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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 bHLH Name | basic | Helix1 ‘ loop ‘ Helix2 ‘ Group
AgCa Xashl AVARRN--EREENEVEIEUNLGFATHREHY PN ANKEMSIVETHRSAVEYHRAHQ A
AgCa XashZ AVARRN--ERB:ENEVEIENLGFATHMREHYPNG ANKEMS:VETMRSAVEYMRANQ A
ASCh Hash3a FSERRN—--ERE: KLYNLGFARMRQHYPQRQ PNEEMSSVETHRSAVEYRRENQ A
ASCh Hash3b INMGFARMRQHEPQAQ RSAVEYRRANQ A
MyeD Myf3a H FETWERYTSTNE RNAIRYMESHQ A
MyoD My£3b R (NDAFETMRRCTSTND RNAISYRDSIQ A
MyoD Myfda R NEAFEAMERSTLLNP RSATIQYMERMQ A
MyoD Myfdb R NEAFEAMERSTLLNP RSATIQYMERMQ A
MyoD MyEs R (NQAFETMERCTTTNE RNATIQYMESHQ A
MyoD Myf6a R NEAFEAMERRTVAND RSAINYMERMQ @ A
MyoD My ek R INEAFEAMERRTVAND— RSAINYMERMQ @ A
E12/E47 EZA 3 NEAFREMGRMCQLHLN HOAVSVHMLTHE A
E12/E47 TCF3 R NEAFREMGRMCQLHLN HOAVSVMLSE— A
Ngn Xathdal R NSALDSMREVIFPSLD REAYN A
Ngn Xathdaz R NYALDSMREVI#PSLD REAHN A
Ngn Xathdb R NSRLDAMES TN REAHN A
NeuroD NDF1 R NDALDSMRE RLARN A
NeureD NDF 2 R NDALDTMRE RLAKNYRW A
Atonal XathZ R NDALDNWRE RLAKNYRW A
Atonal Xath3 R 'NDALE RLARNYWW A
Atonal Xathsa R 'NTAFD. OMAL SYpIM, A
Mesp ¥athSb R NTAFD QMAL, A
Mesp Mespla SKALQ! QLTM. A
Mesp Mesplb SKALQ QLTI A
Mesp MespZa SSALQ RLTIR H) A
Mesp MespZb SALQ RLTIR H) A
Mesp pMesol EALHTMRNNWPPMYSQG QPLTYIQTMRCTINYpSEMT A
Mesp pMesoz EALHTMRNNMPPMYSEG QPLTIQTMRCTISYMSEMT A
Twist Twistl NEAFS 'RLASRYMDFUC A
Twist Twist2 NEAFA 'RLASRYMDFUC A
Paraxis Paraxis INTAFT RLASSYUAH A
Paraxis gclerax INGAFT. RLA ) A
MyoRa MyoRa EAF RLASSYMAHIR A
Hand Handl NSAFAE] RLATSYMGYMM A
Hand HandZa INSAFRE) IKTMRLATSYMAYHM A
Hand HandZb INSAFSH) IKTMRLATSYMAYHM A
SCL Tall NGAFAE) NEIMRLAMEYMNEWE A
HECL NSCL1 FNLAFAE) IEDWRLAICYMSYMN : A
NSCT NECLZ FNLAFAE TETMRLATCYl SYHN A
gRC SRC1 ENEYIEFMAEIMIFANFNDIDNL——NFRPOCATHRETVRECI RO K B
aRC SRCZ ENKY IEFMAEIS FANFNDIDNL——NFRPOICAIMRETVR QMR QIR B
SRC SRC3 ESKY IEEMADLM SANLSDIDNF——NVK PO CATMRETVRQUMR K B
Figa Figa R VDTWEAATEYMRLIHE B
MYC 1-Mycl K A KATEFMEGH - B
MYC 1-Myc2 K A KATEFMKEGH - B
MY n-Mycl R VVIMEKATEYAISH(Q B
MY n-Mycz R VVIMEKATEYAISH(Q B
Mye v-Myc R ——-EARSVVIMEKATDY)HSUH B
Mad M=il g —SAR-HTTLGLUMNKARLHUKFME B
Mad Madl = MRARLHMERME B
Mad Mad3 Vvl HRAKQHMRRME B
Mad Madda : N RRARMHMEFM E B
Mad Maddb : G RLYLECMEQL R RARMHMEKKIE B
Mnt Mnt : o KECFETMERN RSALRYMQSHE © B
MAK MAX1 H KDSFHGMRDS DEATEYMQYWR B
MAK MAXZ R KDSFHGERLD S DRATEYMQYNR B
USF Usrl R INNWIVCMSEI) SKACDYMQENMR B
USF USF2 R INNWIVCHMSEI RKACDYMREMR B
USF USF3 R INNWIVCMSKI} SEACDYMREMR B
MITE TFE3 R INDRIREMGTI RASVEYMREMQ B
SREEBP SREBPZ : R INDKIMEME DI REAIDYMEYMQ B
Clock Clock : K FNILIKH] HKSIDYMRKHK C
ARNT ARNT1 : Al TAYITEMSD RMAVSH K?R (o
ARNT ARNTZa : S TQYITEMSL] RMAVSHLKSLR [od
ARNT ARNTZb : A TAYITEMSD RMAVSHYKSHR (o
Bmal Bamlla : A& NSFIDEMASL RMAVQHY KTHR s}
Bmal Bamllb : A NSFIDEMASL RMAVQHY KTHR c
AHR AHR1 NTELE I RLSVSYJFRAKG c
AHR AHRZ NAELD. I RLSVSYWKVEN c
Sim gim2 ENGEFYFMAKL RLTTSYKMRA c
Hif Hiflal ESEVFYEMSHE] RLAISYJ* RLRR [
Hif Hifla2 ESEVFYEMCHE RLTISYWQIRK c
Hif EPASla ETEVFYEMAH RLTISEMRTHE [
Hif EPAS1b ETEVFYEMAH RLAISEWRTHE C
Emc Id2a NDCY KEI QHVIDYMLDNQ D
Emc Id2b NDCY KEI QHVIDYMLDNQ D
Emc Id3a NGCY EKEI QHVIDYmFDNQ D
Emc Id3b NGCY KEI QHVIDYmFDMQ D
Eme 1d4 NDCYSRMERT QHVI DY LD Q D
Hey Herpl INNST.SEMRRIZPSAFERQGS————ARLEAETMOMTVDHIE KMl H E
H/E (spl) Hesla INESTGCMRTIMLDALKKDSSR——HSKLESADIMEMTVRHERNE E
H/E (5pl) Heslb INESLGCMETISILDALKKDSSR——HSKLERADIMEMTVRKHIERNII O E
H/E (2pl) Hesda NESLGWETIMLDALKKDSSR——HSKLEADIMEMTVKHE RNUQ E
H/E (2pl) Hesdb INESLGCMETINLDALKEKDS SR——HSKLELADTMEMTVEHERNE E
H/E (2pl) Hess NNSIEQUEVILIEKEFHKQEP-——NVELEyADIMEMAVNYI QKQ— E
H/E (2pl) Esrla NSSIEQMRKLIEKQFEKHHL-——PTETHyADIMEMAV SEWQQH- E
H/E (spl) Esrlb INNSTECMR LIS GREFHEQEP-——NVRLEZADIMERAV SRR QOQ— E
H/E (2pl) EsrZ INSSINCMRNIFEQEFQLLOP-——DSKPESADIME LAVKERRQQ - E
H/E (spl) Esc3 INSSIECQMEVILIFENVFHQQEP-——NVELEyADIMEMTVTYRQQT E
H/E (spl) Esroe INNSIEQMRITWERNFQTHHP———HSKLEADIMEMAVSY QOO0 — E
H/E (spl) Esr?7 INSSIECWEVINNENVEHRQQP-———NVELESADIMEMTVTY#RQQT E
H/E (spl) EsrBa INSSIECWRMINWERKEFEQHHL-———PSEPERADIMNEVAVSEN QO — E
H/E (spl) EsrSb INSSIECWRMINWEREFEQHHL-———PSEPESADIMEVAVSENQQQ— E
H/E (=pl) Hes6 NESLNCMETLHLPLIGKONSR——YSKLE;ADIMEMTVRESRDED E
H/E (=pl) Hes7 INNSLERM@RIF SQTLRSERLK——NPRVERAEIMECTV QR OSR— E
Coe EBF2a DYGFQRMORVIPRHPGD— EMIMERAADLGESHY F
Coe EBF2b DYGFQRMQRVMPREPGD - EMIMERARDLY ER Y F
Coe EBF3 JGAPGRFVYTALNEPTMDYGF QRMORVMPREPGD —————— EVIMERAADLYERNY F

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

# 1. 984 bHLH EEMRELZ BHTNEARELEERER

bHLH HH FRTHNFRERFIRGERE 55 S e
SR F P - - — ESUE RS
& g [ Y5 kA ML 4 B {H (%) BI J5 5 %(%)
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
Mnt
MAX1
MAX2
USF1
USF2
USF3
TFE3
SREBP2
Clock
ARNT1
ARNT2a
ARNT2b
Bamlla
Bamllb
AHRI1
AHR2
Sim2
Hiflal
Hiflo2
EPASla
EPAS1b

1d2a

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: BRI L REAEAR B R R ABLSR DT VA ML) M B A AT B 19 %73 32 B 1 1 R {H.(Bootstrap Value)s -7 5 BB AEARYE DU 074 i A (B AL A A5
B EAD L MEIRMEER FSFRIRAILAS: n/mARC RN AT EAE S L (1 RS T L I 2 3, (AR AT DA — B RREE R TR — A3 im*

FRAC RN HEA IR R 5 RIS (R B ) 73 ST B BN T750%.

BRI 1) ABFFEH, FATILRIL T 16 AT
bHLH Z£[X, EJ 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, iXL&IE[K AR 2 il
I AE B A HE TN R e s R, AR kR
HHINZE bHLH S E R FEVEE E, AR A iR
BVEARER. ok, ARFFERE T 3 MR Y
ET 2 DMAREBE IR R,
(NP_001087941.1) « Id3b (NP_001079757.1) » Hes5
(NP_001079464.1)F1 Mesp2a (NP_001079050.1, J5i4%
Thylacinel) . Mesp2b (NP_001081641.1 , J& %
Thylacine2). AHEFi15 2 ¥ 25 SR W] AR Jy £ DR 2H £ afs

Bl Paraxis

Copyright © 2011 Hanspub
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(1) bHLH FER{E 5., 515 B R th AR e AR R A
RN, — AR RS (Xenopus laevis) )3 K 280
TAEHARTER, 77 HARPTE e A R & T

“Ueti AR Z A 547 (Tetraploidization), &[4 K E
HH 24 TG 5 JTVUE (Xenopus  tropicalis) B 4% 2%, 41 4n
Myf3. Myfa T Myfo 553K R0 T PS5 DL,
R JTCES 258 R 4 P K0 2 R R AR DR S 1K, 2%
A B o A ot R TR 3 e SR AR FRD B I FE 6T B e /N2,
S, RIS XA T 48 SR R OK 2

3.2. BHLH &ZREFEEXEFL(GO)EENH
MBI RER AT

— MM, DNA S5 EiE PEAN R F PR AE T Feodt
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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 II
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

sensory organ development

transcription cofactor activity

identical protein binding

prechordal plate formation [J

lens development in camera—type eye ||

—
o

uuuuuuuuuuuuuUDDHHHDHHHHHHHHHHmIl““"

Gene Ontology (GO) Enrichment statistics
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Figure 2. Forty-two significant GO annotations counts plotted by frequency

2. 822 MG REEH GO EFE(GO Aannotation) H ISR R LIk B Gt

SRS & bHLH 288 7 = ZIhREE ). (H2, B
TIXEEEE SR A ) ThREZ Ak, bHLH #3% 1k
BHHASRRM IS N T — 53R
bHLH s 1 F R M B AR D REARr AL, AT 13X
98 /> bHLH [ ¥ i R AR 1R (GO) I D BE - BE A5 2.
o, 42 N8 U AR gert R 525 (P < 0.05) 1) GO
HERBEAERER 2, X GO IBAFRR T —E
LA IR T RS 5 % (Pathway) {5
B, WS RS TE(GO: 0030528). B S5 (GO:
0045449) . DNA & & (GO: 0003677)« %% 5% (GO:
0006350)F1 DNA #1154 % % (GO: 0006355)%5 H;
PR RN =, R IX s GO {ERIE A2 N bHLH
BRI WL T RE .

[FS, TS bHLH %% 53¢ K7 2% 1) GO VEREE )
BN, BT IRFEAE MR RAE B2 A, L E
MRB AT SRE, GRSERE. HEEK
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B MIEEREE . M/ AL IR A AR Y
KB NI EZ K45 A (nuclear hormone receptor
binding) MR Z K45 & B K H M Notch {5 5 il %
(notch signaling pathway)Z% H B AR & . A4,
6 Kmlrdl/s BA SN HNHL B GO & -0 ik
Mo B2 PRI GO MU A gt F R
B M THAEIER (P < 0.05, FDR <0.05).

3.3. BB EZMH bHLH EEHE
Ot m LB K Hes RER RN

N T RS H A B V)RR 4 bHLH e 5% B
MZs, FATHE 7oA HEsh YA I HEs) 15 R 2
bHLH H:H&H & H 4. A HEZIYII bHLH PR %L
B EE TS ME S I 2 (3R 2). A ERIER R,
E12/E47. NeuroD. Atonal. Mesp. Twist. Paraxis.
SCL. SRC. Myc. Mad. MITF. HIF. Emc. Hey
Coe SF{EFHESIYIR ZHEF MR, MAETHHESIY+H
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Table 2. Comparing the number of bHLH transcription factors found among vertebrate and invertebrate species

& 2. BENYMITEENYP bHLH EEH B MBS LB

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

ERE: nf FORFEHE R FRAEA R SR A BB R8P bHLH SRR B 2% 300K [11,13-18], H 3k K s

HISEJEIF 218 T Ledent et al. (2002) ',
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ZHEYL ]Outgroup
MouseHes7
ﬂRatHes?
— ‘HSHEST Hes?
Hes7Xaev

ZiHes7

HsHes6
RatHes6  |HesB
100
MouseHes6

HsHesb

% | RatHes5

MouseHesS
B GgHESSa
GgHESS5b
GgHESSc
———————————— ZfHes5a

g2 | EsriXaev
Esr3Xaev
HesbXaev
Hess
EsribXaev
ZiHesbc
54 ZiHes5b
Esr2Xaev
ZiHesb5e
82
100 ' ZiHes5d

L EsrGeXaev

EsrlaXaev

97 \_I Esr9bXaev
100 | Esr9aXaev

ZiHes3

- HsHes3
75 i Hes3
MouseHes3

95 Rattes3

ZfHes8

HsHes2
37
RatHes2
L 93 MouseHes?2
Hes6Xaevi
73 |: ZfHes2a
71 ZHes2b

Hesz

5 HsHes1
RatHes1

MouseHes 1

L= HsHes4 [Hesd

Hes1aXaev

Hes1bXaev

Hesl

HesdaXaev
81| Hes4bXaev
ZiHes1a

ZiHes 1b

01

R Hes JEHE ZOBRIN BB TFEER FZI 0 0ok T AN AN KRR BES M, XOFIAN IR TS, BES Y HEYL {E4MF
(Out-group). |¥|¢§ﬁi£ﬁ‘]§ﬁ7—ﬁ%ffu\%ﬁﬂﬁﬁ%Qﬁfﬁ(Bootstrap values). BEHEE ], Hes FER A Y Hesl. Hes2. Hes3.
Hes5. Hes6 fil Hes7 3 K4 % H I HE AR IR AIRH G 3L IR

Figure 3. Phylogenetic tree of the H/E(spl) family
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BRIV R 2, X gl T RATEINER . fEIEHESh
i, ZEERA 11~12 N, TR CAT A
YA 6~15 N GR 2) BATTFIH SRS T
ITTEREN . /DR KRR BES X RIPE 7 iR
) Hes ZJGRIER 7 AR (B 3), LABED
HEYL £ A4 (Out-group). 25 F &I, B A Hesd
4k, Hes K% 71 i) Hesl. Hes2. Hes3. Hes5. Hes6
I Hes7 H:A¥A % B AL HEALE IR FIH e R A
KARLFEGIE T Nei et al. (1997) % 1 5 5 2 4k 1)

“Birth-And-Death” f§1ii"".

4, g5ig

AT 5T M I TCRE (%) 5 DR 2H 50808 PR 4 2% 25 5
98 A~ bHLH JRUE#E 7. H, H 16 Nl
3[R (Hypothetical Protein)fE £ 4 28 HHiE R A5 B A TE
i, TEARBFF PP EHRIAS— PR, AE 24
i i 44 0 2 DR A ST R AN i 44 o IR G B FIE
(BT 2 S DR 1 2 IR R S ANEE — 28 (1) 43 1 AR A 5k
B LLR N ARG 5 Thae. thobh, FERAKIR (GO
REERGEEMTERT 42 M EEE LD
GO ThfeiEReths), LR ml K2 2H A o 57 1) X
EEEAN GO DIReTERAE ), XEERIEG)N
PATIN VAT fg B XA 1 A D0 TOME K ek s 2K 3l )
bHLH #6511 ThRE . F3 S AIEE DR [ 428 o 28 55 A
VIR 2ERE FudR A T AR (S B,

5. Bris

AL B AR B T H SRR 4 (2006KT
224B). RIS T AF BN K 4:(2006jq1222) FiT B
FH R BE B AR EF2FE 42 (2005QL1 DB & 7B, {FE#EIX
BRI IR

Copyright © 2011 Hanspub

(1]

[2]

(3]

(4]

[3]

(6]

(7]

(8]

[

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

T. J. Boggon, W. S. Shan, S. Santagata, et al. Implication of
tubby proteins as transcription factors by structure-based
functional analysis. Science, 1999, 286(5447): 2119-2125.

N. M. Luscombe, S. E. Austin, H. M. Berman, et al. An overview
of the structures of protein—DNA complexes. Genome Biol,
2000, 1(1): 1-37.

J. L. Riechmann, J. Heard, G. Martin, et al. Arabidopsis
transcription factors: genome-wide comparative analysis among
eukaryotes. Science, 2000, 290(5499): 2105-2110.

W. R. Atchley, W. M. Fitch. A natural classification of the basic
helix-loop-helix class of transcription factors. Proceedings of the
National Academy of Sciences of the USA, 1997, 21(7):
5172-5176.

M. E. Massari, C. Murre. Helix-loop-helix proteins: Regulators of
transcription in eucaryotic organisms. Molecular and Cellular Biology,
2000, 20(2): 429-440.

V. Ledent, M. Vervoort. The basic helix-loop-helix protein
family: Comparative genomics and phylogenetic analysis. Genome
Res., 2001, 11(5): 754-770.

J. D. Stevens, E. H. Roalson, and M. K. Skinner. Phylogenetic
and expression analysis of the basic helix-loop-helix transcription
factor gene family: Genomic approach to cellular differentiation.
Differentiation, 2008, 76(9): 1006-1022.

L. Carretero-Paulet, A. Galstyan, I. Roig-Villanova, et al.
Genome-wide classification and evolutionary analysis of the
bHLH family of transcription factors in arabidopsis, poplar, rice,
moss, and algae. Plant Physiology, 2010, 153(3): 1398—1412.

C. Murre, C. P. Mc, and D. Baltimore. A new DNA binding and
dimerizing motif in immunoglobulin enhancer binding, daughterless,
MyoD, and Myc proteins. Cell, 1989, 56(5): 777-783.

W. R. Atchley, W. Terhalle, and A. Dress. Positional dependence,
cliques, and predictive motifs in the bHLH protein domain.
Journal of Molecular Evolution, 1999, 48(5): 501-516.

V. Ledent, O. Paquet, and M. Vervoort. Phylogenetic analysis of
the human basic helix-loop-helix proteins. Genome Biol., 2002,
3(6): 301-3018.

G. Toledo-Ortiz, E. Huq, and P. H. Quail. The Arabidopsis
basic/helix-loop-helix transcription factor family. Plant Cell, 2003,
15(8): 1749-1770.

J. Li, Q. Liu, M. Qiu, et al. Identification and analysis of the mouse
basic/helix-loop-helix transcription factor family. Biochemical and
Biophysical Research Communications, 2006, 350(3): 648-656.

E. Simionato, V. Ledent, G. Richards, et al. Origin and diver-
sification of the basic helix-loop-helix gene family in metazoans:
Insights from comparative genomics. BMC Evolutionary Biology,
2007, 7(1): 33.

Y. Wang, K. P. Chen, Q. Yao, et al. The basic helix-loop- helix
transcription factor family in Bombyx mori. Development Genes
and Evolution, 2007, 217(10): 715-723.

Y. Wang, K. Chen, Q. Yao, et al. Phylogenetic analysis of
zebrafish basic helix-loop-helix transcription factors. Journal of
Molecular Evolution, 2009, 68(6): 629-640.

W. Y. Liu, C. J. Zhao. Genome-wide identification and analysis
of the chicken basic helix-loop-helix factors. Comparative and
Functional Genomics, 2010: Article ID 682095.

X. Zheng, Y. Wang, Q. Yao, et al. A genomewide survey on
basic helix-loop-helix transcription factors in rat and mouse.
Mamm Genome, 2009, 20(4): 236-246.

U. Hellsten, R. M. Harland, M. J. Gilchrist, et al. The genome of
the Western clawed frog Xenopus tropicalis. Science, 2010,
328(5978): 633-636.

J. B. Bowes, K. A. Snyder, E. Segerdell, et al. Xenbase: a
Xenopus biology and genomics resource. Nucleic Acids
Research, 2008, 36(1): D761-D767.

J. D. Thompson, T. J. Gibson, F. Plewniak, et al. The ClustalX
windows interface: Flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic Acids

HIBM


http://www.sciencedirect.com/science/journal/0006291X
http://www.sciencedirect.com/science/journal/0006291X
http://www.springerlink.com/content/0949-944x/
http://www.springerlink.com/content/0949-944x/
http://www.springerlink.com/content/0022-2844/
http://www.springerlink.com/content/0022-2844/

16

[22]

(23]

[24]

RIEE | AP RO PR BRTE - 3R - SRR sk ) 7 1) 52 512 i

Research, 1997, 25(24): 4876-4882.

G. Dennis Jr.,, B. T. Sherman, D. A. Hosack, et al. DAVID:
Database for annotation, visualization, and integrated discovery.
Genome Biol., 2003, 4(5): P3.

D. W. Huang, B. T. Sherman, and R. A. Lempicki. Systematic
and integrative analysis of large gene lists using DAVID Bioinfor-
matics Resources. Nature Protocol, 2009, 4(1): 44-57.

F. Ronquist, J. P. Huelsenbeck. MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics, 2003, 12: 1572-
1574.

Copyright © 2011 Hanspub

[25]

[26]

[27]

S. Guindon, O. Gascuel. A simple, fast, and accurate algorithm
to estimate large phylogenies by maximum likelihood.
Systematic Biology, 2003, 52(5): 696-704.

U. Hellsten, M. K. Khokha, T. C. Grammer, et al. Accelerated gene
evolution and subfunctionalization in the pseudotetraploid frog Xenopus
laevis. BMC Biology, 2007, 5(1): 31.

M. Nei, X. Gu, and T. Sitnikova. Evolution by the birth-and-death
process in multigene families of the vertebrate immune system.
Proceedings of the National Academy of Sciences of the USA,
1997, 94(15): 7799-7806.

HIBM



