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Preliminary Studies on Genetic Etiology of Mink Trichophagia by SCAR

LI Qiu-fang, WEI Lai, LV Jing, FU Jing, DU Zhi-heng, NING Fang-yong, BAI Xiu-juan”
(College of Animal Science and Technology , Northeast Agricultural University ,
Harbin 150030, China)

Abstract: In order to discuss the causes of mink trichophagia at molecular level, SCAR(sequenced
characterized amplified region) technology was used to analyze genetic constitution of the healthy
and trichophagia mink groups. Four polymorphic primers were screened from 126 random primers
by RAPD. The different bands were amplified in healthy and sick mink groups. The specific
bands were then cloned and sequenced, two SCAR primers were designed according to their se-
quence information by primer A20 and S139. Then PCR amplification was carried out in the
healthy and trichophagia mink groups. The results showed that the frequency of SA20-757 in the
two groups was 86. 88% and 27.41% , respectively, and y’ test of polymorphic fragments in the
two groups showed significant difference (P<C0. 001); The frequency of MS139-230 in the two
groups was 94.21% and 39. 38%, respectively, and y’ test of polymorphic fragments in the two
groups showed significant difference (P<C0. 001). SA20-757 and MS139-230 associated analysis
showed that the frequency of the specific bands in trichophagia mink group reached 95. 36 % , and
it was higher than a single specific primer SCAR. These results indicate that the associated analy-
sis of SA20-757 and MS139-230 can identify the healthy and trichophagia mink populations, and
this molecular biological method can be used for the early diagnosis of trichophagia mink.
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1 #HE5RFE

1.1 #&# #
1.1.1 S50 sh TE R T 42 U /K 3 357 55 3 Bl H1L

PEHL 259 Hf KSR A 259 R Bk S . R 5B
WAL ET&H 0% LR 1.5 mL ) EP &
Haf [l SEE &, T —20 CIRAER

1.1.2 HKEHLEI9 126 Z5BENLS Y B AL 5t S A
AR B DR B e 0 A B 7 A 1

1.2/ &

1.2.1 K:H4 DNA RY#H 7K SR BRI AL 21
ZIFPORS 1 Uk I 2R K R vk )R B2 0.2 g
-5 e HE UL I 41 DNA, 375 F TE H, —20 C
PRAF . FH SR E Je rL Kk R 4R A0 43 o6 0 13 3k U A
I DNA {19 20 B FHR B2 L SR 5 M BE AR 50 ng » pl ' 5%
M.

1.2.2 b DNA 61 4% B 200 HKFEAS &
DNA B % 10 pL, # HIR G F B4 i — 4> DNA

I PR IE B S A4 1) DNA B 78 DNA i b i
W 50 ng « pL ' T AL . R
100 HA@FE/K 5 DNA F1 100 H & B K5 DNA £
W& B 10 pl 23 SR & fE — & H L 2 AR TE Y
DNA i, 1 F RAPD Fric . i % A 25 5 bric 19 51
w.

1.2.3  FlALG] i ik e 126 519143 51
XPREAR DNA Wi 17934 b i i 28 F &
H &AW W 0 R ML R 519 A20 F10S139., 4R
Jei R HH R B 5 1 X 2 A4S CfEBRE 5 f8 0995 ) DNA 3l
#E47 PCR 44 ,

1.2.4  FEALY B S & R 5 &A1 PCR 4" 1§ &
RF A 25 L. Hidh K7k 16, 3 pl. 10 X Buffer (%
Mg* )2.5 uL,dNTP(10 mmol « L") 2.0 pL, i
LB 2.0 pL, Taq B 0. 2 uL,DNA #itk 2.0 pL,
RS AF: 94 CHiAs k5 min; 94 C A8k 1 min,
46.2 'C/41.4 CiB k1 min,72 CZEfH 1.5 min, 45
ANE ;72 C 10 minsd CLRFFE. P24 1035 IR IR
BRI L UK 5  TEBE I UG AN WL %€ DNA %47, JF
HEAH

1.2.5 PCR ¥ 37 ¥ ity 5 B i 1y DNA "1
Bt gk J5 1 4% v F) pMDI18-T 8k I,
AL B R FF 3 TM109 o, Pk BH M sE BE I A LB
WARRE FR e, 37 C 8% R 3 5 35 5% SR 5 FH o 24 it
FEIRBUNE TR, F EcoR 1 /Hind I AUHGY) 5 %
FERRIN . K AR R 28 5 8 Sy B 1 BRIk 2 AL I N
B A R PR B3 A B2 w0 7

1.2.6 SCAR ¥ & 5190t R A20 FI
S139 P 7y 14 25 S A g1 Wy Bt Jst ), =R it 2 X
SCAR 2%, B8l ¥ )5 5 J7: SA20: F 5'-CGGATGC-
CTAATTGACTGAG -3',R 5'-TCTGGAAGAGCTG-
GTGGC-3"; MS139: F 5-AAGATCAAGCAGC-
CAGC-3',R 5'-CCTCAAGATTCAGCCATG-3',
1.2.7 SCAR Fric i % Uk FIH SCAR Fric$&
AR TR 5 5 | 0 68 £t 5 7K 58 A 1A 0 8 7K 50 A4 43331
HEAT R SR 1 0 SR T G A5 R L IR R A A i R
SRR Z 22 R AR id. PCR 4715 SRR
25 L A KK 16,3 L. 10X Buffer (55 Mg*")
2.5 pL,dNTP(10 mmol « L™ )2.0 puL, F 519
# 1.0 ul, Taq /i 0.2 p L, DNA#HZ 2.0 pl. M
594 CHAZPE 5 min; 94 C 784 30 5,60.9 C/
61.3 CiBk 30 s,72 CHEff 40 s, 35 PMIFH ;72
C 10 min; 4 CLRAF. W4 17 508 WEEE K i vk
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for the Social Science Release 13. 0, SPSS Inc.
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SARICH A Ol B B 45 X IR 25 S hR g 19 A
RILHR R IR

2 # B
2.1 RAPD-PCR § 14 R

126 ASFEHLT 1Py P i 1 4 > 2 SRR 5
Y. Hohg¥ A20 F1 S139 UFE [ K 50 97 3
1000 ,400 bp ZEA45 B9 DNA F Bt . 1 75 { B 21 h
B e 5 7 Be (| 1L 181 2)

1~5. f@#FEKSR Uk :6~10. &HBAKFH; M. DNA X 43 F BT r ik DL2000
1-5. The healthy minks; 6-10. The trichophagia minks; M. DL2000 marker

1 A20 BEALSI M B ERFI R EKSE DNA I &R

Fig. 1 PCR amplified results from healthy and trichophagia minks DNA using A20 primer

1~5. & EBKH ; 6~10. f@EEAKIH; M. DNA M X 4F i & 7 DL2000
1~5. The trichophagia minks; 6~10. The healthy minks; M. DL2000 marker

B2 S139 BEHLSI YRR T EKSE DNA WY LR

Fig. 2 PCR amplified results from healthy and trichophagia minks DNA using S139 primer

2.2 A20-1000 #0 S139-400 455 DNA F B #oill e
GHR

226 7S G e R TR DR B B B0 A B2 B I
JKFR A20-1000 FEPH P F] 4 B4 1 148 bp, S139-
400 FEF A By 421 bp (Bl 3, & 4) ., 4 pril
J¥ %t GenBank Hr (1) Blast J3 51 8 43 #7 » 25
A20-1000 434 17 51 55 N 4 G 9% 3K 25 1 5 R Kk
AIGSF) 1 [FIJE 1 Ry 65 Yo o AR B il e 310 i 11 1 %6
A4 757 bp 9 SCAR #ric 519, 78 2 40 (fE R 5
K KA R R o AT B E . S139-400 § 34 ¢

55 Ny FHL2 J&H 75 (1 [R5 M35 96 %6, A 4
FE AN B 1 X T 8S 230 bp i SCAR #rid 5l
Yy AE 2 4l RR 5 S0 AK SR AR 2 A T B IE
2.3 SCAR #R5|4 PCR ¥ 1B 4R

2.3.1 SCAR-A20 %75 51 ¥ 75 {8 B A& B K S A
PRIE DR 20 v i 3 3 25 JH SCAR-A20 5| ¥y x¢
e e A& B KSR BEAT R S e 1 B S R AL 5
fiis . 5149 SCAR-A20 7E 259 HE E/KFHH A 225
ARBEY 4 HH 29 750 bp [ 454 (SA20-757) , T 7E
f K SARER P AUE 71 AR Y I HH &
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R A R KW GR 1 SA20-757 fEE M T HEACZ 8] A 4L L 1] 22 S i i35 (P<<0. 001) .

GTTGCGATCCAACAATCAAATGAAATAGGCAATAAGATCTTTTTTTTTTTTTTTAAAGATTTGTTT
TTAGAGAGAGAGAGAGAATGGAGGTGGGGGAGAAGCAGAGGGAGAGAGAATCCTCAGACTCCCCT
GCTGAACGCAGAGCCGGATACAGGGCCTGAAATCAAGAGTCGGATGCCTAATTGACTGAGCCACCC
AGGTGCCCCAATCCTACTTTTTCAAATGAGGACATGAAGGCCAAACACGTGCATTGGTCCCCATTAGG
ATGTAAAGGACCCAGGCAGCAAAACTGGCCAGTATGCAGTACAGGCTTCCTTTCCTCACAGCATCCA
AAGTGTCTCAAACTTCAACCAGAACACCTCTGACGCCAGCAGAGTGGGAATTGCTGAATGCACTCAG
GGTCTTAAGACCTAGCCAGAGTACAGCATATGGCCAACCTTAAAATGTTAATGTCCATTTCACATTCTA
TTCTACGCGGTAATATAGTTATGGTTTTTAAATTTTTTCTCCAAGCTTCCAGTGAAACTGACATACCAAA
AATGTGTAGCAAGTGTATCCTATGCTAGTTTAAGGGACTATGTGACGCCACCGTATCCGTTAAAAAGAC
AGAACACACATATGGCCAATGAACCAAAGCCCTTATGGAGCAGCAGGACCAACAAGGAGAAATGAG
GACAGTACGCACTGAACCCCCATTCCTTGGAGAGTATTCTCGGCCTTGCTCAAAGAAGAGAATTATGA
GCCGGCTATTTTAAGTGAGGAATTAGAAATGGCTACAAAAGAGAATGAGGTATTCAAATTGGAAAAA
AAAAAAAATGACAGATGCTAAGAAATTCTCAGAAATAGGGTAAGGCTACCCAGCACTGGGAAAGAA
GTACGTAGAACTGGCTATGCAGAGGGCAGGGATTCCCAAGCAAGAAAGCACCCGAAGGACTTGTTA
CACGCACACAGCTTGCTCTCCATCCCACGGACCCCATCAAGTTTCCAATTCCACAGGTCTAGAGTGAG
ACCCGAGAATTTGCATTGCTGAGTATTTCCAGGAGATGCTGATGCTGCTGGCTTGAGTACCATGCTCGC
TCGATGTGTTTCAGGGGGAATCAGAGGAGGGAGGGAGCAGGTCCACCTGCAGAGGGCCGGAGGATC
GCAAC

T RIZER G R 51 A20 P4 s ML R 432 SCAR #1514 5 41
The parts underlined show the sequence of the primer A20; the parts in which the letters are bold show the primer of SCAR
marker

B3 A20-1000 R FBEMEFT
Fig. 3 The whole sequence of the idio-fragment A20-1000

CCTCTAGACCTGAGAAGAGCCAGTTTTTCAGTTTGAGTCTGAAGGCAAGAGAGAAAAGATCAA
GCAGCCAGCCAGAGAAGTCCTTGCTCATTCAGCTTTTCTGTTCTATTCACATCTTCAACTGATTGTAC
GGGGCCCACTGTATTAGGGAGGGCCCTCTGCTTTACTCTGTCTACTAACTGAAATGGGAATCACATCC
AGAAACACACTCACAGACACATACAATCAACGTGACACATAAAATTAACCATCCCACTCTCATATACA
ACATGGCTGAATCTTGAGGCTGTTATGCTAAGTAGAATAAGCCAGTCATCGAAGGAAAAATAATTAA
TGATTCCACTGACTAGAGGCATCTGAAGTTGTAAAAATCACTGAAGCAGAAGGTAGAACAATATTTGC
CAGAGGTTGGGTCTAGAGG

TRIZH A J 51 S139 )75 5 R LR 43 SCAR 4512 51 49)¥ 51

The parts underlined show the sequence of the primer S139; The parts in which the letters are bold show the primer of SCAR
marker

B4 S139-400 HFRFENEFT

Fig. 4 The whole sequence of the idio-fragment S139-400

1~10. K DNA §744 785 11~20. EK DNA § 39 ; M. DNA X 43 5 i fr v DL2000
1-10. PCR products of healthy individual genomes; 11-20. PCR products of trichophagia individual genomes; M. DL2000
marker

5 5|4 SCAR-A20 HRRMREABNMEEEATHE S PCRYBER
Fig. 5 Partial PCR amplification results by primer SCAR-A20 in the healthy and trichophagia individual genomes
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R1 SA20-757 IRICERBRMREKBAEH O HHER

Table 1 Distribution of SA20-757 marker among healthy and trichophagia minks

AR IC A A LB/ % R FRid A H i/ % .
KA . . - . 52 bR e BLIE Ho 51
Individuals with Individuals without P
Mink Reality ratio Theoretical ratio
SCAR marker SCAR marker
fd i Healthy group 27.41(71/259) 72.59(188/259) 71+ 188 148 = 111 —0.001
& B Trichophagia group 86.88(225/259) 13.12(34/259) 225 % 34 148 : 111 '

2.3.2 SCAR-S139 55| W7 & Fe M8 B K30
PREE DA 4 v i 97 G 45 I SCAR-S139 5| %t
B FIE B KSR BEAT R SRR T 0 T A R I 6
fiR. 514 SCAR-S139 1 259 H & BAKH T A
244 AR BEY S I T 29 250 bp Y %A (MS139-
230) .+ M 7Ef HEAK SR M P AU 102 A RYT 14

HW&H ., Rufmas REV (G 2), MS139-230
TE {65 A1 B A 2 18] 19 41 B EL 1) 22 S5 4% 2 3% (P
<C0. 001), SA20-757 5 MS139-230 It & 4> #r i&
W7 e 5 P 2% TR SR K BR R UK I 43 A AR i Gk
95.36 % (£ 3) ¥ HLBA SCAR ¥ 251 Wi P 1 1
(=N

13 1415 16 17 18 19 20

T W L S e -

1~10. {@EFEA K DNA §738 ™95 11~20. & FBK DNA §7 3™ 97; M. DNA X 4>+ BiiArif DL2000
1-10. PCR products of healthy individual genomes; 11-20. PCR products of trichophagia individual genomes; M. DL2000

marker

6 3|41 SCAR-S139 EEBHREXBNMERATHE S PCR LR
Fig. 6 Partial PCR amplification results by primer SCAR-S139 in the healthy and trichophagia individual genomes

®2 MSI139-230 IR ERBRMRENMEKBHAIHER
Table 2 Distribution of MS139-230 marker among healthy and trichophagia minks

WHMC A ARLLE /7% R RIS R L/ 2

K5 S B B A IS LA
! Individuals with Individuals without " ! © ! Xz
Mink Reality ratio Theoretical ratio
SCAR marker SCAR marker
fd i Healthy group 39. 38 (102/259) 60.62 (157/259) 102 : 157 173 : 86 —0.001
& % Trichophagia group 94,21 (244/259) 5.79 (15/259) 244 : 15 173 : 86 '

R 3 SA20-757 5 MS139-230 iR it HEERRMAE KRB E P S HIFR
Table 3 Distribution of SA20-757 and MS139-230 marker combination among healthy and trichophagia minks

y WhR LA LB/ 2% R FRCA R LG/ % "
KA Individuals with SCAR marker Individuals without S n H HE L) XZ
Mink Reality ratio Theoretical ratio

11 10 01 SCAR marker

fit 24.32 9.65 22.39 43.63 63 : 25 ¢ 62.5+:37.5¢
Healthy group (63/259) (25/259) (58/259) (113/259) 58 : 113 19 : 140
JoEE! 83.78 5.02 6.56 4.63 217 + 13 ¢ 62.5+:37.5¢ <0. 001
Trichophagia group (217/259) (13/259) (17/259) (12/259) 17 : 12 19 = 140
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ik 1 ( Tumor suppressor in lung cancer 1,
TSLC1), & Gomyo % T 1999 4 & Bl 0t — />3 3k
P8 T e R OB SR 2 T I A 11923, 2, 42
KR T 300 kb, & 10 AR 5 HE ™Y 0 4.4
5 1.6 kb KBy mRNA A, #4442 4> 2k
2 % B 1) 55 240 Jf 266 BFEAH OC 1) 5 IR 2 . IGSF4 45
FI 2 HLA DXL 5 T X R B 5 X . B A XA 4 3 A f
JERRE FRE C2 B 7 B, 55 O 28 40 M0 25 B 0 1
JEE [R]85 85 5 DX kg — 68 7K 1 MR E 5 ML B X 45 4 5 1, 7Y
MR C Rl ah— N E A 4.1 458 BRF—1
PDZ 25 5 BRI RE 515 55 5 A K,

CAUESE IGSF4 Kk K B AL 2Kk 15 5 it 9 L i
I B AU DR e | L e A 22 b MR B R A e
JEAOE . T IGSF4 414 i 8 1 43 ¥ HL R H i ik
AGEANERE L E N AMIF ST T2 A P AR A0 I G B D T
WEFEIN R Fbi B 53 - o o5 728 o s 40 L 7 — b AR ALE
e S 1 B AR i e vh i B8 WL B R B 20
MRS . TSLCT Rk B2k, BR T i I8 40 i 26 i =2
G T RE B 1k — A A e e e B BRI O £ S L X
TR A R/ B RS B R ORI
Z s SLCI Y IEH F R M T e (9 & A F R R

HAT R BFIE 281 IGSFA SR 5 s R 55
PR A O, I HL5 Bl 2R SR s A OC oG ISR 2 55
TR A AR 2 R G . Surace %] West-
ern E[J 305 %5 fiki 5 55 957 200 B AR A 123 451 o A R R
TSLCT B PIRIKI 0 AT B AE 3 Pl 4k ki 1588

A Ak, TSLCL KRB K, 76 482 1Y R I
FREIRE 69 00 Al TR i A IR L 85 0 114 M i 5 AL 98 v
TSLC1 ik . N R TSLCL () 3k Bk 5 i 4
9% 5 N B 2R 7F A 5. Houshmandi %5 #F 58 %
B . TSLCL 7£ 8 [ RNA KV-FERAFAE T = ey b
25 (WHOI/ V) & i ZE AR 2 i) (WHOL/ID #i 28
RSB A ) b AAEAE X 28 & R W] TSLCL 5 #
25 J8 J5 98 ST PR R R AH DM B R . KR B B AE I K
o i R A2 TSLC1 BE P f RIk 5 EME A
ff Tt — WA

B i) MS139-400 3 5] 781 (4 BE Oy 421 bp,
1P 5 5 N FHL2 $E 5 5 50 (1 [ I8 1 35 96 %6
FHL(Four and half LIM domains) i 4 >3} LIM
ShH B . H R R Ry FHL 28 06 01 A 4%
FHL1.FHL2 ,FHL3.FHL4 1 FHL5(ACT),FHL
G ATEDAL b BEORST - BRI FL 3 4 4 o AfAR
SRR N a2 R A R SRR LR IR R O
MfEE™ . FHL2 2 H s IR A BB . 2
5V R 0 238 5 5 T A0 M S8 B 4 i
PRGNSR TR IR W HA AR LT LM &
AR RS ERE T S EEEN . RIER R
Bl FHL2 B:H 5 A BV R &R .

FHL2 235K T4 5 00 i e A7 51 5598 il 98 LI
I T M R R B B A i R M R R R AR
Gabriel 2550 % BLOP §L 9 b 40 FHL2 3k /KF
BOEH bR A0 MW 8 T 2 55 b 9o 40 8 8 A 4K
A A T BRI ppl25FAK &5 FHL2 JE i —
ANEEE G TEN B0 S0 A A5 5 T b R AR AE
Fi. Borczuk %" % Bl FHL2 7 8 40 i 42 b i
Ik MAEIE il A U o Rk  FHL2 5 K P3R5
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