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WE: JXBEATEE IR R AMNE LB ST, B L%k g EPCRE I xt 62
Rab GTP# (Ras-associated binding-GTPases 1a3, Rabla3)3t E oy kA # X347 7 2047, i
LZHEHEEE. LEEENERERGHARE T AN ARANEIATRE, B2k H
HEHFDENE, FeXE IR R EMNIIFNNARAZEREZIHER. AEHEA
THREERXEF, FHRabISHEEFFIMHFARBFCEZEERRG X ELE, AT
REZEETREFZ, AR ETHRAEFI. EdENELFFE, T2 KEZH1014bp
Wy 4 Rabla3 X W B 50 T /77|, ZE o T 1B H LAY TATAR HCpG & FHAE, FE SN
FRAREREATEAMNA. EXEEFHLAMANRIEZE TER, SR EF.4
ERAEBORXEFERE XL ETBELX ARG EZB S TR TRE, ELZAFEEA
Bai TN, HEHTEMREZE AR FRENE, XX LZHEMRELAIRLNERED
T, R THEME LKA B EHEE 2 IZEA G WE.67MH. AR KW, t#Rabla3H F
EFFELEHUALARAN X FSAWER TAETH, WA FE £ ELHEEERAEH X
o, WEAAFRHFERYE, AHBRELELGETHNTERELARLREK R,
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Rab GTP[ifj (Ras-associated binding-GTPases,
Rab) M & T RastB % 15, 2 B iR GTPLS & 4
H, Uar I emiEX2s 5 ilieE, 29001
W) —F 55 53T RabZ Tt 2 5036 N 7 s &2
R 5 W B R, TR T e Ak 3 S R R B
SRR RIREE B, X—MREZ YR, ©
FG K =y A orp 45 B SIS UESE, W (Cyprinus
carpio)'® . B 5 X i (Ietalurus punetaus)'”, 3
[E 41 ffi (Sciaenops ocellatus)''®!, 1&gy B g
(Eriocheir sinensis)'” . FLYNIE X EF (Litopenaeus
vannamei)" 55 . R} RabFE R 5 W 5258 BLAE M
i A £0 2 G BE 5 T S Bl I R A

1 MRS IE

1.1 SEIgH R

S5 FH AR 7 L K R A B 2RO
IR T I 22 7K = R g i, A 3 ok Tl T A
(Cyprinus carpio var. specularis), YK i &
(156+20) g, HrA @R ASRE, ARBRIKER
KRS o B4 N T3¢ (1K (bacterial
artificial chromosome, BAC)3CJE i 1 [E K = Fl 2%
WEIEBE AR I H AR T A PR R A, Bl
H I &R (Ctenopharyngodon idella kidney,
CIK)k H B 5K 7= Fh 5t 5 5 5 o

12 EEFRESH

{ii A Trizolif 5] (Life technologies)Z3 5l #2 HL
Wi Bz Rk, B8 MV . SKE L WL FEE. R
M. B, D AEZHZUERNA, DNase I (Sigma-Aldrich)
Ab D3RG FE N ZHDNATS 4 . i i ReverTra Ace-
0-RT-PCR cDNA% — 45 & Al 5] £ (TOYOBO)i#
fFmRNA ¥ 5%, f# FHISYBR Green RT-PCRiR 7l
£ (TOYOBO)#E Applied Biosystems®” 7500 Real-
Time PCR A 4t (Life technologies) I #4732 i ¢
7 # PCR (quantitative real time PCR, qRT-PCR)3E
5, 42 N Rab1a33E K (GenBan: KF737068)
PRI R 1 Rk 2 5 . ffiH -actin (GenBank:
M24113. DE RN SR, 2722k Pt E
Rabla3BE N M X ik & . Rabla3 @ E51Y
Rabla3-F1: AGAGGAGCACATGGCATTATT;
Rabla3-R1: CAAATTCCTTTGCCGTTGTGT; g-
actin¥)” 145 | Pactin-F: TGCAAAGCCGGATTCGCT-
GG; actin-R: AGTTGGTGACAATACCGTGC,

http://www.scxuebao.cn
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fEHEERab 123 F G Y, RO RE S
PR B ACSC PR Hh i 6 4R 75 61 & Rabla3 & A
1) SCESE R . Rabla3®i w5 ¥ Rabla3-F2:
ACCTGTTGCTGACCCCTTAAT; Rabla3-R2:
AGGAAGCCACAAATGTATGCG,

W H bR 5 B TR WOUR AT A, Pk R B R
R T oA AE R XYTR RN, 37 °CH 3%
A, LS mLE W E E.OE R, 12 000 r/min
B05 min, WOERA, TR L SR IUTURIDNA,
{d FH 5| 92 %% 5 3647 Sangerill] > (b 52 K — ¥ i A=
YR E R A ), FIHCLC Genomics Workben-
cha. 038545 73 M1 -F- 5 PR 345 8 Rab 12355 X fir 7r
[X 3L K 2H ) 51| (GenBank :  KX620052).,

{#i F Trizolifk ] (Life technologies)y | $2 HX
- 7SN SN 187 NS = | N~ I 1
. . ODIE4 4L RNA, DNase I (Sigma-
Aldrich) kb 3 DLk Gt BE I ZHDNATE 34, i H]
ReverTra Ace-a-RT-PCR cDNASE — 4% & ik &
(TOYOBO)#fTmRNA K % 5% . f#iISYBR Green
RT-PCRIX 7] & (TOYOBO)ZE Applied Biosystems®
7500 Real-Time PCR & 4t (Life technologies) [ i 17
qRT-PCRE %, 3 #r 45 H LN Rabla3 bk
(GenBank: KF737068)7E YLl J5 (£ IL H 2=
B-actin (GenBank: M24113. 1)/E N INSFEH
2 AACRH B Rab1a3 3k A X R 35 . Rabla3
E T YRabla3-F1: AGAGGAGCACATGGCAT-
TATT; Rabla3-R1: CAAATTCCTTTGCCGTT-
GTGT; B-actin) #45|¥)actin-F: TGCAAAGCCG-
GATTCGCTGG; actin-R: AGTTGGTGACAATA-
CCGTGC,

1.4 EiEHE

PAICYCO041015J5 FiDNA N #E M, fi A
Rab1a3)5 31 F 5|47 PCRY 1 . Rabla3js 51
5|¥Rabla3-F3: GGCAAGGGTCTCACGCGTT-
GCTTTCAAGGGCTCGTCTC; Rabla3-R3:
CTTGCCGGTCTCAAGCTTATCATCTGACCTGG
CCGAAC, Fralifb ) iy 34 7= 1y R FH FR il 44 Ul
F§Miul, Hind NIEAT XU EGUIAL B, FRIUH A RGP
K a sh F A Bt o 2 3K pGL3-EGFPAlpGL3-
basicZX /& (Promega) it 17 Mlu 1, Hind TITXLEE V) 4k
B, RO ARG MR i 1) AR TR . gk s
F4) S 31 1 R 2 R JoR e TR ) I A R EE 3 1 1R
4, T,DNAE M T16 °CLLFE12 h, #ALE. coli
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DHSo/EZ MW, WA T HATNEHERZNT
Mo, 37°CHEIEEEFE12h, PECATERE, MR MRIE
PEMOTTRL, WP %, AT D id A B Rab1a3 )3
37 52 %4 ¥ 51 (1) pGL3-EGFP-Rab 1a3 FlpGL3-basic-
Rab1a3Ji 8 T2k .

1.5 ZARREE Ze A G A R

57 7 5% 16 4 1T 1) R R 0 R A R B 57
F(dulbecco’s modified eagle medium, DMEM)
BRI, WA U B R AR FL2x 10 4, 5%
COL M FRA25 °CCHE SR 12 h, 7 B0 J2 41 i I B 4 4
60%Ji5 , FHpH 7.4 PBSSE MR 1 4 40 137K,
FLIA T ML 7 DMEM K 37 36900 pL, 1 hfF i1y
LR

YL B ff F Lipofectamine® 2000(Life
technologies){& R AT BUIRFL Y, 73 h64l,
2H 4L A A(1) 1900 ng pGL3-EGFP%s # 44+
6 uL Lipofectamine® 2000%% 457 +994 uLJG IfiL 75
DMEMH; 335 (2) 1900 ng pGL3-EGFP-Rabla3)3
B F# & +6 uL Lipofectamine® 2000%% 4L ik 7]+
994 LT IfiL i DMEMY5 35 %25 (3) 1900 ng pGL3-
EGFP-Rabl1a3 )3 3 F#i 1A +6 pL Lipofectamine®
20004 Y3k 7 +994 pL G Ifil 7 DMEMK; 353 5 (4)
1900 ng pGL3-basicZs £ {£+100 ng PRL-CM Vi
DGR N S 3K +6 pL Lipofectamine® 2000%% 4t
K H+994 pLJC I DMEME; 35 3 5 (5) 900 ng
pGL3-basic-Rabla3 )i 3 T /A +100 ng PRL-
CMVif} B ¢ Y Z il N S 2K +6 L Lipofectamine®
2000%% YLk 57 +994 uL I 7 DMEME; #: 3L 5 (6)
1900 ng pGL3-basic-Rabla3 )i 3l T #AK+100 ng
PRL-CMViFH 2 RN S HiKk+6 pL
Lipofectamine® 2000%% YK 7] +994 uLJC Ifil 75
DMEM#; F¢ 5k . BT MIRE], 5% COE
FRAf25 °CHE S o

Y6 h, MR, B A A S% A
1ML B DMEME; 55 35, 4k 42 5% CO, 8% F7: 4125 °C
Rt ¥Uefa24h, mQRIGASFLH AL pgul
A 48 T I £ B (lipopolysaccharides, LPS)10 pL,
RIRIRL), 4R8E5% COEFRAH25 °CHiFR6 h, 1E
D AUBE T WER (1)~(3) 4 AN M 25 & (2.9
EASDIS R
1.6 RRSEREGHR & E F QN

ffi FH Dual-Luciferase® Reporter Assay

System* 5 't 2 il 15 & ARG U 3055 65 (Promega)
U8 A3 58 BRI 2D B o B (4)~(6)2H 25 L N 440 i
T4 BRI, Ao O A K B O 3R RN
PG F WG Pk o A IV B 56 O 2R I MR (AR
WS, i K MPOEREEEEES, 9
B = KR F T R 1 O R
Pk FELLH YL pGL3-basic?s & f& MIPRL-CM Vi
B 986 2T N S R 9 58 (4) AL BUME S X B,
AT E G — 1k, PO R B I =
S 21 9 ' R S T R 4 5 2 B P

2 4

2.1 #2Rabla3EFARIEER o

i Rab 1235 [H 75 A JE e 1) fi FRE A 1A 45 4 21
WA RL, HpE, KEFHAARERER;
RGeSk, Bk . 8L M. Sk
BE . . OB Rabla33E N Fak m A i,
o SR AR A B AR IR B, Sk
Bk R BRI, S A A G R
FHAE(E 1),

60 —normal 1 ¥ %} [
** P infection Y MAE
e 50 |
%3 '
9240 |
®Z
EE30 ¢
o
=2
<220 r
E7 10t
1 2 3 4 5 6 7 8 9 10

ZHH
tissues

1 Rabla3ZRE 7£ 83 10FA L A RE LRI T
mRNARIZE LW
L, 2. Bk, 3088, 4 M, 5. 3kE, 6. LA, 7.FAE, 8.
BE, 9. M, 10,0 P S B6 28 A X 2 0k B DA SR G o R 2 ik
ML RIE BNEE M, REBTANIREZ0=S5), BT
7~ the 36 S 3 1 K (%, P<0.01), R[]
Fig.1 Relative Rabla3 mRNA level in 10 tissues of
C. carpio before and after infection

1. brain, 2. skin, 3. gill, 4. blood, 5. head kidney, 6. muscle, 7. liver, 8.
spleen, 9. intestine, 10. heart. The relative expression value in each group
was calculated by comparing with the value in brain of unaffected
controls. Error bars represented standard error of the mean (n=5);
statistical differences relative to unaffected tissues were

calculated by using student’s ¢ test (¥*, P<0.01), the same below

http://www.scxuebao.cn
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2.2 #@Rabla3EFHFENFFIISHT

Sk HE Bk 5 PR A P 224 Rab5% 2 [R) IR L K 7
ST, R Rab1a3 4 VT Yy, 75
BACSCJFE T A7 PCRIfi %, FR15 61 & Rabla3 & [A
() SCEE 5E ECY CO041015, 51448 8% 2 I
JE P, IS Rab 1235 PR T 7R X 38 3 K 4 7 1)
H£318951 bp, Hr & T iZER6MIME T .
SN EF BTG, LR EFiEEE T
H, 4 ER A 4R 28 NCBIE i 5 (GenBank :
KX620052),

Xof L BR 5 A T FiT 2549 bp e 4 X AT 36
T, 25 -G WM BE D i (Danio rerio)Rablak [l
5" UTRJT AN X455, HEI B Rab1a3 5L I 1 %
SRR BR AV A TR AR T F R 250 bpBftir . AL AR
T HIT 1261 bpZE 248 bpli] X 2y T #4455 2+
X, ZBLASTEHXF, %)a sh T b A1E7E HAth )
FE) C R RabBE RS 2 1 [FIRT 51 . 1% 30
FTAEA MBI TATAG S CpG &y F/1iE, FA7EKR
) M S I S IR P A A A (FER 1)

23 R Rabla3BEF B FEML DT

Xof 50 45 3] 4 1 Rab 1a3 3 K 2 DX Sl i
FIPCRY H, HARKBLKE H1014bp, 7E L Fiif
194 951 A Mlu VR Hind TUEGY) 07 55, 38 i il
VA 3 N, ¥ % R 8h 7 i 2 39F ApGL3-
EGFPJFCRL A, (il Rab1a3 ) 3 T 9K sh 4% {6, 5¢
Y62 H (green fluorescent protein, GFP)J& K £ ik,
#4781 2 pGL3-EGFP-Rab 1 a3 JFOkL 2 14

{4 FH pGL3-EGFP-Rab a3 JFi ki % Y« CIK 41 ifd
BEYL S A0 M AR KR O R A, G BB T AT L
GFPEE (DN, R W A IDNAF BLAE W% i 2 3K
BGFPE N Kk, HA R FIEME(E2-a, b),
IF) 40 5% 35 W P I ALLPS, R D e 0, 40 i
B ¢ D' ok B i 2 9 T I B 98 I PO BR A (81 2-c,
d), FWJE3h TG PE 7 S e s o W e, R
G 8.

2.4 KN RBEEIREEE KN Rab1a3E #
BEFiEM

P Rab 1233 K 1014 bpJs 31 1 5 51) 1% #5 i#F
ApGL3-basic/itfi g4, (i Rabla3 )5 3+ 3K 5l
K MPOE RS R GL, s #EpGL3-basic-
Rabla3Jiukr 244 .

fdi Ji pGL3-basic-Rab1a3 FIPRL-CM Vi 5 ¢

http://www.scxuebao.cn

50 pum

& 2 ##pGL3-EGFP-Rabla3 &4 i CIK 4 B BB
a. LRZER B, W BB A b LR, R M
HEFs o LPSEUU LRI, Wi BB d LPSEIM sk
R, 7Ot BRE IR

Fig.2 Microscope pictures of CIK cells transfected by
pGL3-EGFP-Rabla3 plasmid

a. control cells without immune stimulus, by bright field microscope;
b. control cells without immune stimulus, by fluorescence microscope;
c. immune stimulated cells with LPS, by bright field microscope; d. immune

stimulated cells with LPS, by fluorescence microscope

JCER NS ORI R Y CIK AN ML, & 0 )5 3l
T, 2R SR, Rablad3 a3 T %K R
hRABERN RS TN, HEsh it
TRE A BHU H 58 2 G B A BRI Y 8.6 747 (1513).

3 g

RabZR s B AU 1) f0 2 g B R S, T
SE R 5L R AE 4L 2 o0 A A0 v . B
JNf 25 R B T AR AE — 0 25 5 . FEHT A SR
BE T 4 L PR DR 20 R RE Y, X Rab 5% Hk A it
7T RGiiAr, IR i 57 21 50000 XoF 45 25 R i
SEREEGHAT TR 48T, I ik 6 Rab 1a3 HE [l
1 S e 5 T Bl T e S R U 20

AW QRT-PCRAZ 55 45 1 5 5% S 2l o3 Hir 45 21
AT, TEAEREAIRDY, Rabla3dtNAERHLNT
RSk, A R SR OKCPR ARG, miER . Sk
FIFR IR B &S T HALL 2 w2
AR, Rabla3Zk HE% EKF LAy, i Sk
B 412 Rabl1a3 mRNA/K V- g REM K . B2 £
FKIIFIR & E, WREAK, 28 %10 B 40 1M
B, BERSANFOK R, 5 sz S B Y
N R - N = o i L Sl N
B, TEMRNREETNRE DR, X2
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SIS Ak B
treatment
3 WIS REBR B E LI E 82 Rabl1a3
ERRFIEMS
Lo # AR IR, 20 S BT, 3. % S 48 F pGL3-basic-
Rabla3J5i ki FIPRL-CMVJF b 3t 4% YL CIK 4N M, 75 40 i 35 57 W o
TN LPSBE S BRI B, A6 R 97808 35 7 ¥ pGL3-basic fIPRL-
CMVJFURE 3 5 Y CIK 20 B AR 5 R o % 22 4 7 4 X o fE 22 (n=4)
Fig.3 Promoter activity of C. carpio Rabla3 gene,
determined by dual luciferase reporter gene assay

1. blank vector, 2. before immune stimulus, 3. after immune stimulus
CIK cells were transfected by pGL3-basic-Rabla3 and PRL-CMV
plasmids, and then stimulated by LPS. CIK cells transfected by blank
vector pGL3-basic and PRL-CMV plasmids were set as control. Error

bars represented standard error of the mean (n=4)

HRAE S G P B AR vh A ¥ B BRI

H A C e 1 HIAE 5% L K oo 1 #2505 3
T2 AR, mEER-NLa & . 38 K40 6
(Zoarces americanus) Pt Uk 5 (15 8 5612, HX}
bre e B, A RS 3h 7, #
A 4 fi i D 1 o R PR ) K o 3R 8 A U i
R, A A B2, 38 W] RE AT FE AE 2 10 18 B
ARKA, R Rl AR g, WA
AT A5 B PR ST £ A 52 G i Tk 38 I R
RiK, SHAHBEEIFHCAN T, MHERab1a3%E
D] 33— & 3k 55 = D) A 4y b 47 5 1 B B S IR £
Xof A5 B 5 Bk PRI S REAIE Y 5 0K o

Ry it — 2 i B B Rab 1 a3 3 DN &% S ] 45 AL
il A B 5T 6 i AR B E U R 4R Y 9 AT T 4
Br, 38 Gk R SO A Wy R AR A R A
W, RIS T K 1014 bpAYBERab 1233
KA 8l F e T 51 o & T Rab Bk [ S 8 45 () WF
FAAE D E R P A HRE , ALFE A (Homo sapiens) .
K B (Rattus norvegicus). /N B.(Mus musculus) . ¥
ZH 2L N BT oK 2 B (Entamoeba histolytica) Fll— 25 4]
Y). BLASTILX 45 R /R, #HRablad)i g+ 5 H
il ) A8 P © F1 ) RabFE KR 3l I3 910 AH DL P 45

ik, (At Ay — St G REAE a0 AS 2 5 g 7
I TATAR B CpG Ly, T A7 TE 2 A s bl G 5t
W4 A, X5 ARab6V" | Rab7P" |
Rab20™", Rab27a™, K Rab3. Rab27°", /MR,
Rab11a®? | Rab27a"", Rab27b¥, i £H 4L P bl >k
£t EhrabB"™ i3 2l A W 58 25 SR AH S 0L

5 Rab1a3 i 31 7 [X 454 By 5 528 4 56 I %
W EEaHE3: ()EES S RN 1
Wi 17 75 % S I, WATRE., CEBP. CREB%;
()2 5% PE(s 8 WSk F, WMAPK.,
cAMP. NFkB. BMP. Notch%: {5 5 18 I% 1 A9 1k
R, f34EBRNF. GATA. FKHD%; (3)Z 5T
o 5 B M IS L Y 5% s I F-, ITHAML ., NKX1 .,
NKX6. PDX14F, 33X £ %5 4 77 4F 1 G S hH DG I 5k
HTgEafis, R TR TiEtme A
G S8 o 2R AE 1T BE AR e 8 175 5 B 1 e Sk 1A
Jefk s

R U8 IE 2 S Bl F A A 2 B S R R P AG TE
P, ¥ BT ApGL3TUR Bk, YL fn
CIKZNMIZ , 45 % B8 GFPILP Fd K e e &
it 3 AR BE A5 7 1% 05 8h T UK Bh T ik, midE SR
VI AN LP S UL G i i, P 3R Gk B Y
W, UESLZ 1014 bp i BEE A B FiEM, HiS
BT 1 A2 B G 1 T

LPSEAK 2% G B 1 T 200 L BE (14 R 1 1 A 40
S R B K P 1 268 i AR 22 0 4 R A AR B R4y
R A A AOREBIk L A G 1L, JHA S 2 R4l
R 09 40 WA RN B, A4 i 988 IR 5K Rl - a(tumor
necrosis factor-a, TNF-a). H 40 i/ % (interleu-
kins, ILs). AP1F. NFxB%, 2% HI T4
RAERERIC GE 5 B DO S R 45 6 6 A
HEM , ABFFE P LPSX Rabla3 s 31 7 (9 BT 4E
F, AT REJE 2 A~ T g8 A0 O 2 ik R 2R R 4 FH Y
459 fU3ENFkB . BRNF. APIF, DK ZfE
5 BY LG LB sk I F, WHAND., NKX1 .,
NKX6. PDXI,

V4 BERab 1231 [R5 2l FHAE $ 9 i 2k 1R 4%
TRA 21 R 2 oo, BT BB 9K 3h A1 I G 3 A
PREFER M R B, RSk A 8w R
kK, JERBH RS S R R IRRRIE, AR T
SE R 0 A A7 B o e BB, KR R IR A 2
RESED e i HEAE 1 5 SRR e | [R] B Rk G A
AN B 2 ZUR fd FRAR ST i 2 R KM E
W, AR, 75 0RIEH TR S f

http://www.scxuebao.cn
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Cloning and functional analysis of an immune-induced promoter in
common carp(Cyprinus carpio)

ZHAO Zixia", ZHANG Yan', CAO Dingchen’, SUN Zhaoning', XU Jian', XU Peng "’

(1. Key Laboratory of Aquatic Genomics, Ministry of Agriculture,
Beijing Key Laboratory of Fishery Biotechnology, Chinese Academy of Fishery Sciences, Beijing 100141, China;
2. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
3. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China)

Abstract: The study aimed to explore a teleost promoter applicable to genetic engineering breeding for disease
resistance. The expression pattern of Ras-associated binding-GTPases 1a3 (Rabla3) gene in common carp
(Cyprinus carpio) was analyzed by quantitative real time PCR experiments. The transcription level of Rabla3 gene
was high in tissues closely related to immune defense, including gill and head kidney, while the transcription was
enhanced after immune stimulation. This transcription pattern well fitted the conceived perfect expression pattern
of heterologous immune gene in transgenic fish. Bacterial Artificial Chromosome (BAC) library of common carp
was screened by PCR, using Rabla3 specific primers. A BAC clone containing Rabla3 gene was found and then
sequenced, to obtain the complete genomic sequence of Rabla3 gene, including its upstream and downstream
regulatory sequences. A putative 1014 bp promoter of Rabla3 gene, with multiple binding sites of immune related
transcription factors, was predicted using several bioinformatics tools, while TATA box and CpG islands of typical
promoters were absent. The promoter activity was verified in Ctenopharyngodon idella kidney cell lines,
indicating that transcription of both green fluorescent protein (GFP) and firefly luciferase genes was able to be
initiated by the 1014 bp fragment. After immune stimulation, the promoter activity reached 8.67 times as compared
with before, determined by dual luciferase reporter assay. These results suggested that C. carpio Rabla3 promoter
could be a potential transgenic element with immune inducible characteristics, which initiates transcription of
heterologous immune gene against exogenous infection in proper expression pattern, avoiding excessive

transcription in unnecessary conditions.
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Supplemental Tab.1 Summary of candidate transcription factor binding sites in the predicted

promoter region of C. carpio Rabla3 gene

TR & A A

XA T Ejiipay Z 5 RPN R
L number of predicted L . L
transcription factors T description way of being involved in immune responses
binding sites
AIRE 2 SRS R RS ey G & L R
autoimmune regulatory element binding factor direct immune response
APIF 6 Wm B A 1A T % 5SMADfE 5 il #%
activating protein 1 factor involved in SMAD pathway
APIR 10 MAFATAP U K s R G L A e R T
MAF and AP1 related factors direct immune response
BRNF 32 POUZ #38Brn¥% 3 (5 T 2 5MAPK(E 5 il #%
Brn POU domain factors involved in MAPK pathway
CART 27 B FRREAL % 5Wnt. BMP{ 5B
cartilage homeoprotein 1 involved in Wnt, BMP pathways
CEBP 12 Ceaathfisit 7455 & A PR LA T, 65 5 Notch(E 5 il
Ccaat /Enhancer Binding Protein direct immune response, and involved in Notch
pathway
CREB 18 CAMPRIZ LS5 & R A T N S K T, 72 5PERK. SMAD.
cAMP-responsive element binding proteins cAMP{E 5 i i
direct immune response, and involved in PERK,
SMAD, cAMP pathways
FKHD 13 S s M3 e R % 5NotchfF 53k, JFZ S5THMIEL
fork head domain factors involved in Notch pathway, and involved in T cell
activation
GATA 8 GATAZ & H R F T Z 5BMP. SMADfE 5%, JFZ 5THMEL
GATA binding factors involved in BMP, SMAD pathways, and involved in
T cell activation
HAML 2 NSk A A 1t T Z 5THIE L
human acute myelogenous leukemia factors involved in T cell activation
HAND 4 BRbHLHF: A T Twist il 5 % % 5Notchf5 53k, JFZ SBAIRIEIL
twist subfamily of class B bHLH transcription factors involved in Notch pathway, and involved in B cell
activation
HNF1 22 HFm iz A 71 % 5Notch(& 5@ #
hepatocyte Nuclear Factor 1 involved in Notch pathway
HNF6 7 HHmaR% A 176 % 5Notch, SMADf 5 il #%
hepatocyte nuclear factor 6 involved in Notch, SMAD pathways
HOMF 36 R4 ¥ e SR R % 5Notch. BMP{5 5l
homeodomain transcription factors involved in Notch, BMP pathways
LEFF 12 LEF1/TCF# 38 7 Z 5BMP. Wntf5 Sililt, JFZ5THIEEL
LEF1/TCF transcription factors involved in BMP, Wnt pathways, and involved in T
cell activation
NFKB 3 A7 «B 2 5NFkBfE 5l
nuclear factor kappa B involved in NFkB pathway
NKX1 9 NK 1 [FIYEHER: S T Z 5BAIEIEL
NK1 homeobox transcription factors involved in B cell activation
NKX6 19 NK6 AR HER: T Z 5B L
NK6 homeobox transcription factors involved in B cell activation
NKXH 11 NKX [RJJR 46 #3857 % 5BMP. Wntf 5B
NKX homeodomain factors involved in BMP, Wnt pathways
OCTI 19 Rk a®EAl G LM 7 TR S R
octamer binding protein 1 direct immune response
PDX1 9 PDX 1 [ JHE Fe i [A 7 Z 5B
PDX1 homeodomain transcription factor involved in B cell activation
SMAD 1 FHEBWISMADZ A A T % 5BMP. SMADf% 5%
vertebrate SMAD family of transcription factors involved in BMP, SMAD pathways
SORY 49 SOX/SRY 451 F1 5 Ji. ¢ ' HMGHER: 3 [ T % 5Notch, Wnt. cAMPf 5 I

SOX/SRY-sex/testis determing and related HMG box
factors

involved in Notch, Wnt, cCAMP pathways
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