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Fig.1 The strategy used for RT-PCR and Nest-PCR amplifications of the bovine Cpn ¢cDNA
and PCR amplifications of the bovine JH, Cp, JH-Cp genes
Primers R1s and Rlas, R2S and R2as are used to amplify the Cp cDNA; primers J1s, Jlas and J2s, J2as are used to
amplify the two JH genes; primers Cls, Clas and C2s, C2as are used to amplify the two C genes; primers Us and
Uas are used to amplify the JH-Cp. gene.
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Fig.2 The PCR products of two bovine JH genes
1: PCR products of SE1 segment; 2: PCR products of SE2 segment; 3:
NEcoR | +Hind Il DNA marker.

(K 4). XUE 7515 AY158087 Fll AY 149283 (1)

gcagatcaggagacagcagacactcaaatcccagaccaggggectgaggecagacaggtgettgteggttyg

71 gggggcaagtgtettcaggaagacagacttgeageteetgggggeteectggggaceetgggtgGGTTTC
141 CGTgecteccageacagggecagecCACTGTGacTATGCAGACTTCCATCTCTGGAGCCAGGCTGCCCTG
211

281 gggatgggagtcagggecagecaaggaggtagggtgIGTTTTTGTGgaaaagaat taacagaagagaAGCC
351 ATGeTGCTGGGACTTGGATCTCTGGGGCCAGCGCACCCCGGTCACCGTGTCCTTGgggagtgtetecett

JH-PS2
421 gecagcactgectgggectegggeagttecetggggtecgtecageeccaccgtgecctgageaaggeagg
491 gteetggtceccaacggggtegegeccttggatetgecggagecceetggagataagecagetgaggectgag
561 gggaggacaggagelgactgggegggaggaaaggigggcagagetgacggggeagggtetgtgecagtgag
631 ggcaggggaggececccegggactggecteeccagGGTTCATGCTettgggggcageegggactgegtCCCTC
701 AGCAATGCTTTTGACTCCTGGGGCCAGCGCACCCCCATCTCCGCCTCCTCAggtgagacggetetetgee
JH-PS3
771 cgcteegtectgggeecggggaaggegtetecaggggeccettggtetggggeagaceeteegtggteecet
841 gggggatctgegtetgaggeegttitgeetetetgeectgttigaggtggegeetetgeetgtggaacgegg
911 ccaggcagagtgggetetgtgectgggggeetggetttgtagtgggggcagaggacgecaggecttgGGGT
981 TTITGCacagccectageggggeccatggCACTGTGaCTATTCGACAACTGGGGCCCAGGAATCCAAAACA
JH-PS4
1051 CCGTCTCCTCAggtgagtecteaacageectetetectecactetgtetecagggttttggtgeactttiggg
1121 gaaaatcgagggtgtegggtetagagggeetggggeggetgggatetgagacacggaggacccaggggee
1191 caggcttacagcagcecgaggagcecagaggetceccaggeaccctetectectgggetetgtagecagggettte
1261 tctgggggectecagecaccettgggetetggacteccaaggteccagetgtgtgaggtggtecggaggee
1331 tcageeggecacgaGCTCTTGCCtggggteacageatcattgtCACTGTGtaaCAACTGGCTCAAGCACT
1401 GGGGTCAGGAAGCCTGGGCACTGTCTGCTCAgetgageectcaccaccecactecactgeacctggggag
JH-PS5

1471 acctggagcgtcagagatccagaggecattctggaggtcaagaaagggagetggggagagggttctggtaa
1541 acaggcagagccagacctcceclgecccaaggacaccacgatgtgggtacaaggeggeteectteggtgggt
1611 ctggetgectecacttgageaggaccaggggetteegteactttetggggeaggeagetgetegaggetgg
1681 acttaggagtctgtggttcatggtcegecageccagecaggeagtggtetggeetetgtgggecagaatg
1751 ggacatagtgtctctggecacagtcaggtggggtggggecageagagggtcactgacaagegactttgace
1821 aatggtttcecetgtggegectggagatggggtgggggeccaggegectegageettegteaggetecega
1891 GGTTTTTGT tgggegaggetggagatatcacCACTGTGt tTACTATGGTATAGACGCCTGGGGCCGAGGG
1961 CTCAGGGTCACCGTCTCCTCAggtaagagcageccatce

Fig.3 The sequence of bovine another germline JH gene (accession No. AY149283)
The potential RSS sites are underlined; the pseudo-JH genes, JH-PS1, JH-PS2, JH-PS3, JH-PS4,
JH-PSS, JH6 are indicated by the dots.
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AY158087 JH-PS1 YADFHLCGQAALGTVSS

SE2 JH-PS2 .. WS.........

AY158087 JH-PS2 CWDMDLWGQRTPVTVSL

SE2 JH-PS2 P

AY 158087 JH-PS3 NAFDSWGQRAPVSISS

SE2 JH-PS3 ..o T.I.A..

AY158087 JH1 YVDAWGQGLLVTVSS

SE2 JH-PS4 . STTGA . ESKTPSP

AY158087 JH-PS4 QLAQALGSGSLGTVCS

SE2 JH-PS5 e

AY158087 JH2 YYSIYVCGRGIEVTVSS

SE2 JH6 . .GTDAW. . .LR. .. ..

Fig4 The alignment of deduced amino acid of JH segments:
SE2 and JH gene (Accession number AY158087)
The dots indicate identical amino acid.
Table 1 RSS and spacer for the bovine SE2 and JH gene (Accession number AY158087)

SE2 Nonamer Spacer  Heptamer AY158087 Nonamer Spacer Heptamer
JH PS1 GGTTTCCGT 22 CACTGTG JH PS1 GGTTTCCGT 21 CACTGTG
JH PS2 TGTTTTTGT 22 AGCCATG JH PS2 TGTTTTTGT 22 AGCCATG
JH PS3 GGTTCATGT 23 CCCTCAG JH PS3 GGTTCATGT 23 CCCTCAG
JH PS4 GGGTTTTGC 23 CACTGTG JH1 GGTTTTTG C 23 CACTGTG
JH PS5 GCTCTTGCC 20 CACTGTG JH PS4 GAGCTCTTG 22 CACCGTG
JH6 GGTTTTTGT 22 CACTGTG JH2 GGTTTTTG T 22 CACTGTG

22 24 Cp I EERE S

#4 Berens F5MR R4 Cu cDNA J7 41 5 AR SE
o4 MG %) SE2 JH JEP o1 Lu i, RIH A 3 A4
cDNA 7@ [# (F52M. F61M. A34M ¥ kK & 3%
NCBI GenBank™) 1] JH %:[X 5 SE2 ) JH6 4t
BHFE, UL TH6 nIEES 5 T 1g M4 k. A4 24
VH 53 5 | 5 KX I8 ¥ 08 55 7 51 J% Cp ) cDNA 7
SIS, AR E RNA & #6s 3k 15 IgM
cDNA. F573 %I LL JH6 F1 C cDNA F 41 4 | T i
S 1), LLIgM & cDNA AR i 8 X PCR,
33K A 1.0 kb H I v Be (K&l 5). K PCR 7 )ik &
OB AR G, PSS RAE, TH6 J&— /N IR
[A], ‘& Al LGt 2F 1gM cDNA (113843 55 = H A e sE
[X (CDR3) FISEHE1) 2 PUHESEIX (FR4).

BEALPEIE 2/ 1gM cDNA v e AT, 45
TIE B AN [1) 5 [ (115 X 51 2 A P e, e — o
SO (p12)1E E X it (1) 2 3 18 5 7 515 2 U63637

(1] Cv cDNA gt F 2 L RAH ], ) —Fh e FE(p13)
W5 405 & AY230207 ) Cu cDNA & i () 52 5
FRAHTA], 2 Fh Cw & R 40 0 (0 2 R 7E CHIL #5543
(B 1~108 MEIERR) 257 B3, HA EMEAZ
(A 6).

Fig.5 RT-PCR results of bovine IgM cDNA
1: NEcoR 1 +Hind 1l DNA marker; 2: Nest-PCR products of bovine
IgM cDNA.
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Fig.6 Alignment of the deduced amino acid sequences of four bovine Cp genes: the clones p12, p13 and

the two Cp. genes presented are available from GenBank™ accession numbers AY230207 and U63637

The dashes indicate identical amino acid.
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K/N) DNA Jv Be (43 il 44 4 SE3, SE4) (K 1,
7), WS R EIRIX 2 4~ DNA B Boar il 5 7 515
23 U63637 Fil AY230207 (1) 2 /> Cp FEKAHH]. BA_E
SEIG S5 RAER . P45 4 U63637 Al AY230207 (1)
24 Cu BERAEAE T A — AR A B ik R IE B

IR g i A2 1gM.
23 JH-Cp EFEHRES S

WHE TH P51 (7515 0 AY149283) it
BG4 Us, 24 Cu B (7415 5 AY23020
I U63637) J37 1 AH [F) 2 A v 1 2 1 R iE 51
Uas, PLIA—ANMAZESE K 240 DNA b #iAR 34T PCR
8 (K 1), 3515 5.0 kb DNA J B (& 8). #kik A
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Fig.7 PCR results of two bovine Cp. genes
1: N/ Hind Il DNA marker; 2: PCR products of SE3 segment; 3: PCR
products of SE4 segment.

Fig.8 PCR results of bovine JH-Cp gene
1: N EcoR | +Hind Il DNA marker; 2: PCR products of
bovine JH-Cp. gene.

AY 1492831 JH HE A1 25 W 28 55 R B vT BA [A)J 7 471
5 AY230207 ) Cu 3 B 0 0] BLATFF 51 5 ok
U63637 1] Cp LD H A — 2 (K] 9). X b A S5
g5 5 2 Bl 1gM cDNA e 8 i X7 41 43 ) 45 LA
2 F Cp LA cDNA Jr#1IAH [ 0L T s &
g5 UL ESEG 25 BNy, AR A 3 Bl JH-C
FERAA (K 9): S—FE Zhao VIR R F 55
b AY 158087 [¥) JH FE K AT 415 K AY230207 [
Cp BED A — s 25 R4l &5 h
AY 149283 ) JH FEAIHF 515 0 AY230207 1) Cp.
FER R Al S =R A5 AY 149283 (1)
JH M H) 5 4 U63637 ) Cu 2 B 8 B AE —

AY158087 JH AY230207 Cp

The first kind of JH-Cp. combination —fF——J

AY149283 JH AY230207 Cp
The second kind of JH-Cp. combination ——J] [ |

AY149283 JH U63637 Cp

The third kind of JH-Cp. combination —[f}———J

Fig.9 Three kinds of JH-Cp gene combinations
The first one was proved by Zhao et al; the second and third kinds of

combinations are the results proved by our experiment.

Hs = FHILEAEAE T IR — M4 Holstein 2= IR R FE K]
i, #WRE S5 1gM e AR

3 W’

AR I M A — A& Holstein 2)-3E X 41 DNA
PR 5 S ) AY158087, AY149283 ) JH
FEH o BRI A A, EEE A 6 MR
F, ARG R 2 HE R A AH ] (] 4 FER 1), 1B
NCBI GenBank™ [ & 3% [ 24) 5 8% 0] ¢ [X (VH)
cDNA 1, 2 EKIEFH5  AY158087 JH Ji
W) THL 7887, Zhao %502 i RT-PCR 1if B
Horbity TH2 A ST ThRe ), ARAL TROK P
FIIRE. 70 BT Berens S5 K 1114 Cu ¢cDNA J7
H, RIH TR FS2M, F61IM, A34M (¥ K%
5% NCBI GenBank™ ) H1{f) JH /7415 JH6 4h T 5¢
A AH R, BB TH6 v REE A DI RE M. A SIE M
Holstein 4+ it ) RNA ' RT-PCR ¥~ 4 H Cp
cDNA, WFgsRAUEsSE, JPol'5h AY149283 JH 7
S TH6 A 10T L gwtis 1gM 13 7 CDR3 X
ME R FR4 X, & — D IRg K, NCBI
GenBank™ | % 5 ) VH cDNA %45 JH6 ik,
ATREE R S TH2 —FE A TARRIAZKPIRES. LA
s RAUER, ZE[H]—AMMA Holstein 2B R LA
oA 2 Bl JH SRR, ENTERES 2 5 4 1gM T k.
L TH2, JH6 Ah Wi KL, P RSS 741 K&
FHBRIRIESSI AR A, Frdm bt (0 2 2R 7 5 P s & A
Gly Arg Gly Zi (K 4 F136 1), Kabat 25590, I
REE TH JE A 4 i 1 2 6 R 2 /> Gly 2 [A]1E & H
LI Gln, Pro 2¢ Ala, TiANE Arg, XAHVFZM
HRIBIKF LA i () J R 2 —112),

3L RT-PCR 31 Cu cDNA A 1K HLA 2 Fh
ANTF ) cDNA si B, o — s % 5 )7 5 5 8
U63637 ] Cw cDNA ], o —Fh o B 55 5 51 5
4 AY230207 ] C cDNA M5, 5 # FT g fidh 11 &
BEMRAE CHI #8473 22 5 K (8] 7). PCR 47 3 75 B 1A
41 DNA, WP &s R0 SR, P45 8 U63637 Fil
AY230207 [¥] 2 4~ Cp 2K 5 75115 2 AY 149283
JH K30 R ERAE k2 (18 9), SLIRAAE T [ — A
PRA-FE R 2. Zhao S5 UE B I3 415 4 AY230207 1)
Cu P45 755 h AY158087 (1) TH 3t [K K HiAth
CL IGHC JEN— 2 4 il — AN R BE %, e T
21q23~q24122; Mousavi Z51f] DNA E[1iZE 45 JL A
HAEE IS 41 DNA H N %A 2 A C JE 1
Tobin-Janzen %52 AN 247 2 A Cp JEIA,  AthAl)
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Cloning and Characterization of Two JH and Cp Ig
Genes in Bovine Germline Gene’

LI Min, Chen Li-Mei, LIN Ai-Xing, YANG Xing-Yuan, AN Xiao Rong™, CHEN Yong-Fu
(National Laboratory of Agro—Biotechnology, China A gricultural University, Beijing 100094, China)

Abstract Using methods based upon the PCR, two DNA sequences which are identical to two JH genes
(accession No.AY 158087, AY149283) from one Holstein bovine genomic DNA have been cloned, the results
demonstrate that all the two JH genes(accession No.AY 158087, AY149283) are present in the same Holstein
bovine genomic DNA. Two kinds of IgM cDNA was cloned from bovine spleen total RNA. Sequencing the cDNA
clones show that the last exon of JH gene (accession No.AY149283) JH6 is a functional gene encoding part of
CDR3 and whole FR4 region of bovine IgM. The sequences of two IgM cDNA clones indicate each constant
region is identical to one of the two Cp genes(accession No.AY230207, U63637), there are greater diversities in
the IgM CHI1 domain than the other CH domains. PCR products of JH-Cp gene suggested that each Cp. gene
(accession No.AY230207, U63637) is in series with the same JH gene (accession No. AY149283) in the bovine
germline genes, they are all functional genes in the process of bovine IgM generation.

Key words Holstein bovine, germline gene, immunoglobulin, immunoglobulin heavy chain constant region

gene (Cp), immunoglobulin heavy chain joining region (JH), recombination signal sequence (RSS)
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