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Abstract: Transcription factors are a class of proteins that regulate gene transcription and expression by binding to

gene-specific sequences and play an essential role in regulating the biological activities of cells. The RHR (Rel-homology
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region) transcription factor family is the primary member of the IF (immunoglobulin fold) transcription factor superfamily,

whose members contain the conserved Rel domain and IPT (immunoglobulin-like fold) domain. As an ancient transcription

factor family, the RHR family continues differentiation on gene gain and loss through gene duplication, mutation, and

silencing, accompanied with the evolution of diverse species. Natural selection has led to different rates of evolution among

members of the family, and some domains of the protein family have shown unique mechanisms of evolution. However,

the current reviews about the origin and differentiation of RHR family are rare. In this review, we summarize the research

results on the distribution, classification, function, and evolution of the members of the RHR family in order to provide a

reference and new idea for studying the evolution mechanism of the whole transcription factor family and the evolutionary

relationship among species.
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Fig. 1 Distribution of RHR family proteins in 12
eukaryotes
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%1l (nuclear localization sequence, NLS). ¥ 3%+
NF-kB %7 A2 : 35— 45 RelA(p65) . RelB
Fl c-Rel, AT, BRT Rel &5 4, C K
B S G 45 /3 (TAD) . 465 — 254145 NF-xB1
(p105)F1 NF-kB2(p100), H: C AKui X & A ANK 45
15 (ankyrin repeat, ANK)™®, ANK 45 #4552 2> 5%
BB, EATEMRI TS A, S
AR ELAE A S0 FHUEO L NF-xB 52015 A% B
AT DB R [ — R ARl S U8 Rk, JFH EATE R
R A R AIE SR T, a0 sz 51 /h 5t
G HIEE S K — R Y, ff IKK(inhibitor of
kappa B kinase, IKK){fift, ML IKK, 755 kB
(inhibitor of kappa B, IxB)# R E R . B
NF-kB 540, A5 7% 2 40 M A% & #0015
SR,

FEREALi 2 RelA | RelB 1 c-Rel HA5—~F
FEASF ) RFRYXCEG J¥ 41, figfigin 5] DNAM,
%% (Nematostella vectensis)& B A1 1 —FhE 1225 51 Y
KEE HAY Cys/Ser Z7stEryahSl, wige &
TS () 25457 BL ) Nv-NF-xB Cys 5 DNA 145 4 fE
12575 T Nv-NF-xB Ser. #3518 NF-xB Xl Z 8%
JWEFE NF-kB Z 5 ) Cys/Ser 453 K2 K78 [ SR AL rh
JEUTHEIL PR AL T AT RENSL, AN, BRSNS T
403 HUR[RIRRE R IR 28, 8 2 X Nv-NF-xB BERAESE
Y€ 309 4~ Cys/Cys 2li4F, 23 /> Ser/Ser 4i &+
M1 714~ Cys/Ser Z&&F, IFTHE W T & /L5 5L
(Fs)oh 0.56, XFRWIXZ AL W Z RIAETE R
BRI MEEE BESE iR, Nv-NF-xB Ser %53 %81k
YR BEAL R AL S W) BA TR 321, X b G
YA R AR B0 VR Ty & A, MR
PRS0 AR T B 2 Nv-NF-xB Ser BUVEZE [ I,
IXAR AT RE A2 PR R S 30 T X AN 2R 4k
PRI T 52 335 07 0 S S50 e ) R L[] 3K A e —
FISRIERRMNEE AL, X RelA. RelB. c-Rel
BRI R R 0T, BRI TR R AR
L FE, RelA. RelB. c-Rel 434l7E 0.77, 0.79 I
1.01 PAU, Hr1 RelB (LSRRI HRIC, tEAh, A
FFTR, NF-xB ZRE R Z 8] AT LLSE &k A0 5 AR F B
JR RN IR — SR AR 57 9 — 5 K : c-Rel \Rel A/p65 . RelB
p50/p105 #ll p52/p100, H: ] F5 H i FE K i Fe s,
PR A1 =2 ) AT A7 AE — Rl [l ik fk it o6 2R T8

SERW, AT WK B4 Ak B IE HE 2 7E 2R i (Dro-
sophila melanogaster) 1§ %% 4 T Dif il Dorsal %t
PRI, SR i 1 3k 7 A 35 PRI A [) — 4R G B PR R AR AR
It HABEA Rel [FURZ5HEAAHALAY BER 454
A P A JE AR AT A g J2 78 1b o A vl o 52 i)
Ay, Dif Al Dorsal RBP4, WAEBEE i)
RERTIRTS X ARBRTE BTS00 b —Fh Z % i A Relish
RIS SR LA 25 STl R
WA ThfiERt, Dorsal #1 Dif 4 Cactus Wiz b2 )5,
AREVEATHE I F R4, 1M Relish A9IE LT 2L 1rd5
(immune response-deficient 5, Ird5)%& FEFH: C S
ANK Z5FIRIEAT DI, IR Relish AR B
AL 2 B A B B TSGR RelA L RelB, c-Rel
AL A RPN AEmi L s b, 5 RelA Fil c-Rel R
[ 2, RelB AAEMIGH R HE N RRIATH E LZ
(leucine zipper, LZ)Z5# 192 503 X A5k 800 T
RelB 5 DNA J¥4 B4 & A (A 5 i A BAEFEAS
Al ey, 1 RelA F1 c-Rel JfAN 2 & 13 FE Y 4 Bh 25
MR, SR, AT RelB WY LZ 45k 5 v
A B 53 HILH 5 B AT BB i 0E . (E — R0,
NF-«xB Z 3L H Fil MyD88 (myeloid differentiation pri-
mary response 88)%& K 7E £k Ht (Caenorhabditis elegans)
FERA R B R Y, X PR 2 ] e A i H A
ST RS 5 Sl AR AT G s B A& 420 il
FLAW Y NF-xB Z G H 53 AN PIAS LA NF-xB1 il
NF-kB2 7 C K & A BA M HIEE AT ANK 254
B T RAEA TR o &8 TIUE A ANK Z5H9 501
BA(FRR ANK 1), RUIHHESIY NF-«B1 HI
NF-«xB2 [l JE B s A8 MR . IR RIS A Rel
A ) NF-«B (PR Rel 2 ) FE Rl 220
ANK #H7E NF-xB ZG&E AL R A T Re & A4
THSEMMEEAEN. X580 R AliE R A shPrh
FEAR TR AT B Rel-ANK B4 8 NF-kB 2 1127,
Rfi)5, WFoE ZIMIEZEIE N T Rel M kB &,
XA e N Sk 2k C- R ANK 2593k i) 45
SR8k, RTE A S5 BRI E Rel
M EIE AR,
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UAE T 41 H g 2% P31 NFAT S5 5 A b 4
2% NFAT1(NFATc2 = NFATp). NFAT2(NFATc1),
NFAT3(NFATc4) . NFAT4(NFATc3) il NFAT5EY
NFAT F S HA S TAD g5k, — AN 745
FJ3 (NFAT homology region, NHR), —>&5 BE{45F
¥y Rel 45 R — AR BEA S 45 44 3% NFAT 5
YR, S0k R AR 2 M5 . NFAT 25
P 2 U G L AL 4 : NFATL. NFAT2. NFAT3
T NFAT4, HAEGRHE AL A0S, 3% Ca® HIs i
F AR KRBT R, A 2 IR Al
By NFAT S AZEIHEH BRI, i
S HE A A T R G, AR S LR L5
U ALFE NFATS, HIF AT ZE M LRSS 5 1
WEPERS S NFATS AT LUE BRI 2R A, LT
Xt 5 DNA G5 43 Fil i s 3% o 28 06 B0
PR 22 A Y NFAT 58D R IR S s
7 A0 i FOA% A ) AN BRI B B (Saccharomyces  cere-
visiae), 76 MR %+ (Saccharomyces brevis) F17 4
(Amphimedon queenslandica)4: 4 it 5L K 41 b oK fiE &
I NFAT (9 [RIJEEEP 7 T 55 i R A rh A e —
A5 N NFATS HRLE NFAT 3 4B R i 74k
R B T ok, fEdE bt B, NFAT ZKiEZe it
TZWEHNME R MYter i, fEIE RSP
B R (P FEFH Ciona intestinalis, CE fi
Branchiostoma floridae)3& F 4 H H &4 —4 NFAT
] 5 3 PR, DA TG 01 28 5 M 2l 4 1) 1 L 6 6 (Petro-
myzon marinu)JFis, &I T E 20k, BES
1£4 % (Callorhinchus milii)f3EE AP LT 4
55 Z [Al PR EL A B8 N #1125 5 8 (Oryzias latipes)

B T £ (Danio rerio) . — Jfi] ff (Gasterosteus aculeatus) .

41 fi% 7% )7 ffi (Takifugu rubripes)Z: 451948 piz|9E
PHTCWE (Xenopus laevis) FI ZL 3l 1 (KK Bl Rattus
norvegicus, Z B Mus musculus)FEFE 4 H HELT 5
ASEEE I NFAT FGHED B W, #gssd
2 NFATS P A AT RE R I 506 10 B J i ot o ot
bh, Graef 281 Gauthier MBI Bos, KN
NFAT Fl NF-«xB #B &4 Rel [FRZEHI, Hrefig
i NFAT IR Z5H & A T Sy i Ah 11 Rel 25
Pl g A Ry F 2, e T AT R S A 2 R Yy 4H
JedLIH . BRI, TEZ P NFAT Hil NF-xB #BA5 T it
%, JF H NFAT3 72 52 5 39 (Gallus gallus) . k34

(Meleagris gallopavo) B 2 i & 2k T &2k, T
NFAT Fl NF-kB i 30 5L R Al 2500 Z b f o fig
SHALEIHRRIE, BIE NFAT F1 NF-xB 1B R HE 56 &
W B — RIS, O TS NFAT FksE
KA B 2R i, IR N B0 S S B R A A T
ARG REM ., SR ER NFAT ZEIEHN BN 3 4
0. NFATL #E(f0 % NFATL il NFAT2), NFAT4 £f
(2% NFAT3 il NFAT4)F1 NFAT5, NFAT1 #f I
NFAT4 FHAUAETE T RHESI b . IR, TR R
Yz, BOKRAT —REEEH, XKE
TSR EC T NFATS ZEREFI NFAT1-4 28 B0 AN AN 40 BE
Fre . X R E RIS NFATS Fil NFATL1-4 7E4%
R L A TR, 8L NFAT T2 AL T 45 P8 B IR
B 4EGHL, XA T E AR, T NFATS Y
¥ o0 42 S h 2 B F B (nuclear export sequence,
NES). #4253 (auxiliary export domain, AED)
R E AR 5 (NLS) L [F A F 1, X KR NFATS Al
NFAT1-4 ifig b=k 172253, PAML #4815 715
B, 12 NFAT ZGHEEH 733 oR T FIR IE
MIEERE, FEIEDI GRS T s NFAT 5575
gAML e, w4
JE K 4H 42 i (whole genome duplication, WGD)# it %
B, SEEE0) NFAT RIGERBRA TReL s 3 fea st
A& il F P2 e, e — k&R =T
2 NFATS5 FI2& NFAT; F& 5 W Hl, 25 NFAT
I AFE s NFATL Al NFAT4; fieJa— R EZ #l, NFAT1
ML T NFATL FI NFAT2, i NFAT4 23k 1
NFAT3 Fil NFAT412

3 EBF My¥riksir S5ift

EBF (early B-cell factor)#% s [HF 5%, HL#FR
A COE (collier (col) and olfactory-1/early-B-cell factor)
T, MR RN RRN R, B
T8 L 2T ALy hee . THFL s b
EBF F % 5t 145 EBF1, EBF2. EBF3 fll EBF4.
TEMEFL BN h EBF sk A ¥ K 51 &4 DBD 45
Falak, IPT g548 . dE 2881 HLH(helix-loop-helix) 45
PSR TAD 54058, X Seas b i 7e Ak b BAT R =T
PECT, M7 DBD S5#3skb, S — A AR IR
5 (H-X5-C-Xp-C-Xs-C)HE 7, JF HXI T DNA £5%



5 3 FT D% RHR S DT SRR IR DAL S AL 1B it 219
FEAE AT IPT WA RV R BRI R FEs M IT R L R T R R A

ERZ 5 EBF Kk 5HALE AL AE. esb,
EBF ZEH A& HLH Z5Mik, B =1 o-12jiE
(H1-H2d-H2a)41 al, HE5 e H1 Fil H2 Z ]
loop HFHFETE— PXXPXXP L%, %K F7ER M
SR 7 T T B A (01,

H A A & B EBF LA 7ET B . MY ST
fal—A A s . WFE R AETCEMES Y,
WEEE . Zhdu. b ISR AT R
(¥) EBF [A] 3L P 59007031 Hoepr | 5 st it 8 & s 4 A
LESYIN EBF JFHN 0T R, X ARA AT e A
Y EBF tHSE . MibEE MR EAL, 76 BRI
MESh YL g a8 rp i B0 T EBF RYRIVERE A A9 4370, 43
W HAT 44 COE-A Fl COE-B, 33X Wi [ 5 4 ]
FE HLH S50 800 % 1 B2 5 91 =22 1) 77 7E 3 1) 22 5704
Ak 28 A £ B B, 7E 3 1) £0 FIIE I (Xenopus laevis)
FRERME I T 3 2R EBF S L 508 1 5]
B HE S AR, BB 4 4 EBF 5%
ZIAEIEA 14 YR T EBF JEIK 1D g AE S 2 Ty
TR AR 22 ey, b SR A2k i EBF 7% 5%
7 REAE T KRB M 220 &, JTCE RN 1) R G
i) EBF sk HA Rt g o e i oiag,
FUA N EBF # 5k FAEM ARG K E 7 B #E
ANIF A £, EBFL X TR ILP G2 LA S SURAA I
P i 22 0 AR A DG EEFE T, T EBF2 W)

T /NI R B 28 T A S RS R oA

EBF %5 [H-F DBD 254 i 0BG 3 e J—
s LR HORT & A A H157 . C161, C164 1 C170
Al AE iiAa 2 1Y loop(H-X3-C-X,-C-Xs-C) 454 , 54
BB A5 R AL, B 1R DNA 381 LAY B —
BIREME P, ARG B, R4S EBF 1Y)
DBD #5458, 5 NF-kB I NFAT Z % 11 Rel 4544
B A RIIE A S, R EATHE =5
% —E AR, R 2z 4b7E T, EBF 1Y
DBD 5 #43fE 25 0] LW il T A —FEHEFI Y B R 2 LA
FHAER “Ph 1g-like” T8 (BN IPT Z#yd)eel,

BRItz 4h, A% NF-«B fil NFAT, EBF (¥ DBD %
RIS DNA 454, M IPT 5825
DNA (254 JE R AR [ 5 - 35 5 A9 AH A
FE, Mk, EBF BARTEFH LAFAE2E R, HEN

TINS5 DNA S IRE, AT 52 1 D A e sl

WHFLsh P EBF 45 H BT AF7ERY 341 - IR B & 7
SI(H1. H2d 1 H2a), H a4~ e 50 4R i sl 4b
WF@MNEF EL11, E12 Al E13, A BIHAEF i1l
012 43R Ast it b TR RS2 SN
FhUnBE B HY . SC B£8R 4836 iH (Strongylocentrotus
purpuratus)® H1 Fl H2a #h & F 551, #E e 1Y
FEHPARETES H2d FHOCH St ¥ 5 . AHR, JE
XA A KA Y A A AT R B, ALHE EBF1-3 B
EBF1-4, #&ET H2a-H2d O, (HAE—R 2
-LAEAE COE-B HH & H2d o-12JiE, i COE-A &
HIEA, HIs S LR RV, H2a-H2d &
HlFE DAL AR R G T RE R T A SICE s L
HEZY) EBF & Ay H2d 1 H2a JE31 Hexf R,
H2a-H2d - A&t 4 i+ E12 F1 E13 {7 2442 il fr =
A I, B AT IR T “two-step” ik
MRS, A H2d B 7= A HILHIE AT RE i o e
Ao (Kl 2). B, BHEsiH s e+ E1I3 B
Mz 5, e 5T V)R 5 B mRNA 1, T2 A
BT H ., T EL3 Z )5 s AP 51 53 E12 4
PN FHA Z AN, SXREEZm T i
FEAIRBIPE, R8I X & — iy ), ffi E12 i
E13 Z BN & FIKE 0 #H62, AL “XHFR” B94h
. F(E11-E12-E13), MIMiMF]SE A% H1 . H2d F1 H2a
Ao,

4 RBP ZJpE AR I 5 kL

RBP (recombination signal binding protein)Zji%
HEMNTMAERGEH A BT MG LRGN EEA 2
SEEE MR, I BT 24 i o i 4 i e
A R R RS I R A B RBP B
AWM A, —FpE RBP-Jx (recombination signal
binding protein for immunoglobulin kappa J region),
HAE Notch fF5 g AEEEAEN; J—MiE
RBP-L (recombination signal binding protein for
immunoglobulin kappa J region like), HIJHEIFAMK
1T Notch {5 5@ %, RBP & H i1 3 4l
e N 4G k43 (N-terminal domain, NTD) ., p #1845
Fey3m(B-trefoil domain, BTD)FI C %4k #4m,(C-terminal
domain, CTD)!"", 285t %ot H 351 43 M A5 A4 F 5 U
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Fig. 2 Mechanisms of H2 replication in vertebrate EBF proteins

A: EBF fHSEIEH P HIH2a P80 (50 B F—IN & T I 451 . O AL N T (LLREZk), LGN & TR ERZ). B: H2 ZHIpsE —2
RN M H2a BWANE T w1 TAIGZT TIN5 R PR BT U0 A T Had B SE N . C: B8 OB SRS H2d i X i
R 3BT VI i (R ERE = )0 D= THRIARDL 09 111 70 i12 & F, KW H2d ik A EBF . HRIESCHR[701E B2 il .

52, RBP ) NTD 5 NF-«B 5 [HF K% Rel [
TRZE R N S EA AR UETS, 9f . NTD RLBafk
JE 3l 1 R 5 547 41 (CIT)GTGGGAA 5 DNA
gh4, AT Rel RIVRZEHIR AT EENY, BTD
SR I AT DA E X AR DNA B4 4, T H iR REfg =
HEARSEARMMEEAIEN, SR CTD JFAE
DNA &AM ARV, Btz 4k, RBP 43538 i
55l BB R RN B ) B AR TR A ELAE
AR Ryt 3% (0 TR TR 4 ) IR 2 L A 0L
X T B AR SR 4 b RBP B B AT
FERTE, TER YA ST RBP RS El 1
e, EERR D H R R & BT RBP FGERIJEFER, M
fia] BALF%) B4 it 224 B 8% 1 (Schizosaccharomyces  pombe)
1| Z2 240 B = BE 43k 1Y) K 85 T (Botrytis cinerea) #lA7
RBP ZKIEE K 0404 .t IR WIS A sh W) FLE TR
) RBP JE[NARAG AT AR I8 T — A~ L [ AL 82
Prevorovsky Z&7SI%) B i 3 PR 45 4 43 B & X, RBP 4
SEIEPURTE Rel Z5F93 A0 3L A T8 Z )46 A T gmtth

BTD #5438 1% DNA JFFmiIE s, H) RBP 3k J&
M Rel ZERI G ST gt mik . S, 76 ECA
ORAE T ERFHM, A TIPS RBP N, —2K
RBP J:HHA A m R, HaEit k254 sk
BRAETER, BHRAFETER T, 5—K5)5
A ) RBP JERAETE B Z I AHRIE , BT LA Al fig
a4 Y RBP JEHEMH . FAESIYA RBP K
A& T BB E Gy 5, HErirs s,
DOFPAE il e A TRl R B, 4R T RBP-L AL
KRN V2 A7 T8 ME S W) A TS #E 3 ) v i) RBP-Jx
RISL o4k . BRI RE A AR A 0 R, AE WA
KW rh AR EA RBP-L I [&]J5 52 P (0 48
IS S AR A P R AU T RBP-Jx [R5 K >k
PHEE RN T RBP AH (5 5 % . RBP W51
A5 RBP-Jx Bl RBP-L 2 [a AT AL, & #R
% 5 R L X 454 DNA F81), B[R Z A 7E T
N EAERB S AR, URENRSRES
P 27 P A7 A 22 57 8384
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Hf XIAE: RHR 5% ST G IR L D RE L S BEAL BL A ) F 5 2 221

5 &iEHes

FESE T —2% DNA G548 1, 1T LA 35 54
IR R, TEANME N A A BRE, FERE R
LA S5y T k15 AT E . AR 4
RHR #8 5% 1) )8 53 78 364 A 4 1 A ad 7 o 19 43 A vl
DLE, AR —Fi A s b i (B 3).
Hrr, NF-xB Fl RBP ZJG2&E N P i bt
MiBE S (8 30 T NFAT #l EBF K%, B Se1EIR&
JE A Zh Wy kBT HAT T BRI ANK [ NF-xB
FIE G, i T NF-xB 1E il % 5 0% 5
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