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rag 1
, 1.3.2 RAGs dNA DNA
RAGs ragh-1S
rag 1A rag2-1S rag2-1A (1) 14d
1 RNA DNA
. NCBI
1.1 22C 1—14d BlastN , RAG s
1 3 DNA
1 3 \
, - 80C DNA  RAGs DNA (1 1)
RNA RAGs
1.2 AMV RNase nhbitor PrineStart , RACE
HS Tag  EiTag  dANTPs DNA M arker RAGs 5 3 ( 1
Prin eScript RT reagent K it 5-Full 1) 5 RACE 5-Full RACE Kit
RACE Kit MD 18T 3’RACE : 14d
TaKaR a ; E.Z.N.A.T™M T is- RNA , oligo dI-3sites Adaptor
sue RNAKit ~ OMEGA Priner ( 5-CTGATCTAGAGGTA CCGGATC-
: PCR DNA CTTTTTTTTTITTITTITI-3"), DNA
: RAGs
13 3sites Adaptor Prmer ( 5-Ck-
13.1 DNA  Total RNA GATCTAGAGGTACCGGATCC-3) ,
dDNA 14d Prmerstart Taq PCR
DNA Ll 1— 14d , ragl  rag2 3 DNA
Total RNA E.ZN.A. M Tis : 95C, 240s 94°C, 30s 53C,
sue RNA K it (OMEGA ) 30s 72C, 60s 30 ; 72°C, 4205
Total RNA , PrineScrpt RT re- ,
agentK it DNA s s RAG s cDNA
1 RAG s DNA
Tab.1 Priners used in chning the dNA s of grass camp rag 1 and rag?2
rag 1 DNA rag?2 DNA
Priners br an plify ingrag 1 DNA Priners br an plify ingrag2 DNA
(5-3) (5-3)
Prin er NO. PrinerSequence PrinerNO. PrinerSequence
ragl—lS* ATGGAGAAA GGGAGGTGGAG rag2-18 TGTCCGCCTCAAGTCTACCT
rag FI1A” CTGCTACCACAGGTCCCAAG rag2-1A TCCTCCTCATCITCCITCGTTAT
ragl-28 CCAGA CGATTCCGCTACGAT rag2-28 CAGCGAAATAAGCCACAGCC
ragh2A GCCAAAGTCTTGTGGAGGT AG rag2-2A ACAGGAGCCITGCG GTGGGT
rag1—5 RACE1 ATG CGA CGGA CCITTAGCC rag2-3S GCAGAAA GATGTCCTTA GAGCC
ragl—S’ RACE2 TCCTTACTCTTCCCTCCAAAACAG rag2-3A AAA CGAGGTGGTCGGCAAT
mgl—3/ RACE1 ACACTCIGCGACTCAACCCG rag2—5 RACE1 A CGCIGA GGGTATGACCGTATC
mgl—3/ RACE2 TGAGATCGGCGAAGTCTACCAG rag2—5, RACE2 CAGTTCGTTGTTGGGTGTTCG
ra,g2—3/RACE] CCCACCA GACGCCTACCATT
rag2—3/ RACE2 CAACACCTGGGAGCCCTACT
) i A

Noe * S Sense primer A Antisense priner
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ATG TGA
5 l : 3

ragl-1S
ragl-1A
ragl-2S
i ragl-2A
ragl-3'RACEI AP
ragl-3'RACE2 - AP
AP. ragl-5'RACE]1
AP e ragl-5'RACE2
B
[—— ATG IGA
5 ) 3
ag2-1S
8 cm———Tag2- 1A
TagZ~3S e e rag2-2S
e TAR A rag2-2A
rag2-3'RACE1 - AP
rag2~-3'RACE2 o _ - AP
AP -« rag2-5'RACEI
AP rag2-5'RACE2
1 RAGs dDNA PCR
Fig 1 Posiions of PCR prmers used in cbning full kngth grass carp RAGs dNA
A: rag dDNA ; B rag2 dDNA ; AR AdaptorPriner

A: Positions of priners used i rag 1 ¢DNA amplificatio;, B Positions of priners used in rag2 MDNA amplificaton. AR Adaptor priner

fifi B} 2K rag 13K A

, rag?2
L3l rag 1 DNA ,
DNA , PCR rag 1
, dDNA ,
rag1 rag? DNA
, DNA
rag2 , cDNA
, rag?2
1.3.3 ragl rag2
MEGA 4.1 Jellyfish
RAGs R
RAGs RAGs
RAGs
1.3.4 RAGs RT-
PCR Total RNA 2 Hg AMV
dDNA ,
rag 1 PCR rag 1l

: ragIRTS 5-TTGACGCTCTTG-

CITCTGGC-3"  raglRTA:  5-TCGTCCTCACCCT-
CAACTCG-3" rag 1 :
: 94C 2105 94C 305 56C 305 72C
405 30 ; 72C 420s RT-PCR
Bactin Bactin
B-actnS 5-TCACACCTTCTACAACGAGCTGCG-3
B-actinA: 5-GAAGCTGTAGCCTCICTCGGTCAG-3,
: 94°C 2105 94C 305 53C 305 72C
30s 30 ; 72C 420s
2
2.1 RAG s
ragl  rag?2 PCR
DNA , 3730 bp
rag 1 1963 bp  rag2 DNA
rag1 (ORF) 3192 bp
1063 ., 5UTR 102 bp 3'UTR
436 bp ragk+1S  rag H1A
DNA DNA ,
ragl DNA ,
rag1 DNA ATG + 309~ + 425
, + 1562~ + 2398
AATCITCTCAAgt  agAAGCCT-
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GTGTC, TATGATGCAAGgt agGCAGGG- RAG1 91. Mo
GATTT, GT-AG 74. %% 55. % 5P 58,

117 bp 837 bp C RAG2
rag 1 3 , 308 bp GenBank
1136 bp 2184 bp rag?2 ORF 1593 RAG2 90. 3%
bp 530 , S5SUTR 132bp 3UTR  73.3% 50.% 52 % 52 %; RAGI
238 bp rag 2 dDNA , RAG2

DNA , 2 RAG1 RAG2
rag 2 , RAG1,
RAGs ( 2 ragl  rag?2 RAG2
G enB ank EF 178284 RAG1, RAG2 ,
EF514220 MEGA4. 1 N eighbor-pning
2.2 RAG s ) RAG1 RAG2
RAG1 Jelly fish ,
GenBank s

ATG TGA
ragl

ATG TGA
rag2

2 RAGs
Fig 2 The stucture of grass carp ragl and rag2 genes

W hie boxes blhck boxes and lines indicate untranslated regions exons and introns respectively

2

RAGI1, RAG2

Tab.2 Percent identity of putative an ino acid sequences of RAG1 and RAG2 betveen grass carp and several other verebrates

Ctenopha  Cyprinus Danio Oncorhyn Carchathinus X enopus Gallus Mus Hano

ryngodon idellus carmpio rero chusmykiss  leucas laevis gallus mu sculus sapiens
Cenopharyngodon dellus 100 2 91 74 52 54 54 54
Cyprinus aup io 91( %) 100 90 73 52 54 53 52
Dani rerio 91( %) 90(96) 100 73 51 54 53 52
Onwrhynchus mykiss 77( 88) 76(88) 76 (88) 100 52 53 52 52
Carcharhinus leuca s 57(78) 57(77) 58(78) 56(75) 100 RAG2
Xenopus laevis 58(76) 58(76) 58(76) 58(75) 61(75) 100 61 62 62
Gallus gallus 60( 718) 59(78) 60(78) 59(76) 62( 79) 71( 87) 100 71 72
Musmusacls 59(78) 59(77) 59(78) 59(77) 63( 80) 71( 88) 75(88) 100 88
H ano sap iens 59(719) 59(78) 60(78) 60(78) 64( 81) 72( 88) 76(89) 90(96) 100

RAG1
RAG1

Note Numbers in parenthess are percent ientities of the ragl core region

residues 409 to 1034 of the grass carp RAG1 sequen ce
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Cyprinus carpio AAX16495.1

100
81 Carassius auratus ABM46911.1 71 Cyprinus carpio AAX16496.1
10 Ctenopharyngodon idellus ABM65103 100 Ctenopharyngodon idellus ABP98948
100 Danio rerio U71093 Danio rerio U71094

Takifugu rubripes AAD20562.1
Oncorhynchus mykiss Q91193
Carcharhinus plumbeus AAO17060.1

-[:—Takifugu rubripes AAD20561.1 s
67 Oncorhynchus mykiss Q91187

Carcharhinus leucas AAB17267.1

Xenopus laevis Q91829 Xenopus laevis Q91830
100 Gallus gallus P24271 Gallus gallus P25022
08 Mus musculus P15919 Mus musculus P21784
100 Oryctolagus cuniculus P34088 Oryctolagus cuniculus P34089
99 Homo sapiens P15918 Homo sapiens P55895
— —
0.05 0.05
A B
3 RAG1 RAG2
Figz 3 Unmwoted phylogenetic trees of san e vertebrates based on RAG1 and RAG2 an o acid sequences
A. RAG1 ; B. RAG2

A. Unrooted phy bgenetic trees based on RAG1 anno acid sequences B. U nwoted phybgenetic trees based on RAG2 am no acid sequences

2.3

136
266

RAG s , RAG1 BI Blla
RAGs RAGs BIb RNG Fngermotif Zmnc Finger A
’ (ZFA)"" 7, BIII
RAGs ( 4A) RAG2
RAG s , N 1 381
RAGs (22 240, RAG2 C H nge
RAG1 C 409 1034 Znc F nger (ZF),
, 349 413 414 530
o RAG1 N ( 4B) RAGs Zine F nger
141 213 221 253
300 342 367 388
A
BI  Blla Bllb = ZFA Core Region
RAGI \I \I i .
I
1 409 1034 1063
B

Core Region Hinge ZF

RAG2

1 381 530

4 RAGs
Fig 4 The putative structure of RAG protein in grass camp
A: RAG1 ; B RAG2
A: Putative stucture of RAG1 protein B: Putative stiucture of RAG2 proten
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2.4 1
g bp M ly 3y
RAGs 800
, RT-PCR ragl — ¢o0 .
bp 220D
rag1 - 400 S5k
RNA DNA RT-
PCR rag 1 6 RT-PCR rag 1 1 3
’ Fig 6 The ragl expression n head kidney of grass camp detected w ih
ragl RT-PCR at 1 and 3-year old stage
RT-RCR , rag?2 vy yeas
ADNA
623 bp DNA 3
1460 bp 4
600 bp , 3.1 RAGs
( 5) , ragl  rag?2 DNA
rag 1 4 , rag 1 4188bp
10 rag1 3192bp 1063 rag?
N T L 1593bp, s
2 S P S 530 rag 1
400 oy ~1460 bp o i
. S B8 25 b A A A T, 2 B AT
800 ]
600 —623 bp e rag 1
7%% 2 L 1
pacin S50 - -
-actin J
100 ragl
3(10 —330 bp [13 15 18]
RAGs
5 RT-PCR rag 1
Fig. 5 Theragl expression of grass carp enbryos detected with ’ RAGT B
RT-PCR at different devebpmental stages s s RAGs
M: DNA ; dpf ; DNA: DNA RAGs ,
M: the DNA maker dpf days post fertilzation DNA: the positive RAG1 C RAG2 N
contro lwith grass carpp DNA tan plaie
25 RAGs 1 3 RSS -,
[ 26]
, RAG1 RAG2
(12 R RAGH N 4 BI
. Blla BIIb BII SRP1 1 Blla
: RT- RAG1 " RAGT N
PCR rag 1 o
1 rag 1 Znc finger C3HC4 C2H2
) 3 rag 1 (ZFA) RAG1 2
(6 rag RAG2  C PHD ( P lant
1 3 , 3 Hanedanain) ,
7 1 (C4HC3)

- 2
Znic finger =
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RAG2 C
L3334 , RAG1 RAG2
. V(D)J
1o ] RAG1 N
C3HC4 RING fnger motif
[ 36]
) RAG s
[37]
32 RAGs
ragl 4
) rag1
ta ragl 1 )
V(D)J )
3 ragl s
3
) I TCR
3
RAGs
RAGs
(7 rag1 1
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, Ig TCR
, 3
RAG1 3
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SEQUENCE CLON ING AND EXPRESSION ANALY SIS OF
RECOMBINATION ACT VAT ING GENE 1 AND 2
(ragl AND rag2) IN GRASS CARP, CTEN OPHARYNGODON IDELLUS

ZHANG Q iongY u'®, FAN SiGang > and IUO Chen’
(L College ¢ Life Sciences Hunan Nom al University, Changsha 41008l 2 College of Life Sciavces Zhejiang University H angzhou 310058 )

Abstract It iswell known that the nfectious diseases caused by the virus and bacteriun frequently occur n the one-year
and twoe-year old grass carp but rarely in the three-year old grass carp suggestng that perfect mmune system m ht be es-
tablished n three-year ol grass carsp Bymediatng V(D) J recan bination of the lymphocyte surface receptor gene exch
swvely reconbmnation actvating genes (RAGs) are the key genes play ng p votal role in regulating the developm ent of spe-
cific mmun ity systam i vertebrate To understand he devebpm ental genetics of mmune systan n grass carp we has
cloned grass caip rag1 and rag2 genesw ih polyn erase chain reacton (PCR) method and then exan ned their expression
in various devebpm ental stages w ith method of reverse transerption—po ym erase chain reacton (RT-PCR). The total
length of he genan ic sequence of the grass carp ragl gene fran the initiatbn codon to the stop codon & 4188bp which
composed of three exons and wo ntrons The length of entire open read ng frane (ORF) is3192bp  encoding a prote n
contaning 1063 an no acis The grass carp rag2 gene has no intron and the kngth of open reading fran e is 1593bp enco-
ding a proten containing 530 amino acds A lgment 0ofRAGs am no acids among varvus vertebrate species has shown
that the putative sequences n predictive finction regions of grass carp shared high identity w ith other vertebrates The ex
pressbn of mg 1 in grass caip enbryos has been detected at 4 days postfertilizaton (dpf), and h gher expression level has
been detectedm antaning during the subsequent lawva stage mg1 expression has been detected n head kidney of one-year
old gmss cap butnot n the three-year old grass cap These results suggest that the V(D) J recon bnaton of the mmune-
globulin (Ig) and T-cell receptor (TCR) genes and the concm itant differentiation of lymphocyte start at hatching stage
and aremantaned in larva and one-year ol grass caiy but n three-year old gass carp  the activation of V(D) J recan—
bnatbn is greatly reduced mean ng the librares of diversified Iy and TCR and relate perfect mmune system are estab-
lished at this stage

Key words Grass capy Inmune systen; Recanbinatbn actvating genes Developm ental genetics



