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Fig 1 San of PCR product by primers used for cloning of Carassius auratus Ragl
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Tab.1 Primers and their sequences used for cloning of

Carassius auratus Ragl

Primer (5'-3") Sequence of primer
Ragl-1s A GGAA GCGGGCTAAACCAC
Ragl-la TTCTCGCTCACATCTCCCATAC
Ragl-2s GCCAGTGAAGGCCAATEGAGT
Ragl-2a CCCTGTGGGACCA GTAAG
Ragl-3s GGTATGGCA GATGTCAGCCA G
Ragl-3a GGAA GTGTA GA GCCAGTGGTGT
Ragl-4s TATGGTATAATGCTGTACGCA GGGTC
Ragl-4a GGTGGCATGCATTTACATGTTGGT

Note s Sens primer, a, Anti-sense primer

PCR
1 r2-1s (5' TCTCGCACTGAATGCT-
GGGTA 3') r2-1a (5" TCAGTCAAAAAGICTCTG
CAGAAAGC 3') DNA
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TA GCTCTCTCGGTCA G 3 ) DNA Fig 2 The products of PCR with primers which gan the introns of
Ragl gene
FCR FCR 300bp ! a Ragl-5s Ragl-5a . b Ragl-1's
Ragl RT-FCR Ragl-la
1.3.3 Ragl Ragl a The product of PCR with Ragl-5s and Ragl-5a b: The product of
2 Ragl-l's Ragl-l a PCR with Ragl-1's and Ragl-1a M: Marker
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Fig.- 3 The structure of Ragl genamic and the putative structure of RAG protein in Carassius auratus
a Ragl . b. RAGL 1 C. RA G2

a Structure of Ragl gene, W hite boxes black boxes and lines indicate untrandated regions, exonsand introns, regectively;, b. Putative structure of
RAGL protein; c. Putative structure of RAG2 protein
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Fig 4 Phylogenetic tree of Ragl (a) and Rag2 (b) based on open reading frane fran Carassius auratus D anio rerio, Ctenopharyngodon idella, Cyp-

rinus carpio and Oncorhynchus mykiss
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SEQUENCE CLONING AND EXPRESSION ANALY SISOF RAG GENES IN GOLDFISH

FAN Si-Gang'?, ZHANG Qiong-Yu"? and LUO Chen’
(1. College of L ife Sciences Hunan Nomal University, Changsha 410006; 2. College of L ife Sciences Zhejiang U niversity, Hangzhou 310058)

Abstract: Recambination activating genes (Rag) are key genes in gecific immunity systam of vertebrate and al® used as
one of the molecular marker for analysis of vertebrate evolution Goldfish, Carassius auratus with strong adaptive and dis
eases-resistant abilities, isone of the important fredwater economic fish extensively cultivated in China And it al -
pears to be an excellentmodel animal for the evolution study of fish gename for its varied ploidy and abounding genetic di-
versity. The goldfish Rag genes have not been cloned and the ecificity of goldfish gecific immunity systam has not been
studied yet In the present study, goldfish Ragl and Rag 2 geneswere cloned by polymerase chain reaction (PCR) meth-
ods, and the temporal and atial expression pattern of RA G-1 were exanined with methods of reverse transcription-poly-
merase chain reaction (RT-PCR) and whole mount in situ hybridization The total length of the genomic sequence of the
ldfish Rag 1gene fram the initiation codon to the stop codon is4188 bp, which composed of three exons and Wwo introns

The length of exon 1, 2 and 3 is308bp, 1136bp and 1748bp regectively. The length of intron 1 and 2 is 105bp and
891bp regectively The entire open reading frane (ORF) is 3192bp long, which predicated encoding a protein of 1063
anino acids The goldfish Rag 2 has no intron in itsopen reading frane, the length of the genamic sequence fram the initi-
ation codon to the stop codon is1593bp, which predicated encoding a protein of 530 anino acids The putative structure of
RAG protein in Carassius auratus are consisted of both an N-teminal domain and a core region Camparative analysis on
the sequences of ORFS and protein anino acid of Carcasses auratus Danio rerio, Ctenopharyngodon idella, Cyprinus
carpio and Oncorhynchus mykiss revealed that both Rag 1 and Rag 2 are highly conserved in evolution Phylogenetic tree
analysison these fish based on Ragl ORF suggested that Carassius auratus wasmore cloely related to Cyprinus carpio,

and which based on Rag 2 ORF indicated that Carassius auratuswasmore closely related to Danio reria The second intron
of the Rag 1 was al® highly conserved during evolution Transcription factor binding sites analysison the conserved region
of this intron suggested that there were some putative transcription factor binding sites in it A canmon conserved area
which is gppeared to be the RY and S0X5 transcription factor binding siteswas observed in all the examined fish, ug-
gesting that the expression of Rag 1 may have some relationship with the development of gonad Tisue-ecific expression
analysis by RT-PCR methods, and it revealed that Rag 1 expressed mainly in the pemary and head kidney. Thisobserva
tion suggested that the RA Gs directed DNA recambination took place not only in immunity tissue but al© in gonads Ragl
expression was first detected at the 5d post-fertilization by RT-PCR. Strong mRNA in situ hybridization signal was detected
in the thymus primordium at the 9d post-fertilization, suggesting that this period might be an active DNA recombination
stage of immunogenes in goldfish

Key words Recambination activating genes Cloning, Gene Expression; Carassius auratus



