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Cloning of segment polarity gene homologues from the unsegmented
brachiopod Terebratulina retusa (Linnaeus)
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We have used the polymerase chain reaction (PCR) to amplify, clone and sequence homologues of the Drosophila segment polarity genes engrailed
(en). cubitus interruptus Domunant (a”) and wingless (wg) from the genome of the brachiopod, Teiebratulna retusa (Linnaeus) The deduced
translation products of brachiopod en and ;” share high levels of sequence identity with their Drosopiula homologues The brachiopod we-related
clone 1s divergent from Drosopiula wg, although clearly a member of the wg/Wnr gene family These results indicate that structural diversity of

Drosophila segment polarity genes has been evolutionarily conserved 1n a divergent, anctent and unsegmented amimal phylum

Engrailed, Homeobox. Zinc finger gene, Wingless, Brachiopod, Molecular evolution

I INTRODUCTION

The establishment of the segmental body pattern dur-
ing embryogenesis 11 Drosophila melanogaster 1mvolves
the sequential activation of several groups of genes,
cach group leading to the division of the embryo mto
progressively smaller units [1,2] The ‘segment polanty’
genes tepresent the final tier of this genetic cascade,
being rcsponsible for establishing and maintaining the
spatial limits and polarity of the metameric umts. The
Drosophila segment polanty gene group may be subdi-
vided both functionally, on the basts of mutant pheno-
types, and structurally, since the genes encode a wide
diversity of proten products [2].

Putative homologues of several segment polanty
genes have been reported from other organisms, includ-
ing vertebiates, but 1in most cases the phylogenetic dis-
tribution of the genes 1s poorly known [2] In particular,
it is not known whether the structural diversity of seg-
ment polarity genes secn in Drosoplila has been evo-
lutionary conserved 1n a diversity of animals, including
in the many groups of unsegmented animals which may
be employing these genes for distinct roles

In an attempt to address this question, we have inves-
tigated whether the genome of a represcntative species
of the Brachiopoda, a phylogenetically ancient and di-
vergent phylum of unsegmented anmals, contains ho-
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mologues of three Drosophila segment polarity genes
The strategy we adopted 1s based on the use of degene-
rate oligonucleotide primers i the Polymerase Chamn
Reaction (PCR) to amplhify related sequences, prior to
reccombimant DNA cloning We repott the 1solation and
sequence detetmination of brachiopod genomic DNA
clones derived from genes homologous to three func-
tionally and structurally divergent Drosophila segment
polarity genes, a homeobox gene, engrailed (en), a zinc-
finger gene, cubutus mterruptus Donunant (ci”); and a
gene coding for a secieted protein, wingless (wg),

2 MATERIALS AND METHODS

Genomic DNA extrdaction, punfication, PCR, cloning and sequen-
cing wete as previously described [3 4] The PCR primer sequences
used were en, primers A and C of Holland and Willams [5], wg
primers of Gavin et al [6], ¢i”, 5“GAGAGGATCCNTTYAARGCN-
CARTAYATG-Y and 5-GAGAAGCTTRTGNACNGTYTTN-
ACRTGYTT-3', designed by Drs PW Ingham and G Paterno
(ICRF DBU Oxford UK)to complement conserved regions between
the Drosophila P and human GLI genes,

3 RESULTS AND DISCUSSION

3 L. Clonmng of a brachiopod en gene homologue
PCR-mediated amphfication of brachiopod DNA
was performed using primers complementary to conser-
ved regions within, and downstrecam of, the en homeo-
box. Following 1solation and cloning of the major band,
11 recombnants were sequenced, and found to dernve
fiom the same homeobox gene (Fig. 1A). The deduced
translation product of the cloned region shares 77%
sequence identity with Drosoplule en (Fig. 1B), and
comparable identity with vertebrate en related gencs [5].
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A
Brachiopod engrailed homologue

A ARC GAMA CAG CTC GCC AGA CTG AAA AXA GAR TTC GAA ATA AAC AGA TAC TTG
ACT GAA CAG AGA AGA CAA GAA CTC TCA CGG GAG TTG ATG CTA AAC GAG AGT CAA
ATT RRA ATT TGG TTC CAG AAC AAG AGA GCA AAG TTG AAG AAA TCA ACT GGG ACA
ARG AGT GGT CTG GCA TTG CAC

B
1 40 60
Brachiopod NEQLARLK.KEFE!NRYL'I‘EQRROELSRELMLNESOIK!HPQNKRARLKKSTGl‘RSGLALH
Drosophild S-===va R=--NLov=m=cR=w- Q==8=-G--~A~~v-mvocemeelsm—w S-NP---Q

Fig | (A) Consensus nucleotide sequence (internal to primers) from
brachiopod en homologue (B) Deduced ammo acid sequence from
(A), aligned with Drosophila en Dashes indicate identity with en

32. Clomng of a brachiopod ci® gene homologue

Following amphfication of brachiopod DNA with
primers within the zinc-finger region of ¢/, a single
band was produced, found to hybridize to a putative ci®
homologue from Xenopus laevis (not shown), and clo-
ned The DNA sequence of a single recombmant 1s
shown inFig 2A Ahgnment with Drosophila ci”[7] and
3 putative human homologues (GLI, GLI2, and GLI3
[8]), suggests that the brachiopod clone derives from a
true ci” homologue and contamns 2 introns Interest-
ingly, both intron positions have been highly conserved.
being identical in brachiopod, beetle. human and ne-
mertean ([8] and J.L , unpublished data).

The deduced translation product of the cloned region
shares 91% sequence identity with Diosophila ci®, re-
vealing exceptional evolutionary conservation of ci”
compared to other zinc-finger gene families ([9] and
J L, unpublished data)

3.3. Clomng of a brachiopod wg gene honologue
PCR-mediated amiphfication of brachiopod DNA
was performed using primers complementary to a con-
served region shared by Diosophila wg and two verte-
brate Wat genes (putative wg homologues [6,10]) The
major product was cloned, the DNA sequence of a sin-
gle recombinant 1s shown n Fig 3A Alignment of the
deduced translation product of this clone with Droso-
phila wg (F1g. 3B) 1eveals identity of only 46% (exclud-
ing an additional stretch of 85 amino acids 1n wg) We

A

Prechiopsd cuditug-interruptus Doainant homologuse

CTG GTT GTA CAT ATG RGA COT CAT ACT GCA OAM ARA CCT CAC AARA TGC ACG gta
tmeatnqetqnt:ﬁoacwmotctmglutnttgtqun:lccltatcaglu!quantn:c
ntuluncolnuntqnntnaunnugm GAG GGT TOT ARG TAC
AGT G AAC CTA AAA ACC CAC mammufnnmmwmn
-runcmmu TIC CCA OOC 10T GCO ARG GCC TTC AGC AAT GCT TCA GAC COA
GCC ARG CAC CAG AAC RGG ACA CAT TCT AAT GC? ptgagttatgtecccgTtyigtatgata
totattacoatiogegragragpgtatttettgeatatictaccesatiicatgtpacttetigestecta
cotetatgoUtagtaatgttttgttatataatattgatatiTastasgtotateacttgtotyatascaty
twtcmecntuetcntaunglc::qocteu!utetaenuutqtnocnutuntuutcta
atatatetsg AAA CCC TAT GTG TGC AAA GCA GCC GOC TOGT ACC ARG AGM TAC ACT
cce 00

AGC TCA CT0 A
B
40 60
Brechicpod memsmanmunnmmmmuumznocuunnun
prq;op}uj. wsmessnamssassunnnnasFavsnasmrwannna sennuaPuTasfumaSusmaneax

achiopod MIMTM!“MWMOGMDHSLI
nrolopmu veesnmysuenfenslurePuasnnnsnnanns
Fig 2 (A) Nucleotide sequence (internal to primers) from clone of
brachiopod ¢ homologue Lowet case letters are putative intion
sequence (B) Deduced amna aerd sequence Nom exon 1egions of (A),
ahigned with Drowplulu i Dashes mdicdte identity with /",
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A
Brachlopod wingless homoleogque

GGT GTG AGT GGG TCG TCT ACA ATG AAG ACA TGC TGS TCT AAA CTG TCG CCT TTC
AGA GTG GTT GGA ACT CAC CTG ATG AAG CGC TAC CTG AAG GCC ARA CAC GTG GCC
ACT ATA XAG GGC CGC AGG AGG CCC GTC TTC CTA ARA CTC AAA CGT TCC CGG AGG
CCA AAT AAA AAA CCG AGA AAA AGA GAC TTG GTT TAC TTA CAA AAX TCC CCC AAC
TAC TGT GAC AGG GAC GTT AAG AAG GGC TCA CTG GGC ACC CAC GGA CGA CTA TGC
ART AAG ACG TGT CCA GGC ACA GAT GGC TGT AAC CTG LTC TGT TGT GGC AGG GGA
TAC AAC ACA CAC CTC AAA CCA AAG ACG TGG CAA T7C TAC TGC AAG

B
1 as
Brachiopod GVSGSCTHKTCWSKLSPFRWGTHLHKRYLK;\KHV ATI
Drosophila =Me--=cYecweo MR=-AN---1-DN-KA-FDG-TR-QV-NSLRATNALAPVSPNAAGSNSY
1 60
Brachiopod

Pbrogophila GSNGLIIPQSGLVYGEEEERMLNDHMPDILLENSHPISK IHHPNMPS PNSLPQAGQRGGR
61 120

39 93
Brachiopod KGRRRIVF LKLKRSRRPNKKPRKRDLVYLOKSPNYCDRDVKKGSLGTHGRLCNKT

Drosophila MNGRRQ=-KHNRYHFQ-NPHNPEH-P-GSK----- EP--SF-EKNLRQ-l=~=~~-0~-E~
121 180

94 123
Brachiopod CPGTDGCNLLCCGRGYNTHLRPRKTWQCYCK

Drosophila SLe-Ve==eG=He-----RRDEVWVVLCR-A-T
210

Fig 3 (A) Nucleotide sequence (internal to primers) from clone of

brachiopod wg homologue (B) Deduced anuno acid sequence from

(A), aligned with Drosophila wg Dashes indicate 1dentity with en,
blanks mdicate gaps introduced to maximize ahgnment

believe that this clone does derive from a true brachio-
pod wg/Wnt homologue, since the deduced translation
product shares all of the 33 amino acid residues which
are invariant between wg and 9 mouse Wnt genes 1n this
region [6,10]

3 4. Dwersity of brachiopod segment polarity gene ho-
mologues

Homologues of the Drosophila segment polanty gene
en have been cloned from represcntatives of several
taxa, including arthropods, annelids, nematodes, echi-
noderms and vertebrates [5.11-14] However, homolo-
gucs of the structurally divergent segment polarily genes
ci” and wg have been reported from fewer organisms
[2,6.8.12].

The Terebratulina en, ci” and wg homologues de-
scribed here represent the first protemn-coding genes to
be cloned from a member of the Phylum Brachiopoda
Their 1dentification demonstrates that divergent seg-
ment polarity genes are conserved 1 at least mnsects,
vertebrates and brachiopods, suggesting that functional
interaction between these genes, as seen in Drosoplula,
may be evolutionarily ancient However. since the Bra-
chiopoda are unsegmented metazoa, any developmental
roles of these genes are likely to be fundamentally differ-
ent from those in Drosoplula,
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