FEDKFERRE 2022 £ 4 B, 29(4): 503-514

Journal of Fishery Sciences of China

DOI: 10.12264/JFSC2021-0511

i bmilb EE R ZFR S SERESERMERERIKEKE

B, NG, B, 2440

L RERFER K 5 arEbe, LT KiE 116023;

2. WKASSEYHOREZE LGSR E, WAL, hEPEBF AU I e, T EREBK AR

WEE R, WAt R 430072

FE: bmilb KPRy e sl B 1, 76 445 22 B0 T 40 M i) 13 3 8 R0 4 0 M Oy TR A B . AR T 5 X
(Hypophthalmichthys nobilis) bmilb SR AT T AT TR 22 350 K 4 B L5 A0 1ORT AR B8 10K (%) S B 14 53 BT o 83 bmi 1
4 5800 bp, 17 9 AMAMNE T 8 NN T, HEIERRFINIESE AL LE N ARSF o bmilb FE8E T Fr i A IE H (6 2 55
R, WRIG & T B B AR 32 K5 O 2 98 R IR A B 0 20k, SR U1 %0 B S RS, LA R RS IR A k4
fF . R PCR ¥ 547 Wy B3 5 1Y )7 5, 7E8H bmilb 3’ UTR 3875 2 4~ SNPs g.5224 T>A 1 g.5550 C>T, F| I35
F 1SR A RN 169 A UETT SNP JEPH 43 KO 5 28 KRR R MR i A e o0 r, S5-I g.5224 T>A
MR Ik R S A DG (P<0.05), 50 R RSk A S i A G (P<0.01); 2.5550 C>T 54 d AMA IR (4 AH &k
BEN B E K. 24 SNP (LS AL IE R A 4L A b o, SUEEL D2 (AT CO)MIE3AIE R BRI 4, Hofd A4 8
YRR A F 2 1 535 5 T HA UGS R, X 2o ol it — 5 .38 bmilb SN IHEEIRAE T 2%, FIRHGE bmilb JE
SNP FRic 76 A8 K FIAR TSR 19 73 B A0 5T bt HA R0 1 TV -

KGR G bmilb; PRFIRZENE, KR, AR CHRE B

FE 5 ES: S961 X kAR EED: A

B 2 5 JE (FR) Bl T L 9 BE 48 ABL AL 1
(B-cell-specific Moloney murine leukemia virus
insertion site 1, BMI1) & PRC1 (polycomb repres-

sive complex DFJFRGEM G, B—F A0
B ST R 7, LA IR s I RIS E T 40 A 4
i JE BT R S AEN ) AR bmal B N A
— IR, X IR S5, bmil TEYR
T 358 B R ) B 1 s v A A G A
bmil 5 c-Myc B [RIVE HITE M A v k45 1
FIAEC. Chen 7% BRI 52 5 T 40 L (MSCs)
W bmil AL p16/p19 15 53 % AN il &£k R
Wit Feak, I & P P E RBAAEH
Lessard ZBI A 9R W, BE=Z bmil ()1 0055 T 48
JiLFT 20 20 B i 3 B TR RE A2 B . T A4l

K BH: 2021-10-26; f&ITHHE: 2021-11-09.

XEHE: 1005-8737—(2022)04—0503—12

IAEFAE, bmil TEAIEHAPIAFRIIRIEN: bmila
M bmilb, bmilb FEPRIEBE D4 (Danio rerio)”
BE 55 SR (Ietalurus punctatus) VR0 5 P4 EF R B
Wi} (Astyanax mexicanus) "V 025 R A W SRR A,
1T oAt £ 288 T A DL

ST hRic i B B Fh(molecular marker-assisted
breeding, MAS)J&F] FH 5 MR B % M S 1 70 F-hp
WX EA B R HIR AR T B B HL
AR A7 2 )5 B BE 0% BRAT PR IR A O 1 2 1R Al
bR, EESRE K (candidate gene approach)
Je i 2z (D1 R IF R 22 251 (single nucleotide
polymorphism, SNP){E A5 3 st 5 hnic, HA
MBEZ . )T s 2R LN, 2 H
Hif £ DNA 73 Fitfebric, W2t n

E4TWA: FXARBFAESTH(31472268); TR} 7RI PERHE 56 S LT (A) (24030505).
EEE N = —FL(1996-), L, WiHaFseAz, W57 o fi2sik G4 53 F F Fh. E-mail: yfgaol228@163.com
BEEE: BaA, P50, P57 0N 2814 § 0. E-mail: jgtong@ihb.ac.cn
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Pl O Iz B SE I Ay st e bsie Y. e
USRS B R, IEH B2 ASBI2 LA 2 Do
SRR R A S A | IARRHK 22 57 18 3 (P<0.05),
R UOE 1L 2E STATSA SLE W& FRms] 1 4
SNP i /5 G127A, &N S5 IFEERE . KeH

7 LR R 3 A OG o e B R AR fn s iy
KAEHH, Pl sEsl e mg ke A1 it
H(CPALB 4y B BE LG8/ 2 4~ SNP {7 5,
C+36A i mi AR A FER T . IRAIIE A A7
TEMEXES, Wang ZUS LI IEE 1 Apod-Ib
L) 2 4~ SNPs X (Hypophthalmichthys nobilis)
PR | A S5 A KM I A 3 5 . Liu 207
FEBEA K QTL rMreh e 8 TP53BP2 3L VLR,
E—25 % BOZFE R AN 5 F Y 14> SNP 585 ) 74
HFHBW) B EMHC, B5AKKBL). AmEBH)Mk
K (HL) e 3 40 2 (P<0.05)

S 2 R ] S A I [ R A B B K R B
1252 — . H TR A9 TSR R 5 B IR AT P
IR A TR, S B A S A0 S Y A R R R Y
PEMRA FriR b, 38 V)75 BT e 20 5 PRIk 9 3 4% 2
o ABSELL bmilb FEFAVE A FER, MR
DA £ Hr R B DR 4 P 91, SR L 4 000 P 3 A
ZEL A P A b ) BT R S AR A S, B A
bmilb SNP 58 A= S A R PR A AH SC 1, #R5%
T2 3 PRI 36 S 28 55 UK T R 1 38 £ 18 42 4 RN
SrFEMWE ST, ARG B AE R A R T PR
(1) 53 F-Fn e 5 B 8 A E 5% AL 4ok 38 3L DRV RD 20
ToAAg/

1 #MBEFE

11 HEXESLE

FHF bmil F£H SNP 3 5 05 25 19 10 EE 5550 51
R FRITFES AT . AR, Bl =, &
BO®E. k. Bt Rl . R, AT
R TR R AH S 43 BT A A B, R B LT
BRI Y, EEFEMERNIRARRTFRUK
TEAR U 30 37 58 45 14 (24~30 °C, pH 6~9) T [A]J#
TaFE 6 4~ H WS REAREAR 169 B(FHARE 120 ¢
ZeAD), Mg HAR K BL), kK (MHL), k& HH),
3k 55 (HW) . R 5 (BW) . & & (BH) Al 3k & [

(HL/BL), JfByHUREE & TIOKIKE T, —20 Cf
e M.

FHT 52 B9 0 i 33K 43 A A B 7 B L G
S KB B IR IR Bt A REAS e g T
PR . IR R AR R RGN . 2
g2t I 382 I8 772 N LR 22 18 I NSV B2
WL WUARON I . SR AR 1d, B S d.
BB 20 d FIFEGE 6 S H o HEFE 3 AR 1500 ¢
2o A RS B AN A, BRI S Al BB . T e i
MR OMEL L ML B R LR FEEE 10
AL IR TIWA, BlJE 7% 2-80 “CUKAH
RAFEH
1.2 E[FEZ DNA 15 RNA 25

JEDR 21 DNA $2HOR FH 28 3L i 2 - S 1 b
Bk, 1 %BEHEE I LUK (1< TBE 5 V/em) il
FrHEHLAY DNA JJis, B 1 pL #£ NanoDrop 2000
TR EREE T BN AE DNA ¥ BE R4l o DNA
BE SR AR 2 30 ng/uL TAEW T-20 CHRATF .

i FH Trizol Reagent #E47R1G | £ S fa g
A5 RNA $2H A 1%508 B b e e v ko Rz I
RNA [fit, 7£ NanoDrop 2000 f# & 43 GG I
52 B RNA HEJEFI ODoo/ODag Hufl )R, 17T
-80 CH&H.

1.3 F3l4ath

TEBHSE A1 P A 4R 3K A bmila R bmilb 3
K 4K 1 cDNA J¥ 51, M\ GenBank 2 i T 20 7L
Eh¥) bmil S ¥ 9 LU S AE 6.2 bmila F bmilb
FEH 3, ik NCBI Wy ORF Finder (http://
www.ncbi.nlm.nih.gov/projects/gorf/) 345 bmilb JF
)2 HE (open reading frame, ORF), | NCBI
P v (http://blast.Ncbi.nlm.nih.gov/Blast.cgi) # 17 &
FEFR T . K| FH ProtParam F2 ¥ (http://web.expasy.
org/protparam/) Tl il Zw % 2 1 A9 H AL PE BT .
SingalP #2 7 (http://www.cbs.dtu.dk/services/SignalP/)
T {5 5 k. @3t TMHMM Server v.2.0 B2
(http://www.cbs.dtu.dk/services/ TMHMM/) 73 ¥ &
F SRR 254 . {dF Pfam 2% (http:/pfam.xfam.
org/search) T 25 71 45 #4) 38 . {1} SWISS-MODEL
%3k (https://swissmodel.expasy.org/) it 25 1 — 2%
254 o ffi F ESPript F2 % (http://espript.ibep. fr/ESPript/
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cgi-bin/ESPript.cgi) #f 17 /7 51| £ & L X 43 #r, DA
MEGA 4.0 % {1 #1458 #% 4 2 (neighbor-joining
method, NNHH RS LB W .
1.4 WKHEE RT-PCR

FEEHUY B RNA FiBEE 500 ng/ul, fifi
M-MLV % —%% cDNA & A7) & (llumina, 3E[H)
S A L cDNA 25—, F-20 CHRAF&H M
HEIR G . TR A4S 4140 cDNA ke 3 15E R
B, BEit 1 X bmilb 51T 1 XF 6 p-actin 5
YT %65E i RT-PCR., ¥ F L %5—%% cDNA
HEAT 10 fEREEERRRE, Hil1E 4 RT-PCR 514 AR ifE
Mgk, JEIFEEATMY MR, VSEXT
0.95 HIEAEFESF VY 1 s Y T T —2
ERT, EfE RT-PCR WA ZRIIT: Sk
12 uL, f3#E: 6 pL Power SYBR Green PCR Master
Mix. 0.25 pL B ETFH#514 . 1.5 uL ¢cDNA. 7
ABI StepOne™ Real-Time PCR System I i#47&
i RT-PCR [, M FJFUNTR: 95 CHAEvE
10 min; 95 "CZ8E 15's, 57 “CiB K HIFEAH 1 min, 40
WAEIR; Frhlia 2, 48U 2B ik
T3 ER, BAFES E & RT-PCR Y,
Wit 3 MREEE . KR 2 B AN R
HIXHTF N B I B-actin (AR F k72 ] SPSS
22.0 BRI T Rk 22 K-S

1.5 bmilb EE5|#i& 1+ R SNP i s A ik

ffi F NCBI W3k Blast b X2 4% 3545 4
bmilb B ¥4, FFH Primer premier 5.0 H 4%
HNE AT UTR X33t PCR ¥ 885 113 1), ¥4
e A AN A HB DX ) 10 A SREA Y L [ 41 DNA, PCR
N EARFR A 25 pl: &4 1.5 uL DNA i, 2.5 pL
10xPCR Buffer, 0.75 pL rTaq fiff(TaKaRa, H &),
0.8 uL 4xdNTP, 0.8 pL [ IE [ FIR [ 5| 91R 59
(£ 2.5 pmol/L), #J5 in A & K 8 2lik =
25 uLo S SR BRIR JOR BEAT BT 25 740, HA 4%
3509 95 ‘CAEME S min; B 38 MEH, BAE
A% 95 CAME 30's, 1Bk 30s, 72 ‘CHEfH 15 s;
)5 72 CHE{# 10 min, PCR §" #7256 T 1 %1y
TN W R G v R AT LRSI, 5% M I AR A
LR — A e, ARG Wk b R g R
YR A BRA RIS FI T . A Clustalx #X
X RIETATRIK R 10 5 ) 25
HEAT HEXF, DA die /N 238 55 o7 JE TR MR IR KT 30%
() A% AT TR A8 S 67 A5, VE M ASHIF 5T )5 2 43 B 1 ik
& SNP 17 15 .
1.6 SNPfiImfy5 8

SNP 73 AR B3R FE . AR bmilb B
50 F B b A BEE SNP A7 25, DL 169 RS R4
FEA ) DNA NEMRUEFT PCR §734, ¥ # =1k

1 & bmilb EEY EHAFTASIY
Tab.1 Primersused for bmilb gene amplification and genotyping in Hypophthalmichthys nobilis

5|# 4 FX primer name 519741 (5'-3") primer sequence (5'-3") RE/C Ty JH# usage
Hynbmilb-1F TTCGCACTGAACCATC 50 P 5" UTR X
Hynbmilb-1R CGTGACTCCGCTCTT
Hynbmi1b-2F AGTGCGAGTTGACCATCTAA 52 P, 20 34NETF
Hynbmilb-2R ACTTACTTTTGAACAGACCAGG
Hynbmilb-3F GATGAAACGAAGGAGGGATT 52 4. 5. 640 BT
Hynbmilb-3R GGCATTGTAAGTACCGCTTTA
Hynbmilb-4F GAAAGTCATGTAAAAGTAGTAGGCT 52 7. 8. 94T
Hynbmilb-4R GAGACTGGACAGGGGTGC
Hynbmilb-5F ATTGAAGTTATGTATGAAGATGAGC 50 P4 3" UTR X
Hynbmilb-5R GCACATTTCAGCCGAATA
Hynbmilb-qPCR-F TCATTGACGCGACCACCAT 57 gRT-PCR
Hynbmilb-qPCR-R CCGCATAAAAATCCCTCCTTC
Hynf-actin-qPCR-F TATCCTATTGAGCACGGTATTG 57 qRT-PCR

Hynp-actin-qPCR-R

CCTGTTGGCTTTGGGATTC
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Jbnt BB A MR A R A R Ak Ay . A
FH Finch TV A4 X610 7 25 S 1A 7 45 o SE PR R 5L (]
TAAY RS A B (R N T AZ X FIAG IE
1.7 HBESHITSHH

S B R T B AR E R R . A
SPSS 22.0 #BAFHATIR A HEART bmilb SNP i s5
AFRFEFB S EKE, K, kK k&, kg,
SR FE R A 7 AN AR AR TR 1 S I 4y
Mo B SR EE IR T B R O 25 0 W, LA
W25, HilfT Duncan’s Z2FH LK . P<
0.05 BN M2 T8 2, P<0.01 A NS
PR 2, P>0.05 A £ 5.

2 HRE5SMH

21 Homilb BEELEHMEFITR

i BLST Xf 3£ [X 40 DNA 5 cDNA 541 i#:17
P XA HT, 45306 bmilb B 45K (8 1).bmilb
FH 4K 5800 bp, f17 9 NAMNEF A8 AN E T,
9 AR F I 554 118 bp, 102 bp, 60 bp .
51bp. 111 bp. 51 bp. 101 bp., 87 bp. 331 bp; 4t
BFE5ANSFRIESS GT-AG MW, bmilb
cDNA £ 1732 bp, uff 1 4> 983 bp Ay ik %)
BEHE(ORF), 346 bp () 5’ UTR Al 1 4~ 403 bp [y 3’
UTR.,

2 ORF TNz R, bmilb FEN A% 326
MR (] 2) F S5 FTRAE A 2 7R Bmilb
AR B A L, IR N EROE SR KRR
BRI S IR . % EALE 20~58 i ZIERR
i RING Z5#g5k, 458U TIE 5L, =5
N SFEABMEEN . £ 162~226 &R N
RAWUL 553k, Z &5 80 T Z kA48 E H
C Ui, EZRAMWE . BT ALEBIRE T bmilb
FAF Bmilb & H M5 il b 50, SWISS-

3105 32233362 3464 3647 3707 3939 39904078

5 exonl exon2 exon3 exon4
bmilb

exonS exon6 exon7 exon8

MODEL M3 (Y fEFii Bmilb 5 114 123~232 fif
RAEETR 25K, BTN BE IR X H R
Dige gtz 5 2 .

IS 3 PR 2H R 5 R R B bmila R bmilb B
FmRIpH, Hrp bmila 4005 323 MR,
XN EEERR T S EMESIY) bmil . bmila
bmilb JER Gt (3R 2) M 3L 1R 7 51 #4) R etk Ak
BEE 3), XPZIEAR RN AT T H R A
(boostrap), FHE 1000 K., Z5HREMH, HERFE L
B L8 bmila. bmilb £ HE R —3, 25544
B J 40 251 bmila. bmilb %K R R,

2.2 i bmilb Bt = RKESH

FIHSERT 98 62 it RT-qPCR, ST ARIG &% &
AL A T REAR DL R R A AS TR 2% B A SRR A A T
bmilb W28 Fik . S5 L, bmilb 1EH)
JRRG KB A BT, RAZAEN . 2 40 I RN 22 i
WY 2R 3A = W2 e T H AR I I (P<0.05), Hrh X
28 6L SR P R X R i L OB I Y 30 £ o S
WG R BB TEE ., bmilb FE LG R A0 A4
HAUh I ek, Hp ™ iRk wEim, .
TR B iy 2R3k, LRI I 1Y 36 58 i i
%o B 4 A S 5351 7R 1 52 2% ] RT-qPCR Kl
5% bmilb BB ] F2S ] AR
2.3 % bmilb EE SNP I &5 & K MR B LB
7

1 NCBI I BLAST T REXTIN 345 R 47 L
XFAAT, BNAHESE B RS BT 9 28 bmilb J
KA B o 3l BT, RN 1732 bp A6
bmilb 5 [H DNA H L4815 6 4~ SNP i s, 73 5J&
NFEH 4 NETH g4045 C>T, i TH SNET
) 2.4230 C>T. g.4278 G>A Hil g.4316 C>T, i T
3' UTR #Y g.5224 T>A DL g.5550 C>T, #R4k [
— {57 A5 AS R B3 B A8 K 30% 1 A %1 SNP

4189 4368 44194511 4612 4709 4796 4886 5620

exon9 3

Pl 1 B bmilb B R 25 R R R
Zefik R SAERIRIX, MOBRIIRINE T, HEARTFNG T, AHLFR 3ERFEX.
Fig. 1 Structure of Hypophthalmichthys nobilis bmilb gene
Left arrow represents 5' UTR; black rectangle represents exon; straight line represents intron, and right arrow represents 3’ UTR.
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Hyn-bmilb .. ......................... ... M@MHRTTRIKITELNPHLUCVLCGGYF IDAJK]]
Pip-bmilb . ........ .. ... ... ... MWMHRTTRIKITELNPHLYICVLCGGYFIDARKI]
Dr-bmilb .. ...... ... .. . ... ... . ..., EEMMHR TTRIKITELNPHLYCVLCGGYFIDA|
Caa-pmilb MSLSSYYSRFRAVLTPDRRLRYSLFGLRNLIUTIIESRES- S0k 388 0:-3:8AM{ehid Aelelel'sh §r).\
Cm-bmilb . ................ ... ... MMHRTTRIKITELNPHLHCVLCGGYFIDA
Ip-bmilb .. ... ... ... ... ... MBMHRTTRIKITELNPHLYICVLCGGYFIDARKI

RING domain

Hyn—bmz]b WTIVECLHSFCKMCIVRYLETSKYCPICDVQVHKTKPLLNIRSDKTLOQDIVYKLVPGLFK
Plp-bmilb BITIVECLHSFCKMCIVRYLETSKYCPICDVQVHKTKPLLNIRSDKTLODIVYKLVPGLFK]
108717 BN T IVECLHSFCKMCIVRYLETSKYCPICDVQVHKTKPLLNIRSDKTLQDIVYKLVPGLFK]
(OB Y T IVECLHSFCKMCIVRYLETSKYCP ICDVQVHKTKPLLNIRSDKTLODIVYKLVPGLFK
(&%, I/ T IVEC LHSFCKMCIVRYLETSKYCPICDVQVHKTKPLLNIRSDKTLQDIVYKLVPGLFK]
Ip-bmi]b T IVECLHSFCKMCIVRYLETSKYCPICDVQVHKTKPLLNIRSDKTLQODIVYKLVPGLF KLU

NG N IFIANEMKRRRDF Y AjlH PRI WIN G SNEDRGEVEXDEDKR I IADDE I IS LS I E Fisistu Mg iehin GRS L
I3y LN E MKRRRDF Y AGHH P BUOEIIN GSNEDRGE VEDEDKR T TADDE T 1S LS TE FR LS R C 150
r-bmi EMKRRRDF YARIH PPN GSNEDRGEVEDEDKRITADDE I TS LS I E Figi¥eiili(esol c RSPt
(2T ), @NEMKRRRDF YA P NN GSNEDRGEVIADEDKRI IADDE I I SLS IEF|ge iV s c I i/
o ANEMKRRRDF Y AR P PN GSNEDRGEVIA\DEDKR ITADDE I TS LS TE FjgleEh v Ele N R P!
Ip-bmilb Bup ¥ VANGSNEDRGEVEADEDKRITADDE I I SLS IEFFeaNncrayscINE]

RAWUL domain

9

9

8

0
Hyn-bmilb HERD THS KRYLQCPAAMTVMHLRKFLRSKMDIPCTFQMEVMYEDEPLKDYY T LMD Il
Pip-bmilb KPRYT KE KRYLQCPAAMTVMHLRKFLRSKMDIPCTFQMEVMYEDEPLKDYYTLMDI 8
9

8

0

Dr-bmilb KIS TKE KRYLOCPAAMTVMHLRKFLRSKMDIPCTFOMEVMYEDEPLKDYYTLMDI
Caa-bmilb IME Thge KRYLQCPAAMTVMHLRKFLRSKMDIPCTFQMEVMYEDEPLKDYYTLMDI
Cm-bmilb K(EMyT KE): KRYLOQCPAAMTVMHLRKFLRSKMDIPCTFQMEVMYEDEPLKDYYTLMDI
Ip-bmiIb K134 TKE KRYLOCPAAMTVMHLRKFLRSKMDIPCTFQMEVMYEDEPLKDYYTLMDI

Hyn-bml]b AYIYTWRRNGPLPLKYRVRP[ECKKIIIK LEER-3:Unhal IRslelG1282AP BEYE S D S SR K| ...TA
Plp-bmi]b SO EY N [):FN:3799:3'9:3:G(9):9:4M19AS G P RD DM T S[€R Rj3D T)HPoJSIN|S DY A N| ...TA

A

A
Dr-bmilb 'SERELIINISFIAFAITAFIICHII$As s P RN DM S|GERRED TIHEE]< s DIFCNEE] - - - s 1[v] 266
Caa-bmilb 'SERER B3 {F:-38-54:3'9:04:3:1G @3:$:4M:8AS S P RD DM S R[ER RIAD T )Pk c ND)PNERd . . . T2 296
Cm-bmilb 'SESEL P33 3-3A-38:8'4:87:3:1G M QAN S P RA CAT G T KIJE TIHEE]C sDjdr|sEids Asvrja 268
Ip-bmi]b AYIYTWRRNGPLPLKYRVRPECKKMK LEERSIERelb A CIsI4P 15BE S D S [EEFAK ] S P [ R=li il 1]
s 326

Hyn-bmilb A2 Ve T PERSEVICET
Pip-bmilb 22 \NLEEEIN G Ol F SEIK)\YISIK by
Dr-bmilb 2 VLN G opla F S EIK\Glel < b
Caa-bmilb 2 v GloRIels| S A )l SPAVICINT
Cm-bmilb rp rEIEN c oS F sEERKE
Ip-bmilb » ENEREIN c o F s[EKEEK[E

B2 6 bmilb 5 HAWRE 103 bmilb 2 1] (9 [F)J L XS
Hyn—§; Pip—2& 3k B 0 &% ; Dr-—3 5 ff1; Caa—l; Cm—K 35 IR Tp—3E A5 SR Al
T ) RING 25443801 RAWUL 45 F4 38 7R 76 2 B/ 7 51 i 10
Fig. 2 Comparison of deduced amino acid sequence of Hypophthalmichthys nobilis bmilb with
its homologues from other species of osteichthyes
Hyn—Hypophthalmichthys nobilis; Pip—Pimephales promelas; Dr—Danio rerio; Caa—Carassius auratus; Cm—Colossoma macropomum;
Ip—Ictalurus punctatus. The putative RING domain and RAWUL domains are shown above the amino acid sequences.

*2 ATHENHNOMEISERF?S

Tab. 2 Speciesand amino acid sequences used for NJ tree construction

B #F5 o GenBank % 3¢5 [ K 44 F W GenBank % 5¢%5
gene . GenBank gene . GenBank
name species accession No. name species accession No.

bmil ¥ Gallus gallus AY616032.1 bmilb BEHEfh Danio rerio NM_001080751.1
bmil N Homo sapiens NM_005180.9 bmilb  KVGEEEE Clupea harengus XM _012827972.3
bmil  /NE Mus musculus NM_007552.4 bmilb  FEMEY Alosa sapidissima XM_042073102.1
bmil  BFSE Sus scrofa NM _001285971.1 bmilb HLE 1%, Pimephales promelas XM _039677706.1
bmil M} Canis lupus NM _001287063.1| bmilb #HIRHENGHEE Pygocentrus nattereri XM _017725252.2
bmila # Cyprinus carpio XP_042570836.1 | bmilb KiEENREE Colossoma macropomum XM _036556691.1
bmila KPGHEE Clupea harengus XP _012688726.2 | bmilb FHL#& Electrophorus electricus XM_027017021.2
bmila ¥EZ 1 Danio rerio NP _919347.1 bmilb [T 4 Pangasianodon hypophthalmus XM_026940823.2
bmila WL Oncorhynchus mykiss XP_036790978.1 | bmilb [MHEEMh Esox lucius XM_010895367.4
bmila KRiGFENGHE Colossoma macropomum — XP_036414372.1 | bmilb BE &S XN Ictalurus punctatus XP_017351863.1
bmila BEE X RBMN Ictalurus punctatus XP_017309396.1 | bmilb SVGEFIIRHE Astyanax mexicanus XP_007236127.1
bmila ‘RY)EE Lates calcarifer XP_018557543.1 | bmilb i HA Chanos chanos XP_030631562.1
bmila FEFh Tachysurus fulvidraco XP_027032564.1 | bmilb fHf Denticeps clupeoides XP_028832128.1
bmila Y Carassius auratus XP_026056777.1 | bmilb Tl Tachysurus fulvidraco XP_026998707.1
bmila 4488 Sinocyclocheilus grahami XP 016140926.1 | bmilb ]l Carassius auratus XP_026062350.1
bmila # Cyprinus carpio XP_042570836.1 | bmilb UIKELRIE Sinocyclocheilus anshuiensis XP_016342859.1
bmila Je®B X A:fh Oreochromis niloticus XP_013125824.2 | bmilb 42RHE Sinocyclocheilus grahami XP 016127874.1
bmila FEVGRFINAGHEE Astyanax mexicanus XP_007254844.2
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Colossoma m

59

45
Chanos ch

Carassius

Astyanax mexicanus bmila

Tachysurus fulvidraco bmila
Ictalurus punctatus bmila
Danio rerio bmila

Cyprinus carpio bmila
Sinocyclocheilus grahami bmila
Hypophthalmichthys nobilis bmila
Clupea harengus bmila

acropomum bmila

anos bmila

=g
Osteichthyes

auratus bmila

64 32

100
34

100

43

Clupea ha

Danio rerio bmilb

Pimephales promelas bmilb
95

32 Colossoma macropom

5

99

60

Lates calcarifer bmila
75, Sus scrofa bmil
Homo sapiens bmil
98 Mus musculus bmil
67! Canis lupus familiaris bmil
Denticeps clupeoides bmilb
Alosa sapidissima bmilb

Chanos chanos bmilb
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Fig. 3 Phylogenetic tree for selected species of vertebrates based on amino acid sequences of Bmil
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Fig. 4 Relative expression levels of bmilb in growth and
development stages of Hypophthalmichthys nobilis
1. unfertilized egg; 2. multi-cell; 3. blastula; 4. gastrula;

5. nerve embryonic; 6. somite; 7. muscular effect; 8. newly
hatched larvae; 9. larvae of 1 day post-hatch (1dph); 10. 5 dph;
11. 20 dph; 12. 6 mouths. Values with different
letters mean significant difference (P<0.05).
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Fig. 5 Relative expression levels of Hypophthalmichthys
nobilis bmilb in different tissues
1. brain; 2. hypophysis; 3. hypothalamus; 4. heart; 5. liver;
6. spleen; 7. kidney; 8. muscle; 9. intestines; 10. skin. Values
with different letters mean significant difference (P<0.05).
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Fig. 6 DNA sequencing chromatograms of bmilb g.5224
T>A site in Hypophthalmichthys nobilis
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Fig. 7 DNA sequencing chromatograms of bmilb g.5550
C>T site in Hypophthalmichthys nobilis
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Tab. 3 Distribution of the genotypes of bmilb SNPsin Hypophthalmichthys nobilis population

L1, site FEA %L number FL (R AT % /% ratio of different genotypes S5 BE AR /% ratio of different alleles
g.5224 T>A 169 AA/46.7 AT/53.3 Al73.4 T/26.6
2.5550 C>T CC/72.2 TC/27.8 C/86.1 T/13.9

2.5224 T>A fil g.5550 C>T Z [al AL A LM A PR T G221,
SrBTERMY, PIAS SNP 7 ai ol LLZH AR 4 FlOBUR5 AL, 3 iWie

XG5 REA T 169 AR A4 K AT AR pE
RIEAT R, FAVEH B2 0 USRI 41T
SRR 5. ERE  KTERRLLX 3 SR
b, WEHES D1 5 D2 £ M E(P<0.05); FEK
AL SRR AL E R AR B, BUER D1 5 D2 24
FAIF(P<0.01), Hirp, BUFEAL D2 A4 R L2504
R TLPER A b 1 08 B o T A XA Y, 2
BER LAl A JE AL, T D4 XU R A 1
Fefh, JoHR X IZONAE B 5 AR K SR R A 1) S I

3.1 % bmilb EEEH 5ThaE

5 bmilb FEAFFTHEEHE R 983 bp, M 9 4>
PR 8 NN E FA L. 5" UTR iy 346 bp. 3’
UTR 4 403 bp., 5 HAbBE 5 10 2 Z 02 7 51 Lo X
S5 EIR, BF bmil FEHEERSEE 2). 7EEL
b, bmil FEAAZEF LS bmila FI bmilb Wikl R
(F 3), X5l B &S 3 S E AN
R AR A2,
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Tab. 4 Association of genotypes of bmilb two SNPswith growth and body type traitsin Hypophthalmichthys nobilis

S 2.5224 T>A 2.5550 C>T
AT AA cC TC

1A HE /kg body weight 0.127£0.015° 0.121£0.015" 0.124+0.01 0.126+0.02
1A+ /em body length 17.73+0.66 17.52+0.73 17.61+0.69 17.69+0.72
1 /cm body height 5.19+0.25% 5.06+0.248 5.12+0.24 5.17+0.27
3k /cm head length 6.50+0.30* 6.38+0.298 6.44+0.30 6.47+0.32
3k ¥% /mm head height 47.05+£2.34* 46.00+2.18° 46.40+2.23 46.97+2.52
3k %% /mm head width 31.15+2.01 30.51£1.86 30.82+1.89 30.94+2.16
SkAK L head length/body length 0.367+0.009 0.364+0.008 0.366+0.008 0.366+0.010

TE: AR/NG FREZ ) 7R 38 25 53 (P<0.05); AR RS TRk ) 7R i) 1 25 22 5 (P<0.01); AR AR 2 ) 7R B0 35 22 5%
Note: Different superscript letters within a column means significant difference (P<0.05), and different superscript capital letters within a
column means extremely significant difference (P<0.01). The same superscript letters within a column means no significant difference.

#£ 5 i bmilb g.5224 T>A 1 g.5550 C>T X4 B 55 4 K ANk B IR B9 £ BE i
Tab.5 Association of diplotypes of bmilb g.5224 T>A and g.5550 C>T with growth and
body typetraitsin Hypophthalmichthys nobilis

WAEHL diplotype

WH item D1 D2 D3 D4
AA CC AT CC AT TC AA TC

B % frequency 46.15 26.04 27.22 0.59

14 /kg body weight 0.122+0.015° 0.128+0.013° 0.126+0.016 0.118

#K:/em body length 17.53+0.73 17.760.60 17.70+0.72 17.30

A5 /cm body height 5.07+0.24" 5.21+0.234 5.18+0.28 4.90
y heig

3K /em head length 6.39+0.29°8 6.53+0.28" 6.48+0.32 6.20
g

3 ¥ /mm head height 45.99+2.208 47.13+2.13* 46.97+2.55 47.01

3k & /mm head width 30.51+1.88° 31.37+1.81° 30.94+2.19 30.86

JAKH head length/body length 0.364+0.008" 0.368+0.009° 0.366+0.010 0.358

T ARVNE B2 (8] R 3 28 5 (P<0.05); AR RS 5 5 2 ) R A I 35 22 53 (P<0.01); AH [R] 9 52 Bk =2 8] S 7R e i 35 22

DI1-D4: 43 Z6 /R85 1) 4 FhRUAE AL

Note: Different superscript letters within a column means significant difference (P<0.05), and different superscript capital letters within a
column means extremely significant difference (P<0.01). The same superscript letters within a column means no significant difference.

D1-D4: four different diploid types, respectively.

T80 bmi1b 3 P2 000 0] 5 P 5 4 35 B A5
SR, PICHEN bmilb R ARESIEEE . WL 25
TSI A, 65 bmilb LR A R 1 E B AL
RING %5 38 1 RAWUL Z5 438, 2 N8 (45 k485,
& RING S5 MR 26 1 e 7 & BT 1991 4,
b5 K& A RING finger Z5H93R i) A gk &
B, AT T BE 322 A TR T R A A
FH LA B 1 A A 201, RAWUL 45 4 3 2 T
2008 4F iy Luis 227 % B PRC1 BRE 25 1 —A>
FriE ZAELE L, 78 PRC1 & &K, Ringl 1
Bmil il i N i PR 48 S5 #3840 BAEFH, i RAWUL

ghpy 5 HAL PRC1 #Z DB A EAEH, RIS
BEARI 1 PRCT Z A4, Xiao 25 MERI R IF
U5 B RAWUL S5 893811 2 14 % RING 1a/b
Fl BMlla/b/e, ‘EATE K B B B & 45 )8 45 240 Ho 8
B AR FH o AT 5 30 3k o A 35 181 465 ) R b 5 245 4
AR SE ST, bmilb TESENLIAMAE KRR T
HORE T2 AR BE R, HFHLE T REW K
S0 fL A3 A AT B ) R 4 o X T LAt A - £ 2ROk 3O
T TR AT BE 26 BIM X AR K A Y B 3k 5
RUF SRR SR BT, 38 7 5 e A= K R Sk
WA B WAL TENLR A S H B L, 65 bmilb 1Y)
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DI A fr it — 20 R L R A bR A D Re S I 4
BN LLSZ R E
3.2 i bmilb IhREHE N K E FE B = RIXFAE
A5 B SERF 26 E B PCR 25 R /R, bmilb
LIRS IR i 22 145 I3 DA B 4 #0350 3k
EAREER R, fERZRI . 2L 2
13 3 AN B0 b 15 JE DR R X 55 B 3 (P<
0.05) 75 T H At st 393 (9] 1 22 400 Jif 30 f 6 3k WL
PRISEON HE4) 30 £%5), SR I LS i Hofth 2% B s 0 1)
FIRRACEAINREE o FRULTRATTAREI, 85 bmilb 2
— BRI, AR, AR RN R E o
FRAS S h AN M AZ A5 19, 172t L mRNA FZE
H B =X A7 78 B 5 H i HEJR 3 ] (maternal gene)
PO BRI mRNA P85 FIHE S R 3285 50 21
ARG R E o hTHIE mRNA KAER £
5 ol 0 AR R Ak, 1 200 i PN DR — Bl I 3R K,
M IR G % B AR 8 bmilb
BE D B A U 2 ) ek SR I, i Sk R 7
F EEHLUP A RS, HhFEm . Rk, &
PN AR N e ik it e T LA 2T, X R,
TR R AT R A AR R ) AR Y A5 B AL
W ERE REREREEEER . 2R ehs R4
I E B H IRy, bmil S Ye @ FsME, FE
PP AR 2 R G RTIAR AN M B35 7E . Molofsky
£ BSIBESIE W, Bmil 0] LA Cdkn2a £ 25, S0
M A R0 o bmil FEH 51520
FLEh W 0 R 2 A eBY, AR UK R AT R v
B obmil FH L FAEDT IR L EEEA
BT, e KRR s G 2 —, X
WA IE I bmilb 3 TR bk 2w T HAb 414
(R S IRT o AR I SR X 4 ot 22— P A 255 2 2 v g
mRAEEGER, WATAN bmilb WREEA (i
fifs 1 R A B A28 B AU B IAE
3.3 i bmilb EE M SNP SEKFNEEE
K E X B
AWFFEFES] bmilb FEH AL & I 6 > SNP i
R XA R AR AN T 30 %0 2 A7 AT g.5224
T>A #l .5550 C>T #ATHF5E, X 2 M 8B T
3" UTR X, SNP ZESLR AR oA 1z, FEEAL
T35 R b DX R G i X BT 3 DR 45 X B SNIP

AR A AR ] o AR B[R] 57, B a B R vl
AR By AR T S A R PE R A8 A . S FRATTI
JEiA T A AN P8, (AIFRAELE bmilb
(AN T K BE SNP, WE/nBil bmilb FHHA
155 1 D BE AR ST PE (functional constrain), M 11 BR il
HAN R FIXAFAE SNP A8 57 o fE7E T 4ifid X 4R
PP HIH) SNP 28451 i, W] RES I H A
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2B LG T B AR K . B M AR S A O
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GRARNT I K Y IR RN A — B, X4 SNP A
I mRNA FEA N IR E PR e A i %2, 421
HH AR, 57 mRNA 0 BT ] L o7 5 K
Frgy P e A ARSI g 6 NS IGFBP2 JE N
3" UTR 1196C>A SNP 501 miRNA %f IGFBP2
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Single nucleotide polymor phisms in bmilb and their associations with
the growth and body type traits of bighead carp (Hypophthalmichthys
nobilis)

GAO Yifan"?% YU Xiaomu®, GUI Jianfang®, TONG Jingou®

1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;
2. State Key Laboratory of Freshwater Ecology and Biotechnology, Hubei Hongshan Laboratory, Innovation Academy
of Seed Design, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China

Abstract: As a transcription repressor, the bmilb gene plays an important role in maintaining the self-renewal and
proliferation of many stem cells. This study identified single nucleotide polymorphisms of #milb and conducted
an association analysis with bighead carp (Hypophthalmichthys nobilis). The bighead carp bmilb gene has 5800 bp
in length including nine exons and eight introns; therefore, its amino acid sequence is evolutionarily conserved.
The hypothalamus exhibited the greatest spatial expression of bmilb in the tissues of adult bighead carp. During
the embryonic development and larval stages of bighead carp, this gene was highly expressed from the unfertilized
egg to the blastocyst stage, whilst its expression was significantly lowered after the gastrula stage. Two sin-
gle-nucleotide polymorphism (SNPs), g. 5224 T>A and g.5550 C>T, were obtained at the 3’ UTR of bighead carp
bmilb by direct sequencing of polymerase chain reaction (PCR)-amplified products. The results from genotyping
these two SNP loci in 169 fish from a multi-family population of bighead carp and their correlation with growth
and body type highlighted three key findings: (1) g. 5224 T>A was significantly associated with body weight and
head height (P<0.05); (2) g. 5224 T>A was significantly associated with body height and head length (P<0.01);
and (3) g2.5550 C>T had no significant association with body weight and body type traits. Allele combination
analysis of the two SNPs showed that the diplotype D2 (AT CC) was the dominant genotype combination and its
mean body weight and size traits were significantly higher than other diplotypes. These results provide a valuable
reference for further research on the function of the bmilb gene in fish. Additionally, the SNP markers of the
bmilb gene and their dominant genotype show good potential in molecular breeding studies of growth and body
type traits in bighead carp.
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