCTGC TRGAAATGGT TTTGTTTGCT
4780 4800 1

4840 4860

TATTTTTCAC ATTTGTATCA TTACACGTTT TGCATCTTTA TGWPCATCT TCAATCGTTT TTATT\'TGTA AATCATGCCA TI'I'MTGGTC CCTTAVCAG
4830 4900

WTMWWTWMWWWWWW
4980

TACGGCCAAT CCOGGCCCAG CTCCGATCAG CAAGCCCAAG CGGTCCCAGA GTOCCCAACA GGOGGCTGCA TCGGAGGGAG AGATAGCCGA TTGCGAGACG
5080

5100 5120 5140 5160
WWWWAWW wgmmmcwrcwcmmxm
5180 5200
WMWMWTWWWWWWWW

5280 5300 5320
GCGACCOGTG CTCGAGAAGG CCTAT(XZGGT GAGCCATAGA CTTTGTTGAT CAGGGAACAT A'ITCTAATCG TATCTGTGGA CTCT[CTITA GCGAACANCG

5380 5420 5440

MWWWWMMWTWWWWWWT&
5480 5500 5520 5540 5560

ASCGTAAGTT GAMMACTAC CTACTGACCA AGAATGATAA TGTAATATTT ATTCATTAGA ATCCTGGOGG CAGCATCAAG TGGAGCTCAA CGATTTGCAT
5580 5600 . 5620 5640 5660 :
AHZGEMTCG AGACCAGGET cggm CCGATCAGAC A(F;I;ZXOEATTG CAGAGTGCCG %\“Tscrm GAAGGATCTA rggw ACTCCCATCT
GWCG GTGCAGCGGT TGGAGCAGCA ACGAGCTAGG GTGAACCTCA TTCACCAGCA GCAGCAACAG CAGCGCCTTG TGGGCGGTGG ACTGCCTGGC
5780 5800 5820 5840 5860

ATGCCTTAGT TTGCCCCACC GGCAPACGTA TATAGTTTAT AGATAATTAT GAAAMAAGACA AACCTGAGGA GGGAGTGGTG CTCAGCATCG GCAGACATCG
5880 5900 5320 5940 5960

AACATGCACC TAACCATAGA TCCTTATGAA TGTTTAGACA TATACAATTC TCGGTAGATT AAGTTTGCAT ACCCGTCGTA TTCGTATTCG TACGTTGCGT
5980 6000 6020 6040 6060

TITTTTTGTG AATGAATGTG AATCCATGTT GTTCGACACG AGAGCACAGC AGCAATAACT AMGTGACTT TARACTAAAC TTAAACTCAC CCACGCGCAA
6080 6100 6120 6140 6160

ATGAGGAACA ATCCACACTA GTGTACCAAT TTGTAACACA TCTAGTAATC GAATCGACTA AACTATTTAC ACGAGCTACA GGACATATAC GATGAAGTAC
6180 6200 6220 6240 6260

CCACGTAGTA TATGTTCGTG CAATGTTGAC CTTACTAATT GACTACTGAA ACAGTTATCG TATATTAATT ATATTAGAAG AAACAGTATT TTAAATTTGT
6280 6300 6320 6340 6360

TATGCGTCTG AGTAGGCGAG CACGTTTATC AATGTTTATC ACGTGCCCAA TCAAATGCAT CGGAATTGTT GTTAATTTTA TTGATAGAGA AAATGGAAAT
6380 6400 6420 6440 6460

GAGCGTAAMMA AATGATCTAT GATATTGATA TTGATGTAAT ATTTAACGAC AAMAGACCTG TAAAGCTGTA ACCATACACA CGAATCTATG TATTTAAATT
6480 6500 6520 6540 6560

GCGATCTAAG TTAGCCAATA CTCTTCAATA TTGCTTTTGC GAACGCGACT TTTTGTTATA TCTTCATTCG TCCCAATAAC TCACTCGATT TATATGTAMA

6600 6620 6640 6660

6580

GAMAAAA, CTCAMCCTCA ATCACACGAT ATCGTGTAAT CAGTACTTAR ATCAATACTT TCGATCANAA TAGAAGTTTA CTTTTTAMA GIATMAMA
6680 L 6700 6720 6740 6760

T@Aﬂg‘yﬂ PAARAACCAA Q‘Tatacaatt atttataaaa %t’ogtg ataactogte tggtctaa atagttatta ag&gttgog ggaatataaa
cttattgttc ataaatacaa cttgcttatc agttttttog aaatgttaag attttgtttc ttattaaatt aattgttatt aaaattaaaa gatttatgaa
6830 6900 6920 6940 6960

g;;tgaatta tatattgata ogaut)gaacaa tttattttat tgctu:aaaa tatacattac t%:gtttag gaatttaaat atcogtttta agtcttttaa
tttttaatta ggttttaaat ataatatoga ttaaatagtt gactccattg gaatatcgat aoegogtcga tgtttcttee agctctatOQ ggcacgoget
gttaaagttt atttgtactg ttaaogogaa ttogattaaa atgttttgtt ttttgttagt tttcggtgta aatgtggttt tagtgcactt aacaactggt
gag'tgtgogt tatagtaaat gaacttaaat gcaattaccg aattc

Figure 2. Nucleotide sequence of the bsg25D locus. The sequence is shown
below numbers which indicate nucleotide position, with transcription
initiation at nt 1. The TATA homology is underlined; the transcription
initiation site is indicated by an arrow; exons are indicated by upper case
letters; introns are indicated by lower case letters; 3' ends of partial ciNA
sequences (from nt 3724-4089 for cDNA-8 and from nt 6259-6693 for CDONA-10)
are indicated by leftward arrows below mumbers corresponding to the cINA
clone; poly(a) addition signals discussed in the text are underlined; and 3'
ends of transcripts are indicated by upward arrows.
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also the case for the 3.0 kb RNA (see below), but it is too rare to be mapped
by available methods.

The complete nucleotide sequence of the bsg25D locus is presented in
Fig. 2. This sequence includes 125 nt upstream of the transcription
initiation site, three exons and two introns, and 523 nt downstream of the 3'
end of the 4.5 kb RNA (see next section). Approximately 70% of this INA was
sequenced on both strands. The accuracy of the remaining DNA sequence was
insured by sequencing multiple clones representing these regions, and
ambiguities were resolved by substituting AITP for dGTP in the sequencing
reactions (20).

Transcription mapping the bsq25D RNAs

The results of transcription mapping show that the 2.7 and 4.5 kb bsg25D
RNAs initiate at the same site, that they have two intervening sequences
which are spliced in the same positions, and that the greater length of the
4.5 kb RNA results from read-through transcription past the 3' terminus of
the 2.7 kb RNA (Fig. 12). Five independent lines of evidence support this
conclusion:

1) Nine cINA clones analyzed (out of 31 isolated, see Materials and
Methods) fell into two classes: one which hybridized to both the 2.7 kb and
4.5 kb RNAs (8/9), and one which hybridized almost exclusively to the 4.5 kb
RNA (1/9) (Fig. 3, lanes c3 and c10). Sequence analysis allowed mapping of
the 3' end of two cDNA inserts, one from each class, to the positions shown
in Fig. 1A.

2) Codon usage analysis (19) of the bsg25D DNA sequence suggests the
presence of three open reading frames with high probabilities for protein
coding (Fig. 1B); these open reading frames correspond closely with the
proposed 2.7 kb RNA exons (Fig. 13).

3) Hybridization of small single-stranded probes to RNA gel blots
indicates that the two RNAs overlap, that they share three exons, and that
the 4.5 kb RNA is derived from a region beyond the 3' end of the 2.7 kb RNA
(Fig. 3a-k and legend).

4) RNA endpoints, determined by primer extension and S1 muclease
analysis (Fig. 4), are consistent with the proposed transcription map. RNA
sequencing by primer extension is collinear with the INA sequence to nt 39
(as far as the sequence could be read), consistent with initiation at nt 1.
The precise positions of the 5' and 3' ends of the three exons, determined by
S1 mapping, are summarized in the legend to Fig. 4. The terminus of the 4.5
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Figure 3. Mapping bsg25D RNAs by probing RNA gel blots. Arrows indicate
hybridization to the 4.5 and 2.7 kb bsg25D RNAs. Blots of 1.5-3.5 hr
poly(®)* RNA were hybridized as follows. Lanes 9 and 7 were probed with 32p
nick-translated 9 and 7 kb Eco RI fragments from clone IB150. Lanes c3

cl0 were probed with cDNA-3 or cDNA-10, which were nick-translated with ““p.
Lanes a-k were hybridized with the small single-stranded DNA fragments a-k
shown in Fig 1B. The small size of these probes and the rarity of the bsg25D
RNAs required the design of a novel hybridization protocol (14) in order to
detect the low signal shown in these experiments. Probes from regions
encoding exons hybridize to the 2.7 kb RNA (lanes a,c,f,g,h), while those
from regions encoding introns do not (lanes b,d,e). In addition, all probes
which hybridize to the 2.7 kb RNA also hybridize to the 4.5 kb RNA, although
this is difficult to detect in the photographic reproductions of some lanes.
Probes from the region encoding the 3' end of the third exon hybridize only
to the 4.5 kb RNA (lanes i,j,k).

kb RNA deduced by S1 analysis is consistent with the location of the 3' end
of cDNA-10 at mucleotide 6692.

5) Transcriptional signals in the DNA sequence (Fig. 2) are consistent
with the RNA endpoints determined in the preceding experiments. Upstream
from the transcription initiation site is a TATA sequence, as is usually
found for genes transcribed by RNA polymerase II (28). The transcription
initiation site is homologous to other Drosophila initiation sites (not
shown, 15). Sequences at the splice junctions between exons 1, 2, and 3 are
all reasonably homologous to consensus splice junction sequences (27), ard in
each case the GI-AG splicing rule (29) is strictly followed and the open
reading frames are joined in frame. There are two consensus poly(A) addition
signals at positions 4628 and 4694. The last three of the endpoints
determined by S1 nuclease analysis for the 2.7 kb RNA are consistent with
recognition of these signals, but the first three endpoints are not preceded
by similar signals (see Discussion). Although there are no consensus poly(A)
addition signals located near the designated 3' end of the 4.5 kb RNA, two
variants of this sequence located at muclectides 6667 and 6677; both of these
have been shown to be functional poly(a) additional signals in other systems
(see Discussion).
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Figure 4. Mapping bsg25D RNAs by S1 and primer extension. A) Determination
of the 5' end. Uniformly labeled 150 nt primer P1 (Fig. 1C) was extended in
the presence (lanes A, C, G, and T) or absence (lane -) of

eotides. The arrowhead (lane -) indicates the longest product
(275 nt) which places the transcription initiation site at mucleotide 1 (Fig.
2). The sequence of the RNA, determined using the same probe in the presence
of dideoxymiclectides (lanes A, C, G, T) was collinear with the DNA sequence
to nt 39 (as far as it could be read). lLane t contains products of a control
reaction, where tRNA was substituted for blastoderm RNA. B) Mapping splice
junctions. The lengths of exons 1 and 2 were determined using uniformly
labeled probe S2 (Fig. 1C) which was hybridized to RNA at 52°C, followed by
S1 digestion. Two distributions of protected , centered around
intense bands of 252 and 245 nt (arrows, lane 2), were found [other fragments
in lane 2 were also present in control reactions which lacked blastoderm RNA
(not shown)]. As preliminary S1 analysis (not shown) placed the 5' end of

2318



Nucleic Acids Research

exon 2 at position 1305, and a consensus donor splice junction sequence (27)
sequence is located at position 1549, we assign the 245 nt protected

to exon 2. Assignment of the 252 nt protected fragment to exon 1 places the
3' end of this exon at muclectide 528 (Fig. 2). lLane M is a sequencing lane
representative of the standards used in all mapping experiments. The 5' end
ofeam3wasdetermmedby51analysisusingprobe33 which was hybridized
to RMA at 50°C. 'mearmwhead(lane3)pomtsho114arﬂ115ntprotected
fragments. On the basis of these fragment sizes and the consensus splice
sequence, we place the 5' end of exon 3 at nucleotide 2717 (Fig. 2).

C) Determination of 3' ends of the 2.7 and 4.5 kb RMAs. Probe S4, hybridized
to RNA at 43°C, was used to determine the 3' end of the 2.7 kb RNA.
Arrowheads (lane 4) point to protected fragments of 128, 143, 163, 204, 244,
and 258 nt; thesefragmentsuesnﬂlmtethatmeraﬂsofthez.?kbmm
are at nucleotides 4589, 4605, 4625, 4666, 4706, and 4720 (Fig. 2). Probe
S5, hybrldlzedtoMatBOC, was used to determine the 3' end of the 4.5 kb
RNA. Only a very faint protected band was cbserved which was not present in
control lanes (arrow in lane 5); this band was difficult to reproduce
photographically. The position of the 3' end of the 4.5 kb RNA corresponding
to this protected fragment is nucleotide 6697. Both - lanes in this panel
are control S1 reactions for the respective probe in which tRNA was
substituted for blastoderm RNA. ILane P in this panel is probe 5 which was
not treated with S1 to show that the protected fragment is not present.

The total length of the exons mapped in the above experiments are 2.7
and 4.7 kb, consistent with the 2.7 and 4.5 kb sizes determined from RNA gel
blots (2).

Protein database searches

Ihe7413mimacidsequemepxadictedfrcmtlumxcleotidesa;mis
translated in Fig. 2. Codon usage analysis in Fig. 1B shows a probability
for coding of at least 50% for the entire length of this amino acid sequence
(see areas between arrows in Fig. 1B). The predicted bsg25D amino acid
sequence was used to search the NERF protein sequence database (see Materials
and Methods). We discuss below the two highest scoring similarities. To
avoid the functional and evolutionary implications associated with the term
'homology”, we use the term "similarity" to indicate a relationship
identified by statistical analysis.

The SEARCH program identified a 96 amino acid domain with 22% identity
between the beg25D amino acid sequence and the product of the fos oncogene;
one gap of two amino acids was inserted by the ALIGN program into the bsg25D
sequence to optimize the aligmment (Fig. 5). Also shown in this figure are
regions of other gene products homologous to fos (see Discussion). The
alignment score for the similarity to v-fos is 7.72 standard deviations above
the average score for 100 randomizations of the respective sequences. The
probability that this score could arise due to chance alone was calculated to
be ~10713 (see Materials and Methods). When this score is corrected for the
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BSG25 (250): RlH AJS]L £ D N sJK]k q v
V-FOS (98): RAQSIGRRGKVEQ
H-FOS (98): RAQSIGRRGKVEQ

RAQSIGRRGKVEQ

M-FOS (98):

BSG25: N D - -[R]p b w[T]s MFf]G K
V-FOS: A K C R NRIRIBIE(
H-FOS: AKCRN f/a«zx
M-FOS: A K C R NRRIKEW
R-FOS: QLEDEN|SALQIIET
C-MYC (399): AR A

V-MYC (381): RN ELN
N-MYC (425): [RY& e W
BSG25: LlefA RITIEILEE]L v R T[EIN T EfL

V-FOS: LQAE Q| T[RTH AN L K] E[KL

H-FOS: LQAE orgjg Lf I € fie]L

M-FOS: LQAE Qi1 L E{gIL

R-FOS: zl

C-MYC: VoA E [R]k L R £ Q)L

V-MYC: Lq[sD R[R LK:}N%E L

N-MYC: LQAE [Qf AR o L [L]KIK]T|E[H A

Figure 5. Alignment of similar domains in the bsg25D and fos proteins.
Residues 250-344 of the bsg25D amino acid sequence (BSG25) were aligned with
residues 98-194 of the FBJ murine osteosarcoma virus (V-FOS) protein and
cellular homologs from human (H-FOS) and mouse (M-FOS) by the align program.
A penalty of 12 points was deducted from the raw score for the two-residue
gap inserted in the bsg25D sequence. Regions of the r-fos amino acid
sequence and myc homologs were aligned with the fos amino acid sequence as
reported (36, 37). Two residues of the r-fos sequence between residues 8 and
9 in this figure were deleted (36) to optimize alignment with other fos
sequences. Boxes enclose residues which are identical in two or more
sequences. In cases where one amino acid is present in several proteins and
another amino acid is present in several other proteins at the same position,
boxes are hatched in opposite directions.

number of comparisons made in the database search, the probability that the
alignment is due to chance alone is ~10~2.

This similarity suggests that the two domains of the bsg25D and fos
proteins may be folded in the same manner; we evaluated this by calculating
the hydrophobicity correlation coefficient (26). As proteins with similar
three-dimensional structures are characterized by coefficients of 0.3-0.7
(26), our calculation of 0.56 for the hydrophobicity correlation coefficient
between the bsg25D and fos domains (Table I) suggests that these domains
share a common three-dimensional structure.

The second similarity, identified by the LSRCHP program, is between a 21
amino acid segment of the bsg25D protein and repeated segments of tropomyosin
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Table 1. Hydrophobicity correlation coefficients for the bsg25D-fos
similarity domain®.

BSG25D V-FOS C-FoS Ran—BSGP
BSG25D 0.555 0.560 0.229
V-FOS 0.555 0.996 0.227
C-FOS 0.560 0.996 0.229
Ran-BSG 0.229 0.227 0.229

@calculations were carried out as described in Materials and Methods using
the consensus hydrophobicity scale of Sweet and Eisenberg (26). Similar
values are obtained (data not shown) when the hydrophabicity scales of
gayhoff et al. (38), Wolfenden et al. (39,40), and Janin (41) are used.

A randomization of the bsq25D-fos similarity domain sequence (see Materials
and Methods).

(Fig. 6). The repeated tropomyosin segments contain characteristic clusters
of negatively and positively charged residues; each alpha-helical segment is
thought to bind a monomer of F-actin (30). Both the primary sequence of
several of these repeated segments (shown by alignment scores greater than
3.0 in the right column) and the distribution of charged residues are shared
by the similar segment in the bsg25D protein. In addition, one tropomyosin
segment shares eight consecutive identical amino acids with the bsg25D
segment. The probability that these eight identical residues would occur in
two proteins due to chance alone was calculated to be ~10~° (24). The
occurrence of eight consecutive identical residues is further support for a
structural relationship between the segments.

DISCUSSION

We have determined the complete nuclectide sequence of the bsg25D locus,
as well as a transcription map supported by five independent lines of
evidence (Fig. 1). The primary structure of the 2.7 kb RNA was used to
deduce the amino acid sequence of the bsg25D protein. Database homology
searches reveal two domains of the bsg25D protein which show structural
similarity to domains of products of the fos oncogene and of tropomyosin.

The transcription map of the bsg25D locus raises several interesting
issues. First, there are multiple 3' termini for the 2.7 Xb RNA. Three of
the six protected fragments are consistent with recognition of consensus
poly(A) addition signals, but the three shorter protected fragments are not.
These latter three fragments could result from "breathing" of the DNA-RNA
hybrids during the S1 digestion; alternatively, RNAs of several different
- sizes could arise from recognition of variant poly(a) addition sighals in an
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Figure 6. Similarity between a segment of the 5D protein and repeated

segments of tropomyosin. The complete amino acid sequence of rabbit beta-

tzwomyosinisslmnabaveﬂzesequetweofﬂ:eggp_sgsegm Each line of
tropomyosin sequence represents one proposed actin-binding domain (redrawn

from 30). Within each domain, subdomains with concentrations of negatively
and positively charged residues (shown by light and heavy circles) have been
separated. Numbers on the left indicate positions in the respective amino

acid sequences, while numbers on the right are alignment scores generated

when this 5D segment is compared to the respective tropomyosin segment.
The 8 amino identity in the two proteins is boxed.

AT-rich region. Second, variant poly(d) addition signals may also determine
the endpoint of the 4.5 kb RNA, which is not located downstream of consensus
poly(d) addition signals, but is a reasonable distance from two variants of
the consensus sequence, both of which have been demonstrated to be functional
in other systems (31, 32). Third, that both RNAS appear to encode the same
protein product raises the question of whether the 2.7 kb blastoderm-specific
RNA plays a role distinct from that of the 4.5 kb RNA. We have begun

experiments to test whether the two RNAs are distributed differently in the

embryo.
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The hydrophobicity correlations suggest that there is a structural
relationship between the similar domains of the bsg25D and fos proteins.
While the similarity of these domains may arise, in part, from their
predicted extensive alpha-helical structure (20), it may also indicate that
the bsg25D protein has a function related to that of the fos protein.
Arguments suggesting that the similarities arise not only from alpha-helical
structure are that: 1) of all the alpha-helical proteins present in the
database, none were nearly as similar as the two discussed here, ard 2) other
regions of the bsg25D amino acid sequence which are predicted to be equally
as alpha-helical as the fos and tropomyosin similarity domains are not
similar to these proteins. In any case, it is interesting to speculate
briefly about the implications that these similarities, if they represent a
functional relationship, might have for the developmental role of the bsg25D
locus.

The similarity of a small bsg25D protein segment to repeated segments of
tropomyosin which are thought to bind actin raises the possiblity that the
bsg25D protein might have actin-binding properties. This could be important
during the blastoderm stage when dramatic cytoskeletal reorganizations,
including cell formation, are occurring. It has been suggested that actin-
binding domains might function in early embryogenesis to localize molecular
determinants in the embryo (33).

The fos gene is a member of the competence gene family-—genes induced by
platelet-derived growth factor. The fos protein is present in the mucleus
and has been speculated to play a role in in signalling cells to cease
dividing prior to differentiation (34,35). The domain of the fos oncogene
product which we show here to be similar to the bsg25D gene product has also
been shown to be homologous to several other members of the competence gene
family, including r-fos and the myc homologs (36,37, Fig. 5). Although the
bsg25D, r-fos, and myc homologs do not share amino acid seguence homology,
hydrophobicity correlation coefficient analysis suggests that the bsg25D and
c- and v-myc domains shown in Fig. 5 do share similar three-dimensional
structures (20). The structural similarity to products of several genes
involved in changes in the cell cycle and in differentiation may be relevant
to the function of the bsg25D gene, which is expressed during a period of
embryogenesis when the rate of muclear division is slowing dramatically and
cell commitment is taking place.

The data presented here form the basis for further investigations into

the function of the bsg25D locus. Studies are underway to characterize the
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spatial and temporal localization of the bsg25D RNAs, and antisera have been
raised against a peptide predicted from the sequence data (20) for use in
similar characterizations of the protein in developing embryos. A recent
genetic analysis of chromosomal region 25A-F (J. Szidonya and G. Reuter,
personal communication) provides mutations which can be tested for
relationship to the bsg25D locus. The addition of new sequence information
to protein databases may reveal further sequence relationships. We expect
that results from these different experimental approaches will provide clues
about the function of the bsg25D protein and its role in embryogenesis.
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