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Abstract: The basic helix-loop-helix (bHLH) transcription factors play essential roles in the regulation of
eukaryotic growth and development and gene transcription. In this study, we conducted a genome-wide
survey using the Xenopus Laevis ongoing genome project databases, and identified 98 bHLH sequences in
Xenopus Laevis genome. Phylogenetic analyses revealed those bHLH genes belong to 32 families in the
super-groups (A-F) in this research. Gene Ontology (GO) enrichment statistics showed 42 significant GO
annotations counted in frequency. Statistical analysis of the Gene Ontology annotations showed that these 98
bHLH proteins tend to be related to transcription regulator activity (GO: 0030528), regulation of transcription
(GO: 0045449), DNA binding (GO: 0003677), transcription (GO: 0006350), DNA-dependent regulation of
transcription (GO: 0006355), expected from the common GO categories of transcriptional factors. A number
of bHLH genes play regulation significant role in special development or physiology processes, such as
muscle organ development and eye development. This preliminary study provides useful information for
further researches on Xenopus Laevis.
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Family Name

ASCa
AZCa
ASCh
ASCh
MyoD
MyoD
MyoD
MyoD
MyoD
MyoD
MyoD
E12/E47
E12/E47
Ngn
Ngn
Ngn
NeuroD
NeuroD
Atonal
Atonal
Atonal
Meszp
Mesp
Mesp
Mesp
Mesp
Mesp
Mesp
Twist
Twist
Paraxis
Paraxis
MyoRa
Hand
Hand
Hand
SCL
N&CL
NECL
SRC
SRC
SRC
Figa
MYC
MYC
MYC
MYC
MYC

H/E(spl)
H/E(spl)
H/E(spl)
H/E (spl)
H/E (spl)
H/E (=pl)

Coe
Coe
Coe

HHLH Name | basic | Helix1 ‘ loop ‘ Helix2 ‘
Xashl : AVARRN--E. ELYNLGFATHREHE PN ANKEMSEVETHRSAVEYRHRAHQ
XashZ : AVARRN--E. VELYNLGFATMREHYPNG ANKEMS: VETWRSAVEYMRANQ
Xash3a : FSERRN--E VEIQNLGFA! IPQRQ RSAVEYRIRANQ
Xash3b : FSERRN--E VELJNMGFA. nuEDQAQ RSAVEYMRANQ
Myf3a : H L FETWMERYTSTNE RNATRYMESH(Q
MyE3h Rl L NDAFETMERCTSTNE RNATISYRDSH(Q
MyEda Rl LEKYNEAFEAMRRSTLLNPD RSAIQYMERNQ
MyE4b Rl LEKYNEAFEAMRRSTLLNPD RSAIQYMERNQ
MyE£s R LERYNQAFETMRRCTTTNE RNAIQYNESIEQ
Myfea R LERUINEAFEAWKRRTVANE RSAINYME Q
Myfek R LERUINEAFEAWERRTVANE - RSAINYME Q
E2A R VROMNEAFREMGEMCQLHLN HOAVSVHMLTHE
TCF3 R VEOUNEAFREMGRMCQLHLN HOAVSVHLSHE—
Xathdal R MHNWNSALDSWREY RFAYN
Xathdaz R MHHWNYALDSWREY] REAHN
Xathdb R MHNWNSALDAMRSTWETFD——————— RERHN

NDF1 R DALDSHREV RLAEKN

NDFZ2 R DALDTHREV RLARNYpIW.
XathZ R DALDNMREV RLARKNYNW,
Xath3 R DALENMRRYV RLARNYNW,
XathSa R MQGENTAFDSMRKV QMALSYpIM
XathSb R MQGINTAFDSMRE (OMAL

Mespla MRNM SKALQNMERY QLTM

Mesplb MRN# SKALQNMERY QLTI

Mesp2a LQNIRRY| RLTIR
MespZb ME LONIERRY| RLTIR
plle=sol 'RCTINYpISEMT
pllesolZ RCTISYRISEMT
Twistl 'RLASRYMDFEC
Twist2 RLASRYMDFEC
Paraxis RLASSYMAHNA
gclerax RLA. H
MyoRa RLASSYMAHMR
Handl RLATSYMGYHM
HandZa RLATSYMAYWM
HandZb RLATSYMAYWM
Tall RLAMKYMNEMA
NECL1 RLAICYMSYHN
N8CL2 RLATCYpSYHMN
SRC1 H i RNREQENKY IEFMAEIMFANFNDIDNL-——NFREPORCATMRETVEQUMROME
SRCZ : “RNREQENKY IEFMAELMFANFNDIDNL——NFR PO CAIMEETVRQUROIE
SRC3 ANLSDIDNF--NVE POy CATMEETVRQUMRQIK
Figa PLID——————— KDREPS)yVDTMEARTEYMRLIHE
1-Mycl LTRST TRV FEATEFEKGU—
1-Myc2 LSRST TRV FATEFEKGE—
n-Mycl U PEVASNE - REATEYAISIHQ
n-Mycz RRATEYAISE(Q
w-Myc RRATDY)HSHH
Mxil NKARLHUKKIE
Madl MRARLHU KK E
Mad3 HRAKQHMEERME
Madda KRRARMHUEREHE
Maddb KRRARMHUEREHE
Mnt RSALRYMQSHE
MAX1 DEATEYMQYUR
MAXZ DEATEYMQYUR
USF1 KACDYpIQEMR
USF2 KACDYpREMR
USF3 SKACDYMRENMR
TFE3 K2 SVEYMREM(Q
SREBPZ KEKATDYRKYH(Q
Clock HKSIDYWRKHK
ARNT1 VSHIKSIHR
ARNTZa VSHIKSUR
ARNTZb VSHIKSUR
Bamlla RMAVQHY KTUR
Bamllb RMAVQHY KTUR
AHR1 RLSVSYWRAKG
AHRZ RLSVSYWRVEN
gimz [RLTTSYJ KMRA,
Hiflal RLAISYJPRLRR
Hifla2 RLTISYJQIRE
EPASla RLTISEFRTHR
EPAS1L RLATL *RTHE
Id2a QHVIDYMLDNQ
Id2b QHVIDYMLDNQ
Id3a QHVIDYpFDNQ
Id3b QHVIDYMFDNQ
Id4 PTIP PNERVSISVEIMQHVIDYM LD Q
Herpl R BPSAFERQGS————ARLEZAETM(OMTVDHE KM H
Hesla R INESLGCMETIMLDALERDSSR——HSKLEyADIMEMTVEHE RN
Heslb R NESLGUETIMLDALKKDSSR——HSKLEADIMEMTVKHIE RN
Hesda R NESLGWETIMLDALKKDSSR——HSKLEADIMEMTVKHIE RN
Hesdb R INESLGCMETLALDALEKDS SR——HSKLELADTMEMTVEHERNE
Hess o NNSIEQMEVLIFEKEFHKQEP-——NVELEADIMEMAVN Y QKO-
Esrla R NSSIEQMRKLIFEKQFEKHHL-——PTETEyADIMEMAVSE QQH—
Esrlb N INNSTECME LI GKEFHEQE P———NVRLEADIMERKAVSYQQQ—
EscZ T} INSSINCMRNLFEQEFQLLOP-——DSKPELADIME LAVKEROQ-
Esc3 o INSSIECQUEVLIFENVFHQQEP-——NVELEADIMEMTVTYRQQT
Esroe M NNSIEQMRILIFERNFQTHHP———HSKLEADIMEMAVSYI OO0 —
Esr?7 INSSIECWEVINENVEHRQQP-———NVELESADIMEMTVTY#RQQT
EsrBa INSSIECWRMINZEREFEQHHL———PSEPESADIMEVAVSEN QO —
EsrSh NSSIECMRMIWEREFEQHHL-——PSKPEADIMEVAVSERQQQ—
Hesz6 NESLNQWETIMLPLIGKDONSR——Y SKLEZADIMEMTVREWRDE P
Hes7 NNSLERMRIFWSQOTLRSERLK——NPRVERAEIMECTVQEFQSR—
EBF2a DYGFQRMORVPRHPGD— EMIMERAADLGESHY
EBFZ2b DYGFQRMORVMPREEGD— EMIMERAADIYERNMY
EBF3 HGAPGRFVYTALNEPTMDYGF QRMORVMPREPGD —————— EVIMERAADLYERNY

Group
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Figure 1. Alignment of 98 Xenopus laevis bHLH domains (conserved sites are shaded and highly conserved sites are shaded in black)
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Table 1. 98 bHLH genes in phylogenetic analysis and protein identification information

1981 bHLH EEMAZRXBEHMNEORLEERR

BHLH - B T N R R B o
FER 5% PR ; - - AR
o A [P FE IR ML [ /A (%) BI J5 5 ME 3 (%)
ASCa Xashl Hashl n/m* 80 NP_001079247.1
ASCa Xash2 Hash2 96 67 NP_001085994.1
Hash3a
ASCb Xash3a Hash3b n/m n/m NP_001079106.1
Hash3c
Hash3a
ASCb Xash3b Hash3b n/m n/m NP_001079125.1
Hash3c
MyoD Myf3a Myf3 93 83 NP_001079366.1
MyoD Myf3b Myf3 93 83 NP_001081292.1
MyoD Myfia Myf4 82 99 NP_001079326.1
MyoD Myfdb Myf4 88 99 NP_001079199.1
MyoD Myf5 Myf5 51 59 NP_001095249.1
MyoD Myfba Myfé n/m* 94 NP 001081477.1
MyoD Myfob Myfo n/m* 94 NP_001088572.1
E12/E47 E24 E24 82 n/m NP_001080409.1
E12/E47 TCF3 TCF3 n/m* 88 NP_001079668.1
Ngn Xath4al Hath4a 97 100 NP_001081802.1
Ngn Xath4a2 Hath4a 97 100 NP_001081804.1
Ngn Xath4b Hath4b 83 91 NP_001128257.1
NeuroD NDF1 NDF1 82 97 NP_001079263.1
NeuroD NDF2 NDF2 82 97 NP_001085596.1
Atonal Xath2 Hath2 n/m* 79 NP_001079218.1
Atonal Xath3 Hath3 97 99 NP_001081213.1
Atonal Xath5a Hath5 95 100 NP_001079289.1
Atonal Xath5b Hath5 95 100 NP_001079290.1
Mespl
Mesp Mespla Mesp?2 n/m n/m NP_001128698.1
pMespl -
Mespl
Mesp Mesplb Mesp2 n/m n/m NP_001091431.1
pMespl -
Mespl
Mesp Mesp2a Mesp2 n/m n/m NP_001079050.1
pMespl
Mespl
Mesp Mesp2b Mesp2 n/m n/m NP_001081641.1
pMesp1
Mesp pMesol pMespl 99 100 NP_001083813.1
Mesp pMeso2 pMespl 99 100 NP 001136111.1
. . Twistl
Twist Twist1 ; 98 n/m NP_001079352.1
Twist2
Twist Twist2 Twistl 98 n/m NP_001091211.1
Twist2
Paraxis Paraxis Paraxis 62 77 NP_001087941.1
Paraxis Sclerax Sclerax 80 100 NP_001092152.1
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MyoRa
Hand
Hand
Hand
SCL

NSCL

NSCL
SRC
SRC
SRC
Figa
MYC
MYC
MYC
MYC
MYC
Mad
Mad
Mad
Mad
Mad

Mnt
MAX
MAX

USF

USF

USF
MITF

SREBP
Clock

ARNT

ARNT

ARNT
Bmal
Bmal
AHR
AHR

Sim
HIF
HIF

HIF

HIF

Emc

MyoRa
Hand1
Hand2a
Hand2b
Tall
NSCL1
NSCL2
SRC1
SRC2
SRC3
Figoa
I-Mycl
I-Myc2
n-Mycl
n-Myc2
v-Myc
Mxil
Mad1
Mad3
Mad4a
Mad4b

MAX1
MAX2
USF1
USF2
USF3
TFE3
SREBP2
Clock
ARNT1
ARNT2a
ARNT2b
Bamlla
Bamllb
AHR1
AHR2
Sim2
Hiflal
Hifla2
EPASla
EPAS1b
Id2a

MyoRal
MyoRa2

Hand1
Hand?2
Hand2
Tall
NSCL1
NSCL2
SRC1
SRC2
SRC3
Figa
L-Mycl
L-Myc2
n-Myc
n-Myc
v-Myc
Mxil
Madla
Mad3
Mad4
Mad4
Mnt
MAX
MAX
USF1
USF2
USF3
TFE3
SREBP2
Clock
ARNT1
ARNT2
ARNT2
Bmall
Bmall
AHRI1
AHR2
Sim2
Hifla
Hifla
EPASI
EPAS1
1d2

82
92
98
98
n/m*
n/m*
89
98
92
78
87
99
54
71
71
88
n/m
n/m*
99
84
84
72
86
86
98
99
99
91
82
100
n/m*
99
99
n/m*
n/m*
91
94
82
99
99
87
87
75

100
100
100
100
56
100
100
100
100
99
100
100
100
99
99
100
97
71
100
97
97
99
100
100
100
100
100
88
97
100
100
100
100
59
59
100
100
97
54
54
92
92
69

NP_001085957.1
NP_001079128.1
NP_001079108.1
NP_001107665.1
NP_001081746.1
NP_001081852.1
NP_001088421.1
NP_001154867.1
NP_001081139.1
NP_001081732.1
NP_001088667.1
NP_001081340.1
NP_001079460.1
NP_001079365.1
NP_001084122.1
NP_001080349.1
NP_001089170.1
NP_001090200.1
NP_001090188.1
NP_001079167.1
NP_001084456.1
NP_001089310.1
NP_001079118.1
NP_001089042.1
NP_001089471.1
NP_001088134.1
NP_001088700.1
NP_001088215.1
NP_001085554.1
NP_001083854.1
NP_001082130.1
NP_001080540.1
NP_001083622.1
NP_001089024.1
NP_001089031.1
NP_001082693.1
NP_001121349.1
NP_001079101.1
NP_001086426.1
NP_001080449.1
NP_001085564.1
NP_001085718.1

NP_001087639.1
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Emc 1d2b 1d2
Emc 1d3a 1d3
Emc 1d3b 1d3
Emc 1d4 1d4
Hey Herpl Herpl
H/E (spl) Hesla Hesl
H/E (spl) Heslb Hesl
H/E (spl) Hes4a Hes4
H/E (spl) Hes4b Hes4
H/E (spl) Hes5 Hes5
H/E (spl) Esrla Hes5
H/E (spl) Esrlb Hes5
H/E (spl) Esr2 Hes5
H/E (spl) Esr3 Hes5
H/E (spl) Esrée Hes5
H/E (spl) Esrl Hes5
H/E (spl) Esr9a Hes5
H/E (spl) Esr9b Hes5
H/E (spl) Hes6 Hes6
H/E (spl) Hes7 Hes7
Coe EBF2a EBF2
Coe EBF2b EBF2
Coe EBF3 EBF3

75
96
96
89
87
62
62
85
85
92
92
92
92
92
92
92
92
92
n/m*
38
n/m*

n/m*

n/m*

69 NP_001081902.1
100 NP_001079535.1
100 NP_001079757.1
74 NP_001080704.1
97 NP_001083926.1
52 NP_001081396.1
52 NP_001079386.1
98 NP_001082574.1
98 NP_001082161.1
100 NP_001079464.1
100 NP_001079236.1
68 NP_001089096.1
100 NP_001082163.1
95 NP_001089095.1
100 NP_001081972.1
95 NP_001081974.1
100 NP_001081706.1
100 NP_001089097.1
100 NP_001116354.1
91 NP_001082175.1
84 NP_001079146.1
84 NP_001079147.1
100 NP_001083801.1

TERE: R ORAUR FRAESR R AR VA ML) M A AT 21 1 %5 321K 1F A (Bootstrap Value); U7 5 S0 B SEAR Y DU 07 I VA B b AL A A
B ZAI MR WS RIRAITAL: n/mbRIC RIS AL RIANE Ly L (10 [FIVRE R T S IR 23 3, AR AT DA — BRI R TR0 — N33 mim*

FRACHTRHEA B [ RE DR TR Al 7 () 53 S 1 BB/ T750%

BRI 1) BT, TATIEEILT 16 AT
bHLH &K, E NP_001085994.1. NP_001088572.1
NP_001079668.1. NP_001085596.1. NP_001091211.1.
NP_001088421.1. NP_001154867.1. NP_001088667.1
NP_001089471.1. NP_001088134.1. NP_001088700.1
NP_001089031.1, NP_001085564.1. NP_001085718.1.
NP_001087639.1 F1 NP_001079757.1, IXLEREPR AR & 18
AR AT BRI R BT e S R, A RS
HrHI K bHLH S R RS, ARSI R
HIEAERE . Ak, ABPFULKAE T 3 MEERLL &Y
1IE T2 ] RE AT DR VTR I R A
(NP_001087941.1) « Id3b (NP_001079757.1) » Hes5
(NP_001079464.1)F1 Mesp2a (NP_001079050.1, J5i44
Thylacinel) . Mesp2b (NP_001081641.1 , Jii %
Thylacine2). AHFFTU1T S 45 F ] LR A 2 D6 20 s

Bl Paraxis

Copyright © 2011 Hanspub
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(1) bHLH LR B, 5 19 B AR T AR AR A
FE A, —Jr AR S (Xenopus laevis) 35 R 20 0 7
TAEMARTERS, 5 J7 AR A A R [ 1

“CYAARZ AL (Tetraploidization), 3 R 41 K%L
AH Y 75 5 JTCUE (Xenopus  tropicalis) () 45 2%, 41 4in
Myf3. Myfad T Myfo Z&FERIE 5> M I T 45 UL,
AR TOIES J5 DRI 2 %) DR 73 i DR AR OR ST IR, 2485
A e o A T JRE TR 3 i SR AR IR S M A G B /8L,
S BRI TS BB K5

3.2. BHLH #REFEEXKIL(COEELH
M TRER S

— M, DNA G5 Sl TEA R A IR G T Hear gt
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Category of GO annotations

=)

transcription regulator activity

regulation of transcription

DNA binding

transcription

regulation of transcription, DNA-dependent

regulation of RNA metabolic process

transcription factor activity

muscle organ development

transcription factor binding

negative regulation of transcription, DNA-dependent
negative regulation of RNA metabolic process

negative regulation of transcription

protein dimerization activity

negative regulation of nucleobase, nucleoside, nucleotide
negative regulation of gene expression

negative regulation of nitrogen compound metabolic
negative regulation of macromolecule biosynthetic process
negative regulation of cellular biosynthetic process
negative regulation of biosynthetic process

negative regulation of macromolecule metabolic process
protein heterodimerization activity

negative regulation of transcription from RNA polymerase
transcription repressor activity

regulation of transcription from RNA polymerase 11
bHLH transcription factor binding

neural tube development

Notch signaling pathway

chordate embryonic development

embryonic development ending in birth or egg hatching
floor plate development

negative regulation of muscle development

nuclear hormone receptor binding

hormone receptor binding

regulation of muscle development

camera-type eye development

eye development

transcription coactivator activity
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Figure 2. Forty-two significant GO annotations counts plotted by frequency
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98 /> bHLH []-1* (1) 2L A A 18 (GO) M D BV E R AR R
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B A R o 1 D BRI 5 38 6 (Pathway) {5
B sk IS YE(GO: 0030528). Hisk il 14(GO:
0045449) . DNA 4 4 (GO: 0003677) % 3% (GO:
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H. RIGERKE ML BRI S AR )
KB ZWNIE AR S A (nuclear hormone receptor
binding) M 52454 BB R E K Notch 15 51l %
(notch signaling pathway)%% H LA . 754b,
6 KRR S NILA S GO WMty
Mo B2 ERMh GO B A th g b
RN IIAEER(P < 0.05, FDR <0.05).

3.3. BHENMMTEHENYT bHLH BEHE
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bHLH FEPE H S 3L B HESI Y)Y bHLH J 5 £
W) M L TE A HESh I 2 22 (3K 2). A SRIER K0, T
E12/E47. NeuroD. Atonal. Mesp. Twist. Paraxis.
SCL. SRC. Myc. Mad. MITF. HIF. Emc. Hey fl
Coe SF{EFHMESI Y& Z IR M, Mo EHESh Y h
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Table 2. Comparing the number of bHLH transcription factors found among vertebrate and invertebrate species

R 2. BEYMITEENYH bHLH R BEMHHIF S Lk

Family Group  Drosophila  Lancelet  Giant owl limpet  Xenopus Laevis ~ Chicken  Zebrafish ~Rat  Mouse

ASCa A 4 3 6 2 2 2 2 2
ASCb A 0 1 1 2 2 3 3 3
MyoD A 1 4 1 7 4 4 4 4
E12/E47 A 1 1 4 2 5 5 4 4
Ngn A 1 1 3 3 2 2 3 3
NeuroD A 0 1 1 2 3 5 4 4
Atonal A 3 1 2 3 3 4 2 2
Mist A 1 1 1 nf 1 1 1 1
Beta3 A 1 1 2 nf 2 3 2 2
Oligo A 0 2 3 nf 2 4 3 3
Net A 1 1 2 nf 1 1 1 1
Delilah A 1 1 0 nf 0 0 0 0
Mesp A 1 1 0 7 4 5 3 3
Twist A 1 1 2 2 4 3 2 2
Paraxis A 1 2 1 2 3 4 2 2
MyoRa A 1 4 1 1 2 2 2 2
MyoRb A 0 1 1 nf 1 2 2 2
Hand A 1 1 1 3 2 1 2 2
PTFa A 1 1 1 nf 1 1 1 1
PTFb A 2 3 1 nf 1 2 1 1
SCL A 1 1 5 1 2 3 3 3
NSCL A 1 1 1 2 2 1 2 2
SRC B 1 1 0 3 3 3 3 3
Figa B 0 1 0 1 0 1 1 1
Myc B 1 1 1 5 3 6 4 4
Mad B 0 1 1 5 3 4 4 4
Mnt B 1 1 1 1 1 2 1 1
Max B 1 1 1 2 1 1 1 1
USF B 1 1 2 3 1 2 2 2
MITF B 1 1 1 1 3 5 4 4
SREBP B 1 1 1 1 2 2 2 2
AP4 B 1 1 1 nf 0 1 1 1
MLX B 1 1 7 nf 3 1 2 2
TF4 B 1 0 1 nf 1 1 1 1
Clock C 3 1 2 1 3 3 2 2
ARNT C 1 1 0 3 2 2 2 2
Bmal C 1 1 0 2 2 2 2 2
AHR C 2 1 1 2 3 4 2 2
Sim C 1 1 1 1 2 2 2 2
Trh C 1 1 0 nf 1 2 1 1
HIF C 1 1 1 4 2 6 4 4
Emc D 1 1 2 4 5 4 4
Hey E 1 1 1 1 2 4 4 4
H/E(spl) E 11 11 12 15 6 15 8 8
Coe F 1 1 1 3 3 5 4 4
Orphan ? 0 6 4 nf 4 2 4 4
Total 59 78 82 98 104 139 114 114

TERE: nf FoRFERE R FBAEAT R IR FURAE T AT BRI . R D & W%l bHLH S RS0k 8 226 SCHR11,13-18], b JERI S HeER
HISE G T2 /8. T Ledent et al. (2002) ',
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Figure 3. Phylogenetic tree of the H/E(spl) family
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