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Abstract Based on the transcriptome data of Fagopyrum tataricum at flowering, a novel FtoHLH3 (GenBank accession number:

KU296217) bHLH-like protein gene was amplified from Fagopyrum tataricum by using RT-PCR and PCR techniques. Meanwhile,
FtbHLH3 expression profiles was analyzed when tartary buckwheat at the stage of germination was treated under abiotic stress. The
result indicated that FtbHLH3 was 1 273 bp in length, and open reading frame of 957 bp encoding a protein of 318 amino acids
residues. Sequence analysis showed that the FtbHLH3 gene owned the characteristics of bHLH transcriptional factor known. Seen
from the phylogenetic trees, FtbHLH3 was gathered into the same cluster with other bHLH protein related to the stress resistance.
The quantitative real-time PCR (qRT-PCR) analysis indicated the FtbHLH3 expression was increased persistently and obviously after
UV-B radiation and 4°C cold treatment. Accordingly, FtbHLH3 gene would be involved in the abiotic stress response such as UV-B
radiation and cold presumably.
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B X RS IR E AR D BE IR AT AL, XS
F5 0 R B AN R A ok R 57 ) E A (Kim et al,
2001), HLAG 410 77 45 MR 24 B FH )5 i 1
g R SN T S R T A KR R AR R
&, ZEETHFE N2 E Pk (Bonafaccia, 2003).

ELE W aE 2 A AR A A G LR B 7
FEHIZ N K Z—(Zhou et al., 2015). T, UV-B.
AR vt e FEE A 52 B AR W it Joi R P T B ) R R
VIR R . HEPAETE S AR Y e 5 it ik AR B
AN G FHLHITR S, T PR A 52 300 45 o P
B, DA SE B AS W A8 A8 (1) 2R 45 (Sha et al.,
2015). fEARZ PRPENLEI T, BB SRR
EMNPEARLESCETE, 11 MYB. HLH fil WRKY %%
HRETE) 22505 T2 UV-B. HhiE
FE B R i s B A A G R R (1) R A (L et al,
2015).

bHLH¥ R 71 Z ME Y b 2 A 1E, 21
REAZAEYE AR — N KRKE, & AbHLHZS
WA 44 . B FCUE % S B A R A R B X 45/
W2 e - 3R -8 e 2 P (bHLH,  basic helix-loop-helix),
G AP X3 R 1R ) L R 5 B X3 i A
FHeHEE-box (5'-CANNTG-3)% 0241, 5DNAZL
BRI MIHLHSS A3 A A AR R T sk &
ZRET R (A5, 2015).

TR, 4 MU I+ (Arabidopsis thaliana)
7K FE(Oryza sativa) 55 2 FitEYI + 4> 55, 5 b HbHLH
FE[H (Ding et al., 2009; Salvatierra et al., 2013), Ff-%
FORBEDIREHEAT THEF, RKIbHLHAERE Y ALK K
BMTEA R Mg 5 DL S A A AR v k4%
% 8 4 F (Ding et al., 2009; Matus et al., 2010).

HAT, AR 7R i F B RS
2R H AU (Bai et al., 2014)F0EA: e B 2
(Zhou et al., 2011; ¥z 72%%, 2015)KIMYBH: 3t
FRIE, #—PZH S 55 IR0 bHLH S H At
3 R T IR S FRBTT AL B AR . ARSI AR
EIRAG 77 SR e SR K, R RT-PCREA
0 T R P A OC B FtbHLH3JE K], 4K 8 FtbHLH3
FE IR ) 2 TE K UV-B 14 °C ¥4 i 36 Ak B (1 B % o
R, NIB—IDThEE S e e Sl
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1.1 FRFtbHLH3Z K cDNAF 5 i) 72

DL 7% cDNA NRRNR, K FRE R 514 FtoHLH3f
Al FtbHLH3r, PCR #3875 2] — 2 K/N212h 1 kb 1)
R sk (B 1). WP RERZ B/ A 951
bp Jiht 316 2R iR L 1) H H FtbHLH3 (] 2),
2253 NCBI H1f#) Pro-BLAST tbxtioR: ZE B 5H
EHEY) bHLH [IFRIJEMEAE 46%~68% 7], R
BEAR R FEH B T35 bHLH JEPR 5 . Bz ek dr
%N FtbHLH3, H7E GenBank 1 HIVESM 5 A:

KU296217.
M I

2000 bp \
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Figure 1 Amplification of FtbHLH3 gene from F. tataricum
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F EXPASy-ProtParam X} 4sfid & [ FtoHLH3 [
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NapsOs03S16, HHXT 73T Jii iy 36.12 kD, Hit pl {H
N 489 HAf 37 NMEIERRRIE(Arg+Lys) i IEH
fif, 49 NEIEFRIRFEE (Asp+Glu)i fi i fif, A
REON 7877, RAFEEMEE A (<40 NFRENEA),
5155 K ME BN -0.488. Singal PSS K T
N, ZEAFSTE SRS, BT R E A
5. Tmpred [55 JESE /IR TN MR B, ZE AN
PR H o Target P 4C{F 504541 FtbHLH3 [ mTP
¥ 0.050, SP i~ 0.128, Ll T H &40 a%
0.913. £ )it — L5/ TR B, %85 1 i 36.48%
(1) o-12 i (Alpha helix). 16.67%1 ZE{H%5% (Extended
strand). 7.23% B-%% ffi(Beta turn)F1 39.62% 1JTCHL
1% i (Random coil)ZH B (& 3). SWISS-MODEL =
AR, ZEASHE —MRE- M- IR RS,
FA bHLH 5 ML (1) 25 45 (K 4)

1.3 A% E E FtbHLH3 45 2t

Protein Blast 7> #H13&HH, FtoHLH3 731 el
Y] bHLH & 3 [FYE P 7E 50%~60%. DNAMAN i
1THIZ B XA NCBI #E4k T 5 CD Search 43 #r4%
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M: E V' N E D G 'F 'L E E 'L V 8§ L 6 R E & W E ¥V N N § T. Q I
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M: E. I P: Sy (B Ny oM: EL E G M
GAGAAGAAGARAGAACALGAAGAGGAAGCTIGAAGGACAGCCTTCCAAGAATCTAATGGCGGAGAGGAGAAGGAGRRAGAGATTG
K NL M a E RRIRIRIKIZ RL
AATGATCGCCTITCGATGCTRAAGATCGGTITGTIICCTARGATAAGCALGATGGATAGAACTTCTATACTAGGAGATACRATAGAT
D: R; T 8 I L G D JE I D
TACATGAAGGAGCTTITTACARAGGATTARCAATCTGCAAGAGGARACCGATGTGAATTCAACCATATTCAAGALACATRARAGCCRE
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M: T T L E B L 6 L ED T QL Q€ VT 8 G (BN
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Figure 2 Nucleotide and deduced amino acid sequence of FtboHLH3
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Figure 3 Secondary structure prediction for transcription factor
FtbHLH3 from F. tataricum

Note: The vertical lines from short to long mean random coil,
Beta turn, extended strand and alpha helix
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P 4mfinFE H FtoHLH3 /7515 Blast 45 5 A AH
PR I HAR R 50 bHLH A4 %H MEGA
5.0 WEIEME R G R B ALK (B 7). 45REH,
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AU T35 FtbHLH3 fR2 57
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Figure 4 Tertiary structure prediction of FtoHLH3 proteins
from F. tataricum
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Pt E R PCR %f FtbHLH3 7E UV-B AbF 5 2
1 SRR S R I v AR SRR = AR B (K] 8)),
REFRIE 6 h 9, Rdh b FtbHLH3 [ ik 2218 1,
ZAPE 12 h J5 B BT R A X RIS R 1.95, 48 h i
KB B KAE 2.93; 17T A FtbHLH3 (I8 &40k
MITE RS, 1~24 h NiZBE R Rk B RFEL W25 T
B, 24 h AR KM 6.64, ZJEHaTRE.
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Figure 5 Multiple sequence alignment between tartary buckwheat FtbHLH3 and other plant bHLHs
Note: The amino acid sequences used to multiple sequence alignment: Vitis amurensis: VabHLH (AFH68208); Vitis vinifera:
VVbHLH (AFR78197); Nelumbo nucifera: NnbHLH93 (XP_010254652); Medicago truncatula: MtbHLH93 (XP_003612938)
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Figure 8 Expression levels FtbHLH3 gene in hypocotyl (A) and
cotyledon (B) under UV-B treatment
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vu PEAS B TR SRR LK FtbHLH3 f¥) cDNA 7
Ho ZHRRNRILEASTH bHLH 85 % N FHREA 1)
Rapi, A — MR- IR e, 4 EET
bHLH # 3R F K k. RS HAH 58 8w,
FtbHLH3 5 Z 5 # ¥ $t 1 i % 1 AtIC1
(NP_189309) (Grant et al., 2000) . PtrbHLH
(AFY17139) (Huang et al., 2013)& 25 A 3L 5 —#%,
1M FtbHLH3 2 R 78 25 8 7 IR AR 1~ i e UV-B
FA 38 I RE BB — DU ZE A T RE S
5T AR YA R .

CAWIFIEY], AR FEE A e ) N2
e NI, s R T2 5 R
Xof A A W 38 B 38 B N B 32 P OR 2R AE T i 1
. ABA NN 515 ABA JEMKHE 4% (Shinozaki
and Yamaguchi-Shinozaki, 1997; Yamaguchi -
Shinozaki and Shinozaki, 1993) . Kiribuchi %%
(Kiribuchi et al., 2005)#ki& 7} JA 15 57K f& bHLH
KT RERIL J RIEE 7 AR K I i L -8
AR AL, MGG 35 A F e RERJIL £ ]
e BiARA.

AN, ERE TR AP bHLH & A rd22BP1 #E
125 ABA {55 B MM/K A N (Abe et al.,
1997) AW FE BN T RALEE R, BIFE UV-B Fl1 4°C
AWiR A A B R FE FtoHLH3 JE K 78 iR 4 Fn 1
I Rk A S RE AR K 1 %A . IR, FtbHLH3
B RIAE 7 I (19 3R 04 5 il 4 3 1 Ak 388 A A0 2 )
FORRE, XREE R TEMLEE UV-B 574 W)
R, PR B 0 A A DATE K () T AR A2 3]
1% 7] (Kim et al., 2007).

HHEEESAERERELX, SETR. B
BORZE R AR E, TR R I T R pud
P AT BE AR B — % 5 8 B A Ok
FtbHLH3 J:[H, 20 #fr 7 HAE UV-B g Fl 4°C ¥
BRI R, kPR SR P AL BEE T
St
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3.1 Mk K EE R

FEVH B 2 Bl K “PaFF 2 51 R sese mfh,
R o e 16 h, ER% 8 h, JHAEE(22+2)C,
FHXHARSE 70% /47 GG IR 48 . HE4Y) RNAout i
FEn(RPEFREA), Prime Script RT reagent Kit With
Gdna Eraser (Perfect Real Time, E4£4%7), YBR
Premix Ex TagTM Il (TIiRNaseH Plus, 54:47). H
oAb 2 24 i 3250 St 1 Bl = a3 b Al

3.2 #FF RNA B FtbHLH3 cDNA 73 78 k&
SRR BEFE N A A HE 40 RNAout 3R 5 & 118
F 5 5 RSB 105 75 7 1) 8 RNA. R R
RevertAidTM First Strand cDNA Synthesis Kit i)
BV, RIS 5 cDNA. RIEEFEIE
WG S, ok — X R 514 FtbHLH3 i
FtHLH3r, L% 5% cDNA 55— 48 NB, PCR§™
1 FtHLH3 cDNA /7%, PCR Jx%i2kf: 98T 10
sec; 98<C 10 sec, 59C 10 sec, 72 15 sec, 30
ANEFR; 72T 10 min. PCR P24 T #4K 70k, 7
BRI TS, IR A R A T .

3.3 FtbHLH3 ZE %R 5% AR F 51447

it NCBI 72k T H Blast #£1T FtbHLH3 %
54041 FIF Prot Param Bt w28 52 18 5 71 1 22
MBS (T2, SHE, WERHEE)
HHAT U o R R SR K MERFAE 23 1K Prot Scale
Fi 73 3 A1 5 BT Signal P A2 F) FH Tmpred
BAE TN AR (A BSR40 e K Target P
AT TR . A GOR HAit47 & A R — 2k 4G

R 15195

Table 1 Primer sequences

FARITRI ; K SWISS-MODEL il 2 4 i) = 2 4%
¥; {fF DNAMAN #t4T £ 7 5 b xt s Fl A
MEGAS.0 ¥ Lbxy 5 5% F 44292 (neighbor-joining,
NI)FEE RS o

3.4 ZFHEFFR A AL

UV-B Ab#E: {# ] 10W UV-B (308 nm) LED T
RS 2RI 5%, JEREEE RS 30cm; 4 CHA LR K2
W IR B R FRA ONOGIR 16 h, BRI 8h, iR
4°C, FHXHREE 60%MGHRES TR AT e . LA
L ACERYF AL BERT O hy ARFRE 1. 3. 6. 12, 24 FlI
48 h J3 A RS St i IR AN 1, R R R B
F-80°C & H.

3.5 FRFtbHLH3%E: K RIL B KRl

PR b FERE S BARNA, I 5 S W et e
PRI L 52 B, F DARNA N B AR I 58 5% 5 ik
cDNA. #it—XF 5L} 2 EPCREFH 51 #FtoHLH3gf
AIFtbHLH3qr, DA TR AH3ZER NN S 3R,
5191 NH3gf FTH3gr (F1). PCRX M AAFR (15 L)
N: SYBRII 7.5 pL, ##k1 pL, L FUF51499%05
uL, 105 pL ddH.0, NZ#(: 95C 3 min; 95T
10 s, 60T 30 s, 72<T 30 s, 40MEH; FEIRE N
65~95°C Z |A| 42l 2k, A4S I 3 B 2 3k AR
HOP Y, FE A 27 AR T AR R R AR AR X R 0

=
Ho

IR
Gene amplification

ElE/ER

Name of the primer

ST FI(5-3")

Primer sequences (5°-37)

FtbHLH3 FtbHLH3f TTAATCAAGCATCAAAGTGAGCAGA
FtbHLH3r TTCATTTGAGGAATATATTACATAT
FtH3 H3qf GAAATTCGCAAGTACCAGAAGAG
H3qr CCAACAAGGTATGCCTCAGC
FtbHLH3 FtbHLH3qf GCATGGGAAGTCAATAACTCAACA
FtbHLH3qr GAGGAATCTAACAAGGTGGGTCTAA
EE TTER MRS, HS 5L, ¥R TTE T

B B B 57 FtbHLH3 J D8 1 o Bt 450t o
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