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The basic helix-loop-helix transcription factor family in the
honey bee, Apis mellifera
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Introduction FHEJ>7D}>;* EC7TMD>?9B>7TH79J8K?P;:
J>FH; I, EXD::?J?EDCTB?DLEBEJI>D?
/>;871?29B?N BEEFH ¥ BPCERG 7DIOH?FA PP 70D RD) 87?D:?D=SDF¥D:A1:HLEEHJ
<79JEBAMMAFEHREBRIY M? H7DE%,;L;BEF
C;DIFBHE9;I7TDO9BKDBHE=;0COH=;D;I1?I
>;C7JEFERN?J;HC?D7D7H0);L;BEFC;D/Y; >ED 8Q;Apismellifera #OC;DEFJ W7 ;

(7TH7THD(KHH; ?DY><?WBRITH79],H?2F A, @CE:;BEHE9IW,B7LAEB QIK: : >TL;
J?EXN>CEKIB#'# JH7DIOHLFIFPEHDVD: 8;;®ED:KYEBKO9?I2J;L;BEFCHHES;II;I
(KHH;J7B >KD:HE®8#'# FHEJ,;?DQJI>1H); IKEYIA7HI? 9KBEMB=7D ? REM HDH
>7L8;,02:;DI?EXTHD J9>B;;XJdB,; DEQ7D&#'# JH7DIOHCAIIHEHADS ;. ®>7H79
L;BEREH;:?900EURE8#'# .ECT7?@/I;: J:H?PE<7HL;DEDBSQ;8#'#1;GK;D97L;
EDXC?DORXH;GK;D¥BHEEI?IJEEDIS#'# 8;:DH:FEHJ>;07H;C 4 7D:C '& <EH
FHEJ;2®P>B;;JJ B 9EDI;HI?ZAM;H; M>?9> |;GK;DM;H3BEDK8?,078B
<EKM?JX?>@B#'# :EC7?D09>B;;J0B JME9>7:J; .9KD;TDJ>H;D>7TDEHFB?J
I>SEMJ>771;GK;DM? B> 1J>7DC?IC7J9%;l =:D:J>7M;H?::DJ?%R>>EDH:=:DEC;

J>FH;:?9CEUMIL , HEOEII?B8O# FHEJ;?D. 9>B7JD;H7 ?;H />, B7JLIHIZE=PDED ;O
"TIHG T 7THOSERD=7),;,GK; DB;M?JE€?1  8;;=;DEC;GK;D¥8;;0L7?B7BB";D 7TDA
C7J9>9EKEBIB; 7 FEJ;DB¥/8B FHEJ;?D?D99JE8:H $D>PIK:®:KI;8EJP>H:F
{EB;:E *HJIreP $H;9;DIJ7IKCIEHB#"# H;1;DJ7JGIK;DEL>; 8#'# <7C?B2;DJ
=;DF7L8,;;D?:;DI?XEHN=7DMXHE;DEC; 7D1;HLEEHJ7D J>ADE M Drosophilmelano-
I;GK,;DE;H7L7?BT8B;?D9BK8#'# =,D ;| gasteB#'# C8#'# |;GK;D9;:;DJJ7B
? D ;71J ? Bmphimedgoeenslandica ? Blydramag- .?C?EDJE JEOED: KSB7ILFHOZ=I7?DIJ
nipapillata ? Daenorhabdétisgans, ? Ballugallus 1737 8 EIJ >Apismelliferes ;DEC;;GK; D9 0 ;i
? Brachydanierio ? @ionaintestinalis ? Benopus 7C?DIDIFC?2D/B?H:1?2:K:IJ>;: 9EDI:HL::
laevis  ? Btrongylocentrptupuratus ? Daphigulex 1?73 M;<EKD>7JApismelliferaB#'# C8#'#

? Drosophilaelanogaster ? Dottiagigantea ? Dap- I;GK;DRZI?192J9H;;D2B2J;H2BBE=;D;J?9
itella | F ? Dlematodtellactensis ? Branchiostoma 7D7BO®IRD>»: H:FH:|:D38ZIJRPLEC7?2DD:
floridae ?OFK<<;H<??BCEKI; ?DKC7D M?J»; C8#'#1:GK;:D9«d?DI><7C?BR ;I

? Brabidopsig D : ?MH?9;:;DJI7B '? M>?29> J>; C8#'# |;GK;D9;1 8;BED=
:J7B .7JEK7B .?C?ED,2JB
/IEB;:E *HJ7?P 71,:EDF>0OBE=1D3" .
H Ei\/laterlals and Methods

BOEEL;H 8# #FHEJ;?20QDJJ7B;<?D;:
EHJ>EBEFEMED;>?=>;H EHEKEMIB | tpjastn searches

?:;DJ?8## =;D;IM>H>; <7C?BRH; />:|;JE< H;FH;I;DB#I2LEC7?DD:
D7C;799EHIEDSPHCEJI><?HII9ELBH: Ccg#'# CEJ?MIHSHEL>:7::?J?EPBBk
8;1J ADEMIB HI><x7C?BIN>p>?=>H EHHDFD1;HLEEHJ7D:.?C?EDJITE
=HEWEHD7C - JE 871 ,ED>;?<<;HHEF HH,|F;9J27L9BOGK; IE98EJN>IM7KI;JE;H

J?HS>; FHEKBO>BDI?J9> ';:iDJI7B  <EH®B 717D 9 # 7 2D 37 J 7 8 Elpismellifera
;;DJD1,HLEEHJ. ?C?EDJIE =;DECH7KBGK;D®JJF MMM D98? DBC D?>
"HEKFID: 8#'# FHEJBZDOBOEH) | =:pEC; I;G B71J";D B71J";D 9=? J7TN?:

GK;D9JOF?8%B 8EN;I ))/" M>?92 gB7|JIYHIQECF7THEFHEJ®D,HOGK;D9;

[* EH" /" <E¥HEKKD: "/" EH 7-7720IDK9B;EN®BK;DIJI787I0D7C?97BBO
[*1r" <EHHEKFHEKFOECFHPAC7C?BQH7DIBDRBN;7: 20H7 E8EJIH7DIH?D
ES8#'# FHEJAMDEMB#'# + .8;97KA+ . = DMYI:JVE 2EH:JHESI77HBBH ' # H
'EC7Z%EBBERE#'# CEJPx; 9EH;GK;DIEl B73:: |;GK;D9;1 <EH B7J;H ;N7C?D7J?ED
M>?9>:®?D7H; "/" EH "/" M>?H;9;DJ
1JK:2TL;;CEDIJ HJ7>J7JJ>DI‘OSOphIIaO I<KI?E Wanua] improvement to the obtained
/7D=&#'# + .>;J;HE:2CVE?D: Fbiz<;H;DSquences
AV o "l "It %?7D5>;E8J7?K8 @ ;BXK; DOHIEICGJ8B7ILIBI9O>; |
7D:H;MI "HEKFFHEJBYIB7I1?BC7?D M HIN7C?RB7DK7HEBROEDED!; GK:; xEH
/>;OTHDEWBBB?D) /> XKD9JIPTHIDI7= J>EJp>BILI>I7CI97<THBC8HH 7:?<DH7C;
ED?EXMHEKB#'# FHEJ;"ADAKFFHEJ 74D 7D9E:?B=?HKDDKP?EFHEL:@7BBLED:
C7?0BB7JE>HEIEF#7BHAO: IFB#'# JE>|;GK;DB7IOAPDMC?OR?EID>;IME
FHEJ;/>DI;FHEJB87MEH ;<;H; DHE2GKBDY;:D:|/>?M7H; 7B BRH;JH?  1L?M=EBK8@;9J
JOFB®BY¥YBEN;I """ EH " " [>/0/BIE |;GK;DHECD 7DADJH7DIBZ7M?2D=2J.;G
9EDJIMEK::?J?EBCB?DVC;:*H7DZD: FHE=HZGI?EDEJ>:) .J7THF79AJEES
2-+2 F;RFI72>97HB8ENOB BYHUHHEXIB 372> 781; DD C? /B ?H;1?:KH J>EIK8@;9J
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Figure 1 A><CB:Cl D; B7 $ B:B7:GH :H><C6I>DC D; 76H>8 =:A>M ADDE 6C9
DG9>C«< II

B6G: ,=: ;6B>AN C6B:H 6C9 =><= DG9:G <GDJEH =6K: 7::C DG<6C>0:9 68¢
B7 $ HL:G: C6B:9 >C 688DG96C8: L>I= ;GJ>1 ;AN CDB:C8A61JG:

I;GK;DBP=PIV O9E:?B=?EBVFH7QEP;DE |;GK;D®;HIH7DI<?BIE?9HEIRSIBEHA
J>EKITEDBDKO9B;EJ2;FIB?9; I7FMB?9PI?ED>;; SEINT7C?2DI>rC?OB?H ;1?2 K0 >;
JF MMM ?2)BKE@NHB=2,DM7KI|; JEZED7BOPIEDI;HRITAF;9?21RIALGK;DM?B=11>7D
?< J>; I;GK;D9;l >7: ?DJHEDI L7H? 70 EHB|=7H7JFEJ;DIJRFB #17D:
M;H7B?=D+7XKD?DBKIJ7B2;, 7B?=DC:
Sequence alignment 8#'#1 M;H[>7:;2D;D; EQKBJ?FB,K;D9;
BB, GK;D9>7x7 :KD:;H=E®DJ8EL?CFHEL; B?=DC;RDJEHWD.>7:?D3?B2AJBI?ED
C;DM;H7,B?=©RI;2DBKIJ7B2B>JF MMM)?9>ER7B TDO9EFEF2EH:/! <?8BEH
87?7 799BAKIJ7TEMI»<7KIBIJIJ?D=| 7B?=D;<KHJ>:H 7TDDEJ7J?ED
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Phylogenetic analyses B?A;BYHEHM;HIEDIJHK®3IDBH,;;+KPPB;
+>0BE=TDJBMI;H9ED: K9KII.? B-=0 + .9>C7?7: 7 B /> DKCS8EF KPP BR,BM7 |
;J7 .ME<<EH:871;EDIJ;FC7TO9EHPNIHKDB; JJE (E:;BE4dK8IJ?IKIFIEDEOED;I
J;'<HECO>EKk< 217, IJHBXN & /|7TOBEH />E%PBDHDB *J>:H7TH7C;J;HI

&KPE<<IJF F7KF 9IR&E<BK HFKCIES M;H;; <7KEBKA; JH;M;H;? IFB7KO 2D =;
J7?D;C8#'# |GK;DM]|HKI;:JE9EDIJHKAH;;1? MHE=HIZBHI?ED >JJF J7I7NEDECO PE
D;?=>8EH .:@B7DBEDM?J>; H;FH;I;DJ7FEFBE=0 =BHETIH KA?;M >IFCB: 7| +>0B?F
8#'# .ECT7?2DDM?I>; C8#'# CEJ?K| <EHCZ2J:KlI?K=" &KCT7HT7B
IF;9J?L;8R;DM;IHS?HBI?=PDBKI1J7B2: 9EF?JEOB?F8EHTHI>;DDDEJ?PI?9HEIE<J
J>;PEF?”?DXO0+M?D:BFH;FIHNKI?B; |l +EM;H+E?DJ
);?=>8@B?DRDVEHBEEJIJHMPB> H;F

B?9TWHIHEL?D,<EHC7RED; PH/J?IA?B7 BST searches
78?B(@INRPCKFRIHI?CHDOM;HIEDIJHKO®J;:$EH: JHK?DN? 1 JNDFH; 1II;GK; DF,=1./1
?DE 0+ :J7 8QN;9KXHECC7H8EEJIJHCGFIO>AIDESI7T?DCB8H#'# |,GK;DU,8B71JD
DH;FI 1;7H9>;KH?T32A9GH7D:ECI> I 7HOMIHE H<EHGZ?BED 8; ./ 737
tHE7TH7C , MHHL;JJE ;<7KIBIBK(YN?CKC 871ED $ J8B7MIBIXI,?DZI>C8#'# 71

Table 1 HH><CB:Cl D; B7 $ B:B7:GH >CID 8DGG:HEDC9>C< [6B>A>:H
. Bootstrap support from various phylogenetic analyses
bHLH name Family A 5 Al b b 5
NJ MP ML NJ MP ML
B H: + 6
B H: + 6 cCB
B BDH IDC6|A
B BDH IDC6|A
B ID IDC6|A
B%>HIG % >H
B%>HIG| %>H
B :G (, 7 (, 6 (, 6 (, 6 (, 7 (, 7 (, 7
B B %N8
B-+ -+
B-+ -+
B ( ( +* >< C B ( C B (
B A@ AD8@
B NH *
B+>B +>B C B CB
B+1>8= ‘N C B
B+>9: HEA
B HEA
B EC HEA cB C B C B
B HEA HEA C B CB CB
B HEA HEA C B CB C B CB CB
B HEA HEA C B CcCB CcB CcCB
CB CDIBDCDE=NA:I>8
CB B:6CH I=616 B7 $ 9D:H CDI ;DGB 6 BDCDE=NA:1>8 <GDJE L>I= DC: HE:8>;>8 7 $ EGE
<GDJE L>I= DI=:G 7 $ EGDI:>CH D; I=: H6B: ;6B>AN
&% 9f6Cc9 % gDDIHIG6E HIEEDGI| ;GDB 8DCHIGJ8I>C< &" %( 6C9 %$ IG::H Df >C <GDJE E=N.
9DB6>CH I=: 8DCHIGJ8I:9 IG::H CDI H=DLC
&" %©®Cc9 %¥DDIHIG6E HIEEDGI ;GDB 8DCHIGJ8I>C< &" %( 6C9 %$ IG::H D|; >C <GDJE E=N
:GJ>l ;AN 7 $ EGDI:>CH I=: 8DCHIGJ81:9 IG::H CDI H=DLC
68= ;><JG: >C I=: 167A: >H 6 7DDIHIG6E K6AJ: HIEEDGI>C< 6HH><CB:CI D] I=: B7 $ H:FJ:
8DAJBC D; R 6B>ANS DG >CID 6CDI=:G ;6B>AN ;DAADL>C< I=: ;><JG: 6;1:G |6 =NE=:C
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Results and Discussion

Identification

of AmbHLH

sequences

e

in the

L=DH: DGI=DA

I:GK:D9: A. mellifera genome database
/I8B7I10,0HOMPI>; 8#'# :EC7?DD:
C8#'# CEJXEIBBBMC7DK7@BFHEL;CDDJ
N7C?DBEIED?:;DI?<BIIPEDFEJ; D
J?7@®8#'# |;GK;D8;;IF;9J7:;BB?=DE«DJ
7BB C8#'# :EC7?DI>EMID?=KH;.?D9;
J>:H27:8;;DIK<<?®BEBRJIIHKHFFEHD >;
Table 2 D9>C< G:<>DCH D; B7 $ 9DB6>CH
No. Blaltly AT G el Family | Scaffold number |Frame Cc_:ding Remark
name (Gene symbol | ID) region(s)
B H: aseP + 6| &I/5 Q
B H: DGI=DAD< DO; B6H:&/5 Q
B&6J nau P %ND| &/5 Q teIch g
Q 7 H
B 6 da P &I5 Q
B,6E tap P &<C| &I/5 Q
B BDH amosP IDCPpAI/S Q
B BDH DGI=DAD< D}, BOB8pAM/5 Q
B ID ato P IDCPpAIS Q
B%>H|IG MistrP %>HI &/5 Q reichdg
Q 7 E|
B%>H|IG DGI=DAD< D|; 9BSHIRIG g !CIC;ISC
B'A> Oli P 116 &5 Q
B&:I net P &: 1 &15 Q
B+6<| sageP %:HE &/5 Q
B,L> twi P ,L>HI &/5 Q
B(MH PxsP (6G6M& I Q
B% N D|*6 MyoRaP %NDF6&/5 Q
B 6C9 Hand P 6C9 &/5 Q
B :G FerlP (, 6 &/5 Q SDEpP:
&5 Q
B :G Fer2 P (, 7| &/5 Q
B+ $ SCLP + $| &/5 Q
B&+ ¢ NSCLP &+ $ &/5 Q 8DEP:
&15 Q
B,6> tai P +¥ &15 Q
B B dm P %Ng &/5 Q
B%C Mnt P %ClIl &/5 Q
B%6N  maxP %6M &/5 Q
B-+ USFP -+ | &lI5 Q releba
Q 7 H
:C: HNB7DAH 6C9 ! CJB7:GH 6G: ;GDB ,67A: D; $:9:Cl :1 6A ,D I=DH
6 FJ:HI>DC B6G@ 6C9 6 9:H8G>EI>DC D; >IH DGI=DAD<DJH B7 $ >H >C EA

J
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Identification of orthologous families

D7C;799EH:JH=; HHJ>EBMB~rhelanogaster $:;DJ?<?BEIMPELEBEAIEKTIB;;DKD9;HJ7?D

7TIJAKFFEHIPDEC;D9B7HKHE L 72.D:? =

KH;l 7D778

1?7D9>;RPDES8IEBXD? I, HW?8DB;KI;JE,;
B; />;D. melanogasteH J>EBE=19?:?dME;D;AHEHIJ>EBEEXND1;HLEEHJ

B?I1?D78B; <EMH;<;H;DBEJI>F>0BE=;D;J?9 7I1;:EDJ>9H?J;KPE®O ;:;DJJ7B

7D7BOGILU;7B>71>;

C8#'#18,BEDE ';:;DJJI7B ";';DIYD1;HLEEHJ7CEH,;

<7C?H?J> 7D: C;C8;RB>HEKFI 1JH?DSH>XI;M7KD;:71?D=E8#'# CKIJ
7D: ! H;IF23IRH;BO <EHCCEDEF>CBIER®R IFDEJIB#H# EZ
ADEMDC?BBC-OBE=]J];;PEDIIJHKI2I;2 <
<;H/ O D>E7D7BB8EEJILHBKCKIINY;;:
Table 2 38DCI>CJ:9 ;GDB EG:K>DJH E6<:4
No. BHLH Fruit fly ortholog Family | Scaffold number |Frame quing Remark
name (Gene symbol | ID) region(s)
B-+ DGI=DAD< O; -B-+ &/5 Q AL
Q 7 E|
B%!, MITF P %!, &5 Q teichbg
Q 7H
B+* SREBP +* (| &/5 Q
B GE crp P ( &5 Q
B%AM MixP %3$0| &/5 Q
B BM bmx P , &5 Q
B AQ@ clk P AD8@&/5 Q
- , /5 Q .
B A@ DGI=DAD< b; ADS§ 8DEpP:H
& 15 Q
B,<D tgo P *&, | &I5 Q
B N8 cycP B6A &/5 Q
B++ ssP * | &/5 Q
B NH dysP * | &I5 Q
B+>H sim P +>B| &/5 Q
B,G= trh P ,G=| &/5 Q
B ! simaP ! &5 Q
B B8 emc P B8 | &/5 Q
B+1>8= Stich1lP 'N &5 Q
B :N Hey P :N &5 Q
B+>9: side P HEA/S5 Q
B hP HEA/S5 Q reich g
Q 7H
B EC| dpmP HEAR/5 Q 'CIGR Y
Q 7E
B HEA E(spl) mC(dp HE A8 /5 g clebq
B HEIA DGI=DAD< D|j BHHEAS5 Q
B HEA DGI=DAD< D|j BHHEAS5 Q
B#C kn P : &I5 Q
:C: HNB7DAH 6C9 ! CJB7:GH 6G: ;GDB ,67A: D; $:9:Cl :1 6A ,D I=DH: L=DH: DGI=DA
6 FJ:HI>DC B6G@ 6C9 6 9:H8G>EI>DC D; >IH DGI=DAD<DJH B7 $ >H >C EA68:

J
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Figure2 (=NAD<:C:1>8 G:A6I>DCH=>E D; B7 $ B:B7:GH L>I= 7% 9DB6>CH C
?D>C>C< &" 1G:: >H H=DLC DG H>BEA>8>IN 7G6C8= A:C<I=H D; I=: 1G:: 6G: CD
7:1L::C H:FJ:C8:H 6C9 7DDIHIG6E K6AJ:H A:HH I=6C 6G: CD|] H=DLC ,=: =><=:G
>C 688DG96C8: L>I= $:9:Cl :l1 6A
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Figure3 (=NAD<:C:1>8 G:A6I>DCH=>E D; DBsophilalB$BH: GHC L>4=7D{G ?D>C>C<
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169
B HEA ! G6>C
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! G6>C
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! G6>C
B HEA 169
169
169
169
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