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Abstract ; The research was designed to analyze the linkage between the endogenous avian leucosis
virus ev2]l and phenotype of late feathering, as well as the promoter activity of LTR of ev21
gene. It was aimed to find the detection method for ev21 free breeding chickens. Long-range PCR
was used to amplify the sequence of ev2]l gene. The structure and its locus in chicken chromo-
some were analyzed based on the NCBI database. Two hundred and fifty-nine samples from 5
chicken lines were diagnosed for the detection of ev21. And 5" and 3" LTR were cloned into the
pGL3- basic vector and were transiently transfected into A375 cells. The relative luciferase activi-

ty, which indicted the promoter activity of the transfected fragments, was detected. It was
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showed that the genome of ev2l long for 7 524 bp was successfully cloned and it was integrated

between g. 10681671-10681672 on chicken Z chromosome in reverse direction. Ev21 and late

feathering were completely linked in Hy-line Gray, but were incompletely-linked in Taihang,

Bashang and Hy-line Brown chicken. Especially, it was all positive in Hy-line Brown fast-feather
rooster. 5" LTR of ev21 showed a high promoter activity (P<C0.01), while 3" LTR did not show
significantly higher activity than negative control (P>>0.05). These data showed that ev21 inte-

gration was not linked with late feathering in chickens. PCR for 7 590 bp is a method for screen-

ing of ev21 in chickens. 5'LTR of ev21 had the high promoter activity.
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Feng &5 F1| ] S 5 DU UE S5 1036 & UG P ev2] I ANfE
LAMERE ALV-] JE BB A E PR L & i e
A E W s LTR(long terminal repeats) X, 71 3¢
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. AR K B PCR 718 7 590 bp P a1, i
Tl by 45 7 X DR 2 v A U T I R ev2 1 Y AFAE
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ains BURL DNA /N & 52 B0 R & T N 3 R KL
DNA i B0 & oy b AR T2 R 7™ s pGL3-
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e 1T E BRI o b BN A R A
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L3. 1 IR ev2l k55 v 51 FAs il
L3 1.1 ev2l )7 Be PCR ¢ 38 FBE AR . 2%

K. Wimmer 2 2] %", ev21 S.5-GGAGGGAGAC-
TATTTTTACACG -3', ev21 A:. 5-GTTTAACG-
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GACCAACAGGCTAGTCTCTCG-3", PCR Jz I
&k &. 10 X PCR Buffer 2 pL, dNTP (2. 5
mmol « L 1.6 pL, B FIF514 (10 pmol « L™1)
% 0.5 pL,DNA #ifz 0.5 pl, TaKaRa LA Taq i
(5 U=« pl 0.2 pL, H,O #MEZE 20 pl.. PCR X
MR 94 °C 90 5;98 °C 10's, 68 °C 7 min,32 M§
572 °C 10 min.4 CZ b M. B8 W5 A I BH 24
PR AR R P Y

K Bt PCR P34 259 {5y P 21 A i Rl ev21
o B TR AN [7) it ol / it 28 DR PG v 18 0 A A 000
1.3.1.2  ev2l 5 8 2 N 41 3" K ¥ v B A 5]
#7: Al Primer Premier 5.0 PA“1. 3. 1. 1”3k15 % 5 #1
NCBI %4 2 Hh X54094 78 AR it 5149, 974
ev2l 5 HE 3 R M5 Z kg g7, 514

&1 LTIR REFFiFHEEN5 9

1648S.:5-AAACGACCACGATTCTCC-3',1648A;
5'-GGGACTGGCAATCTTTCT-3', PCR Jz i &
%:2X Es Mix 5 L, 1648S #ll 1648A 4 0. 4 pL,
DNA it 0.5 pL, H, O b2 % 10 pL, PCR 2 %
J¥:95 °C 5 min;95 °C 30 s, 61 C 30,72 °C 110 s,
32 MEH; 72 °C 10 min, 4 C& k. KRB
PCR 71 1648 5|93 345 )3 51 9 4% J5 5 NCBI $di
/&£ H Nucleotide J# %1 1 Chicken Reference genomic
sequences JE 4 Blast FEXTF, 2087 ev2] %k 55 3% K 20 45
P AR L o B AR 8 ke DR 2H v i) 4 AL R #2971
1.3.2 ev2l 5 LTR K3 8 TG ML ir
1.3.2.1 LTR X H® R BRI LI“1. 3. 1. 17 H0
“L3. L 27 BRI A A RSEAR BT S I ) 8H ev2] BEH
5'# 3" LTR A (G D KL 5 3h 116 1

Table 1 Primers for promoter amplification of LTR region
EIE7 i 514(5"-3") P BE /bp 9679 )3 AL ki Tam/C
m

Primer Sequence Products size Location
514S cgagctcGGGGAGTAGTGGGAATGG

514 822-1 335 67.0
514A cectegagCGTTAAGCGAGACGGATG
614S cgagctcGTTGTACGCGGTTAGGAG

614 8 163-8 776 65.0
614A ccctegagATGGCTTAGAATGGAGGA

F P R AANG TR WU L DR AR L T 1 5 R A RISl Sac T BEYIL AL S 18 51 9 0F AR RIS Xho T R

A=

LK R Bt PCR ¢ 34 B A 25 R 41, A Trans
Start Taq B34 5'F1 3" LTR A Bt 6 H i A Br 4l
el 35 pMD19-Simple 2 14 % £ 76 [ .
1.3.2.2 s Jo DR B0 1 g 8 < A T VR A 7 B L
/N Sac T/ Xho T X BRL A9 5 il 4 45 B A
& pGL3-Basic #47 WY B UK R : Fik DNA
400~1 000 ng,10 XM Buffer 6 pL.,Sac [ #1 Xho |
% 1.5 pL K # L = 60 p1.37 CHEYI 3~4 h,
B i W O P DRAGE I i [T H B - Be . T4 DNA
AR B BN R8BS A
RE AR, AR R RBHAM S H W By i
w1 1~1:5,T4 DNA # i 0.5 uL.Liga-
tion Buffer 1 pL, 7K & %2 10 pL. 4 PCR FIX
iU 68 5 B P 1% T 2 SOk R AT R R A
1.3.2.3 20 i Ik iof 2 e 55 R0%5¢ 5 3R Tl A6 ) = A375
AR T 5 20 V0 JiG 4R LT ) DMEM K 55 JL iR 17
Wk R A BE ik #) 90%, 4 Lipofectamine®

2000 Reagent i B 52 G Ui I TT I 56 3 . IR B A5
JikL DNA L 1+ 1. B 410k 5 N 2 pRL-TK
BAREEHI 9+ 10 565 6 h o % L3 A 1E 20
JHO 5 S A Ak 2 15 5% 48 b I 2407 4 . A T
PG R MR I 12050 £ » GloMax-Multi]r #4522 1))
FE A 0 SO I 2 ' 2% T8 0 1

2 & B
2.1 MIE ev21 fHH &N PCR 31
2.1.1 KBt PCR 4" 5 FOHEAR 53 #r B 1A
DA Rl SRR ev21S F1 ev21A 51 #K F Bt PCR 1)
P .

BEL A 1 JKGE N RAT IS P A0, 51 H By 45
i 11~15 JKIE Ry RATHRBA G, B R Y1 H H Y
AR 32~10 PKIE NI 22 IKAZ B 08, T s H Y
A 5 16~ 209K 38 S W1 b K R X183 A X8 L 16 Yk 3B
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LA 11~15. KATA;2~10. M2 JK516~20. M KB 21~24. 2448
1 and 11-15. Taihang chicken; 2-10. Hy-line Gray; 16-20. Bashang chicken; 21-24. Hy-line Brown

B 1
Fig. 1

K B PCR =4 (7 590 bp)

Sy H S, 17 ~ 20 JKIE P B R &
M5 21~24 YKIE NG 2P AXG, Y BB H
. HIA&MF ARG 7 590 bp LH T4,
GrHT T A kB g 977-7590 X B 5 evl
(DQ11870 1) FEH AL 99% ,g. 1—976 X 518
PG ev2l JE 5 XK F 51 (X54093) AL EE 99% ., 259
Py LR RE S ev2] Ra D25 R L3 2,

B2 2 A] B0, K AT A AT B K R A 8 o A Y
ev2]l PHMER & T 90. 020, K AT M2 3P X P11 %4
65. 5%, W 22 K K oA AT 18 O A X BH M R R
100. 024 5 1 2% 4y 18 5P A B0 BH 4 5%k 100. 0% 5 KAT
PRI BERG 22 B PT 23 B3 X8 i 2 4 PRSP B

R2 2 NEAMABERSERRBHEFHSHHER

Table 2 Distribution of ev21 in various chicken strains

Agarose gel electrophoretogram of long-sequence PCR product (7 590 bp)

X ev2l BHER I A 0. 0%, i ¥ 2% 48 R 3P A 0 BH 2%
HH100. 0%, KB 22 K R HAHARIE P A5
ev2l PR 1 I 5 BF 56 45 15 B, 6 22 4 18 P48 B XS
FIVHL P A8 4 3 s ev2l, (H A /T XS F | BB A
1908 5 ev2l JER 58 28 8.

2.1.2 ev2l K7 3" KUY 1 A5 55 45 0 40 B
PAKRATHG 0L 1A XS R 22 KA C 2 7 590 bp
i E P i PR 2H Sy AR L ] 1648S I 1648A 514 1
ev21 RN AL 3" A e8] 74 =4 1. 0 VB s b
YIRS HL TR 235 5 DL I 2, 7 3 XS UL IR 3. B A B
WP 3kA% 1 648 bp WIBKIEF A, H g 118-1648 X1k 5
XWIER T ev2l ALK P (X54090 FH{BUEE 9974 .

18 ) Slow feather

B3P Fast feather

vt i Hit 51 vy YTy
HiE% " R 1 2% , . 1 2
Breed Total Gender M &ﬁ AR &t B /% PR FRMER At [; /%
Positive Percentage Percentage
N 32 2 34 94.1 0 24 24 0.0
K473 Taihang chicken 120
19 10 29 65.5 0 33 33 0.0
W EK R
23 N 21 2 23 90.5 — — — —
Bashang Longtail chicken -
N 14 0 14 100. 0 — — — —
W 2% JK Hy-line Gray 16
£ — — — — 0 2 2 0.0
5 22 R HLFC Progenitor of - N 23 0 23 100. 0 0 15 15 0.0
. 5
Hy-line Gray ) — — — — 0 15 15 0.0
VN 12 0 12 100.0 11 0 11 100.0
WF 22 ¥ Hy-line Brown 47
11 0 11 100. 0 0 13 13 0.0
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1. RA7X9; 2. ML ERKEX; 3. w2 KA C AR

1. Taihang chicken; 2. Bashang chicken; 3. C line of pro-

genitor Hy-line Gray

2 =AEE ev21 3K PCR =47 (1 648 bp)

Fig.2 PCR product of 3’ terminal fragment of ev21 in three
chicken strains(1 648 bp)

10682641 10681665

7 Chromosome

PR A By M 7 590 bp.ev2l 5 8 3 K i
1 648 bpFl JSIL #&9) 1 450 bp F Bt (4 52 56 25 %k
) KAFALHE ev21 J R EE A 2K 7 524 bp M H |
TR A3 9 679 bp. % ¥ 4 & 5 NCBLL J7 51 =5
KY235336, HARZE# WK 3, %75 53 Z LA ik 7
F1) NC_006127. 4 Huxf iy, Herpr @, 1-976 S 3% Z Je
RS, . 977-8500 K ev21 H5 3 7 524 bp &K,
g. 977-1250 K 274 bp () 5'LTR [X . g. 8227-8500 Jy
3'LTR X, LTR Z [A] 4K ¥ A fii F g. 1530-3605 K
2 076 bpl gag HH .g. 3574-6042 & 2 469 bp [ pol
FER IR T . 6228-8060 K 1 833 bp [ env HH , g.
8501-9679 N3G Z Yt (K7 51|, HL X 43 B & B ev2l
a4 ATE Z Y i i ) g 10681671-10681672 (Gen-
Bank & 3¢5 : NC _006127) 2Z Jf] .

{iswA]

N
10681671

10680499

FHEE. Z ek NC 006127 {5 s F A7 5. 9 679 bp

S TR FIR K 45 14

P9 R s

9679

ik ARIC. TR AR A SRR, ev2l 1Y

The figures at top. Locus of NC_006127 in Z chromosome; The subjacent figures. Locus of 9 679 bp sequence;

Arrows marked. Location for primer binding; Label in structure. Genes and special structure of ev21

B3 WZEEEES ev21 fFEHR 9679 bp FFILH

Fig. 3 Structure chart of 9 679 bp sequence contained ev21 virus genes in Z chromosome of chicken

ev2l W FEAH AL Z G 8 R SUEE Y 5 R
CTACCC(NC_006127 fY g. 10681666~ 10681671),
9596 bp JEFI M g. 971-976 Fl g. 8501-8506 # K
CTACCC, Bl ev2l WIER T 5 F1 3'LTR X 5
Z YL 0 F 8 R 75 A B B AT AT S A SR
T 0 3 DR 45 A4 R AE
2.2 e21 FELIR XBEFiEMEH
2.2.1  HI R By 5 R B R A8 A 0

PRI Be PCR 97 34 B M 9 R A7 DNA O 8
Me. 94 ev2l J¥%] 5" LTR X f1 3" LTR X K BEF
G AN AT R BN S U A R — 2
$ 5" LTR (19 514 bp #1 3" LTR 19 614 bp H i H Bt
SLRE R 5 pGL3-basic ZRAAK FTRL 3 51 32E 17 XY
8] i 28 Ak il 1) 7= W) )5+ E 5 i R Be i pGL3-basic
2 R Iy % BH A B R E AT 3G U) (18] 4B)
W 25 2 0 7R FRAPE 5o R By 91 R A 5 1) 5 5 40
— 5.

A sS4 614 M B M

514 614

bp bp
5000
30083000
1000

0 70
w0 500
hso 250
100 100

A.514 F1 614 bp PCR 724 ;B. 514 Ml 614 bp = 20 i b XL il

il

A. 514 and 614 bp PCR product; B. Result of 514 and 614

bp recombinant plasmid by digestion

B 4 514 71614 bp PCR =¥ FIEHRMNE LR

Fig. 4 Products of PCR and recombinant plasmid by digestion
of 514 and 614 bp fragments
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2.2.2 EURRG S TR A375 4k
Fis] 24 FLAR 24 h 5 40 IR S R 4T o FF 5 450k A
pRL-TK ZkfA4L46 Yy A375 41, %Y 6 hj5 ., IE
R SRS B % R 48 h FH 4N 2 R 92 P R
S 240 L L A6 2 KR S AE S RN B PO E .
AR R R A RS BTG . AT A AR R
5'FN 3" LTR X A BLiS 8l 3 1 Lo B 4 o R 43 31
55 260 f5 A1 33 £%,5 KNG 9 514 bp A BeE M Ho Xt
HR G 260 5, Mt i 5 5 T 3" KN 614 bp A B ok
(P<C0. 01), {H 3" A b F BE 3% 1k B2 8% b X BE R 33
L H 2SR E(P>0.05) (K 5),

35

[\ N w

S v S
T
>

AR EAE
Relative fluorescence value
O

10 F
51 B
B o1, X
pGL3-Basic ~ pGL3-514 pGL3-614
A kL

Recombinant plasmid

B 5 51470614 bp FERHBEFiEE
Fig. 5 Relative promoter activity of 514 and 614 bp frag-

ments
3 93

3.1 HWIRMANRE ev2] fKEH

EH A A B PCR §7 3 — 4k 1% 7 590 bp
JEAN AL ev2]l AR 6 614 bp., il i /¥ 51 bE okt
RIZFH g 977-7590 5 evl £:H (GenBank %t
FEELCAY013303) . g.1-976 5923 ev2l fEE A G
f7 7 5] (GenBank & 55 . X54093) . g. 7318-7590 5
% P ev2l 9 ¥ i {7 J¥ ¥ (GenBank % 5% 5.
X54094) ML BE 34 K 99% . it 1648A F1 1648S
SIYY 3G ev2l 55 55 4 3 A Ui ¥ 41 IR ev2l
T E R ALK 1 450 bp FE A PF 82 I 34560 5 5E
B oev2] SEEE L4 (7 524 bp) Y 9 679 bp ¥, BE
P S ARV 22 G S A R B 4 663 bp PR [ 19
TR B ER ALV SERAL R B 1R 9 S5 78 R B Y
ol X6 6 ¥ ARG I0) 3) PAUR 1 I R 1 3 P A B

FIA 7 590 bp KR By AN T oev2l 7E HA
wn A/ R XGHE 259 4y 5& R 2H v Y A A O & BEK
1718 P EEXG B R S 65. 5% » RAT M AN | K XS

18P 8 PHAE 2R 90 00 LA b ¥ 25 IR B AR 02 2P
X T 240 0 S R X0 R SR A X 0 B 45 A R 0N
100 %6 o 1115 A AT A 4001 8 X8 R 22 JK A PR B 3, LA
it 24 PP RERY BR800 000, X — 45 Rt
B N T I 9 75 ev21 550 2% K R JLAH AR 1 o R
SE AR H 5 R AT XS R 1 K R A M PR I AR 5
SR, L S A P A R A A ev2l,
FIH 7 590 bp K By 38 m] LA o iy Hb %6 5@ 49 N U
ev2 1 Jj5 B A7 FE % 0 38 3 3% 7 2% AT A7 SR A R
fiii e ev2l B A4, DA ST ev2l BA M A9 18 ) b
XHE

¥ 9 679 bp J¥ 5] 5 X 5L K 4L 5 He okt & B
ev2] ¥ 7 I 1] 4 A FERY Z Ye a1k g 10681671-
10681672 Z 8], B T ev2l 7E % Yu (@ 14 rfr iy B 4K
M. AGEPRMAILEREN T Z ik, AR
FEWG KRR PRS0 F Z Y fk g 10611410-
10633009 [X & iy PRLR & [H & & 5 & 40 6. ev2l
JEE AL 5 PRLR K2 A [E] i 48 663 bp,
3.2 e2l FELIREEBEHFEUESH

JRYL G T A0 RNA J 47 &35 20 % 905 8 mR-
NA FEE 4 RNA B 5K, LTR XY U3 J& 5 #%
SRR B, IR T LS T 14 55 B0 TR B0 2
BT LTR X 55 0 5 5616 2 51 & 0, H A 5 % B
ev2] 5" LTR X HA R 58 1 5% 5% )3 3 7 16 4L i
3" LTR W HAT #5505 sh i . B. R. Cullen %
FEHTEILNY 5" LTR f27E it . & (s i # 37 LTR
RNEEA U shit . It L A Softberryt™
(http://www. softberry. com/berry. phtml? topic
=nsite &group: programs &-subgroup = promoter)
IHT. BRI 5 LTR X 514 bp BB AE7E 3 4~ TATA
4.1 3 LTRIX 614 bp A BEHA 14 TATA &
TR & B 514 bp A BEFAE 8 4 miRNA, i 614
bp HFEBEH LM 2 4 miRNA, XAffEE 5 LTR |
TR ETCHES S TR S8R T
TWEPEM B T 3 LTR. 4k 324 25 1k Ah ik o6 & 9
miR-155 & 3 F I P9 I A 0% 8 evl B9 R K,
S. A. Herman 55158 & 3R Y 9 B 1) B £T 4 40 it
RRE I E d 3" LTR 3 i %A ki 5/
LTR J5 8 0% A 5 2 RNA 1 15 %5, 3% —4%
R AR R (Y 514 bp J BL e TG HETT 614 bp
B —%., K. F. Conklin ¥ evl.ev2 Fl ev3
i LTR X U3 S84l A 297 307 [ R 2 . KB =
Fofr P VR 15 1) 0 B0 T R R A AR AR A = XS Ik
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NH2ZFE£IK S LTR X U3 589 804 1 1R 28 %
BHRZRP NN ev2] T 1E B XG4 41 g N % ¢
T PEARAR . TR 56 40 & B LTR X BLAR & (09 55 3
TIE M 6B X 3 P 413 81 vhoR] BE A7 R A £
e, Y. Yu ZEfEH ALV-E 4 3L g5 3L
o 3 M A4 52, B EMBOSS Cpgplot Chttp://

www. ebi. ac. uk/Tools/seqstats/emboss

_ cpg-
plot/)Xf 7 524 bp ¥ 5 4T 73 B BLEEAS ev2l
TSR N P8I AP AE R JEE O 238~526 bp IINAE CpG
Sy o AR T I 29. 9%, 4 WU R R Y
5" UTR X FIHE R 45 #4803 7T RS2 ev2l fIRH% 3t i

555 EOR R A S BE

4 &

RIE IS T ev2l JEH 7 524 bp & KT
G 206 B R Al ATERY Z Y AR g, 10681671-
10681672 Z[a], Jf H 7 590 bp JF ¥ K H Bt PCR ¥~
HA] DAAE S S G N R I 0 B ev2 D R I
o ev2l 5ifg 25 KM PRG5BS B 5 RAT Y.
WK RS ARERED . ev2l fid 5° LTR K A
A B RS B E
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