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EERFTFTIEE Ikaros BEE S"AERHREE. FI oM EIELE
SEBREHH 3= SNP fif & 75 1%

BREPS, FEa, AER mAKY, g, REg, 2B, Son’’

1. HPEGKPERRAF SR BRI P=IEFEAT, A SBHGH TG K = 0 IR F SR B SL0 s, 174 )M 510380;
2. B EHERE KPS0 aBE, i 201306;
3. ENTI AR G, AR BN 516002

WE: NI IE P B A (Oreochromis niloticus)HiHEFR 7R A 5 B BAZ 12 2 5 1 (single nucleotide polymorphism,
SNP)FRIT, AWFFTE T Y R R0k ol TR % B AR 1 Tkaros JEIH 5" X551, KN 4178 bp, H-MHAWE
BEEEXS Tharos 3k PR Jig 2h 7RG SR ST AT SO A 43 BT . R PCR =4 ELHI 7 75 MOEAR (Py) )2 2 % 4
1 Tkaros KR 5T IX T id#r £ 5 4 SNPs, 4350 SNP1(g.562, G>A). SNP2(g.217, G>T). SNP3(g—53, C>T),
SNP4(g.—220, T>C)#l SNP5(g.~579, T>C). FIH Snapshot i A XtF—1C(F))Je & % 4 o 5y Bt R FHom R 2t 4741
I SNPs BYFERE 43R, M Wi R 1L 2R S5 ?ﬁﬁﬁﬁﬁ%ﬁ{?ﬁé’\i(polymorphism information content,
PIC){H7E 0.0872~0.3747 Z[i], KW Ikaros FH 5 JH#E X T H SNPs (2B EAR ., Tkaros FEFH 5HFE X SNPs
B AR R PR DEBE A T 45 L I, SNP2 . SNP3 . SNP4 H1 SNP5 it i Rl 0 451 % 1 45 o7 i PR AT 2 7 By SR B AR At
SRR R AR B3 22 5 (P<0.05) o FEBUR M /04 45 58 R Tharos JEIR 5 J8$5 X SNPs [ AL 1 B ELAN 5 Fhep
FR, Hoh GGCTT A5 M 5Hi Mk W3 41 (P<0.05), GGTCT F1 GTCCC B 1 5 B Jdk: f 2 41 56(P<0.05), Itk
bh, &L SNP2 Hl SNP5 Ak T 52 480K (=1, LOD=57.25, D'=1), WJ{E g B st sk im L & M iinsgs
SNP. Zi LBk, 1 Ikaros K:PR S'PR¥E X i vE 2] 4 D HUHEEER A MG A C SNPs Fl 1 A FRAER(GGCTT), Hn[fERe%
B AR5y 1 B R IE S AR IC .

KR e B B, Tkaros FH STEIX, HHIREZSME, TR AERRE
FESHES: S917 CHEKARARRD: A XEHS: 1005-8737-(2018)02-0237-14

W AE 1 (Oreochromis) 1E kBt & [E KR A& 2H 21
(FAO)HE mi i Wy FRFH X 4, BA ARk sh ik &
HlEE R — 3%, hE B P Ik 535 ™
W&, HAjY e w8 . PE A O
WA R R — U (HE 2009 4ELIK, BE
0 EE K R E 2 A 0 FR5E OB R & H R
A5RAT, BP ARG T BRI E T
PARP, B B AR S R R e 2 fa dE R

ks BEA: 2017-06-29; &7 HEA: 2017-09-22.

VRS 1 B AR i 2 —, 1 4 bmaC Bl B B R
(molecular marker assisted selection, MAS)/&— 4%
P R IR A

VR SR i BAR (1) DNA > TARie 2 —, Bk
H R £ 25 (single nucleotide polymorphism, SNP)
SEAE R W RS R 4 PR AZTER R A 1 225 ™ SNP
aThRCHEA R 2 . o) BERRE H
THZ R I7 A7 B 3 B A0 , #) iz ]

HETH: LA bH AR R LIEE 40 H(CARS-46); | A4A HRFI#IE4 T H(2016A030313146); E R HRBl R4

i H (31502205).
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TR | AL BRI TEA EE . MAS AR5
S50, FEFRIH R AT BT, ek
W rh C A B2 H S8 0 G HE R A7 P G R
SHTIAFSE, e A 8 Cyprinus carpio). JLYA
XY Litopenaeus vannamei). WY Paralichthys
olivaceus) F > ¥t 75 81 PN Cynoglossus semilaevis)
S5 1) G BEAR S FE I HE AT T HUAH G SNPs Y i i,
A MAS B T Al

Tkaros HEFI Gt 1) Tkaros &bk RS & T i
W SR HF, 7€ preBCR, Notch, MAPK 4§
ZAME T P R AT EE, JE it 5 FOXOL
HuD ., ETS1 S5 845 K 7~ (1A F A FH R 845 K ik
E 200 i & B R OC T iR R R B 23k, R0k 2 e 1Y
TE00 % T M HAR R TR i 4 EA S e gt o,
Tkaros FF AL/ NI (Mus musculus) FI NN
(Homo sapiens) 85 & Bl o W57 2 W% FE K 1 52 A8
S FECEEMNIE . REMEL BRI (systemic lupus
erythematosus, SLE)S550R 1) & 45 & i (417 - e
taZsrh, AR Tkaros JEH T AEIT S  Onchorynchus
mykiss) . BEL "  Danio rerio) 124 15 7 20145
Prdh AT e B RN 2R A oA, (B Z RS9
o P 1) SR 43 BT 20 A DL AF DG

AR BNTERT AR b D e TR B %
Ak L (Oreochromis niloticus)lkaros F&[H, 13l i
qRT-PCR 347 1 12k P57 f B £ A [ 41 2 gk e
TCFLEEBR R 5 S e A S LH g R IR 1 I, AR P L
RIRAA AR, BB Tkaros 3RS H5iRE P Y
A 1A G 7L A BR T A S 0 28 R P IR
AHEFELL Tkaros HERVEMARBERE, @it Y ik
R e B P AEM Tkaros FER Y SRS X ¥
G, SRJE A AU B2 A HZ B A 1Y )5 3+
I SR 9 ST A 2R A T B0 A 43 BT . SR PCR 7724
B ik 0 A SR A (Po) e B F E L Tkaros FEA
SR SNPs, Gl A T T 3Lk BR
(Streptococcus agalactiae)) 17 kA& Je B B JE
T — AR F) B 5 BEREAR R b BE AR, SR )5 R
Snapshot £ ARX} 2 ASBEARH A SNPs #E47 5 A
3 RY, S PURE BR GO AR B OCHR A B, R4S
5T BEER I BU A OC SNPs, WP AT F
P& A 201 73 FFric .

1 MEEFE

1.1 SEIe#R

111 XBAsE HFEEPPIEaPIEREE
ff1)(Oreochromis niloticus, GIFT)3 H 1 [E K =8}
WIS BE BR VLA I 53 U e 2 K A B gy, 3k
20 MRR, FEARP)Z T N TIER TR R S,
A0 BRI R GRS Z R = F—1R(F ). FI &K
ZBIRSRAE 10 m® (/K Jet b, YRR K E4 N
50 g B, FAT N TR YL o LR BR A S50

1.1.2 E#k  LIEEBREE R WC1535 FA S5
FOEAE, A T a BIBREERE

1.1.3  SEIRiKF WM PCR FFIK Tag DNA %
AT . ANTP mixture fil Buffer for 7ag DNA &
JitE ) e RE TR AR W B A FR A F]; Genome
Walker™ Universal Kit I [ 348 Clontech 2\¥];
Escherichia coli DH50 J&3Z 7541}l . pMDI19-T #{k
IR 857 &0 H TaKaRa A ¥ TR (K#)
AFRAF]; DNA $2 0GR S A B I B R e ik
A& A RAR AR LA RA A 1P
W A RAIHEYRHHA R A JoK
LT, IR (FE P, Biowest); 10xTAE Buffer;
TE ZZ 4K

1.2 SLEAHE

12,1 REFFIFENFEHEMSBEENEE
TeFLEEER A AR T 1P A, 32°CHi SR 16 h )5 ]
PBS & iR B R R TC B A 43518 10° CFU/mL
10° CFU/mL .10’ CFU/mL . 10* CFU/mL #1 10° CFU/mL
YRR o A [ e 1) B 0 ) T 331 Je 8 0
g, Bl 40 B, R 200 pL, XfRRZH g
ekt PBS i, IRAEBUEHRIEZ N 10" CFU/mL.
BARZTEEE 90 BARK/IMELE M e %
BAEASEE A BCE] 3 4 0.5 m® IS SUKA R, 20
MR FZIL 1800 B B RKIEH B 2 %, Y5 2 A
J&i VAE SO v B 1) J0 74 BR A W A T N TR
SCEY, Hi24h, BE4hMEL 1R, 240 )5, BE2h W
51 R, WS RIRREE— A, 0k A FET I ] &
o, JFHROETAMAR R TIoK i, —40C
P-AFE, T DNA $2H, 2 )G, W~ fafoe
ANFE H AR R4, eSS ARG, IF
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W W B B AR Tkaros BN SR IXHYSERE . P8I0 H S Bt JCFLAE BRIFAH G SNP A7 i i 6 239

Fie LRI RS AT THURE . AR SZ SR N Tk
P ICFLEEER A G 7 RNFET W JE B B HE il 5 sk
REIR, IR ZAENG e 2 % HE 4 WA AT A
1.2.2 EFEZEDNAMRE KM TIANamp Marine
Animals DNA Kit (TIANGEN)iZ 7| & £ HUe % %
R EESE N 4] DNA, L0 5 vk S IR & il
W, BhORe B e I e i ar i L e R, I FH R i
A3 EHEBETIAS I LMk B N4l —20°C LR A74 H

123 RBEF TS karosEE S HAERHEER
F3la#  RAGERL D E Tkaros FEFIY
ST IXFH, LK %5 B Genome Walker™
Universal Kit (Clontech)if | & 5. Frs 5]
WITE Tkaros 3& R B2 —4M B F (& 1), 51
Z: 88 Tkaros H[F BTN 751 (& S5 h: NC_022211),

ARSI TR S i AR T A TR ()
A G BRAF G . MM Dral, Pvull, EcoR V
F1 Ssp 1 4 Fhiig 53 5% 5L 41 DNA #E17EGY), 14
AN DNA SCFE, FFLAZ Bid, 38 it 50
PCR ol Tkaros FER 5" F5 o B fg WiEE I HL
UK ] PCR Y A Rtk e, AR
BER/INI R S5 M 45l a0 ol e el e 4 Ak )5 5 30k
pMDI9T &%, 4k E.coli DH50 B2 240, FH
PTG L 2 Invitrogen 23 AP, KR 4%
i ZE NCBI B % 1) Blast T H AP TR, LA
Brie K HALE Tkaros B S5 — A1 TR 4r ¥ 51 19
D7 25 AR ARSI BT RIS 1Y Tharos SER 5%
X, SRIG A A DS B2 X Tkaros )G
B RV SRR TO A A R AT T RN 43 AT

x1 RBFI A karosEESIHMER

Tab.1 The primer of |karos gene of Oreochromis niloticus
514 primer JF%1 (5'-3") sequence (5'-3") JH# usage
IK-PRO-GSP1 CACTTGAAGGGCTTCTCCCCTGAGTGG Genome Walking 55 — &4 1
IK-PRO-GSP2 ATGAAGTTCTTCCAACTCTCCCCGGCT Genome Walking 45 4841
IK-PRO-GSP3 GCTTTGTGCCGTGCCAATAAAAGCTGA Genome Walking & =531
IK-PRO-1F ACACGGCCTCTCCTGAGATA A
1%k SNP {37 s
IK-PRO-1R CTGTCTGGCATCTGGGCTATTT
IK-PRO-2F TGTCTGCAGCCATGTTTCTAGT )
% SNP {7 5
IK-PRO-2R GGAATTGCACACCACCGTC
IK-PRO-3F AGTGCAGCTTGACGCTTAGA N .
i SNP fif &
IK-PRO-3R GAGATCCTGGAGGATAGTGGC

1.2.4 BFPIEH Ikaros HH 5J5# X SNPs 1
FHAr  SRA PCR =4 BLEEM T ki Je & %
ff1i Tkaros Fe[H S'PH ¥ X ) SNPs,, B JeH PE B 375
(1) Tkaros J&H SRR IX T HN BT 3 X519 (3£ 1)
SRIGTE Py e B W AR farp MLk EE T 19 B4
R 20 B 5 IEARIILF 4] DNA 5, FFLLZ
MR AT PCR 73, #1531 PCR ¥k 2
Invitrogen 2y &), X ¢ 25 Sk 17 2 8 He x4
BrFn R g HLG R 25 5L, SE T ARAS Tharos P 5194
5 X1 SNPs B HOGT R g 32 PR Y

125 RBEFEERMRERMEX SNP 4 Fix
IBHITFIE X P TP B SNPs 5 oL BRI BT
PEEAT G A A1, 9020 AR AT DT 4 35K T s AH DG 1)
SNP 73 Fhnic. 78 Fi i, & KR ERABET:

R BIPRLE T 136 BHURMAF 157 B 5 &4
KRBy HEH2H DNA FE i, K] Snapshot AR XS
Tkaros FEPR 5'JE ¥ X 19 SNPs #1713 K 43 AU 570
FUEE BRI PUE AT IR A, e AR AP0 B BR 1
FRAHSCHY SNP 73 FhRic . BEPR 3852 00 h F e
i A W) TR R W S8 i, st A% 45 A8 o B ok
Popgen 32 il PIC #1047, oA M 70 B>k
SPSS 17.0 Gt b i+ OK e kAT, 3%
B A SE- 17 43 Hr % F Haploview 4.2 3k 1 #E 47,
P<0.05 N5 W3

1.2.6 £MEEFSH  FIH DNAMAN i NCBI
i e b Blast TTH 6 3 PRI PP 45 SR 30 AT L X 43
#r; F)H Neural Network Promoter Prediction (http://
www.fruitfly.org/seq_tools/promoter.html)Fll WWW
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Promoter Scan (https://www-bimas.cit.nih.gov/molbio/
proscan/) A4 X} I 81 T FEE SR 45 T AR S5 R T T
l; CpG S5 FFH CpG Islands (http://www.bioinformatics.
org/sms2/cpg_ islands.html) 3K 4 43 #1; %% 5% A F
ZEE AL, (transcription factor binding site, TFBS)
A Transfac (http:/gene-regulation.com/index2.
htmD) AR APF T ;% H IRy 31 1 22 1 H )5 0 A )
JH DNAstar 1 BioEdit 2K F 717 I 5 45 5 1) e 4]
WEL 43 HT I Chromas 3R 7F#E47 .

2 HBRE5HH

2.1 RBFFIEf IkarosEE 5AERXFEIIMNEE

i e @ AR R 3 I PCR 3RS T 4
T A R B, BRI/ 2928 1000 bp. 1500 bp .
2000 bp FI 4000 bp HIFFFESLA (& 1) FIH
NCBI #4li 2/ Blast T E XM P25 Rt 1746 &,
RPLIX 4 NFE S A B2 8] M L 1 P S A T,
HIELE Tkaros FE R 55— AN T B3R 43 7751 419 bp,
ERFH BTN Tkaros FEPW) 5 ML X )F5 ,
AHFFEE LA Ssp 1 BV DNA SCZE M PCR
P IEAAT R RSP HIE R Tkaros SETR S X,
JPoH R 4178 bp(HEl 2).

bp 1 2 M 3 4

5000
3000
2000
1500

1000
750
500
300

100

K1 PP AR Tkaros FEH 5" ¥E X 75 1Y
%5 3 X PCR 434
M /R DL5000 DNA Marker, 1, 2. 3. 4 4+5%1%
FLL Dral, Pvull, EcoR V il Ssp 1 ¥ DNA
PR 1§ PCR 77 4.

Fig. 1 The third PCR amplification of /karos gene 5’
regulatory region sequence from Oreochromis niloticus
M represents DL5000 DNA Marker. 1, 2, 3 and 4
represent nested PCR results from 4 kinds of DNA library
which was digested by Dra 1. Pvull. EcoR V and Ssp L

22 RBFFIEfIkarosEE 5AEXFIIMLEH
Foul #A 43 47

#) ] Neural Network Promoter Prediction Fil
WWW Promoter Scan 34X Tkaros J&[H 5"# 4% X
JEHN AT B A A, 45 R R )T A 24
T TE B A% 00 i B RV )B4 67 45 (transcriptional
start site, TSS), FH LI FLIGHS T L7 931 bp
HLE I TSS K HARRY %00 J5 B 18 5000 (8 fee
i (score=0.95), LK HERIN K RNA KA
Tkaros SR E5 6 I IR SRR E . 5 EXF
Tkaros FEIH 5P X P9 AT 404, 1E DNA 73
Hel TSS & 0 1, H 7Y DNA P9I JH 5 80350,
TR DNA JPSHIEECR R, 450K 2 s,
Tkaros FERI K0 5 8l F- 0 F—-57~48 bp 09751 X [1],
1 — L8 05 3 7 ICF I TATA HE . CCAAT HE
FUNRATCHE5 30T TSS 1728 bp, —169 bp
141 bp W HE o FIF Transfac Z{EXT Tkaros
FEFE ST X AR TFBS #4708, 4558 %
BI7E 51X —2200~1200 bp HIFHHAEfE £ 5
f) TFBS, f1#f GATA-1. GATA-2. GATA-3.
Homeobox . Oct-1, CDP CR3+HD. AP-1, AREB6,
C/EBP. TFIID. TGIF. Nkx2-5. Lmo2. Evi-1.
Freac-7. Brn-2, YY1, Pax-4. NF-E2. v-ErbA.
HNF-4, XFD-1, RREB-1, v-Myb, CHOP-C/EBP
HFH-3 . c¢-Myb . COMPI1 . Elk-1 |
c-Ets-1(p54) .SP1 .NF-Y .FOXJ2 3t 33 ft TFBS(/4]
2), M4k, FIH CpG Islands B A4 X Tkaros F R Y
S CpG ByitA1o0Mr, 45 k%A
24~ CpG &, H 43 i fE—695~—450 bp () 8hF
X3 1 1048~1351 bp AYEE—Fh i 7 Xk H (14 2).
23 RFFTIEME IkarosEE 5= X SNPs HTH &

AWFSEFIT PCR P29 HHE T %) Py JE &
B A 40 Tkaros FEH 5" X ) SNPs #EA T A, 45
R TZFSAE 54 SNPs, 448 SNP1(g.562,
G>A). SNP2(g.217, G>T). SNP3(g.—53, C>T).
SNP4(g.—220, T>C)Fl SNP5(g.—579, T>C). 45#&
Tkaros FEH 5P X TN 45 5, KILIX 5 1> SNPs
FEATE Tkaros FE P IR 5 8+ F1 45 Fhf 45
Jefbr, 4 SNP1 i T c-Ets-1(p54), SNP2 fii T
c-Myb H', SNP3 fi T v-Myb ™', SNP4 fi T
RREB-1 1, SNP5 {1 F Barbie box Juf4H1 (18 2),

alpha .
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-2827 CTGTTTCTCTTCATCTATACTTTGTTT -2801
-2800 AGATTTACATTTCATGAGGATTTTGTACTTGAGCACACAGTTGATACATGTGAGGACTTTAGGTTGTGT ATCACTAATGCATGCATCTTTTCTTTTTAA -2701
-2700 TTATTGTATATCTAGTGTCATTTGTGTTTTATTTATTT TTTATTATTACATT CCAAAAAGGGAGGAAACTCAAAAGAGATTTAAATAAAAAGTGATCA -2601
-2600 AATTTTTCTTTTAAAAACTGAGAAGCTGAGAAAGTTCTAATTTTTGACATGAAGACTTTGGAGGCAAACGTTACTTATTGCTTTAATGCTGCTAACCTCA -2501
-2500 CCACAGAACACCAGCAGCTCGCTGGCCCAAGCGAAAGCATGAAAAAACGTTGCCCTCACACGTAGGCC CTGACCTCTGGACAGACACATTTGACTCCCA -2401
-2400 AATATAGACTGAAAAAAAATGTTAGCAAGTCTGCAAATATCATCCATTGTGTCTTCTTTAATGACCCTAAACTGCCTTTGAACTCCGTCAGTCCTGTTTC -2301
-2300 ATGCTGATATTTGTCCAAAGCACTCTTTACACAGCGAGCAATATGACATCAGCTCTCCATCAAACCCATCACAGACAGAGAACTGCACAACTTCCAACAT -2201
-2200 AGTTGTCAAAGTAACAGAGCATTATTAAGTGCAGTAAGTGCTATCTCTCGCTCTCTTTTTTTTTTAAAGATGTTACCAGTTAATGCATCGCTGAGAACAT -2101
TGIF Nkx2-5 Lmo2 CATA-3
-2100 TGGTGAGTAAAGTGAATTATGTGCATGGAAAGGTTAAGATTITATCCCTTTTCCTTTATGCTGCTGTGACTCCAGTGAATCTAGAGGCAGCACCCTTCCTT -2001
Homeobox Evi-1
-2000 TTGGCACGATATCAGCTCACGGCTCTGTTGGTGATTGATGTCTAACAGCCACAGATTATTATGCTAAACAACTAATGCTAAAAAACAGCTGTTAGTTTTG -1901
Lmo2 CDP CR3+HD
-1900 TTAAAGCGAGCCTTTTCAGTTGTAATTAGTGCTGTTTTGCATTGATTTTATGACTTTTGAAAGAGACTAGAAAGTTGAGGAATTAACTCCTTGGCTTTCT -1801
Oct-1 C/EBP
-1800 TGCACATTTAGATAGCAGGACTCTCTTAACAGCTTAGCTTAGCGTACAAATGCATGAAATTGCAGAGGACAACGCCACTTTTTAAAGCTCACTATTTAAC -1701
GATA-1 TFIID
-1700 CCCTAATAATGTGGCTGTCTGCAGCCATGTTTCTAGTATTTATTTCACCTGGTGGTACAATACATATTCAGCGTACAACACGACAGTGGTAATAATCTTG -1601
Freac-7
-1600 AGAGTGAGACGGCCTCACTGTATAGCACCCAATTTACTTTGTGTTTAAGACCAACAGGACTACGTAAGACTTCTCATAGCAATCATAACTCTATTTGCTA -1501

-1500 AAAACCTCCTCCTCCTCCTCCTCCAGCTTAGATTTTCCAGCCTGTGGTCTGAATCTCATCACCGGCTCCTTTTCAAAACAGGCTCACAAACACCATGATT -1401

-1400 GATTCAGCCACTATCCTCCAGGATCTCTCAATGCTTGCCCGGGCTGCAGATTAATTTCCTTTTCCTCATCTTAATTTTTACTCATCGCCGCTCCATAAAA -1301
GATA-1 Homeobox Nkx2-5 YY1
-1300 AGGCTAAATGTCAAGCATGCCTGACTCCTTCTAGTGACACGTCTATTCCAGCAGATAATTACCATAAGGAAATTGATGCTTTAGTGTGCAGAGGGGAATT -1201
Pax-4 TGIF GATA-1 CDP CR3+HD
-1200 TAATTTACTCTGACATCCTCGCAGCATAATGCATTCCTAAAGAAAGAGAGTTTTTCACTTTGCAATTGACTTTITAGATAAATTGGACTATTTAATGTGA -1101
Homeobox CATA-2
-1100 TTATCGGTCTTGAACGTCTTTGACTTATTAAGGTGTTGAAACCAATTAAGGGTTACATGCTGCTCATGCTTCCAAATGTGAAACAGTGAATACTGCTTAA -1001
GATA-1 AREB6 Nkx2-5
-1000 AGATCCATGAAATAAGAACCGTCCGCAGCCTATTGTATGTTAGTCAGCCGGCTACATTGCCTGATGATGTTTTGAGGCTTGCTAGATAATGATATTAATT -901
AP-1 GATA-1
-900 ACAACAACATGGCTTGCTTCAGGTTGTGGATTAACCTGAGAGAGCAAAGGGTTCTGTGCAGTITTGAGTCACACTCCATGCATGATGCATGTGTCATTTTT -801
AP-1 Brn-2
-800 GATGCTACAGAGTTATAATAACCTTATAAAACCTTGAAGTTCGAGAGCATTTCCAAACGACCAGTAAGAATTGAACAAGTCAGGCATTAGAGGGAAGATC -701
GATA-3
-700 TGAATATTGATCCCACTTCTGCTGGTACTTCTCTAAAATTTCGGCTGAAGTGAAGCTGCTGTGTCACTGAACGGGACAGCATCTCTTATCGCAGGCGATC -601
CDP CR3+HD GATA-1
-600 ACAGCCATGAACCGACATCTTINGAGTTCGCCAGTAGCGCTGAGTCACATTTTTCGTCCCAGCCTTCCCTITGCATGACCTCAGGAGTTAACCCATCCTGC -501
Barbie box NF-E2 v-ErbA
-500 AGCGTGTTCACACCTTTGCATGTCATGCGTTAAAACGGACCTTACAGAAGAAAAAAAAAAAGCAACACCGACTGTGAGGCTATGAGGAAGTCAGTGAGCA -401
Oct-1 AP-1
-400 TTGCTGCAATCCATATTATGGCCATGAAGACACAGCAGGCCGCATTGCTCCTGCCCAAAGTTCCTCCTTTTGCAACCAACTGAATGCTGTGCTTCTTAGG -301
CDP CR3+HD HNF-4
-300 AGATAAGGGCAGCCTCCCGCGAAAGGTGACTCAGCAATCCAGCCACACGGCCTCTCCTGAGATAAGAGCCCTCTTIGGGGITTGTGGGACACTGGGAAAA -201
GATA-1 NF-E2 GATA-1 RREB-1
-200 AACAGCCACAAGGAGATGGTGAAAATAATTGGGTATAAACTACCACGTATTCTGTAAAATGAAGTATAAACTCTTCCAACTTAATGAGCTAGGTTCATTT -101
CCAAT box
-100 ATACATGTAAACACAGCTGATCAAGCAGGGGTTCAAACTGAActgaagggggcgtatctcaaagtgagttttaaaztcgacggtggtgtgcaattcctgt -1
XFD-1 v-Myb Oct-1 TATA box CHOP-C/EBP alpha
1 tttatttggaattttcttcattttcagtccaaaatgtatatttgtttgAACAAATTCAGACTCCATATGTGAGCAGTCCGCTCAAGAATCACCTATAGCA 100
Brn-2 HFH-3 AREB6
CTGGTTTAGAAGCTGCCACACAGGTTAGCATTATAAAACAAACTGTAGGCCAGAAAACATCTTAGAAGTACAGTGTTGTATAATAGTGTTTGCGGCTGTC 200
AREB6
201 ACCGGGCAGCAGTTGC®TGTGTTATCGTTGTACTGTAAGCAGATGTGATAGCTCAACTGAGAGCATGTGAGCTGTCACCGCGTTGGAACTTAGATGATTG 300
c-Myb GATA-1 TGIF
301 ACTTTAATGTGAATGCTGGTAGCAGTGGCAGCATCTGAAACTAACACATATGATACACTTGGAGCCGGTGGCCCAGTGTTGGTTTGTAGATTCCTGCTCA 400
COMP1
401 TGAAACCAGAGGGAAAACCACATTTCAGTAAATTAATGCATATCTGAATGATGATCTGCTGCAGGACTGAGAGAGGATGCACTTACTGTACACGCATTTT 500
Homeobox
501 AAAACAGGAAGTAATAAAGGAGGCTAATGTTAAGAGATGCAACTGTTTGCTCAGGCTCAGACBTAATCCTGATTGTGTACGCTGCATTCGTGCTGTGTTA 600
Elk-1 c-Ets-1(p54)
601 AGGTACAGGACAGGATGCTATGACGCTAGAGGTAGCACAGAGAGGTGGGGGTGGGGGGATGGGGGAAGCAAACTGGATGAAACATTAAATAGAAGAAGAA 700
c-Ets-1(p54) SP1
701 GAAAAGCTCATTATATGGGAAACACTTGTGTTAATTTCATGGACTGCTTCAGAGTGCCAGAACAGGTGACAGAAGGGGAGCTGTCCAATATGCAAGTGAG 800
Homeobox AREB6 Oct-1
801 GAGTAACCCCCCCACCCTCCAGCCCACACTACCCCCCCACCTCCCCCAACCCCAATCAGCTTCTTCGGTGTGAATGAAATAAATAAACAATGAATGGTCC 900
GATA-1 AREB6 NF-Y FOXJ2
ACTCTCCTCGCTCGCCTCATCCCATCTCATGCATGIGCTGCCAGTAATGGTCTACTGGGTGTCAGCTTTTATTGGCACGGCACAAAGCAAGTGCCAGGGGT 1000
Nkx2-5
1001 TCGGTGGCTCGACTCCCCACTGCAGACTGTGGATAAAAGCAAGCAAAATGCCTCAGCCGAGCTGAGAGACATAGTCATGTTGGGCTGGAACGAGGAAGTG 1100
GATA-1
1101 CAGTGGAGAGGGGAGGGACTCAGGGCGCAGCTCCATGGGGCCGCCGCGGCGCTGCGACCTTCTGCACATGGAGCCGGGGAGAGTTGGAAGAACTTCATAC 1200
1201 TGCAAACTCAAGGAATAGCAGGTAAAGTGACTTCAACCGCACATTTCAGCTCGGCTCTCACCTCAAAGGCTAGGTCAAGACCTCTAAAGTGATTTCGATG 1300
1301 GCAGTGAAATGGTTTAGGAGACATTTGCGCCTGACTGGAAAAGACTCTCCT 1351

K2 PP Tkaros D 5" TE X T
Tkaros &R St i O 5 REB R R 7R /NE FRHMUREOO IR 3 7 5845 DX 2% Rl #2204 B TFBS HI R R 4ebridi;
CpG &5 R IR SbRTE; SNPs FIMRUIE F AR Tharos JE A (48 1R 555 1 I 7 HERRTE.
Fig. 2 5'regulatory region sequence of Jkaros gene from Oreochromis niloticus
The transcriptional start site of Jkaros gene are denoted by bold italicized letters. Lowercase letters represent core
promoter. The regulatory elements and transcription factor binding sites of 5’ regulatory region sequence are underlined.

The CpG islands are characterized in gray shading. The sites of SNP are characterized in white letters and black background.
The initiation codon (ATG) of the /karos gene is characterized in box.

10

—_

90

=t



242

Hh K R

%258

24 F, BREFaRRETERRERKREE
o BEENEE

Xt Fy e BB R ) 20 A~ R 3 1800 JE £ it
TTYURIE S, RGO FLEEBR A 5 45 R & TG %
TEOLANIE 3 R . HP ARG RTE 50% 0L AR &R
H 44, N5, N6, N14 FINIS KR, 1706
BIE 30%~50%M K RA 74, 43528 N2, N3,
N4, N10. N11. NI3 FINI6 Z&, MHEKZEREN

90

n=3,x+SE
75.00%

il

80

67.74%

70 T

60

45.45%
T

36.00%

TEIE #/% survivalrate

30.36%
-

117.14% 17.50%

20
12.50%

N

10

36.59%

L

FRREET 30%, ditbn] DIA N, PP AEm
AR Z AL TCFLBE BRI L R A7 I AT R
2E5e, KU TXEERRAAAEE T R BE LT
B A, PR IEF AR, 7 RNIETH
Je X B AR 5y ERER, MR LA e B %
ARt WA BT A, [R5 A1 R iR
PR T4 DNA B3R, 33X N ik ) ik
ERTAIAH G SNPs 42 44E 1 FEfili 4 K}

64.96%
T

53.33%

[

47.37%
I

38.10%

0
36.00% T

21.21%
19.64%

0 0 0

Nl N2 N3 N4 N5 N6 N7 N8

N9 NI10 NI1 NI2 NI13 NI14 NI5 NI6 NI17 N18 NI19 N20

K Z Y5 the serial number of pedigree
K3 F 20 MRRARP P AEMZ N TR T FLEEBRE E B 15 1 O

Fig. 3 The survival rate of Oreochromis niloticus within F; generation of 20 families after challenged with Streptococcus agalactiae

25 FREFFTIEEFBEEINSREER SNPs
ERSBRHEBRELEHHH

F| FH Snapshot £ AR X Fy J& & % 9 a5 B R
PR RER AT AR, SNPs (L35, S84
RLAE A 293 4>, K Popgen 32 I PIC A4 %] P>
BRI AL Z RS EGET T 00T, S5k 2 i,
FEPUIR BRI, PIC {HWIEE A 0.0872~0.3747,
Hrfr SNP4 J& F 1 B £ 25(0.25<PIC<0.5), Hik
SNPs J& TIK ¥ £ 25 (P1C<0.25), 15 5 Bt
PIC fHIUJEHEIH 0.1865~0.3484, FH.r SNP3 #il
SNP4 J& T B £ 25(0.25<PIC<0.5), H:4Y SNPs &
FARE £ 8 (PIC<0.25). 1 K¥e M, fEHUR A

H1, % SNP3 A%54 Hardy-Weinberg “F-1fif 7h(P<
0.05), HAx SNPs ¥J4bF Hardy-Weinberg ViR
AB(P>0.05); £ BH#EA T, Br SNP1 FI SNP3 A~
¥4 Hardy-Weinberg “F-fiif#}(P<0.05), Hx SNPs
YJ4bF Hardy-Weinberg IR 25 (P>0.05).
2.6 BFFIEH SNPs PHEPATLESH RS T
IL 5% BR B R L M B KBRS A

K SPSS17.0 3K 450 BT Tkaros 5K 5" X
() SNPs 7E 5 BRI AR RIS FE 1R v 11 35 R L 3 A
B SRR LA K o A 06 5 TP B R T
WU AHOCHE . 45538, 76 Py, L SNP4
f1%) 5 DR 7 451 2% 55 6 3L 4 2K R Bk e 3 A DG (P<
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0.05)(#% 3), MifE F, #', SNP2, SNP3., SNP4 Fl
SNP5 1 PR 78 43 A7 451 58 R 45 A7 25 PR ) A3 AR AE 4L

HEAURE (=1, LOD=57.25, D'=1), A[{E R %Akt
PUEEER NI 1 B P IOFR 2 SNP,

I B AR RN By SRR R 2 ) 3 A A B 2
(P<0.05), FHIIX 4 1> SNPs 5Hi T FLEEBK e Pk
R EM KGR 4), FIH Haploview 4.2 kfFhy 3.1
Four Gamete Rule 718 /7 ¥E%] Tkaros F&[H 5'JH ¥
X1 SNPs #ATEHN VM0, 45RaE 4 B
7Ro 5/~ SNPs AIJE i 1 A 3% BUANF- i FRA% R 5
FhepfEml Hrp GGCTT PAf5H 5 JCFLAE BR BT
S PR 3 AR K (P<0.05), GGTCT 1 GTCCC
£ 180 5 Jo L BE B B B IR 3 A 5 (P<0.05) (£
5)o BLAb, ASSLERIA % B SNP2 Fil SNPS 4bF 584

3 it

RBF FiE& IkarosEFE 5" AERX & 5ThaE
Tkaros FER Hif%1Y Tkaros J& G Al OCHE P
WhANTAT 7 B Bt SR I DR, X0 T 6 L0 240 R 1) 1
KB B H A e D RE 0 & 1 HA AR U
BT 5" Y 201 R SO 2 45 Bl sk R 1R
W5 455 TR, TR SRETER U6 525 Y i B |
FH R () S 98 508 DA R i TR ) e S sl 5y Thi 4%
Je AR B P AR s e T e

R2 SASNPsEF BFFTIGIBFANGRBEAPIZMERES

Tab.2 The genetic polymorphism information of 5 SNPs in susceptible groups and resistant groups from Oreochromis niloticus F,

£ FR BUWBEIA resistant group 5 IBBEIR susceptible group
name H, H. PIC Ne H-W H, H. PIC N H-W

SNP1(g.562, G>A) 0.2113 0.2326 0.1948 0.2318 P =0.2684, > =1.2249 0.1456 0.2074 0.1865 0.2068 P =0.0001, 3’= 14.3974
SNP2(g.217, G>T) 0.1056 0.1129 0.0872 0.1126 P=0.4270,%*=0.6309 0.1835 0.1672 0.1531 0.1667 P =0.2127, 5> =1.5531
SNP3(g—53, C>T) 0.1761 0.2274 0.2018 0.4980 P =0.0064, > =7.4217 0.2215 0.3698 0.3015 0.3686 P =0.0000, 5> =25.6743
SNP4(g.—220, T>C) 0.4859 0.4998 0.3747 0.2266 P=0.7406, 5> =0.1096 0.3924 0.4514 0.3484 0.4499 P =0.0993,’=2.7163
SNP5(g.-579, T>C) 0.1056 0.1129 0.0872 0.1126 P=0.4270,*=0.6309 0.1835 0.1672 0.1531 0.1667 P =0.2127, y*=1.5531
e H AR 5, H AR 22 5 B, PIC LR ZEME B & &, N KGR A B W%, H-W {{3€ Hard-weinberg V-, P<0.05 3%
INEFERE.

Note: H, represents observed heterozygosity; H. represents expected heterozygosity; PIC represents polymorphism information content; N,
represents effective number of alleles; H-W represents Hardy-Weinberg equilibrium; P<0.05 is considered to be statistically significant.

®3 P RFFIEE Ikaros EEFEHF R 5 BEFKRY SNPs Fit 534

Tab.3 The SNPs distributions of Oreochromis niloticus I karos gene in susceptible groups and resistant groups from P,

» FLR SRR genotype frequency . . S S A allele frequency , (X ]
£ %K name HEHE(N) I - X N T - X .
finame " e UWEEK  SLEBEE Py alele  BUEEE Sk (p)  confidence
resistant group susceptible group resistant group susceptible group interval
SNP1 AA(5) 3(15.8%) 2(10.0%) 0.326 A 10(26.3%) 9(22.5%) 1.230(0.437,
(2562, . 0.154 _
Gom) AG(9) 4(22.1%) 5(25.0%) (0.850) G 28(73.7%) 31(77.5%) (0.695) 3.464)
GG(25)  12(63.1%) 13(65.0%)
2\15127 GT(3) 0(0) 3(15.0%) 3.38; T 0(0) 3(7.5%) 2964 1.081(0.990,
GoT) GG(36)  19(100.0%) 17(85.0%) (0.079) G 38(100.0%) 37(92.5%) (0.085) —~1.181)
SNP3 TT(1) 1(5.3%) 0(0) 1.255 T 6(15.8%) 3(7.5%) 1312 2.313(0.535
53 ’
g‘iT) ’ CT(7) 4(21.0%) 3(15.0%) (0.534) C 32(84.2%) 37(92.5%) (0.252) ~10.002)
CC(30)  14(73.7%) 17(85.0%)
SNP4 CC(10)  6(31.6%) 4(20.0%) 10.391 22(57.9%) 18(45.0%) 1207 1681(0.686
—220 : ’
(Tg>c) ©CT(18)  4(20.0%) 14(70.0%) (0.006) c 16(42.1%) 22(55.0%) (0.255) ~4.117)
TT(11)  9(50.0%) 2(10.0%)
(s;\I_PSS79 GT(3) 0(0) 3(15.0%) 3.087 C 0(0) 3(7.5%) 2964 1.081(0.990,
Tocy | GG(B6)  19(1000%)  17(85.0%) (0.079) T 38(100.0%)  37(92.5%)  (0.085) ~1.181)

H: P<0.05 I\ hZE SR

Note: P<0.05 is considered to be statistically significant.
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Tab.4 The SNPs distributions of Oreochromis niloticus | karos gene in susceptible groups and resistant groups from F;

S name HEEAEN) %;‘lﬂ%ﬁﬁ genotype frefluenCY e é‘f‘jﬁ%lﬁl i allele frAeql\lency 2 E{f ;—( [

genotype  DURTREIE SERHE () allele  DURBEE 5 1R U (py  confidence
resistant group susceptible group resistant group susceptible group interval

SNP1 AA(11) 4(2.9%) 7(4.5%) A 34(12.5%) 37(11.8%) 0.070  1.069(0.651,

((%>5A6)2’ AG(53) 26(19.1%) 23(14.6%) ((l)ig;) G 238(87.5%) 277(88.2%) ©.791) —1.758)
GG(236) 106(77.9%) 127(80.9%)

SNP2 TT(1) 1(0.7%) 0(0) T 13(4.8%) 29(9.2%) 4.350  2.027(1.032,

(ngrl)7’ GT(40) 11(8.1%) 29(18.5%) (gggf) G 259(95.2%) 285(90.8%) (0.037) -3.984)
GG(252) 124(91.2%) 128(81.5%)

SNP3 TT(27) 6(4.4%) 21(13.4%) 37(13.1%) 77(24.5%) 11.090  0.485(0.315,

(Cg>.j[5)3, CT(60) 25(18.4%) 35(22.3%) (283) 245(86.9%) 237(75.5%) (0.001) -0.746)
CC(206) 105(77.2%) 101(64.3%)

SNP4 CC(110) 37(27.2%) 73(46.5%) T 141(51.8%) 207(65.9%) 12.316  0.548(0.393,

%;82)20’ CT(128) 67(49.3%) 61(38.9%) (102.600923) 131(48.2%) 107(34.1%) (0.000) -0764)
TT (55) 32(23.5%) 23(14.6%)

SNP5 CC(1) 1(0.7%) 0(0) C 13(4.8%) 29(9.2%) 4.350  2.027(1.032,

%;55)79’ CT(40) 11(8.1%) 29(18.5%) ((7)83?) T 259(95.2%) 285(90.8%) (0.037) —3.984)
TT(252) 124(91.2%) 128(81.5%)

E: P<0.05 I\ 22 S i 25
Note: P<0.05 is considered to be statistically significant.
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Fig. 4 Linkage disequilibrium map showing the pair-wise

LD between the SNPs of Ikaros gene in Oreochromis niloticus
The values inside the squares indicate the LD values (+%)
of the two SNPs. The chain states between the

marks were indicated by shadow.
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TR, BRI I AR 5 358 15 1 0 B o 1) TN &5 SR AR
N Tkaros Fe K B |3 3 7 F1 TSS A 3 @ v (5,
1M HL T 9 )5 87186 & TATA HE . CCAAT HEFI
U T A EEH A TT M, S A ) B A AR A 2 A
1) sh 7Y,

Tkaros KPR 595 X ~2200~1200 bp FF51 i 77
YEEE M TFBS, 17 HH /5 e 32 I A % 5
WY, Hbh—s 2k BB HE R E
TFBS, 41 GATA-1. Oct-1, AP-1 1 Homeobox %,
T REXT Tkaros F& R F0)RE iff e ik i 25 B B 1) R84
AP, GATA-1 B—FpaEw EER . Hf5e 1+
GYTTIZ B L SRR, AR R A
21 AP VRS N EAE7E 5 GATA-1 454 1) DNA 3%
JF[T/A(GATA)A/G], T GATA-1 i/ Fix g
T A R AR DG TR A e S, X 2T R FE I R 4%
T ML oAk % B AR AR PO Oct-1 2 —
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*5 RFZFIE |karosEEF R ER SHIKEFIMMERI XKD
Tab. 5 Association of | karos haplotypes with resistance to Streptococcus agalactiae for Oreochromis niloticus
SO B 2 I3 % G SRR 1% ORI A% >
. . o X P
haploblock haplotype frequency frequency in susceptible group frequency in resistant group
GGCTT 40.6 34.1 48.2 11.989 0.0005
GGCCT 20.6 20.4 21.0 0.029 0.8641
Block 1 GGTCT 19.5 20.5 13.6 11.090 0.0009
AGCCT 12.1 11.8 12.5 0.070 0.7909
GTCCC 7.2 9.2 4.7 4.350 0.0370
E: P<0.05 FonZFIERE,
Note: P<0.05 is considered to be statistically significant.
> /\ S ~ =g e Y 34 I GpLs
W RW Oct-1 REMSLE G IR sh Frh i /\RIRIET  BERRBAPUME W5 56 . Shen %50 7E 22 S 2 11 iy

(ATGCAAAT) , FF7EAH IR i S i B A #5 HE
FEPEEAME AR, Homeobox & IHE—K GG A
HAHKRM SR, il DNA 7R iEas
A A B — R I K T i R i 1k P0
AP-1 AN — R BE N7, K572
ol A BRSO R A A s, AR SR R, EXF
MAEAEEE . e, Bk BT DL RGRE RGN
T ELA BB,

AN, 18 Ikaros B[R SEFEX PR AT 2
A~ CpG &, A5 T ) sh 1 KA — Ak i 71X
W, X5 KEZRET IR 59 CpG B0 &> i
IS A — 2P0, SRR IX I CpG 5 H AR
X Y 2k R B AR, 40 CpG &
FH A 255 T S TR () B SRAILAR, 2 B A0 455 BH A5 5
SR T SRR AR (5 R Y @ T B A i
R/ IMAGE T4, PR S EOER kPR iERb
32 RBEFFiEfa Ikaros EE 5'HIEX SNP &7
S mREXE

SNP 248 Py Ffr I K 21 v ply BN BT R S AR BT
SIHLH DNA A 280, A5 AU IRpLRE 1
ok A R G 1 & 2R e A A 24 i A BB Y
DNA 4> FFric, SNP &) iz v T2 A biis
HRER T, BATCA — L0 T T i e
FLH Y SNPs HHuimitk Z [ B4 Hr, Wi
JR 3 25 B2 32 20 A 231 52 A 1 (major  histo-
compatibility complex 1B, MHC IIB)FEH 3] T
SEERR R PUIEAC A SNP & 4RI, Fu 407
TENE 4 B & 1 il (mast cell protease 8, MCP-8)3&
K 2L 5) 5 4~ SNPs, Hr A 3 4~ SNPs 563

Duodenase-13EH L4 2] T 74 SNPs, HHH 4
A~ SNPs 5 J0 FLAE BR TR B 38 M G o o iy 40
TEAMA CO(OnCOFEH Hh AL E] T 22 4~ SNPs, T
WM R B 2 A SNPs 5 R ARk Ptk
WEAG, EPN T KA 12 Fhepfhm,
Hoh 2 Fpep A5 J0 7L 8k Bk E S B A
Ko iX 2L SNP B I VEN 2 it fehnic H T
WP A EMBUREE T, N P L o R
PRI P AL RO BT AR 2 T IR
HETIA N, A Tkaros JER 92875 5 SLE 1
Ty AR RN 2 Fe UM O, DA R 5 0 s (1 o
Wi BN . SR SRR I KA . R R UM
K17 Hu 2552 H] GWAS HAR XU SLE H
BTG, KRIKERBEN Tkaros FER &K
AT R AR AR S, X SE IR LA SR SLE &) i
() S IBE L B 20 1k 3] 42 3 TR 4 8 2% /K - (pcomb=
2.75x10 %), Westra Z=B7F1 i SNPs (rs12718597)
XF 2 B W 8 bR AT OGRS AT, 45 R KB SNPs
(rs12718597) 5B L di i s ARA o6, IF 5 31 4
FEPRFRIE LA 19 A FEPR BT I8 s X OCHK,
B IZ 2 A8 A 05, 1T RE 5 IS A5 B 1) & A A
XKoo WAL, FETNARESFIF Tkaros 3L 2 1~ SNPs
(rs4132601 | 1510272724)%F [ £ 4 35 P FOR R 95
J (autoimmune thyroid disease, AITD)i# 47 K HK 43
Mr, &FH SNPs (rs10272724)() T LA TT/TC H& A
AIPL K SNPs (rs4132601)AY T Bl 36 A TT 3 K A1 5
AITD (1) & B AT 3 AH & (P<0.01) . LRI A
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Molecular cloning analysis of the 5’ regulatory region of |karos gene
from Oreochromis niloticus and screening of its SNP markers for
Streptococcus agalactiae resistance
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Abstract: Tilapia (Oreochromis) is one of the most important fishery species in the world and has been introduced
and cultured widespreadly because of its fast growth rate, strong reproductive capacity, good adaptability and om-
nivorous feeding habit. However, Streptococcus disease has become the biggest threat for tilapia breeding. Re-
cently, the epidemic and outbreak of tilapia Strepfococcus disease caused substantial economic losses to aquacul-
ture industry. Breeding resistant variety in tilapia was unimportant way to solve the problem of Streptococcus dis-
ease. The molecular marker assisted selection (MAS) has become an efficient breeding method for selecting and
breeding tilapia, and will accelerate genetic improvement and increase selection intensity for disease resistance.
The single nucleotide polymorphism (SNP) markers are used in many genetic and breeding studies because they
are abundant in genomes, and can be genotyped easily. Ikaros is a kind of transcription factor with zinc finger
structure that is essential to the development of lymphocyte and to the maintenance of normal immune function.
Therefore, to obtain large amount of effective SNP molecular genetic markers and to perform MAS for disease
resistance in tilapia, it is essential to study immune related candidate /karos gene in Oreochromis niloticus and to
examine whether the SNPs in the gene are associated with disease resistance. In this study, the 5’ regulatory region
sequence of lkaros, length of 4178 bp, were obtained through Genome Walking method from O. niloticus. Bioin-
formatics software was used to analyze the 5' regulatory region sequence of lkaros gene. The predicted transcrip-
tional start site (TSS) was in the initiation codon (ATG) upstream of 931 bp, and the core promoter regions was
located at —57 bp to 48 bp when the TSS was specified as 1. The predicted promoter regions of /karos gene in-
cluded basic start of substructure components: TATA box, CCAAT box and octamer. The analysis of transcription
factor binding sites (TFBS) showed that abundant of TFBS were located at —2200 bp to 1200 bp in 5' regulatory
region of lkaros gene, such as GATA-1, Homeobox, CDP CR3+HD and AP-1. The analysis of CpG islands
showed that two CpG islands were in 5’ regulatory region sequence of lkaros gene, one of which was located in
promoter regions and the other of which was located in the first exon. Five SNPs in the 5’ regulatory region of
Ikaros gene were detected by direct sequencing method from the parents (Py), which are named SNP1 (g.562,
G>A), SNP2(g.217, G>T), SNP3(g.-53, C>T), SNP4(g.—220, T>C) and SNP5(g.—579, T>C). The five SNPs were
sited in various regulatory elements in promoter regions which could have major implications for exact expression
of Tkaros gene. Based on Snapshot method analysis, the frequencies of alleles and genotypes were calculated in
susceptible groups and resistant groups of O. niloticus from the first filial generation (F,). The polymorphisms and
genetic parameter of the SNPs in resistant groups and susceptible groups were calculated by software Popgen 32
and PIC. The result showed that the polymorphism information content (PIC) of the 5’ regulatory region of lkaros
SNPs was 0.0872~0.3747, suggesting that all the SNPs had moderate of intermediate polymorphism. The correla-
tion between SNPs and resistance to S. agalactiaewas analyzed by software SPSS 17.0, the results showed that
four of them (SNP2, SNP3, SNP4and SNP5) were significantly associated with the resistance to S. agalactiae



250 Hh K R £ 25 %

(P<0.05). Moreover, All of the SNPs in the 5’ regulatory region of /karos could formed one haplotype block and
five haplotypes from the prediction of linkage disequilibrium analysis used software Haploview 4.2. The haplo-
types (GGCTT) were significantly associated with the resistance to S. agalactiae (P<0.05), and two of the haplo-
types (GGTCT and GTCCC) were significantly associated with S. agalactiae susceptible (P<0.05). Furthermore,
the SNP2 and SNP5 were completely linked with each other (r2=1, LOD=57.25, D'=1), which could be selected as
tag SNP for research of genetic breeding in O. niloticus. The results suggest that the four SNPs (SNP2, SNP3,
SNP4 and SNP5) and the haplotypes (GGCTT) in the 5’ regulatory region of lkaros could be potential genetic
markers for future molecular selection of O. niloticus resistant to S. agalactiae.

Key words: Oreochromis niloticus; 5' regulatory region of lkaros gene; single nucleotide polymorphism; Strepto-
coccus agalactiae
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