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ABSTRACT The complete cDNA sequence for the Glued
gene of wild-type Drosophila melanogaster contains an open
reading frame encoding 1319 amino acids, which constitute the
Glued polypeptide. The secondary structure predicted from the
deduced sequence of the Glued polypeptide has extensive
a-helical internal domains, which contain heptad-repeat se-
quences characteristic of an elongated coiled-coil conforma-
tion. There are striking sequence and conformation similarities
between the Glued a-helical domains and those found in certain
filamentous proteins from various organisms, particularly in
muscle fibers and intermediate filaments. The possible role of
the Glued polypeptide as an architectural filamentous compo-
nent ofDrosophila cells and tissues is discussed. Two of the five
Glued exons are located in the 5' untranslated region of the
cDNA. One of the introns interrupting the Glued open reading
frame encodes at least two polyadenylylated transcripts, sug-
gesting that other genes might map within the span ofthe Glued
gene.

The remarkable dominant phenotype of heterozygous Dro-
sophila melanogaster flies carrying the Glued mutation Gl
(1), which involves major defects in the organization and
function of the visual system (2, 3), has spurred interest in
understanding the molecular basis ofboth the dominant effect
and the role of the Glued gene in normal development.
Besides the dominant effect of GI, there is a recessive early
cell-lethal effect caused by various Glued mutations including
null mutations (4, 5), which appears to involve a generally
essential function of the Glued gene in the development of all
tissues (3). In this report, we extend earlier studies of the
organization and expression of the Glued gene (6) to include
the sequence analysis of the complete Glued cDNAt and
identification of the open reading frame (ORF) encoding the
Glued polypeptide. The insertion of a B104 transposon in the
dominant allele GI (7) has been shown to interrupt the ORF
near the carboxyl end, which results in the formation of a
truncated Glued polypeptide, as will be reported (A.S. and
A.G.).

MATERIALS AND METHODS

The methods used for isolating, mapping, and sequencing
DNA clones are described or referenced in an earlier publi-
cation (6) and in the figure legends.

RESULTS
Nucleotide Sequence and Genomic Map of a Complete Glued

cDNA. Using an improved Drosophila cDNA library (8), we
isolated several Glued cDNA clones longer than those
previously described (6). The sequences of one new cDNA

clone and of two previously described clones were deter-
mined by the strategy outlined in Fig. 1. The composite
sequence of 4615 nucleotides (nt) from these three overlap-
ping cDNA clones is shown in Fig. 2. The longest ORF in the
sequence contains 1319 codons, spanning nt 288-4244, which
encode a polypeptide of 148 kDa. The genomic DNA flanking
the 5' end of the cDNA (Fig. 2) contains sequences similar to
the consensus sequences associated with transcription initi-
ation (12), namely a putative "TATA" box at nt -41 to -33
and a putative "CAAT" box at nt -87 to -79, which is
consistent with the cDNA sequence being complete at the 5'
end. The cDNA also appears to be complete at the 3' end, as
indicated by the occurrence of the transcription termination
signal, AATAAA, near the 3' end of the sequence.
The sequence from nt 284 to 291 at the start of the longest

ORF is similar to the consensus sequence for translation
initiation (13). Further evidence that this sequence contains
the initial ATG for the Glued ORF was obtained by trans-
lating in vitro a fragment from the 5' region of the Glued
cDNA (Fig. 3). The size of the resulting polypeptide is in
close agreement with the size predicted for the designated
Glued ORF in the cDNA fragment. There are also several
short ORF sequences preceding the Glued ORF, in accord
with the "termination-reinitiation" model for translation
initiation (15).
When the cDNA was mapped against genomic DNA from

the Glued locus, four introns were identified (Fig. 4). Introns
I and II map in the 5' untranslated region, and introns III and
IV map within the ORF. The cDNA clones were prepared
from Oregon R poly(A)+ RNA templates and the genomic
clones for the 5' region from Canton S DNA and, therefore,
might contain strain polymorphisms. However, the EcoRI
site in intron II is also present in Oregon R DNA, confirming
that there is at least one intron and associated exon in the 5'
untranslated region of the Glued gene, which is inconsistent
with the general role proposed for exons in establishing
functional domains of proteins (16). An untranslated 5' exon
has also been reported for the human NMYC and MYC genes,
for which a role in translational control of gene expression
was proposed (17). In addition to the Glued transcript (6),
another smaller transcript of about 3 kilobases was detected
with hybridization probes for the 5' region of the Glued gene
spanning exons I, II, and III. The relationship of the smaller
transcript to the Glued transcript remains to be determined.
The ORF is interrupted within codon 18 by intron III and after
codon 479 by intron IV (Fig. 5). The splice-junction se-
quences conform to the consensus sequences at the 5' ends
of introns III and IV and the 3' end of intron IV (18) but not
those at the 3' end of intron III. Another example of a

Abbreviations: ORF, open reading frame; nt, nucleotide(s).
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FIG. 1. Restriction map and sequencing strategy for Glued cDNA clones. The spans of the three overlapping cDNA clones used for
sequencing are shown above the cDNA map. The clones were isolated from Oregon R cDNA libraries. Restriction fragments of the cDNA were
subcloned in M13 phage derivatives and sequenced by the dideoxy chain-termination method (9, 10). The arrows below the map indicate the
direction and extent of sequencing for each suibclone. About 70%o of the cDNA sequence was confirmed by genomic DNA sequencing, including
the regions for which the cDNA sequence was determined only in one direction. Restriction enzymes: E, EcoRI; B, BamHI; X, Xho 1; S, Sal
I; Sm, Sma I; D, Dra I; Bg, Bgl II. Other restriction sites were also used for subcloning in M13. The open bars at the two ends of the cDNA
map indicate untranslated regions (see Fig. 2).

nonconsensus sequence at a 3' splice-junction has recently ORF of at least 1io codons initiated by AUG and flanked by
been reported (19). Intron III spans at least 25 kilobases ofthe putative TATA box and CAAT box sequences (A.S., unpub-
genomic DNA and encodes two transcripts near its 3' end, lished results), suggesting that it might function as another
called t2 and t3, which were previously believed to map gene within the Glued gene (20).
outside the Glued gene (6). The t2 transcribed region has the Structural Features Predicted for the Glued Polypeptide.
opposite orientation from Glued and was shown to contain an According to the Chou and Fasman algorithm (21), the

-68 (giulc DNA) _GrT(;TTCArGTa;rA
-181 GTAT GT CrA TTT O

-54CATTGTIT vI

1 (dWt)_NCAT MTGGT C

74 U

201CATIUTA GT GTaTTGTM0,GCn CGWAM`T ATG AE GTT MT MT GTT TIE TG GAG TG
1 (poltide) M S V S R V S L E S

318 CA TCG TCG ATA TTG TCC TME TGG TCT CAT AA CGC AU C A CMU GAG WA GAT GTC cGCM PMmMTCC MT 0GM C CCG QGT Cr
11 P S S I L S S W S H T R T 0 T 0 R E R D V R E K P E S G R P G R

414 (QT UC G UCA GrA TCT QCT TIG C.c QGT TGC CTA CGT QGG cAT UC CUG cT OC G0C GQC AMG TOG G0G GM GTC GTG CTG UC GM C AM
43 A D R Q G S A W N G C L R G D DD L R V G K W V G v V L D E P K

510 QQC MA MC AMC QQC TM ATC AMG GC CMGG TAC TTC CG TIC GAT GG AMC TT QEC ATG m GTG CG CM ACG UCMGCGT CTG CTG GA
75 G K N S G S I K G 0 0 Y F 0 C D E N C G M F V R PT 0 L R L L E

606 OCE GTQCTGC C MEC AGCM CAEC ATC GCG GAT GTC AMC QQG QCT ACG CM ACGMCT QCC CMCCA AM QCG CTG MGC AMC TCT C AM
107 A A P G S R R S I E D V S G A T P T A A 0 P T K A R L S S S R T
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171 R K S L A P 0 N S K D K E S P S T S L A E G A P A A S G G N G A

894 GT CGC ATG ccr IET MAU MC QG CTT ccT TOG TOG AGA CG GL TIE TTG AM TTC TTA AMC CC MT TCA C CTT C AQCME TC C GAT CEC
203 V R M P P P N G L P S W R R A S L K F L S R S S R I P S H C D R

990 cr CIT TCA MA TGC IT IA ACT COG GTGGMGA A AGG TTC GI0G CTG AG GCA CMG AP GM CGM C GG CTG CMG GCT CM IG OCT
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299 L 0 E F R T K I M G A Q A S L O K E L L R A K 0 E A K D A I E A
.0 0 0 0 0 0 0 0 0

1278 AMG GG CAG CAT GCT( G GAA ATG GCA GAT CTG GCA GAC MT GTG CG ATG ATC AMECIGCMG AMG GM ATG GM GAG G AMG GMUEC ACG CTG
331 K E 0 N A 0 E N A D 1 A D N V E N I T L D K E M A E E K A D T L-0 0 0 0 0 0 0 0

1374 CMG GAG CTA GCM TIEM MG GAG CGT AIT GAA CG TTG CG GTA GAT 0G GAG CTC ITA COC TM GAG ATG CA MC AMG GM UA TCT GM
363 0 L E L E S S K E R EE L E V D L E L L R S E MoN K A E S A

0f 0 0 0 0 10 0 -...

1470 ATC WA5 MT ATT TCT GOCGM CAGT TG CCGGICCTC TCT ACT TAT GM TTC PM CM GIGCM CMCM MC ATT CGT TTG M0 GA ACA CrA
395 I G N I S G G G D S P G L S T Y E 3g K Q L E Q 0 N I R L K E T L

0 0 0 0
1566 GTG MT CGG AGG GAT CIA TCT GOT CAC GAC MG CC rAC ATC CM AMG TTG AMAM CTGGIG C ATG MG C TOCT GM GTC MAE GM CGG GAG
427 V R L R D L O A H D K H D O K L S K E L E N j R S E V T E L E

0 DL0AF0 0(Figure c
FIG. 2. (Figure continues on the opposite page.)
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1662 MC ACCMG GAG AMcIT GM AMG ArT CAT GAA CTG GCG GC ATA GTC GMUC ITG CGMAAGCA GTC CAT GCT GA cnGIG0 UGGCM
459 R T K E K L S A K I D E L E A I V A D L O E Q V D A A L G A E E

1758 ATG GTG GAG CAGCM G 001 GM AAG AM ATG AC GGI GACCMA GTA AM CTGVGCr GGC C Art GM CM TG GAG GC ITG CMG CM GOG
491 N V E Q L A E K K M E L E D K V K L L E E E I A Q L E A L E E V

0 0 0 0 0 0 0 0 0

1034UC CMA G CTGGI G GAG AGT AAC CMC GGGcMCITCAT MGGC CA TTG CAT CrC M MT GGG G AMA AM CAG GGGCG MA CG

5* o o H E L a L D o R E E o D L oA N G A K K E V L R E* 0 0 0 0 0 0 0

1950 0G GAT G00 GC Art GCA AM ATC TAT GAT M GAC UA ACT ATC GT0 AM TAGGM A CTG GTA C AMG CTA AAC UC CM CTA ACT ITA
555 R D A A I E T I Y D R D Tr I v K g R E L V O K L N D O L T E L

* 0 0 0 0 0 0 0 0 0D6 AMG CAT C MAAT TTG MT AM CM AMG GCM TM IT RCMC GT TO AMA ATG GC M CM M ATC GC TAC A CM ATG ITC CMGA
587 R D R N S S N E K E S L 0 D P S L K M V T E T I D Y K O N F A E

.4 wo0 0

2142 T0 AMG O TAC ACT MC G0C ATC UC GTT CM CTG MC CAG ArT G CGAGCCM GCM AArGM G CAT GTC CAGAT AC CTAM GM TC ATG 00T

619 S K A Y T R A I D V 0 L R 0 I E L S 0 A N E H V 0 N L T A F N P
0 0 0 0 0 0 0 0 0.4

2z38 CM TCArTC ATG MGT CM 0T GGC GAT CAC UC TCA ATC CIT G0G Art CGG CrC Art TCr COC Art GTCm AMG T0C GA CAT TGT C0T nTC WA
651 E S F N S R G G D H D S I L V I L L I S R I V F K C A H C R F A

Z334 AMC MAGA GC m CDC AM T GGA TGC GAT TAC CAG WA GGC GGT CMC MA AM CAT GC GTC CAG CMG TAT GM T1C AAG TOT MC CTG ITG
66 N E R A F P T S G C D Y 0 G G D P S H A V 0 0 Y A F 1K C R L L

2430 UC TAC GTC CAC MC CrG CW TGT GCC CT CAC CAG ATT CTC TAC GA CTT A AGC TGT UA CM MC WAM CTC CTG AM GM WA AGT T0 CrG
715 H Y V H S L 0 C A L H O I L Y G L N S C 0 P A T L L R A G S S L

27CM GAC ATG GTG 0T1AGCM AAG ATA GTG GCC GGT Art ATC UACM G CGG AM T0 AMC CM G UC GAG AMC AGT AM AM GAT AAT ATrt GAG

747 P E N V A 0 E K I V D G I I E L L K S N 0 L D E N S T T D N I E

2622 AM TGT 00TG GM TC TTC MT GCC ATG AMC TCTGI0 Cr CTA GM 0GT CMA CM CrC CrC AM GG Art CM ATG ATC CG GAC TGT GIG GC T00
779 K C V A F F N A N N S V L L A G E O L L N E I ON I R D C V A S

2718 TOG WA GA GCT TGT GAG AMC Art CTC MTC GC AMT G AT GM AMG GTG ATC Art CAA GCG GM QGC GM AMAM CGM C TCA GTG CrG CGG ATC

811 L G A A C E S I L S D T A I A K V I I 0 E A G A T S D S V L L I

2814 CM TTC CIT CM C AM G GAA AGCGM GO CGA C CAA GT AMG TG ATC AAG 0T CG CrG CM AGC GAT CM CAC GTG ATC AMG AC GG0 CIA

843 a F L N E N N E S V R 0 0 V K L I K R R L P S D O H V I 1K S G L

2910 T00 C AC AMG GTG C GM ATG 00T GGT CTA G CMG AAC ATC GT C ATC ATG TG GM ATG CAC W GM AMT AAG CMrT0 GTC GM GM

875 S O H K V E A N R G L A 0 N I S R I N S A NH O A T K o S V A A

3006 AIT Gnrt T AM ATC GCGAM C GAC MT GCA 00AC CM MC GIG CMECMT GAG AAG TAC TGG GC CTG0GAT GMT rT0 TG C 0GT ArT TAC
907 V S T I E S D N A R E H T L P O E K Y Y W A L L T A S C E R I Y

3102 GM CAA GAT CAT MC GrA0 AG AC AMC m AMG AM ITG CTG GM CMA GCA AAC T00 GAT CTT CM CTC Art GC CAA CAT CnT CTG GC AAG

939 E O D D R G P T o N F Ir L L A O A N S D L L I A O H L L D K

3198 GAG TAC GAC ATC ATT TCT A GCC MT MT GM MT MT CAG CAG A TG GGT MC CAC GC AM CM ATT MT CAG MG GCG CAG CTA ATC AMG

971 E Y D I I S A A N N A S N Q 0 K S G A H S T P I T O R A L I K
100 0 0

324 AA CM CG GAG CAGMGAMC GTG CTG GC GM AM CTG GA MT C GAGGCM CMC GTC AM CM CTG AMG GTG WA GC AMG ATG AMG CAG AMC

1003 K 0 L E Q K N V L A A T L E N R E A D V K 0 L K V A A K N K 0 N
o 0 0 0 0 0 0 0

339 GAM TTG AMC GCG ATG CAG ATC MA AMG GAT CTA GOG GCG AMG G TTA MC GTA CTG CMG AMC TACGM G CAC GCG GTC GC AMG TGG AMG CAG

105
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346 AMG TAC GAG GAMMCTGC TIG CAG CTG CG CTT AMG GCGMGGAGMG1 G GG ACG ATG GC CAC CTG (A MC GAT ATC GAT GCG CTG GCG MC

1067 K Y E E T C L Q L 0 L K E K EF E ET ND L S D ID A L ES
P 0 0 0 0

3582 GCMG AGT CAT CG CC GAC AMG TTG AMG CTG AMC TCG ACT A GC AMG GTT WCM C GGC TCG GM TC CAC TC COG CAC MT ATA TCG CTA

1099 E K S D L R D K L K L N S T T G K V 0 P G S E S H S P N N I S L
* 0 0.4

3678 TU GGC MC ACG TC ACT GCT COG GGC ATC AMC MT GTA TCC TAC TCT GCT0 T GCC GGC A GCT CUA GTG GTG G GAGGCM GTG GCG TTG CTG

1131 S G N T S T A P G I S N V S Y S A P A G T A P V V A E E V E L L

3774 AMG CGA C TTC AMC CAG GAG C ACMC CA CGU G CGC CTG CAG GUA CAG GAT ATG CGC G AC JGTTG T0C CAG m GAGCM CTG CAT GTG OCT

11i K N A F N 0 E R N Q R L R L 0 A Q D N R A K L S 0 F E P L H V P

38W7CM UG GAT UGCM C ATA ACC 0CT TTG GM T0C GCG CTG AM AM ATG AMG CC GCC TOG GTA TTG TOG CTG CrG CAG GTG CQC TM CMCGAT
1195 0 P Q D Q R I T A L E S E L T R N K H A U V L S L L 0 V R S 0 D
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4158 GCT GCA GCT CTA A AGG ATC GTG TAT 01 GGC MT GUR ATC GGG GTC MTG G0 MT CTG MT AMG ATA GM 1m TAT TTG TAC T0C TAG UCMTT
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43B5CGaC
4512 A

FIG. 2. Complete Glued cDNA se-
quence and deduced amino acid se-
quence for the longest ORF. The genom-
ic DNA sequence in the 5' flanking region
is numbered from -268 to -1 and con-
tains a putative TATA box from nt -41 to
-33 and CAAT box from nt -87 to -79;
there is also a sequence from nt -263 to
-248 that is strikingly similar to the
consensus sequence for a heat-shock
promoter (11). The ORF contains nine
potential glycosylation sites N X S/T as
underlined. The boundaries of predicted
strong a-helical regions, which contain
consecutive heptad-repeat sequences
characteristic of a coiled-coil conforma-
tion, are delineated by horizontal arrow-
heads; the first and fourth positions in
each heptad are marked below the resi-
due by an empty circle for an uncharged
amino acid and a filled circle for a
charged amino acid. A shift position in
the heptad sequences is marked by a -.

A putative transcription-termination sig-
nal, AATAAA, is underlined near the 3'
end of the cDNA sequence. The intron
positions in the genomic DNA are
marked by a vertical arrowhead above
each position.

secondary structure of the Glued polypeptide should have
four particularly strong a-helical domains spanning residues
244-395, 412-586, 603-649, and 995-1109. These domains
contain extensive clusters of repeated heptad amino acid
sequences (a b c d e f g), in which positions a and d are
occupied mostly by apolar residues (see Fig. 2). Such heptad
clusters can generate an elongated coiled-coil conformation
as found in the a-class of fibrous proteins (22). Two other

characteristics of the heptads in fibrous proteins are also
evident in the first two heptad clusters of Glued; namely, only
rarely does lysine or arginine occur at position d or aspartic
or glutamic acid at position a, and about 50% of the other
positions are occupied by charged residues (23).
The overall hydropathy profile of the Glued polypeptide is

predominantly hydrophilic. The distribution of serine resi-
dues is highly skewed toward the amino end region (outside
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FIG. 3. In vitro translation product of
a Glued cDNA 5' fragment. The 1.5-
kilobase EcoRI/EcoRl fragment from the
5' region ofcDNA clone C39 (see Fig. 1)
was subcloned in vector pGem2 (Pro-
mega Biotec, Madison, WI) and tran-
scribed in vitro with SP6 RNA polymer-
ase as described in the Promega Biotec
protocol. The RNA product was treated
with DNase and translated in vitro with a
rabbit reticulocyte lysate containing
[35S]methionine (14). The size of the la-
beled product was determined by elec-
trophoresis in 8% acrylamide/NaDod-
S04 gel followed by fluorography. The
band marked with an arrow is the Glued
translation product; the additional lower
band is a nonspecific product, which is
also present when transcripts from other
templates are used to prime the lysate.
The size of the Glued product is about 47
kDa, which is about the expected size if
translation of the inserted cDNA begins
with the AUG at nt 288-290 (see Fig. 2).

the predicted a-helical domain), which has two exceptionally
serine-rich clusters from residues 2 to 19 (50% serine) and 134
to 167 (44% serine). There are nine putative glycosylation
consensus sequences N X T/S, four of which are clustered in
the carboxyl-end region between residues 1109 and 1145.

Similarities Between the Glued Polypeptide and Several
Fibrous Proteins. The National Biomedical Research Foun-
dation Protein Sequence Databaset was searched for simi-
larities with the Glued sequence, using the Lipman and
Pearson algorithm (24), which matches amino acid sequences
on the basis of identity or of similarity as defined by amino
acid substitutions occurring most frequently in evolution.
The search identified several types of polypeptides showing
a Z-value of at least 10, which is considered to be statistically
significant (Table 1). All of the polypeptides identified are
components of fibrous proteins. Heading the list is a myosin
heavy chain from the Nematode, in which the region of
similarity spans almost the entire a-helical rod segment of the
molecule, from residue 806 near the beginning of the rod to
residue 1852 near its end. The matching regions in the Glued
polypeptide include the predicted strongly a-helical domains
containing heptad-repeat sequences. The similarity between
Glued and other polypeptides also involves mostly a-helical
domains as shown in Fig. 6.

DISCUSSION
The longest ORF sequence in the cDNA for the Glued gene
ofDrosophila melanogaster contains 1319 codons specifying
a 148 kDa polypeptide, which was identified as the Glued
polypeptide by two criteria. One is the size of an in vitro

tProtein Identification Resource (1987) Protein Sequence Database
(Natl. Biomed. Res. Found., Washington, DC), Release 12.0.
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5' Intron III 3'
TCC TCC TG/GTCCIM AGG---CCACATCCTG/G TCT CAT

5' Intron IV 3'
GAC TTG CAG/GTAAGCATT--- TrGTCCCAG/GAA CM

FIG. 5. Splice-junction sequences for Glued introns III and IV.

translation product, which corresponds to initiation of trans-
lation at the first codon in the ORF (see Fig. 3). Another is
the alteration of the ORF associated with the dominant
mutant GI, which defines the Glued gene (A.S. and A.G.,
unpublished data).
The secondary structure of the Glued polypeptide predict-

ed from the amino acid sequence encoded by the ORF (21)
has extensive internal a-helical domains flanked by non-a-
helical domains at both the amino and carboxyl ends of the
molecule. There are striking sequence and conformation
similarities between the Glued a-helical domains and those
found in polypeptide components of certain filamentous
proteins from various organisms (see Table 1 and Fig. 6).
These domains in the filamentous proteins are characterized
by heptad-repeat sequences, which form elongated coiled
coils (23). Extensive heptad-repeat sequences also occur in
Glued, suggesting a similar conformation. As a working
model, we postulate that the Glued polypeptide forms
homopolymeric or heteropolymeric filamentous structures,
which are involved in establishing certain architectural fea-
tures of Drosophila cells and tissues.
The potential for posttranslation modifications exists in

both the amino- and carboxyl-end regions of the Glued
polypeptide, which lie outside the predicted a-helical internal
domains. The amino-end region contains two exceptionally
serine-rich clusters, from residues 2 to 19 and 133 to 166,
which might be involved in phosphorylation/dephosphoryla-
tion modifications, analogous to the modifications proposed
for serine-rich end domains of various fibrous proteins
including nuclear lamins (25). The carboxyl-end region of the
Glued polypeptide contains a cluster of four putative glyco-
sylation sites between residues 1109 and 1145.
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from the National Institute of General Medical Sciences and the
American Cancer Society.

1. Plough, H. H. & Ives, P. T. (1935) Genetics 20, 42-69.
2. Meyerowitz, E. M. & Kankel, D. R. (1978) Dev. Biol. 62, 112-142.
3. Garen, S. H. & Kankel, D. R. (1983) Dev. Biol. 96, 445-466.
4. Harte, P. J. & Kankel, D. R. (1982) Genetics 101, 477-501.
5. Garen, A., Miller, B. R. & Paco-Larson, M. L. (1984) Genetics

107, 645-655.
6. Swaroop, A., Sun, J., Paco-Larson, M. L. & Garen, A. (1986) Mol.

Cell. Biol. 6, 833-841.
7. Swaroop, A., Paco-Larson, M. L. & Garen, A. (1985) Proc. Natl.

Acad. Sci. USA 82, 1751-1755.
8. Poole, S. J., Kauvar, L. M., Drees, B. & Kornberg, T. (1985) Cell

40, 37-43.
9. Sanger, F., Nicklen, S. & Coulson, A. (1977) Proc. Natl. Acad.

Sci. USA 74, 5463-5467.

0 2 3 4 5kb
I I

H SOB HSI R 8 RHSIIfIIII/I--_TTJI' 1 T r -r,- 1 III

* * EXONS
3 21

FIG. 4. Organization of the Glued gene. The five Glued exons, which were mapped with Oregon R cDNA clones, are shown as solid bars
below the genomic map, which is drawn for Canton S. The exon-intron boundaries were determined by comparative sequencing of genomic
and cDNA clones. Restriction enzymes: S, Sal I; H, HindIII; R, EcoRI; B, BamHI.

6504 Genetics: Swaroop et al.

r



Proc. Natl. Acad. Sci. USA 84 (1987) 6505

Table 1. Polypeptides that show strong sequence similarity to the Glued polypeptide

Identifier
Source code Z-value

Myosin heavy chain 1 Caenorhabditis elegans MWKW1 27.7
Myosin heavy chain Caenorhabditis elegans MWKW 23.6
Myosin heavy chain Rabbit skeletal muscle MORBH 20.0
Myosin a heavy chain Rabbit cardiac muscle MWRBCA 19.6
Myosin 13 heavy chain Rabbit cardiac muscle MWRBCB 18.2
Lamin A Human cell culture VEHULA 15.1
Lamin C Human cell culture VEHULC 15.1
Tropomyosin 1 Drosophila Ref. 26 15.9
Tropomyosin Rabbit skeletal and cardiac muscle TMRBA 14.8
Tropomyosin 2 Chicken smooth muscle TMCHS2 14.6
Tropomyosin ,8 chain Horse platelets TMHOBP 12.5
Tropomyosin ,/ chain Rabbit skeletal muscle TMRBB 10.8
Tropomyosin a chain Chicken skeletal muscle TMCHA 10.8
Vimentin Hamster VEHY 14.3
5-crystallin lens Chicken CYCHD 13.3
Transforming protein N-myc Human TVHUMC 12.5
Provicillin precursor B Pea FWPMVB 12.4
Neurofilament triplet L-protein Pig QFPGL 10.9
Troponin C Chicken skeletal muscle TPCHCS 10.3
Hemagglutinin precursor Influenza B HMIVHO 10.2
Glial fibrillary protein Mouse VEMSGF 10.1
The National Biomedical Research Foundation protein sequence data base was searched with the dFASTP and RDF

programs at k-tuple = 2 (24). The Z-values were calculated from optimized scores as described (24), and only polypeptides
with a Z-value of at least 10, which is considered a significant degree of similarity, are shown. The identifier code for each
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Regions of Sequence Similarity
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FIG. 6. Regions of similarity between
Glued and related polypeptides listed in
Table 1. The related polypeptides are
aligned under Glued so that their regions
of similarity, indicated by a thick line,
overlap the matching Glued regions; thin
lines indicate the remaining sequenced
regions, which do not show similarity
with Glued. The principal a-helical
coiled-coil domains predicted for Glued
occur from residues 244 to 649 and 995 to
1109. MHC, myosin heavy chain; C.
elegans, Caenorhabditis elegans.
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