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Abstract: The bHLH transcription factor families is one of the largest families of transcription factors in
plants. More and more plant bHLH transcription factor families have been identified presently. However,
systematic analysis of the lily bHLH transcription factor family has not been reported.Based on the transcriptome
data of Lilium, this study identified a total of 74 bHLH family members. All the bHLH proteins were
hydrophilic, 93% of which were unstable proteins, and 61% were acidic proteins. Through the domain analysis,
25 conserved residues were accounted for =50% consistence, with R16, R17, L27, L49 and L59 being highly
conserved. Sixty-four bHLH proteins were predicted to bind to DNA, including 58 E-box and 46 G-box

bindings. Based on the phylogenetic analysis, lily bHLHs were assigned into 21 subfamilies, and they were
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annotated with functions on signal transduction,

abiotic stress, plant growth and development, and

substance synthesis. Three genes Unigene23213 All, CLI1682. Contig2 All and CL8286. Contig? All, which

associated with ocimene and linalool biosynthesis, were cloned showing 97.30%-99.89% homology among

varieties at each locus. The three genes were expressed in flowers, leaves and scales. The fundings of this

research provided a valuable information in further study deciphering the functions of lily bHLH transcription

factors.

Key words: Lilium;bHLH family;identification ; gene cloning; semi-quantitative RT-PCR
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Table 1 Information of the primers
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1.6 Unigene23213_All, CL1682. Contig2_All A

CL8286.Contig2 AIEFRRIEERX D

HRAE 1.5 45 R PE5 L HGE Y E AL F A
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1.7 Unigene23213_All, CL1682. Contig2 All FA

CL8286.Contig2 ANEFEKF¥EEZ RT-PCR

M 4 e 50 ) R BT 5 LoMYC2 [A] I8 1Y
Unigene23213_All W) 51 %) , 5 LibHLH63 [A] 5 1)
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ddH,0 4 pL. SV ARF A 95°C 3 min; 95°C 15 s, 1B
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Primer name

s I(57-3")

Forward primer (5'-3")

FbrkE B
(bp) JE(C)
Target length Tm

TUEEI(5-37)

Reverse primer (5'-3")

Unigene23213_All ATGAAGAGGAACTCGTCCC

CL1682.Contig2_All ATGGAGACAACGCCCAGCTC
CL8286.Contig2_All ACTCTATCGGCAAGATTTCAG

LhActin TGCTGGATTCTGGTGATGGT

TCAGGCTCCTTCAGAGATC 912 58
TCAGAGCTCCGTCTTTAACTGGTTC 1089 60
CTGAGTAAATTCTTGTGTGGC 1211 55
ATAGGTGGTCTCGTGGATGC 383 58
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A bHLH Z %8 (1 o-8 e MIJC LA jh T (& EL A4
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A Protein

Pl 2B/ 254 T 4 BHLH 2R 1447
Only 25 lily bHLH protein names were shown

E1

A bHLH ¥R EFHRIXEBFIEDI T

Fig.1 Characterization of lily bHLH transcription factor family proteins
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AR EIEA X (H9 . E13 . R14.R16 . R17) , 9 M43
A 76 45 1 125 X (E18, K19, 120, N21,R23 ., L27,
L30.V31.P32), 3R [X 29~ (K36.D44) , A 9 NES
2 MEE X (K45, A46.,S47 149 153, Y55.1L59.Q60,
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Q62) . AJ UL, A2 L R 48 Ik 3 L0 A A T Mg
X, HHR16.R17.L27.L49 5 L59 {7 s B H %
R BARSTE (285%) . KA1, 100% 11920 .48 .56 F1159

57 15,,99% 19 24 .27 .30 .31 Fi1 49 £/ i Ry g /K Pk 2 3t
(A FI.LMP.V.WiLY),

4_
3
i @ |
1R S A E L HL S N L] Sl D | K =0
G Ax _RY. V SDkEwx EV |l -2l.gG GItile - aFmK K
KB =i sple o v =R =FE% — - s r~
~"'-"x=5=‘~*":'37v—¢""7:{='3‘535' E‘_*':-l,-:‘“"‘ 3"','-‘:"-!|.-.§5?‘:$:-'_‘f‘§.{2- Sa=Syy =z Ath) BERHSE
0= N N N O T 00N O — (N e T O T= 00 OV O N 1 11O D= 00 PO — I EN T LN BT 00 O S — (1 T IO B 000N S N €1 UG [~00 NS —
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Conserved aa=50% H ER RREKIN R L LVP K DKAS L 1Y LQ Q
@I&Sﬁ()%) 59 8166 888551575153 54 99 64 5762 78 625576 61 85 65 72 91 50 53
BARIX 55 1 18E " 55 2 W
Basic Helix1 Loop Helix2
RAGAR (D) PR 2R (E) LT, AT (N) I 2 e (Q) 58 0, i 2R (K) RS 2R (R) FIAH &2 (H) i 68, Bt EiR (C) H &R (G) .
22501 (S) IR (T) M 2R (Y) Rzt e, NI (A) AR (V) SR (L) JFaead i (D) Slame (P) Gz (W) RN (F) R i

HIR(M) N R
Aspartic acid (D) and glutamic acid (E) were shown in red, asparagine (N) and glutamine (Q) were shown in purple, lysine (K), arginine (R)
and histidine (H) were shown in blue, cysteine (C), glycine (G), serine (S), threonine (T) and tyrosine (Y) were shown in green, alanine (A),
valine (V), leucine (L), isoleucine (1), proline (P), tryptophan (W), phenylalanine (F), and methionine (M) were shown in black
2 BADHLHEREFRERFEEBRIN

Fig.2 Conserved amino acid analysis of lily bHLH transcription factor family

24 ETDNAZEHNIHBEEDHLH Y2

JEF DNAMAN X} 4 bHLH i 85 A 45 4 da
Y HE X &5 3 & B, A 58 /) bHLH HA - 5F 1) E13/
R16 3755, E-box 45 &8 1. 1ERES E-box 45 & 1)
bHLH ', 46 1~ bHLH H A f£5F i) K/H9 Fl R17 i
R, Gbox &G . T2 EI3ZE RI6 Y
B R, DA RAE BEA X g 2 B iR 0 T 61>, A 10
~bHLH N AHE 5 DNA 45 G R 1 (£2) .

F*2 TWUESDHLH ERA LI DNA E G4
Table 2 Prediction of DNA binding properties of lily

bHLH protein domains
25413 Binding pattern %rH Number
fi 5 DNA %54 DNA binding 64
fit-5 E-box 4545 E-box binding 58
fit 5 G-box 454 G-box binding 46
AfiE5 G-box 4% Non-G-box binding 12
AHE E-box 454 Non-E-box binding 6
AHEE DNA 254 Non-DNA binding 10

2.5 B&bHLHHREFRiEHML D

MBI R IT 5 H 4 bHLH SR 1Y 2 S8k Ak
R Hb b o & (1 3) o ARIEHARE IF At Ab 2 2m]
4T %78 1) B A bHLHs X208 21 AN J% , H 32 %84y
AAE XIL(124>) 1 (d+e) (645X (64) 3K
i, Horh B HGE B S bHLH 23 B4 TR 7E 1 (at+c) |
IIb 111 (d+e) IIIf IVa . IVb . IV, XIT #1 XIV 9 4~ F
Wi, S ITAR G, F A bHLH WA S b (1) |
I, VIIIb, VIIIc (1) Al VIIIc (2) SN REEHF . #HZL
BOEOLN SR T A A A A — SR B AR
[ %% i 1 bHLH

[F]— I 2 0 ki 0 AT e A A2 D B, #E
5l r ¥ bHLH ZAEAH R W% A9 B 4 bHLH & 155
AH R A A . #E E A 21 4> bHLHs Wi,
Vb F1 VIIIa WV 7% A6 i AtbHLH BhRE A%, Hi% 24>
V% 25 (1 #E NCBI H A B X Eb 21 4T 4] Ty 6 BH 1 1)
bHLH, [F It Vb Fl VIIIa W DI RE 1 FEiFoE . HAT
A ReS 5 E 5% AR EYhiE MY ERK AR
M A AR AR, Hp I (d+e) FGFEH T RS
ACA ) JoT 5 Ao I 1) 5 SRR DT, XD G 1 2 TR W g
Z 5T S W O R A B
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x Unigene3164g9 ajf
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Unigenes16 All
AtbHLH105
AtbHLH115
¥ CL26.Contig2 All
h BHLH
h AtbHLH034

W

LibhLH63 ¥
CL8286.Contig2 All
Unigene6062 All
AtbHLH049
AtbHLH076

Unigenep:
Clygzpe o0 Al

TR A EAREE IR AI ST I 45 78 19 7 & bHLHSs , R 0550 F A AR FE 92 UL 48 1 H A bHLH
The solid gray pentagram indicates the lily bHLHs identified in this paper, and the hollow gray pentacle indicates reported lily bHLH
3 BA5H#EITbHLH £MBRZL SR
Fig.3 Phylogentic analysis of bHLH domain from Lilium and Arabidopsis thaliana

2.6 Unigene23213_All, CL1682. Contig2 All F1
CL8286.Contig2 ANERFEFER MBS AIRIX

FEF Sorbonne ££ I 3 7 B F23k 1 Tk

AT HI(E 4A) , Unigene23213_AIAEAE - Ff )
FIRAHEL T CL1682. Contig2 AllF1 CL8286. Contig2
AITE3 N EHINRIE R . Unigene23213 AIITESS
At Rk  FEAE IR IE . CL1682. Contig2_All
FEAE R T e, ER R h Rk k. CL8286.
Contig2 AUTEALF RN I, EmEH IR
> 2 4t RT-PCR Byt B8 W 458 I wia oKk I St s (&

4B) , Unigene23213 All, CLI1682. Contig2 All 5
CL8286. Contig2 All 7£ Sorbonne [ ££ . I 1 i H 14
F ik, Unigene23213 AlITE Sorbonne £ F1H H )
M BT W R SR | HEW HLAE Sorbonne AE A Hp
RYZFEIA RIS T, CL1682.Contig2 AIITE Sorbonne
A6 R b 0 STV T S 7R 3 R E TR RS

HKFJLF-—F ., CL8286.Contig2 AllFE Sorbonne {£
A B S IR FE N S Rk
2.7 Unigene23213_All. CL1682. Contig2 All %A

CL8286.Contig2 ANERHIF T A1

i AWF5E 5 2281, Sorbonne H1 %) LAMYC2 5l
TLH A LrMYC2 W SE TR 3 51— 30, B 5 K
BERPUER o FPAIXT HL & BL(E 5) , LhMYC2 FI
LrMYC2 5845 7 1) Siberia LoMYC2 & FEHR [y 4]
[F] Y51 5 15 99.89%, A7 TE 3 > HL 2 FE IR £ A
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