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Abstract; Anthocyanin-rich purple sweet potatos have high edible and medicinal values. Anthocyanin biosynthesis is con-
trolled by structural genes and regulatory genes. The basic helix-loop-helix protein (bHLH ) transcription factor plays an

important role in anthocyanin biosynthesis by regulating multiple structural genes. However, there are no reports about
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bHLH regulating anthocyanin biosynthesis in sweet potato. In order to further understand the function and molecular mecha-
nism of /bGL3 in the biosynthesis of anthocyanins in sweet potato, in this study, a bHLH gene named IbGL3 was cloned in
Ipomoea batatas based on transcriptome data and RT-PCR technology. The full-length ¢cDNA of I6GL3 was 2 120 bp, contai-
ning 1 878 bp opening reading frame (ORF) , and encoding 625 amino acids. The encoded protein of IbGL3 has a molecular
weight of 69.08 kD and the theoretical isoelectric point (pI) of 5.20. The IbGL3 protein had highly conserved MIR motif,
bHLH domain and ACT domain, shared high identities and similar domains with bHLH proteins involved in anthocyanin bi-
osynthesis from other plants. Phylogenetic analysis showed that IbGL3 was clustered in the Il f bHLH subgroup together with
other anthocyanin-related bHLH proteins. The expression of IbGL3 in the storage root of different sweet potato varieties was
detected by quantitative polymerase chain reaction (qPCR). The results indicated that IbGL3 was mainly expressed in pur-
ple-fleshed sweet potato, followed by light purple-fleshed sweet potato and weakly expressed in white-fleshed sweet potato,

and its expression was positively related to the accumulation of anthocyanin Ipomoea batatas. The results showed that IbGL3

B, HE phoL3 e R0 1357

may be involved in regulating anthocyanin biosynthesis in Ipomoea batatas.

Key words: Ipomoea batatas, anthocyanin, bHLH transcription factor, gene expression

1T F e — M7 TR R 9 B 28 B0 fk &
Yy, ANAUAE R W) 0 A8 3 €0 HIRAE S8 A 2 43 3% L B 1k
WIRME YR B E LSRRI EEMN, A A H
T E IR A (H RN = T R £l DD AL ( Panche et al,
2016; Lila, 2008) ., fE7 2 AW & Bk 12 7E 1 2K
PO AR IZ 58, FHOCE R C A 2 P B
45 #) 43 B (Hichri et al, 2011; Albert et al,
2014; Wang et al, 2015), fHYILEHFERZEDE
I A IR B R P . — e g B S b
WA & A R AP 5 — i
FEDH, g 5 1 5 S IR o 1A 22 A 45 4 3 T
()26 31k 2 5 XF 28 B I Uk A AR I 09 I # (Hichri et
al, 2011; Wang et al, 2015) , WF55IFSL, £ &
A )AL 3 2 A2 B % % I MYB | bHLH Al
WD40 2H il i) MYB-bHLH-WD40 ( MBW ) %4 5% &2 &
R $E (Xu et al, 2015) , bHLH %% 5% K F & —
HEH basichelix-loop-helix ( bBHLH) %% ¥ 18 i1 %%
ST RPEEE R RRAE AT 43 Ry 12 AW (1-XT)
T PR S B A= ) A B bHLH 8 1 2 24 P 7
If 2 (Xu et al, 2015; Heim et al, 2003) , 4
BT S R AL T R AR AR SC ) bHLH % ¢
F %A TT8/AtbHLH42 . GL3/AtbHLH1 #l EGL3/
AtbHLH?2 ( Gonzalez et al, 2008) ., H- P EEMAT &
WA L bHLH 3 P AE oK A5 2 5 8 LA
( Chandler et al, 1989), HHj, B £ 25 1£ ( Chrysan
themums) SEF ( Malus domestica ) 1 35 ¢ ( Litchi

chinensis ) 55 22 Fh AR ¥ H 15 3] 43 25 F1 2K €, X Sb i
SR R AR BE TG 221~ 28 B A ) 5 1 0% ek il
B9 235 ( Xiang et al, 2015; Xu et al, 2017; Lai
et al, 2016) ,

HEZMR LM REma i IEY
(Hu et al, 2016) . fERN—FPECS ERE R AR
PR R R, T W S R A
fi R AR, g 1 N ZMAEF K (Liu et
al, 2017) , AFEHZEHMF ERHEESW
HHER, ARSI EHMGHME (Liet al,
2013) . AAXF TREMEDN S, HELEFREY S
BRI 5 AL B A 58 A X S, B RN IE ROA G T
bHLH 2 AL T R AE W& U AR OGS (228
G5, 2014)  TESCHT A SE 28 58 i XA A Y
O E R IEAT T B S b, i B —
it 5EEF R BN 22 R RINEER, RKF 15
HHEMYTT GL3 & E R EST FF3), A5
W el IbGL3 JEP JF X Ht AT AL WA B 22 o0 #r
R R IR R AE 5 A6 R AR B9 AH M, o i —
AR R IZHERTE T AT R AW G by D e Al
YEFABIL I 2558 BLfilf

1 #R57 %

1.1 #F#l
PR H A AL A A T i AL B 2 Bk &
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Fodh, BEEURIAE S NMHEAKEBEREA WA
8, A EE 0 R SR 8 T B R A O i AR Sy S
AHHTF RNA SIS R A9
1.2 B RREMNE

K 1% 5 R 75 WA Ay 32 IR 42 B H 2 A
WHER, RHMOCEENER TR & &, AikS
ZXNEEFSSE (2007) H975 ¥
1.3 #ZEEIRENFN cDNA B9& &

HE TR T RNA $2 BUR F R AR 28 2 By i)
S RNA 2 BUR ) & 5 4% B Thermo Scientific First
Strand ¢cDNA Synthesis Kit i8] 454 RNA [ #5%k 5
i cDNA 55 —4f .
1.4 ERFEERF 5547

MG sk B s Th iR GL3 1Y EST ¥4, %
i 5" ¥ 4 5 51 ¥ PGL3F: 5'-GCCCAGTTTGT-
TCAAGAGCC-3'F1 5' % 51 ) PGL3R; 5'-AGTTAGG-
GATAAACCTTTGCT-3", VA H % cDNA by B A XF
IbGL3 AT 3, B 3G 7 My 28 But B o 6 I P Dk 4
i, B H 45 5 pMDI19-T 2R E I8t K
FFTR DHS o, 38 428 5 1 56 0 26 AR 9% PCR 45 € FH
SelE, RIETEIE A Rl R ExPASy 7E4k 3K
% (https : //www.expasy. org/ ) 73 B FU I 2 1 1) 22 Bk
PRALIL g3 12 o 78 A L R PN SRR K
2% K| PSORT (http://psort].hgc.jp/form. html )
WS, 20 B € 525 ) FH SignalP  ( http://www. cbs.
dtu. dk/services/SignalP/) #1715 = Ik 43 ¥ F H
TMHMM ( http ://www. cbs. dtu. dk/services/ TMHMM/ )
TR B5 RS 45 4 F1 FH DNAMAN #0451 7 2 L /R P 41
e X504 5 R MEGAT BEFT#EALR 204
1.5 EERESW

FFH SYBR © Select Master Mix if f] & 7£
Mx3005P Real-Time PCR System I #£47 qPCR 4%
Mro WS N Actin, 5197514 ACT-F (5'-CT-
GGTGTTATGGTTGGGATGG-3") #l ACT-R ( 5'-
GGGGTGCCTCGGTAAGAAG-3") ; H iy % N 5| ¥
GE3-F (5'-CATCTGGACTGCGAAACTATCC-3") Fll GE3-
R (5'-GCTGGTGATGGTGACGTTAAT-3") . qPCR J2 )i
AF120 wL: 10 pL 2xSYBR mix, iF X [ 5] 9 %&
I pL (10 pmol - L"), 1 wL ¢DNA #A4R, 7 pL
ddH,0, qPCR K Z544:95 °C 10 min;95 °C 15 s,

60 °C 30 5,72 °C 30 s,40 MEH
2 HR 50

2.1 IbGL3 By 5= &

R Y8 7E T 2 5 o 2H B0 vh 3R A5 19 1bGL3 JE
1) EST JF 51, 5 0H e 55 51 90 % 3k B ) 4 K5 9]
PEATY 1S 315 — 452 100 bp ZEA HIH 440 (1A
1), B H 0 B8 T 24K B kA, I
25 5 5558 o i S A P AR B A5 R — 8 K iz SR A
4 R IbGL3 . A BE 58 3R 15 1 IbGL3 FEH & K
2 120 bp, 35—~ 1 878 bp &5 (1 T Jift Bl HE

M 1

2000

1000
750

500
250
100

2 120bp

E: M. DL 2000 Marker;1. PCR §" 34724,
Note: M. DL 2000 Marker; 1. PCR product.

Fl 1 IbGL3 RYY H e Ik F

Fig. 1 Electrophoretic result of IbGL3 PCR product

2.2 IbGL3 B4 FHH1E

IhGL3 Zwtth & 11 625 MR IEFR AL, Hh 22
MR (Ser) % , A1 63 4>, 5§ [Lik#] 10.1% ., IbGL3
FE TN Chop Hung Nsy 0050 S,y , TN 43T 52 N
69.08 kD, BB 45 5 5.20, A sE R EUH 43.06,
BIHZE AT E B BB K 3R £ -0.555,
J& TR KM T, A AR E A TR R IhGL3
7 7E 20 M B By ] RE M e R, B R S
(PSSKKRKASKT) i F C =¥, 15 5 Ik 20 i 75
IbGL3 HAWAE TR, AR T HWEN, B
R Hr s ThGL3 25 GBS IR 45 H 1l
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IbGL3 Ayt tb o3 #r

Fig. 2 Phylogenetic analysis of IbGL3

2.3 IbGL3 Byt 4L FnEiFEHE S

it —25 T f# IbGL3 () Jy Re Ak fb FR1E ,
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Kl 3 IbGL3 AL ARMTY)AE T 2 ARICH) bHLHs FY 41 LR
Fig. 3 Alignment of IbGL3 and anthocyanin-related bHLHs form other plants

At e, FR S HE PRI ERZ, TEH (Heim et al, 2003; Feller et al, 2011; Yang et al,
OHE R R X BRI, SHEAEZSEEMEL  2017), HTHEF ZEWH MM bHLH 7 3¢ 1
(Kl4), K T If 2, 3 5 el AR sl Tk A6 75 R A i
HHOE bHLH F K B8 % 52 i R ) 1R N AE 75 R BL R

3 w5480 (Xu et al, 2015;Li et al, 2016; Lim et al, 2017) .
AW 5T AE H 2 b v B — > 4 % bHLH 5 #0185 5%

bHLH ##H T — R ERAEY e fR)™  GL3 FVAMIEH IbGL3 , gt X 4K K 1 878 bp,

T — KN 7 fEM AN a2 | i 625 MR IERR W 41 A7 Wi 2 /K, ThGL3
B MEmRE SRR NEE SRR EEEMEA M N, UL ThGL3 7E 41 i A% I &
HEABEZM AN SR B EEMREEMEN  Hosg, ko P 2R, 1bGL3 J& T I f % 1
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Fig. 4 Correlation between IbGL3 expression and anthocyanin accumulation
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B4 94 i, MIR X2 bHLH 5 MYB & 4 H.AE X
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