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H (X3 2 faBACI FE B9 38 B PaxBE B KRRV 3E 4L 43 4
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SCE S BUAEA ) s B, T HES W) B A G (0 — N2, 7RSIt sl b 4
TR LAY, R AR L LUBSE R A 25 R A2 S ) T AR e
1 IK3C & f1(Branchiostoma  belcheri) 3 AT 1 VRV IEHY IO EIF O ME, & B AT tH A LA
FURZ LML B2 — o REFHUE R G R I T SO i R b J LA B R
PRSI HEAL b, R T Y AR A — A K SO B A R\ Lt £ 44 (Bacterial artificial
chromosome, BAC)JE K41 S o % 30 1145, 31240 Fa 41, AT 1185384 4L
AR BEHLH I3 184N 1) 5 B AT Ik 7 e e L ARG I, A% 55 L S 76 e e 1~ X0 4 N v
120 kb, AHMTSC B AEERIAI /N 12465, I SCPE R SRAHT R H 1 Wi A ik
99.9995 %. FATKH “HPCRIYTT X4 HHE DL SC B fh Pax R BEAT 1%, JE3RAS
2AANPHPE OB, PSRN SE R N6 T . 45 L BRI AN SC B A0 [ SO R R,
Ji A P DR AR S I 2 S (W P05, D ik — A SO MES ) I B R A A B0 T — 32 W
Hen,

Pax B K bt — 20 G 8 IR rh e d AR e s R 7o O TS R R 1Y
B DT, IO Pax 2k K A FHTEBAC e B AT 77, 43 21474 kb7 4. 43
T 45 WL B IIAS [ G 3B A0 ¥ Pax 3 K1 BbPax1/9« BbPax2/5/8 BbPax3/7F1BbPax6%3 il
PEBL 7159 kby 68.1 kb, 13.1 kbF138.2 kbFIZEH 41, A ANEFHH 73045, 9.
ST, SRifEFEMR KL 70363, 444, 470461 R IEIR . 55 0% HLIA LS A4 11 [ YA
FERA R, EIERACE LA TETEYT.2 % 98.9 %+ 70.1 %H197.0 %, W& TALE 5E
.,

255 VTN R R R IR 28551 R R R A1 GenBank 1 B4 cDNA I [RIVEPEI% 22, AHFSY
M FE SRR T Pax R DR 506 B 1R e 9 R JE IR DRI 5 R JEAT T 1R . X4 SC B
Pax LK J& (R4 N0 005 53 AT LUAC M A, A s 1. DUANIE SO IR 52 4 40 A=
(EEHESI M A 53] Hor Pax1/9. Pax2/5/8F1Pax3/7 /3L 1 SEAE R G A3 38 13
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Construction of BAC library for Branchiostoma belcheri and

evolutionary study of Pax gene family

Abstract

As the closest living invertebrate relative of the vertebrates, amphioxus (subphylum
Cephalochordata) occupy a key position in animal evolution and is regarded the best
available proxy for the study of the last common ancestor of all vertebrates. In this study we
reported the successful construction of BAC library of Chinese amphioxus Branchiostoma
belcheri after optimizing a series of conditions in the library construction. The resulted
library consists of 45,312 clones arrayed in one hundred and eighteen 384-well plates. The
average insert fragment size was 120 kb estimated by Pulsed Field Gel Electrophoresis
(PFGE) analysis of 318 randomly selected clones. The representation of the library is about
12 equivalent to the genome, allowing a 99.9995% probability of recovering any specific
sequence of interest. We further formulated the library into characteristic DNA pools for
two-round PCR screening for 4 single copied Amphi-Pax genes and identified total of 26
positive clones with average of 6.5 clones for each gene. The result indicates this library is
well suited for many applications and should also serve as a valuable resource in comparative
genomics study.

The Pax gene family consists of tissue-specific transcriptional regulators and plays key
regulatory roles in embryonic and sensory organ development in metazoans. Four BAC
clones each containing the amphioxus Pax genes were sequenced and a total of 474 kb
sequence were obtained. The BbPax1/9, BbPax2/5/8, BbPax3/7 and BbPax6 spans 59.7 kb,
68.1 kb, 13.1 kb, 38.2 kb of genomic DNA and is composed of 5, 9, 5 and 11 exons,
respectively. The deduced proteins are 363, 444, 470 and 466 aa long, comparing to 363, 445,
464 and 483 aa of the corresponding BfPax genes. Between the two amphioxus species the
amino acid identities of the four are 97.2 %, 98.9 %, 70.1 % and 97.0 % whereas the intron
position are identical.

Combining the survey of genomic assembly of 17 species and homologous search against
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the cDNA dataset in GenBank, we obtained the Pax gene family members from public
database and had their gene organization annotated. Comparison of the four Pax subfamilies
show that 1: The four subfamilies of Pax1/9, Pax2/5/8, Pax3/7 and Pax4/6 were expanded at
the onset of vertebrate evolution. The first three are supported by phylogenetic analyses while
the fourth is less clear since Pax4 is the most divergent member of Pax gene family and
inclusion of sequences that show large differences would hamper tree-making methods to
recover phylogenetic affinities with high confidence. Inspection of splice site locations
revealed the presence of an intron between amino acid 44 and 45 of the paired domain in both
vertebrate Pax4 and Pax6 members. However, in protochordates Pax6 the counterpart is
present between 55/56. We infer that the intron between 55/56 had transferred to 44/45 before
the duplication gave rise to Pax4 and Pax6, therefore the timing of duplication is solved. 2.
Among all invertebrates the amphioxus Pax gene show the highest homology to the
vertebrate orthologues as far as phylogenetic affinity, functional domain combination and
intron position are concerned. Evidence support that amphioxus is the closest relative of
vertebrates. Furthermore, we conducted phylogenetic analysis on the amino acid sequence of
paired domain of all members belonging to Pax family. Based on the topology and gene
organization we present the complete evolutionary scenario of Pax gene family.

Comparative genomics analysis revealed the Pax/9 genes lie in regions of extensive
paralogy. In the genome of most mammalian species there are 10 pairs of paralogues show
strong physical association to Pax/ and Pax9. Based on the positional and phylogenetic
relationship of these genes we analysised the evolution of paralogous region. A tightly linked
four-gene cluster is conserved in amphioxus and vertebrate. Within this region we identified
the 8 ncECR. This is the first time that the vertebrate non-coding sequence is found to be
conserved in invertebrate species. These sequences that have been conserved through big
phylogenetic distance promised great biological importance. Further functional study would

provide insight into the evolution of gene regulation and developmental mechanism.

Key WOr dS: Branchiostoma belcheri; BAC library; Pax gene family; evolution; gene organization;

non-coding evolutionary conserved region
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EF—F Xk
—. EREEXEREN AR RER

Bt Ja S A A AR I, Tl WETO R ZE I B EIE A BETEA IS

A%, WEITESREOA INAME . BEH K 7 T DNA v R ORI & etz oess, sz ARy
Wr DNA [FIERIH SRR, IFLLZ A AT R e 200 . s ERl, Do s, DL
S FEIN G KA T RE R AT SmE 5T, L ok B A W IR AU 9 PR AT 2 A skt ikt

FEDRIZH SO 245 & A A AP 4 A L R I BE AL W R EE 4] DNA s B AR . 1XANSC
G e — MO AE A S A A 51 A5 B, WORR N SR ZH SC 7 (genomiic library), X
RN LRIEEFER “3H A& BT (genomic bank). AATTEE v LI i 38 R 20 S PE 14
s AR G E AR A DR A ) A s v B R SRE AR A 0 i I KR PR 21 S
H L AT DNA A Bk H 3 R,

1 EREEMFFENER

o B AR AE R B DRI 2H SR i ) Ay, SR A g R LR R TS I
—. H 1973 4 Cohen #1285 — AN URIEAK pS101 LISk, BRI ZS 1) b [ 2 AR AH 4K H!
I, A4 A AR 14 R A 2 e AR e B AR AT T ARR A o BUA TR R R KB i = A B
AR BL A MR AR AR AR I B BB AR S YAC (yeast artificial
chromosome ). BAC (bacterial artificial chromosome ) & PAC (Pl-derived artificial
chromosome ); 25 4% 4 BIBAC (binary BAC) % TAC (transformation —competent artificial
chromosome) A AR MHT AL SO R R A, AR ARBUARITARE, mHAET

T H AL T R
1.1 F—REk

N TG A o LA A T R A, LA N T BTN 20 kb 247, 1979 4E Royal 254
ST TAERRL (Cosmid) b o B K T ml e T 0ok kL 2 i TR s 0 L /1
il NSRRI, I XSS ER PRy oy B4 B DR o il 9 S SRR R 41 4 PP 41
052 R S PE (R L S Ot KRR AL A W A cos 7RI TORL. Ak
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K 4~6kb, PIFHAN—MA 40 kb Zefi . FEALMIRTRI A 7K SN DNA B, % A
AR —FEIR G AT B, 7020 B 40 P SRR A o KDL i e TR PRI, ik
Do BRUERA WL/, R TR EAARPAT (chromosome walking) W AT &5 20471k
BKZ, RKFERERRE T e .

1.2 EZREUK

BB TR AAA S H R L, B SRR ARG PR BEREA
OO R YAC 2 d FOR BB E R S BN LA Ok, HALE 27 21 s e H 52 1)
AL FT L =N oot EHIELAEIX Corigin of replication) , 2 5L tifk DNA &l
LIRSS MIMTE G 45 22 K0 (centromere) , B BT HL O AK ] 1AL 4% 18 5 Sk (telomere)
S0 44 DNA WA A St R0 7 FA Y. eRE T S (AR (K 7 344 AR BT ik 5]
1 Mb Zidy, DRIMR e PR A SO, R B0 /D I o e 00 ] DA o AN PRI 4
I YAC RO R J4 SR 40 DNA SCPE M - ZE 8 A R G0, A8 NRSE AL TRl i
W1, YAC SCPEM - DR A A A (g g )

BAR YAC BER BRI B, AR —L8 5 B HE A IR i s — 2 ik & IR
ZIAEAT . Bl—> YAC Seb b (i A F il Rek A A EE AR B, G AR E
Bk F] 40 %~60 %, XFPIRALRL AR DATINFE D 73 B AHERE IR )2 YAC wfERIAR
ETEZE, AR BAFEESF (sequence rearrangement) FI1EZK (insert deletion) Hi%,
NS G A B S RS AN BE DR 3 B 0 AR = 4l N B i) 20 B A 24k I X
VUEANRE R H ru e fh, B, IR Sl S R T YAC IR M 2, IR REE 5T
BRI E 1) S A AR RS, 1992 4E BAC Fpd i iy 2£ 1,

AN LR (BAC) LKA HEE T (F BT AN S kdfk. F
R HA AR e B iR s, SLEHDR ™A, ERAAEPOCE 1~2 Mg DL, Jh
THEAN R BOR AR A ML, Big b F BF R4l 1 Mb [04MNE R B, 75 32BR R H
FLREIT3 KN 2 120 kb, AN BAC F4L7 &1 5L K 41 DNA f K]k 300 kb
B FEA YAC HARK, (2 BAC BRI YAC Btk g = miAky 50 7 1 2 A
s LUK RO A 3, RADE:, Hefea, DRIk g BAC R YAC U
TRy & BAC #fA LI IR TR AL, AWKIAT B S TR i, ik
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) lacZ TCAHE AATTRESS R R EA 2 5 X oy A, BRIBIVERE sl ets TR B A
41 DNA [f5epE. —J& BAC S RIET F T, nifdeiift, ikd KEAING D,
DU & m] DLIE ok BV SR 258 SR e B MEIR, 7 (Dl T2 BAC Bprr mo B4 i)
PIEA T7 F1 Sp6 RAM 2T, UL T 53k RNA HREFEEHH THEA B
[ A B 10,

1994 4F, loannou %5k & TYRT P1 W AKII N L4tk (Pl-derived artificial
chromosome, PAC) U7, SXFPaikgi &7 PLAIF 74, 0k o 8640 KA
A, LA DUERFERA, AR, 3ET PAC M AIEN 4] SR 40 A BEI K
/NE 60~150 kb Z [A]17 11, PAC #ifk il — ML Z AR AL B K (4116kb) , 1
PR BAC Bk (45 7~8kb) W% &, Skl o K. i —Ms e T
15 PAC FAk ik Z ik Pebric!"™ *. PAC BRI /) AT F 5 BT 24, W ER YAC
TS BRI E AN A, HAUKREERER LR (RGP CHE/KAEN PAC SCEEH T3
Pl 1 Ay 2

1.3 E=REFIK

NEREARRG BIREVF AN, AQFS IO A TR AL, eIk LR 1 D fig
WFFT P T B AN BEHE T ve e, R AR, ARt ¥R 2k H ) DNA F BE AT
Bo ATAEAC, THIERy 6 A I e PR 4 SO PR AR A T O JE R e T RE T LLR T e, S
B L4 TR HAL R R BEXUC 4/ N T4k (BIBAC) o 1997 4, Hamilton
254y BAC AT RAT W (Agrobacterium tumefaciens) XUIGHAKNIFE 55, H T
WG BAC #ifk BIBAC2, iXFIEATEL 1) FHEAA BAC BAAMEHI RS, IMAERT
ANF A Ri G RIPLR AR 206 brd , NI BIBAC RELE KT B AR S AR A 1
AR 5. Hamilton 55 CUKF— 30 kb [FI#EE DNA F1— 152 kb [ AL 41 DNA i
KA TR G AL IE RN AL, JFE A R e %

1999 4 Liu F545 & PAC MIBUITHAK T 5 M8 TR AR TR O AR TAC

(transformation-competent artificial chromosome) # & pYLTAC7, TAC #/kH% P1 &
1A Ri kL pRiA4 ST, RELE KA B RIARAT B b 2842 0™, 1998 4F, Noutoshi
S DVINER BN S AR IR, vt T RN TG B4k (plant artificial chromosome) ,

a>  dd

a8
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ARG 10 Mb (857 W7o i N TR A RTE R A B B S0, AR K DNA
i B RN T S T RERY,

2 MEATREIRERNGE. REMEE

VT A RAEFE R LS oy 32 S (280 = 2 N T A 31k R 51 : YAC. BAC
FIPAC. =Fh#HfAH BAC B AR L RALH: Tk & 5 EHRAC. 5 140 8546 X DNA .
AT TRT PRI SR i ) P A AR R A IR AR T YAC AN s 7255 — 5Tl BAC 78
FEALHTJC T B HEA TR 1O s 2 PAC FTAS B o BT LA AF K BAC 254K 753. 8 T iR
PR S AL S R PR A S T T AR 20 T T2 I

BACSC M AR O H st Hod 72 BB A (vector) KHEZE (plug) [
e fBorHEY) (partial digestion). K7 BtffiF (large-size DNA selection). 1E$%
(ligation). ¥4t (transformation) A5 (KHkHL (picking). FHVE vl () Pkiz A N T
S HHGTEYE TIEGHEA (robotics) BIFHT. — it lacZdfi AT, Bl
B S e PR TR IE AL, (R AE L R4 SO PR (A rp s R 1~10 % 22 A7 B
P, S TAEGERIER, PHE R Bt 2T BUE NP AR T IR A PR I BACH 1k
pBACe3.6%%, L& 5u e fr iy T RE S S N sacB |, B 41T A LAZE & 47 RERI 1015 37
B BHHATUERE, FRAEM R ST N AT R AL I AN L AT R VA 2 1) 1 4
3 B B PRIUCEE .

SCEEMRAT, CERRE T 1w B RAREE R A A7 ORI B R ik e S5 A
R HE DRI 1 (18 A4 S RAT AR U e — AN R e 45

SR RS E A BRI N BOIRRE L 2B 30 se e 220 ) 41 il s DNA 175 4445
AU RATRORI BN B S5 %, BUNRAE R, 138 DNA 1
V5 YRR AR o SO P BESRAT AR R IR 22 3 o T PSR RS>, ) 2SR A\
JrBOSHCBRLF s i ye b — ANANRI LR, Wy BEBUINT R T A AR o SCPE (R o5 B A
A AR A 5 1R 75 A i 2 e, S0 T s B RURINN 3, D 6 % o v s G T o b
LR P A, A W R RO /N, TR1 A BH P 2 ) 8 328 L 491 gz v v] LLIA 3
10 % LA 1P,

3 MEIATREIRERNA
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T U (1) i DR 4 S 2 PR A B OR PR 7 5 7 B AL PRI IR A o K Bk Al
Y SRR 1 RTEAT OB ) B TS (physical mapping) PY. MIP (sequencing) B2,
JLINEAL M (position cloning) PVEIEH AL, 4> FARiC (molecular marker) )& 3
B 22HL (centromere) P% e LA LK 2 (Comparative genomics) [FAF5T T AER%27,

3.1 Efuspz

FER B 7 (map-based cloning) X FRIEN 7% (positional cloning), 177
oy B R AR H BRI R R B BTN, o I AniE L DA DN AU ,
TG T TG S0 T8 H TS P A A5 B AR SE A — MR H ISR PR S R () 15 A%
IYEREA, RETTRELLN TAE: ek B S H R %812 7hnid, AR5 s
VR A BT BDRE H A3 DR A A et A (R 5 6 B R i N B R 4 3
JE (BACELYAC). LAYy H BYFEELBEBR 737 Fric 4 RET T i R 41 S0, HISRAS I BH
P ve R R H 0k DR X SR TS s R30S H A B S 2 B K 20 hs il g 4y 1
FRIC TR Rl B e e LG, 3 LAz e ke s AT Qe (iAo b AT, i iei H 5k
DAL, DA B PR A S DA R i e PRI A S s 6 R 4 B A AR L PR 20 1y B ) v e
PRGN T (10 32 s A i ' ) B BB i B R A SO s R EiX — B, HEBERAG AT
RPN 235 iR K B o e 2B i s e At e 0 e B R A 57 H IR KT /)
F B o e i 8 el e AR T i NI I e A H IR S LRI (R Bk 56 41

3.2 YIEE MRS £EFANF

BEIR A ) S0 P 48— R FIDNA M BRGITERE UL B, g ek A A E
B Gt A B R I A EXONAE T, A6 S W DR 4 v S DRI Bbs 1 (] PR S B i, A3
DAL ZZA S M I B S s B AN R R, MU TR gD, HadT
PN R DRI R T DX o A7) B L (g A I PRV A% AT, PCRFIDNA R G056 510K A
TS MM E SR, B E 2050k A Bl sl

5 DRI 2H 0 T M T A S e R BUEAT I e B, BACSCEME IAUE
TRECRE S, 1 LS8 E S DNAS 5 A L FE P AI 2%, BT LS KRS I Hh AR 2

BRI b R . BACIERT LAY 5 b SISOk AT, 00T LA AR b B R e
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