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Abstract: [ Objective | Plumage color is not only an important appearance feature of chicken breeds , but
also is of important economic significance because it affects the choice of consumers when quality poultry are
put on the market.Jiangxi Province is rich in local chicken resources with unique characteristics , among which
feather color is prominent.The purpose of this study was to investigate the variation of MCIR gene in Jiangxi lo-
cal chicken breeds and its effect on feather color.[ Method ] The variation in MCIR gene was identified in 333
samples from Dongxiang blue—shell egg layer, Yugan black bone chicken, Nancheng black chicken, Anyi grey
chicken, white ear yellow chicken, Ningdu yellow chicken, Kangle yellow chicken, silky feather black—bone
chicken, Chongren partridge chicken and Xiushui yellow feather black—bone chicken via a PCR products re—
sequencing method.Then, based on the above mutations the haplotypes were constructed for each animal by a
PHASE software and their effects on plumage color were evaluated. [ Result | A total of fifteen mutations were
detected in the MCIR gene, including 10 missense mutations , 4 synonymous mutations and 1 deletion muta-
tions. Among them , both ¢.366C>G (p.122[le>Met ) and ¢.547_549delAAC (p.183delAsn) were newly discov-
ered mutation loci, and 31 haplotypes (HO-H30 ) were constructed , among which 6 new haplotypes(H11,H14,
H15, H16, H17 and H27) appeared only in yellow or white feather populations.The haplotype H4 or H2 was
found in all black feathered individuals (Dongxiang green shell layer, Yugan black bone chicken and Nan-
cheng black chicken).Both of them contained c.212T>C (p.71Met>Thr) and ¢.274G>A (p.92Glu>Lys ) loci.
Dongxiang green shell layer only had H4 haplotype. All the grey feather individuals (Anyi wa—grey chicken)
carried H4 or H5 haplotypes , and H5 contained more ¢.636G>A and ¢.637T>C (p.213Cys>Arg).In addition,
H7 contained more c.644A>C (p.215His>Pro) locus than H4, and CC mutation was not found in all black
feather individuals.The dominant haplotypes of yellow feather population ( Baier yellow chicken, Ningdu yellow
chicken , Kangle yellow chicken and Xiushui yellow feather black—bone chicken ) were mainly H24 and H25.In
addition , the dominant haplotypes of white feather population (silky silky feather black—bone chicken )were H7
and H15. [ Conclusion | MCIR gene had abundant variation in Jiangxi local chicken breeds.Comprehensive
variation and haplotype analysis showed that the loci affecting black feather formation of Chinese indigenous
chicken were ¢.212T>C (p.71Met>Thr) , ¢.274G>A (p.92Glu>Lys ) and ¢.644A>C (p.215His>Pro).The above
three loci can be used as specific molecular markers for breeding black feather traits in Chinese local chickens.
Furthermore , ¢.637 T>C (p.213Cys>Arg) locus of H5 haplotype may be related to the dilution of feather color
of Anyi grey chicken.
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Tab.l Breeds,sample number and feather color phenotype of experimental animals

sl AR P FRA

Breed No. Plumage color
RS Lk5e R Dongxiang blue—eggshell 36 P
T I L B Nancheng black 26 FEP
AT 2 H3% Yugan black—bone 35 SR
L SCELIKAY  Anyi grey 37 P
ZER2L P S H 38 Taihe sillie 32 SR2
E7K #3538 Xiushui black—bone 34 wp]
JTEABEBE Guangfeng baier 37 P
THREAY Ningdu yellow 35 e
HEARBY Wanzai yellow 26 P
SRR Chongren partridge 35 R

43t Total 333 -

1.2 REHE

1.2.1 DNAZRRL fr4eml R R (5 A 42 IS I 7 5 ] 2H DNA, {ff DNA %5 7 TE 2% vhf , {8
Nano Drop 2000 3 58 /M3 G RETH(FEBR K, JE ) K I PR 41 DNA ¥ B2 RNl i, IR FH B0 W Bt e Hi
VKR JEE T4 DNA 58381k o SR B 0T 15 4% 1 S5 DR 2 DNA i B 28 20 ng/wL 1 TAEW , RAET-20 C
VKA

122 314pi%it 5 A& R4S NCBIU LI FE A MCIR 3K 751 ( GeneBank & 5% 54 AB201629) , i
i Primer Premier 5.0 #4514, 51 ¥ 77 % MF 5'-GCTTTGTAGGTGCTGCAGTT-3' #il MR 5'-TC-
CACCCATCTGTTTGTCCA-3", ¥ 14 i BE K K 1 105 bp, 519 TAL 5T R A= MRk A BR2A 751 EE 432 7
G

123 PCR¥ ¥ 5 M A5  PCRY BRI AR R BAEB R 25 pl, 430514275 1.1xT3 Super PCR Mix 12.5 pL,
MF 1 wL,MR 1 pL,DNA 45 2 wL, fl ddH,0 8.5 wlL. PCR W 2 A 94 CHIAE L 5 min; bl J5 E4T 34 4
TEFR, LIRAGFRH 94 CAEME 50 5,59 CiB K 45 s F1 72 CHEAf Imin; 72 CIEH 13 min;4 CL74F. PCRZH)
FIFH 1.5% S HRWEEE R ST B VKR I, BT AR AR Rr S0 H AR AT , 38 20 B I A5 &1 ) DL L 1, PCR =4 14 2
AEAUSL ]I 7 227 R G st SR AE R A BRA R R 432 7 58 Ao

124 Aol st fod Fae 8 % 5] W F 45 JH) B SeqMan (DNASTAR 7.1) 8 {4 #E47 DNA J 51 LE X Fi 43
B AN MC 1R PR 738 S, i JF R & IR AR HEA T BE R A

1.2.5 AR GH BT SEUR NG R Ay SR DR B A R ] PHASE v2. 1 50 T 1A S 40 XS AR 1)
HAEAL

1.2.6 ##E42  FIFH EXCEL 2019 8440 MC 1R 3 PR 4878 507 s 76 1 06 ot b B4 o 4 366 DR R0 %%
PAAERUTR | R 48 35 PR AR B AR AR AN [R] P € by XS R v o A B 0, 20 B 5 ) € 3 AR ) M S
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FIFH SeqMan R4 X500 77 )5 51 2E 47 T, 4G I
BI5GB (R 2) , HP B LB A2 104>, 73501 Ky
¢.212T>C (p. 71Met>Thr) | c¢.274G>A (p. 92Glu>Lys) |
¢.334C>T (p. 112Arg>Cys) . ¢.366C>G (p. 1221le>Met ) |
¢.376G>A (p.126Val>lle) | ¢.398T>C (p. 133Leu>Pro) .
¢.409G>A (p.137Ala>Thr) | ¢.427A>G (p.143Thr>Ala) |
¢.637T>C(p.213Cys>Arg) Fll ¢.644A>C (p.215His>Pro) ,
[ LG5 44>, 43 5 ¢.69C>T . ¢.486C>T ., ¢.552C>T ., Bl MCIRE PCRY Ik
c. 636G>A FI 1 A~ Bk I R 7% (c. 547_549delAAC Fig.1 Gel electrophoresis of PCR amplification
(p.183delAsn) ) ; H: 1 ¢.366C>G Fll ¢.547_549del AAC products of MCIR gene
R RIB AL . AR 2 AR B, B A
¢.366C>G HTE U PIEAR 1 L BE, 3-bp B2 2875 (¢.547_549del AAC) I HER /0 B8 P A~ b HE 3
7 15 ¢.212T>C (p.71Met>Thr) Fl ¢.274G>A (p.92Glu>Lys ) & B P REA (R £ 58 X AT 5 H 38
FEE TR ) PRI (22 SCTC RS ) BRI R AR (52 RAS ) v () A i LR AR A | [a] B 3 7> 3)
P BFIARTE ¢.212T>C A7 8 ARAS I 2 TT BN, 78 ¢.274G>A A7 5 ARG 2] GG BIAA ; 76 it L il
e BB BERTE ¢.637T>C (T N FIAEA FE PR ) 47 o5 1 FN2e CEL IR M AFAE 22 5%, 5 & i A7 A — 52 Ll i
CEENE LN L AN, 55 RROPIRE AR (SRS ) A EE , BB BEARAE ¢.644A>C (p.215His>Pro) v 5 - DL A 25437
L A R AT LD, RT3 CC 2l A AN . B PIRE R AR MC TR PR rb iy A6 000 381 114 245 53257 437 1t 5K
2 (F2) 5 10 FPIREAR (BRI 223 538 ) 24> 22 8 PR 5 (69,212,398 .636 .637 Fll 644 ) [ 3= B P AU
HREPRASEA -2

1105bp

1~7, 55539 PCR 724 ; M, Trans 2K DNA Marker,

R2 BEBEMMCIREENE R SEEBNE
Tab.2 The genotype frequency of variation in MCIR in each tested breed

SHAPEEAREL Breed No.

B TR 12 P JRF]
Black Gray White Yellow Partridge

R ERR KRS F b AT TY ML kR EAH

Musions Genoype S5EEN  an g e e e g T BORIE SRS
Dongxiang Ningdu Wanzai  Chongren
blue Nancheng  Yugan Anyi Taihe Xiushui  Guangfeng vellow vellow  partridge
eggshell black  black=bone  grey sillie  black-bone  baier
36 35 26 37 32 34 37 35 26 35
c.69C>T cC 0 0 0.057 0 0.276 0.471 0.162 0.771 0.769 0
TT 1.000 0.923 0.772 0.811 0.207 0.088 0.622 0 0.077 0.600
TC 0 0.077 0.171 0.189 0.517 0.441 0.216 0.229 0.154 0.400
¢.212T>C T 0 0 0 0 0.355 0.588 0.811 0.943 0.769 0
cC 1.000 0.923 0.886 0.784 0.161 0.088 0 0 0.077 0.943
TC 0 0.077 0.114 0.216 0.484 0.324 0.189 0.057 0.154 0.057
¢.274G>A GG 0 0 0 0 0.031 0.471 0.730 0.800 0.769 0
AA 1.000 1.000 1.000 0.811 0.906 0.088 0 0 0.077 1.000
AG 0 0 0 0.189 0.063 0.441 0.270 0.200 0.154 0
¢.334C>T cC 1.000 1.000 1.000 1.000 1.000 0.941 0.946 0914 1.000 1.000
CT 0 0 0 0 0 0.059 0.054 0.086 0 0

TT 0 0 0 0 0 0 0 0 0 0
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%3¢ 2 Continued table 2
rn A FEAZL Breed No.
Ee BH W #P) Y
Black Gray White Yellow Partridge
RAfrd WREL RZ gy KT mX RMLR BKEE EAE :
Moo Genovpe IS e o wm im ae g 70 WRI RS
Dongxiang Ningdu Wanzai  Chongren
blue— Nancheng ~ Yugan Anyi Taihe Xiushui  Guangfeng sellow vellow  partridge
eggshell black  black=bone  grey sillie  black=bone baier
36 35 26 37 32 34 37 35 26 35
¢.366C>G cC 1.000 1.000 1.000 1.000 0.938 1.000 1.000 1.000 1.000 1.000
GG 0 0 0 0 0 0 0 0 0 0
GC 0 0 0 0 0.062 0 0 0 0 0
¢.376G>A GG 1.000 0.962 0.886 1.000 0.969 1.000 1.000 1.000 1.000 1.000
AA 0 0 0 0 0 0 0 0 0 0
GA 0 0.038 0.114 0 0.031 0 0 0 0 0
¢.398T>C TT 1.000 1.000 1.000 1.000 0.281 1.000 0.946 0.914 0.962 1.000
cC 0 0 0 0 0.188 0 0 0 0 0
TC 0 0 0 0 0.531 0 0.054 0.086 0.038 0
c.409G>A GG 1.000 1.000 1.000 0.973 0.844 0.882 0.973 0.943 1.000 0.943
AA 0 0 0 0 0 0 0 0 0 0
GA 0 0 0 0.027 0.156 0.118 0.027 0.057 0 0.057
c427A>G AA 1.000 1.000 1.000 0.865 1.000 0.529 0.135 0.057 0.115 1.000
GG 0 0 0 0 0 0.059 0.460 0.343 0.500 0
AG 0 0 0 0.135 0 0.412 0.405 0.600 0.385 0
c.486C>T (o) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.886 1.000 1.000
TT 0 0 0 0 0 0 0 0 0 0
CT 0 0 0 0 0 0 0 0.114 0 0
¢.547_549
JlAAC AAC/AAC 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.886 1.000 1.000
del/del 0 0 0 0 0 0 0 0 0 0
delAAC 0 0 0 0 0 0 0 0.114 0 0
¢.552C>T cC 1.000 1.000 1.000 1.000 1.000 0.853 0.946 0.914 1.000 1.000
TT 0 0 0 0 0 0.000 0 0 0 0
CT 0 0 0 0 0 0.147 0.054 0.086 0 0
¢.636G>A GG 1.000 0.962 0.886 0.595 0.250 0.412 0.139 0.057 0.115 1.000
AA 0 0 0.000 0.081 0.188 0.118 0.611 0.486 0.577 0
GA 0 0.038 0.114 0.324 0.562 0.470 0.250 0.457 0.308 0
c.637T>C TT 1.000 0.962 0.886 0.595 0.187 0.412 0.139 0.029 0.115 1.000
TC 0 0.038 0.114 0.324 0.594 0.470 0.278 0.457 0.270 0
cc 0 0 0 0.081 0.219 0.118 0.583 0.514 0.615 0
c.644A>C AA 1.000 1.000 0.943 0.946 0.406 0.588 0.639 0.829 0.654 0
(o 0 0 0 0 0.156 0.088 0.083 0 0.115 0.914
AC 0 0 0.057 0.054 0.438 0.324 0.278 0.171 0.231 0.086
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Tab.3 MCIR haplotypes based on the 17 SNPs and amino acid substitutions

AR AT FR 7 ¥ Nucleotide position e,
Haplotypes 69 212 274 334 366 376 398 409 427 486  547-549 552 636 637 644  Plumage color
AR
Ho (IR C T G C C G T G A C AAC C G T A A AU
Nucleotide  (Asn) (Met) (Glu) (Arg) (Ile) (Val) (Leu) (Ala) (Thr) (Thr) (Asn) (Asn) (Ala) (Cys) (His) wit
(amino acid)
C TRPYAT BT 151
HI * * * * * * * * * * * * * * Grey with black
(Thr)
spots
C A PRAP
H2 ® * * * * * * * * * * * *
(Thr) (Lys) Extended black
C A C Hey (a,pel
H3 * * * * * * * * * * * *
(Thr) (Lys) (Pro) Brown
C A B
H4 T * * * * * * * * * * * *
(Thr) (Lys) Extended black
C A C Eueld
H5 T * * * * * * * * * A *
(Thr) (Lys) (Arg) Extended black
C A C C AHge
H6 T * * * * * * * * * *
(Thr) (Lys) (Arg) (Pro) Unrevealed
C A C BRUER!
H7 'l‘ * * * * * * * * * * *
(Thr) (Lys) (Pro) Buttercup
C AW
HS 'l‘ * * * * * * * * * * * A *
(Pro) Unrevealed
C A
(Pro) Unrevealed
T
H10 T * * * * * * * * * * * * * *
wt
KA
H11 T * * * * * * * * T — * * * *
Unknown(New)
A AR
H12 T * * * * * * * * * * * * *
(Lys) Unrevealed
A A 8 P
H13 T * * * * * * * * * * * *
(Lys) (Thr) Brown
A C c ARA
H14 T * * * * * * * * * A *
(Lys) (Pro) (Arg) Unknown(New)
A C C RA
H15 * * * * * * * * * * A *
(Lys) (Pro) (Arg) Unknown(New)
A G C G RA
(Lys) (Met) (Pro) (Arg) Unknown(New)
A G A C C AR
(Lys) (Met) (Ile)  (Pro) (Arg) Unknown(New)
A A C AR
H18 * * * * * * * * * * A *
(Lys) (Tle) (Arg) Extended black
C C A Hpe
H19 ® * * * * * * * * * * A *
(Pro) (Arg) Unrevealed
c w0
H20 ® * * * * * ® * * * * * A *
(Arg) wt
c IR
H21 * * * * * * * * * * * T A *

(Arg) wt




F2M i DR B G MC TR S DI TE T PG 7 X P A A8 S | B 8 2 S ) (B 5 - 385 -

2243 Continued table 3
i KRR Nucleotide position B,
Haplotypes 69 212 274 334 366 376 398 409 427 486  547-549 552 636 637 644  Plumage color
T C PN
H22 * * * * * * * * * * T A *
(Cys) (Arg) Unrevealed
T C PN
H23 T * * * * * * * * * T A *
(Cys) (Arg) Unrevealed
G C INE P
(Ala) (Arg) Wheaten
G C INFE B SpNe)
(Ala) (Arg) Wheaten
G o INE PN
H26 * * * * * * * * * * * * *
(Ala) (Arg) Wheaten
¢ AH
H27 * * * ® * * * ® ® ® ® * ® *
(Ala) Unknown(New)
c g
(Arg) wt
C C *[Dj[‘)\
H29 * * * * * * * * * * * * *
(Arg) (Pro) Unrevealed
G NEEPT
H30 * * * * * * * * * * * * *

(Pro)  Wheaten like

210 X HEHT HO(AB201629) \H10 H20 A1 H28 L5 AU, RSP (6,5 BF AL, 3R -5 HO SRR, —2on Rt IR B
Red jungle fowl carry both HO(AB201629) \H10 ,H20 and H28 haplotypes , meaning both are wt. Asterisks (*)indicate that the nucleotide is
identical with that of HO, Hyphen(—)indicates that the nucleotide is missing

23 MCIREARBERHEREE IR BM AN mIAE

WAE MC IR FED GRS IX (1) 15 A8 S0 S I T 31 FP £ 80 (HO-H30) , Hoh H11,H14,H15,H16,
H17 FUH27 25035 & LAY i 2R WLARGE o BRI 0 45 MC 1R FE PR A5 7Y () 1 JE RN ZE VL PG Hl
75 R F e (R A3 A R TE DL 26 3, PRBFSE R B HO H 10 H20 H21 il H28 BA{3% 50 Sy X9 (%) B A= 780 A 44 JiF L
AP H1-H30 JAE R R BT HO S R a2 . fr 3R 3 T4, o H1 . H10 . H27 \H28 FTH30 3 H &
1N A7 5 ARV A3 SR €.212T>C . c.69C>T . c.274A>G .c.637T>C Fl c.644A>C A8 o7 15 . H2 L H1 247
TE ¢.274G>A 72 T i o H2~HT7 YL [FIRAAE 2 2 85 LARAB AL 8 (¢.212T>C Fl ¢.274G>A) . Hi AT
H2, H3 H1 H4 /3 BAFETE ¢.644A>C 78 S A7 15 ¢.69C>T 28 50 A . HIL T HA B R HS 3F— LA
¢.636G>A Fll ¢.637T>C AZ S5 i, , H6 Witk — 2 K BL T ¢.637T>C Ml c.644A>C AF 543 5 s HT b H6 DA
c.637T>C A8 S0 5 . H8 FIHO HF 1 ¢.69C>T Fil ¢.644A>C 78 S v 20 i, Wi 5 X IAE T H8 2445 ¢.636G>
AR S A o HIT S 14587 & B0 B R 2R 2R AR A3 A5 (¢.547_549del AAC) Fll 2 4~ 2 & B (] SL 58 A8 A7 151
(c.69C>T H1c.486C>T) LAY . H12 Fb H10 28 B0 1 A48 LA 15 (¢.274G>A) {H H13 tL HI12 I8 247 4E
c.409G>A 75 T . H14~H18 T T ARIE K ¢.274G>A . c.636G>A Fl ¢.637T>C 28 Fefoj i, Hivpr | sz s
SEL AN HIS HAHA ¢.398T>C AR A7 55 55 HIS (X HIFET H14 H16 FIHI8 ¥ ZHA 1 AR A7 5 (4K
IR ¢.69C>T ¢.366C>G Fll ¢.376G>A) , 1M H17 f& Z A7 1 2 14 L AE 7 14 (¢.366C>G Fl ¢.376G>A) o
H19~H25 ¥ % ¢.636G>A il ¢.637T>C AR S/ o5, Hod H19 \H21 A1 H25 4393l Fb H20 £ ¢.398T>C .¢.552C>T
Fl . 427 A>G AR S0 ik 5 F H21 RS B H22 FH23 8 L[ AT ¢.3334C>T Fl .552C>T A8 5407 44, 1 3%
ERAETH23E LI T ¢.69C>T A8 5247 st s H H24 H H25 AL ZHHA ¢.69C>T A8 540 1 o H26 L H25 /0%
W c.636G>A LA i, H29 R 24 LGEAB 1L, 43Sl 2 ¢.637T>C il c.644A>C 728 v 15

MCIRFEH BAERIAE 333 SFVT 76 b5 XS o (1) 43 A RN PR AU W 4, Fr 2 4 ] 0, BRI RR AR A
PRALERIN H2 AT HA, Hoh 7R £ S5 A BEAR HUR B 1 R B R HA g 3k T SR XSREAAR b & BRSNS
FETEHA T S5 RN & H2 8 Ha o JOPTREIAR (2 SCRC IS ) B A B PR A% A HA FNHS , B4
ARERS S AT H4 B HS BAAERL . AR RRAG HT AR SRR RSN & 47 HT BAf5 R, 45633
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x4 SRBMMCIREE R B ERIRE
Tab.4 Thehaplotypes frequency of MCIR in each tested breed

PP Plumage color

B WM SR P JRH
g Black Grey White Yellow Partridge
T I TR
Dongiang Nancheng G RRRY HG B 5 G gt G JFRAG
blue—eggshell Dlack Yugan Anyi Taihe Xiushui Guangfeng  Ningdu Wanzai  Chongren
black grey sillie black—bone baier yellow yellow  partridge
HO - - - 0.013 - 0.324 0.014 0.071 0.019 -
H1 - - - - 0.016 - - - - -
H2 - 0.019 0.086 - - - - - - -
H3 - - - - - - - - - 0.200
H4 1.000 0.943 0.829 0.703 0.031 0.015 - 0.014 - 0.014
H5 - - - 0.163 0.016 - - - - -
H6 - - - - - - - - 0.019 -
H7 - - 0.028 0.027 0.359 0.235 0.095 0.014 0.135 0.757
HS8 - - - - - - 0.014 - - -
H9 - - - - - - 0.081 - - -
H10 - - - - - - 0.026 - - -
HI1 - - - - - - - 0.057 - -
HI2 - 0.019 - - - - - - - -
HI3 - - - 0.013 0.078 0.058 0.014 0.029 0.029
H14 - - - - - - 0.026 - - -
HIS - - - - 0.421 - - 0.043 - -
HI6 - - - - 0.016 - - - - -
H17 - - - - 0.016 - - - - -
HI8 - 0.019 0.057 - - - - - - -
HI19 - - - - - - - - 0.019 -
H20 - - - 0.013 - 0.015 - 0.014 0.019 -
H21 - - - - - 0.044 - - - -
H22 - - - - - 0.029 - 0.043 - -
H23 - - - - - - 0.014 - - -
H24 - - - - - - 0.459 - - -
H25 - - - 0.068 - 0.265 0.216 0.615 0.693 -
H26 - - - - - - - 0.014 - -
H27 - - - - - - - 0.014 - -
H28 - - - - 0.031 - - - 0.019 -
H29 - - - - 0.016 - - 0.029 - -
H30 - - - - 0.015 0.041 0.043 0.077 -
£t Total 1 1 1 1 1 1 1 1 I 1

7R L BRI S T S AR A

Hyphen(-)indicates that the haplotypedoesn toccurinthe tested breed
AT, H2 (H4 (HS FITHT 4 F sl e 4 35 7 LR Y €. 212T>C Fl e, 274G>A 2N SCIAR ., AHAS T H2

AL, HASEIN T ¢.69C>T 65, 1M HS S HAMEAN T ¢.636G>A Al ¢.637T>C AL 5 4, H7 L HAHEfin 1
c.644A>CAE ST o PN TREUR I 32 B B TR0 HT I HLS, v 28 R 2230 19 1 0 AR i R 2 o fi
B 24~ AR A AL At A B4 BRI . IR AN, ORI T R R R R 2, 2 AR F
L LSS A 3 2R HO VHT \H24 i H25 ; H A 8 7K 8 2P S XS BEOR Y 5 22 A5 702 HO  H7 A H25, H24
FH25 A AULE T =F 1 H X T A & o I B A, 7 R B A A v S22 e I H25, B IR B A AR 2
P4 HT FTH25,
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3 WS

AAF5E I PCR =) B 300 P78 333 PIVL PG Moy 3G Hh At % B MCTR LR 2878 154, Horp 2 587
(¢.366C>G (p.1221le>Met) Fl ¢.547_549del AAC (p.183delAsn) ) Z 8 & B, JE T [R5 S oy s, Hhoply 1 Baf
31 45 (HO-H30) , Horb o & B B 10 6 25 (H11  H14 . H15 H16 . H17 FTH27) , MCIR 3£ AR Z ) 725
S AT LA TR Al A [ 3R I VPG Tl R R €5 B N AR B S AR . AT SR 72 AR & Sfoc
FEAGHR P U T 1 RS R e, — @ PRI UL ZR £ Shae BRI R 4l 15 , 31X 5 A S50 2 i il
SUMUNE s N i VT N ATITB DT B e 2 £ G N (T2 AN N ERE: S G

AW & GEFEEENG AT 51 R 1 R I T B R 1 Sy i BELOP A AN A A T T SR 2 AN s
(¢.212T>C(p.71Met>Thr) Fl ¢.274G>A (p.92Glu>Lys ) ) (F2) , 2B 3R 2 AN 5 5 7104 M 7 X 4l 22300 (1)
PEIE A K. X5 Kerje 5 i3 24 38 L5600 M & BH ¢.274G>A J2: TG 7 36 o 2 2 50 36 RUIE ol 1 D] 2R 28
AT B 2 BB R ¢.274G>A 278 5 5238 P B UIAH ST, 1M Ling 5511 9 28 (5, 3% 55
P EN A 0. 274G>A 2245 PR A5, 1P €8 38 B0 R4 B SP) , AR Al SR P R A L LR AL 2
J(F3) WoR RIS 13 2 445 SCZAR 78 N B S5 AL £ 20 6 Fp (H2-H7) 5 BRI & ¢.212T>C i
JAE N Y BB L, T B0 5 A5 . 274G > A S8 A5 4 Y (1 B4 U4 7 45 (H12-H18) .

PO IR 48 5 B R VTP M 5 RSP N R A A H2(¢.212T>C Fil ¢.274G>A ) B H4 (¢.69C>T, ¢.212T>C Fl
c.27AG>A) FAfE I | — H I FIR ¢ 212T>C Fl ¢.274G>A 244 X 2838 6 5, Hih R 9 2 S E
H4 [ 22 , 3 5 50 R H A (] (7 1 B SPI RS AR A 0F 9 45 SR A — 30, MR Z TR S e A
H4 1 AR5 R 3 RN AR T 5 B XS 43 i B A A A5 Y SR A R st 2T 5 . 5
H4 FRAE U2 AR L, H3 SR B D T c.69C>T AL 84, (H RIS AN T ¢.644A>C (p.215His>Pro) fif £ ; H5
FE R BN T ¢.636G>A il ¢.637T>C(p.213Cys>Arg) i 5 s H6 FALERIBE N T 637 Fl 644 v /5 s HT 36 m T
637 s o SEATIRG AL G AL HT H AR MAES EA HT A58, © A i W5 R W H7 S Al b Yy
¢.644A>C (p.215His>Pro) i 1 & 4 KUAE (Buttercup ) 3 €0 X8 14 4 1 A5 AUE), ¢.644 A>C AR 5740 5 Z2 IR B i
EEAME ¢.274G>A (5L ¢.212T>C) 28 A S 1 SRR DURRVE T, SE M FRAIR MC TR B 6 M 5 3Rk it
FEAR T 0 2R BT R, e 2R ECP BB 2 IR AT AT T AT B SE AT ¢.644A>C A7 i I
BRI E] CC 2R RIS, Hy o] L, P VI PG 1 7 3 SR P AR A 87 45 B ¢.212T>C il ¢.274G>A 2 -4
SCGEARAN AT T ¢.644A>C A a5 o

QWIS SAN LK R S kie) WS BN S i S I R R e N TTE - N N 202
B, T B BUOSAS AR & A7 Ha 5 HS S5 AL, DUAEHGE & I ¢.637T>C 8748 1] B 80 A2 cAMP 5 %
e )3 oo~ MSH Jf- 9 /b FLRR 3 A P DURR, S 177 1 SRR RS A 3 P 0, L An ™ Py 71520 (B ACHIFSE o, HS 2R
570 A 2 SCBL R XS REAARSI 3R AR (0.163 ), AL BB 43 A 2 SCBL NS 1) I 21 2 vy B 2P g i ok , (A
Bl S 0 o S) 2 0 (9 TG . 40 00 T B A0 O A 7 5 R e 39 TR B8 2 22 (i Tl BT MU R T R A
BT SR o AHIFZE B AR A 28 TR 22 3P 25 X0 vt S ) 381 P 5P 98 A8 67 05 ¢.212T>C 1 ¢.274G>A  {H i F
TYR LN 45 N F 1 7.5 kb 36 5% U067 140 A 1 U TY R # 2% 5 B A6 2 1 g ) (SR R ASREDL
FUF P BALL, DO 230 Bt (P i 2 R S PR AR v 3 o0 A (AR 0 21 H7 A A, R B3 P B 52
(14T D DR 30 0 B P A A 2038 A JRR Y, [ s 38 4 A B2 ) A A /D B OP

25 BT ASWF G 3 A %) 333 SPIYT PG H 05 XS Ff b MC TR JE R4 78 S5 07 5 5 5 R B R R, %
¢.212T>C Fll ¢.274G>A 2 A5k 58748 S [ml 4 F 20 B M 7 3 B P B ; Rl ¢.637T>C 5 ¢.644A>C A8 57
A7 5 BB T LA X — L [RIVE H , Fir 2 RE A% 0 B 60 UEA T B AT 22 3 1R 2 SCBRU NS I3 P8 5 I 2 DT
PEHEAE SRR A, JF PR B R A R, T 80P B 2 80 P S 28R 5 P 4, R Al e.212T>C
.274G>A Fill c.644A>C 37 s A Sy v [l b 5 38 J 3P 43 S 7 A A8bRic

Brigt - AT P 4 45 7 AR X ASBIFTE R AR 1 S 4
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