Volume 15 Number 18 1987 Nucleic Acids Research

Sequence of the chicken ovotransferrin gene

Jean-Marc Jeltsch, René Hen, Luc Maroteaux, Jean-Marie Garnier and Pierre Chambon*

INSERM/U184 and LGME/CNRS, Faculté de Médecine, 11 rue Humann, 67085 Strasbourg Cédex, France
Submitted July 28, 1987 Accession n0.Y00407

The sequencing method of Maxam and Gilbert (1) was used to determine the
10567 bp sequence of the cloned (2) 17-exon chicken ovotransferrin (conal-
bumin) gene on both strands; the sequence of 266 bp upstream from the cap
site and 235 bp downstream from the polyadenylation site are also given. The
TATA box ;-31 to -25] and polyadenylation signal [10549 to 10555] sequences
are underlined. Repetitive sequences (underlined) are present in introns B
11663—1869] and C [2540-2840] (2). A comparison between the gene and cDNA(3,

) sequences indicates that ‘intron/exon boundaries follow the GT/AG rule (5,
6) and reveals 26 nucleotide differences. Only 6 of these differences lead to
amino-acid changes [Ala 64, Val 81, Arg 135, Gin 220, Lys 221 and Ser 667 in
the gene instead of Val, Ile, Trp, Leu, Asn and Asn as deduced from the cDNA
(3)] and 3 are localized in the 3' untranslated region. These differences
most probably reflect the known polymorphism of transferrins (7).

The existence of two homologous iron-binding domains in the transfer-
rins led to the hypothesis that the present-day transferrin genes arose by
duplication of a common ancestor [for review see (8)]. This internal homo-
logy, verified at the protein level for human lactotransferrin (9), human
serotransferrin (10) and hen ovotransferrin (3, 7), is confirmed here at the
gene level. The same scheme can be proposed for the origin of both human
serotransferrin (11, 12) and chicken ovotransferrin genes. This scheme
(intragenic duplication of exons 2-8 of an ancestor gene containing 10 exons
and loss of exon 4 from the first half of the duplicated gene) is based enti-
rely on the homology of the corresponding exons from the two halves of the
gene, since no significant homology could be detected between the corres-
ponding introns. Note also that the size differences between homologous exons
are multiples of 3 bp, suggesting that the evolution of this gene proceeded
by insertion/ deletion of whole codons.
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Duplication scheme. The nucleotide homologies (in %) between
the homologous exons (represented as boxes, numbered from 1 to 17), the
exon's size in bp (in the boxes) and the numbering of the putative exons of
the ancestral gene (in parentheses) are indicated.
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AGCAAGGGAAG ICATGTCACAAC T TGGGAAT 1TTCCAT FGAAGECCCT "
9.1 1ank
TGGTGCCAARGAGTGAAAGGC T TCCTAAAATGGGC TGAGCCGGGGAAGGGGGGCAAC T 1GGGAGE TAT TGAGAAMCAAGGAAGGACAAACAGCGT TAGGT

CcATTGCT lclccwcncwcuwcclocvccvcuvwmmmvcmcmcctl:mwcmcﬁclclc.u:Accuc

AXG 11e Leu cys Thr val Ley ser Leu Gy lleAlaa

ACCOCTGCTCCOCC ICC TCACACCCAGEICCC TGCCOCARC ATG clc At C5e Acc GTG CIG Tcc 116 ATA GCG G

CTATGIOCCCATGTATGACATIGIC TG00GT AACGTAGGGCL TCAGCS TCeee TGCAAT
ro

Le Intron
GTGTGCCAGACCGGCGAAGCAA! cwclocmmcrvcuuaecwcvcIumvcvcvmu:uowcuocvmvcmcccvmuccm
€ 100 TACCOCGTCAGGRGANCATCLCICTC! ACACC CCAGGAAGAC TCA
GGGCAGCC TCACAAAGCACAT TAAGGCAGCT TTGTGC) O ACCCAMACA TGTAAMTCCTAGCT TACCCCAG! t.ccumocccvkuncmcucm
CCACAGTCAGTGTGGGAGGAAGGGAGG TG TCTGTGGGCAGAATCC TGCC 8 TAAAGCCAATAATACAGAG TG T TCAGACC T
CACLOTOCGT TAACCAGACCATCAACAAAA TG T AGGAGC AGGAAGGGGCAC;
GGGAAGCATGCAGCACAGGC TGCCCACATCGG TATGAAACCCT cr.ocuvnuvcvcvwv"Accr(x:u:vvulcwcm"cwvclncvcc
TGCTTAGAT TGC TGAAGAGGG TGAAAGTCTGTGC TCTGATGCAGTGTC TCAGAGCAGTGAT TACCGTATY
GAGTGAAAGGGATACAGTACTGC TGCCAC TGTGTGTGCTGG 0 T0CAGATGOGAAG TGCAGAAG TCARTGLATCCCATEAGE A TOCeACC TAACETCCubbe
CAGTGTGG TGAG TGCAGCC TGCCCAGACCAGAGE TGC TGTCCCTCTGG TG TACC TGCAAAGAGAC TGC T TCAGTGAGACTGCCTTTTCTTTCTCCTTTC
ocwvocnvmcnchv"cvccrmwocvcvwl"G"cvccvocvccvcmowccvoc AACAGCTCACCCTOCTGCOACTGCAG TG IC
TGTCACCCAGGGGCAGGAGG TCC TCCCAGGTGCCCCCAAMGGAGE TCTCC T T TGGAGG TACACAGGGGAGG TCT TGCTGT TCACCCAGGGC TG TGACTGE
Awmwwcwvncvc!lcccc!cavwcl"cvccvcmmulcv"vccn‘.nlc"nvvvvncc"rccvvcnvuncvln

xa”. val CE‘ Phe Als Als Pro Pro Lys Ser val 11 Aq Jop Gys Thr Ile ser ser Pro Gly a
GCCTTICCCCACAG CT GIG T TIC GoC GeT cec e 1 e até ¥ ACC ATA TCC TCT CCA GAA G
on

u Lys Lys ca Asn Asn Ley 4 Arg Asp Leu The Gln Gln Glu Acq Ile ser Leu Thr Cys val Gin Lys Als e Ty
G AAC AAC CTC ACA CAA CAA GAG ATT TCA TTG ACC TGT GIG CAG GCA ACG TA
r Ley Am Sz e Lys fis Ale Als

€ CTT GAC Ti AMA GCC A T e

|-¢
CCTGCAG vcu:cu;c vccvcvmmuwu Yulcmvcumnvcmcvclcmvm"wmnmxvu TCATG ICCA

Asn Asn Clu Ala Asp Ala 11 Ser Leu Asp 01 cl¥
GAGAAGATTTTTT TGTTGCTTAG AAC AAC GAG GCA &t mrt 118 6a8 &t
Le Exon 3

80
Ala Glu val Tyr Glu His Thr Glu G

Gl Ala Phe Glu Ala Gly Leu Ala Pro e e Leu tys Pro 1le Ala
crr WG e 2 ATT GCT GeT GAS CT1 TAT GAR CAT ACT GAX 6 o1

1y
CAA GCG TTT GAG GCA GCC CCA
AGGTT TITTAAGT
Intron C

ccccmvvcococuvcucwcwvcocmcwvcvc"ecnocmcoewc"vr [CTCCOGAGCCAGTGGCACTAT TTCTCCATTTCTGCCCT TAT
JeectTonc, AT ACA T CAGAGLTCCCAATCCC T TTCACC TCTGT TCTGLCOTCAGCCTGT T IGTACACAATATCCCATCAAGCAACAC TGCT
RETeATICCIGACROATTETT Am;cvcwocwvvunuwmlulcvmmleemcm vavwncmlc
VM:MICA'M CATAGAA TGGCC TGGG T TGAAAGGAGCCACAGTGACCATC! cwooccvccmcvocw
cmrwvmvvwvmrmvmnmml CCTT wccmvccnccmvcmrcmvccvcvwc
A 0}

GCCCAGAC
vcuwucncncc
[ AC/ AGTCACATGGCATTTTGCATG
ATAGCA ATTACA A
)iy Ser Inc The
vmvwccw:.cvnocc»cu:nc.:wuvc"ocmvvcvmcnv"cuoc"vvcncvvocnccvccu:voc CC ACA ACC
on

Ex

Ser Iar Tyr Als val Als Yol ¥a b Thr Glu Phe Thr Vval 4sn Asp Leu Gln G lyLi.lhr Ser oys

it i
TAC TAT GCT €1G GoC GIT AXAAXA ACC GAA TTC ACC GTG TIG CAG ACC T

UAL ARe Gly Lew Cly Arg Ser Ala Gly Trp Asn Ile Pro Ile Gly Thr Leu Leu His Arg Gly Ala Ile Glu i
acG ook cTe Gat Acd cvmow!v&wucwcuvoa!wcvcctcmm&w{uccu rAe.
&% cd e clu Ser Gly ser val Glu m
(R TRAE
\.. Iatron D

AGTGT AGCAGCCAAGCCATT "

xclln vnl Au Lys Phe Phe Ser Ala Ser c s val Pro c|¥ Als The Ile Gly
TAAGGTAATTATTGTGTGATICTCATCCGE) ‘_‘ G,0CC MG TTT T1C TCT GCC AGC T6C GTG CCC GGT GEC ACC ATC CAG
on

A0 LY8 Loy Cys Arg Gln cys L asp Pro tys T2 Lys Cys Ala Ac Asn Ala Pro Ty ser Gly Tyr ser
CAA glo ¢ AR R R acc KXE T4F 618 EG8 ANY &em el X7 N &aX Tk e
cly Als 8 Ene wi

‘HHIHHCNI ATT

ron

AGCAGTCCAGTTAGTARTOAC | GRCAGCE TAAGACGAGAGTGGGAGC cwcmncuvnlocccmnmmvcw: cIG

ccmvcvmluxvuccvmmncvcvmvuuvmc"cvc CLCACOATAGCT T 11 1GGOANGA T 1GCTTACT O 16 1CRTONG
CTAGCCAMGEARTTTAC AGGAGCTAGGARGCCACAATGTCTGTTCOTTGT 1GGTT 11 TRACATCTCTCCTLA T 16T COaCOeACA

s Ley L s Gly Asp Val Ala Phe Val Lys His Thr Thr val Asn

I 1Ev e AXA mg &R X e GTG CCT 11T GTG SRR E GTAGGCCTGTAAATATAGET 1T

v"vocvr"vclcvcwcvcnocvececcvmwcwcu"mvcvocnvcvwmcvv m:cvclvccuulc
ACTGGATGTGT TAC TGGACGAACCCA TCCTAGT TGC TAAMAGACGTGAT cmvmecvmmcncmmvvcn

ARG TGETGOAT T TARAT TCAARAG | TAC 1Y GO TGOCAGT TATAGHEATAGE ATAGCACTGCCACTGGGL TC locAcncv 16T
GCCTCCATCCTTGGAGGT TTATTGCCAT TGCAAAGAGCAGT mwvwvcvcvocwcc"cm AATGCATH Tl #o33

Sy Asn Al Pro Ase Gln Lys A
166GTTTT TIGIGTATTY cr ! o6 AR
M on

lu Tyr Glu Leu Leu Cys Leu As, Ser Arg Gln Pro Yal Asp dan Thr Cys Asn Tep Ale Arg val A
&80 & e AXc T UE 168 e Ak 8N4 ¢

AG TAC GAG CTG CTG TGC CTA GA CAG CCT G
13 Als His Ala Val Val Ala Arg Asp Asp Awn A5n Lys Vel Glu Asp Lle Trp Ser Phe Ley Sor Lys Ale Gin
€T GCT CAC GEC GTC GTG GCT GTT GAA ATC TGG AGC TTC CTC T GCACAGE:VC
§IocACCTTTOCTTICCT uuz;g;mclcv"ccc»c"cwuvocvcvocu;mcuvvcccvcnv
ntron

Ser Asp Phe Gly val Asp Thr Lys Ser Asp Phe His Leu Phe GI Pro Pro Gly (ys Lys
CATTTTCACCGTTGGCAGA ‘\fl cA% m.m! GTc GAE AGE AGT TIC cac ci¢ 1T Go¥ EER CEY SaX W& AXE

xon

Asp Pro Val Leu Lys Asp Leu Leu Phe Lys Asp Ser Ala Ile Met Leu Lys Are yal Pro Ser Loy Met Asp Ser
B oot &ie ¢ie Ak 16 CTT T7C TCT Ge ATA ATG CT6 ASS GTC CCC TCG CTG ATG GAT TCC

Gin Ley Tyr Leu Gly Phe Gly Tyr TE Ser Ala 1o Gl ser Net L Arg Lys A
CAG CTC TAC CTG TIT GAG T) T GCC Al e (;vaoca?vwcc""vcmvcvmu
ntron
rvcvocucuamvrccvcvcawmm:vcn:ncvcwouvwmu"ceurocvwcmwcmcvm AGCTGCTICCGGGATGT
AAAAGCACAGGAT T TCCAACACG oocw"cmuummvmnvmvmvcvmlcuwwu
AT TG T € AT CAGACE 1CCCACAANGGACC TC TGAAAGCCACT TAAMCCATAGT T TGCCAGAGAT TGCTGT TATAMGCTCAGCTAC
GTCGANGOAGA TCCATOGACT TAAGG TGCATCAGAACOGOT TAT TCCANGTGE TOLR TOACKGAMATATAGET 10 TR0 TCTCEATE T Ted
vccocucvvm!c"wc!cmvocvcvvcvlcuclecu:mvvlwwlsocwcwcnmwcvuvcvcvcc"cc

A)sp GIn Leu The Pro Ser Pro Qly Asn Arg 11e Gln Trp ¢
{838 &2 ACT CCC 62 AGk & ARe Ag b 2

it TACAG A Acg coc C CAA TGG T
s Ala ¥al Gly Lys Asp Glu Lys Ser Lys cys AspAr Zor val vai*Ser Asn Gly Asp val Gly cys The v
TR R h!cﬁuﬂv&mvclccmmmdc&cmmv ACC G
al val Asp Glu Ihe s s 1le Ile Lys 1le Met
10 o & i3 c&: ATC ATT ATS ATG muula.uunuuvu:l TocTT
ntron
TGGCACTACCTTTTTCAGC T TGCGAATAGTGTOGOGC TGGAGTCTGCAAATG [GTGAGAAT/ AACCTCATIGIG

ACCAGAAGGCAGAAACC
GGGAAAGGGC "'cwccu:vvmnlc'GMﬂcvc"c"""mmvcvooc"ccc TGAGAAGCGACAT T TCACT T
TAACTATGGTAAAATATAAAAAGAAGAAAGCGAGAAAGAGATT T TAAGCTCAGATAAAMAACAAAACGGT TG TATTGGCCAAGGT TTTTAAAAGAATAATT
AGCTGAGAAAGCT TATT TAGACCGACT TGC T TGAGTCAGGTGTGCCT TGACTGAAGAACAAA TAGGGT TGCAGGA TCCCAGGAGOGAAA TC TCC TGCAGE
TGGCATGTCCCT TTCCCAGATGA TGC TGCCCAGCAGGGC TCTAACGCC TTG T € 1C ICCCANGLOCAGATATOG TCTGATOCGT TGACCC TCGCAMG TCCT
AAAGT vcvoccvcvocvmvwvuvclcvctculccwvm"cvmeocvc" (GOCCTCAGCCTGTCT TCCTCCCACCAAG
TACTCCTTTTATGATCCAGCT TCTGAAAAGGGCTGT T T TGGGGGAAATACAGTG TCC TGGGGGGAAATARATACAGTGTCAT TTCATCGETGTGCGTTTT

Gly Als Ase Als val Als Leu As Leu val Tyr The Als Gly Val Cys Gly Leu Vel
Terrccac Wk & ¥ AR ¥cvcmc T act Gt ¥ e W Gat ¢fe dle

Exot 0
Pro val WeT Als Glu A o9 1y5 Ae A

CCA GTG ATG GCA GAA TITAT
Sscrcintean 2
TCATICTGTTTGATGCACT MLy TAGTGAGCTTGATTCAGT
A)sp Glu Ser Gin Cys Ser Lys Thr Asp Glu Arg Pro A
TIGGGATTTTATGTTICTTTTGICT. TCTTITY &% AR ACC CAA R R A A

GTAATTACT T
Lo Intron K

AGAGTC T TGTAAGAACGACTGTGTGCAGTGT TGATGT TAAAAATCTGOGTOGTAAATT TAACACTCACATGGAAAT TCTGOGTCTGC TGATCAAAGCA
Y cgoc‘v;ummuvmcvecmvmmmmmvmnmvvecmvmmumwc
Wv"cﬂoc""ocnm TGAATTTGAGAGGCGTGCAT TATATATATCTTGCTACAGECT Tt AAGT
GCCAGAGTTT, ACCCATAATAATTACCOACGAGT GO TG TOCAGTAGATGCATCACATC ToCAMCCA m"cvcvw"oﬂw
Ay Oy W SR e e AT IR AL D

1 Ser Tyr Phe Als Vel Als Val Ala Arg Lys ASp Ser Asn Val Atn I
ceccTiaattcrcetecaterricTiceaald¢h ch‘v TIT GCT GI6 GCT GTc o6 A oE & M S1e e rek
xon

460
His Thr Ala val Gl Ine Ala Gly Trp val I1e Pro Met Cly Leu
T AT 678 AXE X A3 RXR TEC GH8 €8 A%C Gof Uhe St AR ARY &t X K L ATe 862 M X e

1571
1662

1762
1862

1949

3169
3258
3358

3440

2556

4632
u732

us1

7526

7644
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480
e Nll Asn Thr Gly Thr Phe A
ATT CAC AAC Acl ﬂ* % AT TTC G 7618

L
TGCCACGCATCCTCTGACTT TCAAAGCT TCT TG TGOCCCAGAGACTC TCACT TGGAGGTOGAAMATGAATGAGTC TGT TACT TAAGAC T TCAC m
AAGTTTCAGGCTGTTGGTGACTGS noufmfmkuvg«chv"mvwocvncnvvwvcvcvcecnvmvvvvc e
'GCAGOCCAAAAAAGCAT TCCCCAAG ! TGCYCCT TG TGCAAAGCACAGGG TGGGGT TGAAGGA TGGAT TTACGAGTCCCTCAAGGGCTG 7918
¢ 2 7 'vmv"wxleuﬁum1c4'\mlcmﬁvmvwcnmm'nmm;vu%:ﬂoccmvcm':é’cvwg :lﬂh
[CCAACT TCCGATCACTGAGAAT TACAGTCCAACAAAAATAACG TGAAAT TATGAACCAAGGAAAAA TAAACA TACAA! GOGAAA TG TAACC!
cmwcmcvcuvcvncvnocvvme:mlocmvectncwcn"vcvmvwwcvcwocvuncvcrui;nocvwc 8218

AT GAA 8311
mr TICTCCTAT A ]
r Phe Ser Gly G Ala Pro m Ser Pro Pro Loy 2 Loy Gln Gly ser o1
e e SL &S T 6t cot 6ok T6C et ccvuclcc CTC TGC CAG CTG TGC CAG R R G
1l Pro Pro Glu L s Val Als Ser Ser His Glu Lys Tyr e Ihe 8l Als Leu Ar
AYCCCAO&WAXG?&G‘CGX‘:M'G“VWA‘A !cmor.x dmvmm&mvmvc sase
A TCACGTAGTGCTCAGCOCAL T AAMMACANCOCECCAGAGGTCAGOCL TOT TCTGTCTCOOCTGTACTGACACAGTAACACCICAAGCCTAGST | 8564
TTCAGGC TGGGCATGGAT T TGGAAAGGGAATGAAGCTTGT T TCAGT TGCATCTAATAGCAGAGAGAGCC TGC T4 w TGGAG CAC"‘CAIOCA 8664
L’a’l%‘ Leu Val muan Gly Ase vl 'Ala phe I
AcTITGOCGTT T ET0 CIC A6 e col 11T A e1s2
le GIn His Ser Thr Val Glu Glu Asn Thr Gly G
TT CAG CAT TCC ACC GTT GAG GAA AAC ACT kg ‘uwr‘uu 8840
ntron
ACTTTCTGTTCCCAAAGCATTCATTTTAGATATACAT I TCCATATACATTAT TCCGTGGCCAT ICAGCACCACTGCAGAGTATTCG 8940

| AACCACGCGCCOCC T
CTCCCGC TGCCGAATGGAAAAG TCGG TCCAT TCTGAAGCAGTGGC TGGAG T T TCAAAGCC TGTGGGGGAAAGAA TGCATGGAAAAAGA TG TGACAACCTG 9080
CCAGCCCGCTCTCAGAGT T TGAT TCAGCCCACTGACTGC TCCTGAGT TTTACT TGCATCCCCT TCAGTACACGCAGGG TATCCAAGGG TCAGTGCACATC 9180

TGCYGT luxllul‘&’é A{A 92!‘
560

txon
""m“'“"&"'t lC w*tém“ "v';wvmcm?g'"“ &l*d&ﬂlun 9313

A
a Glu Cya Asn Leu Ala Glu Val Pro Thr Wiz Als Val Val Val Arg Pro Gl %% Als Asn
GYl‘. AVG GA! IXC AAC CTG GCT GAA GTT CCT ACC CAC GCT GTG GTC GTA GCA AMAC 9388

i oo of Gin Glu
Pt F- €16 &g CAG GAG GTTGGTGOGH T TCAT  9a77

cmcwvuvecvckuvvcmtm"i’uvcvmmvmw"mvuvmvcmvuwu"mv TCcce 9577
l VOCVOCAIOOC'WVCIGY TCCTACAGGCAGG TGGAACGGC TCCCCATGATGGT TGAGC TCTTCATGGTGAAGAACTGC T/ mvmm‘:gzlcu 9677

‘La"m&xv" M»&xscrclu
CAAGCTGAATCTTGCTTTCTTTCTGCTTTTTACATACACT TACCTCTTTGTGACTTTATTTCAG o cot TT1 GGA dih AAT ACT CAG 9768
xon

L s«leomtthMclus«clnunL Lew Leu Phe Lys Asp Leu Thr Lys Cys Leu Phe Lys
3% Tie Aic ie 07 &8 TeT A At Ak & i cre e MR &R R A cre 117 9843

val Glu GV ne The Iee Glu Phe Leu oy TG Ihe vel Ile ser Ser Leu Lys The Cys
“n:‘gss.xﬂx xcﬁwucc" “'Ax:'" VMG’GA"'CC@C AXA 9918
AAC CCA TAATTGCAGTGCT TecTGY T 10018
Le Intron §
AT T ACAAGAAMAMAGAGOACAAC TCATGAGCC T TATGAT T TCCCAGAGT TTCTTGAGCAAMG TGAAGCCAGAT TOGAMTOCGT TGCTCTGGATC 10114
AATGGAATGAAGAT T TTACT TGCC T TGAAACGGACAATC TGAGAAGATGGT A TAATAATAACCCACCG TGTCC TG TCAGTGTGCACTCAGTGTCATCAGT lo2ta
CGTTAAGGTGCACTTCTTGGCOGATGC TGTGACAATGTTGGCATGGT TGGG TGOG I GC TGT TOGGACAGGAGTACGTTGCATTTTCTGTTTCGGCATGAG 1031

1le Leu Gin Met Cys Ser Phe Leu Glu GI il
cvcvcucl"Icccmwc""oc"mc}&," Ai¢ 18 EA8 RTE LR A8 T2 1Y S8 & MK& A acooacoaacooc 10399

xon
TTGAAGGGGGAGGAAACT TCGCGCCATGACTCCTCTCG Tt TEATCIOCAGAODOCCCICTOOCATTGLTCCTICEICTG 10499
wcvlccwcvcu:vcvcuvcmocucvvoncvmvmmmvwvcvcmvcvwvmmecvwv" TICAAGAGTCGT 10599

3'flanki
IAAncM:Ancc TCCCCAGCACCCCT TGCTGCAGGCCAGT TTGGCTACTOC T TGAGAGAAAT O&kuv"vccu 10632
AAAATCGATTACATATGCCCTAGATCC TGAT TAACAGGCG T T TGTATTATCTAGTGC T TTCGC TTCACCCAGAT TATCCCAT TGCC TCCCCAGCAA
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