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Analysis of bioinformatics and expression level of bHLH transcription factors in
Scutellaria baicalensis
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Abstract: Objective The information of bHLH transcription factor genes from transcriptome dataset of Scutellaria baicalensis was predicted by
bioinformatics methods and the gene expression analysis was used to deduce its probable function. Methods The bHLH genes were screened
from the transcriptome dataset of S. baicalensis by using BLAST comparison software. Then the open reading frames (ORFs) from the full-length
of cDNA of bHLH genes were predicted by ORF Finder online tool, and its protein characteristics were analyzed using bioinformatic method.
The expression of bHLH genes was detected by gPCR in different organs and treatments stimulated by Gibberellin A3 (GA3). Results = Six genes
of bHLH transcription factors were obtained, which belonged to six subfamilies of bHLHs of A. thaliana, two of which had completed ORFs. The
results of gene expression showed that: The expression of bHLH2 and bHLH3 increased after 100 umol/L GAs treatment, and the expression of
bHLH1, bHLH5, bHLH6 and bHLH7 decreased. The bHLH gene had the highest expression level in roots and flowers of S. baicalensis of them,
among which bHLH1, bHLH2, bHLH5 and bHLH7 had highest expression in flowers and bHLH3 had highest expression in root. There was a
correlation between bHLH gene and expression of biosynthesis and regulation genes of flavonoid. Conclusion These results provided the basis
for further improving the molecular regulation network of flavonoids of bHLH genes in S. baicalensis.
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MY B £ 0 S B & s 12 s A DGR
R EIE, T BH bHLH B35 1. bHLH #35% [
FITZAE T BEED T, BESA R R
PEMZiE-I-12 )€ (basic/helix-loop-helix, bHLH) 45
AR bHLH sk PR 75 iy S hE A 2H 23 rp - ik
1, 5B THEHDEREKEE. B54E%. K
AEARI B I J B S5 22 A AR ARS8, AR
B, bHLH % 53 R B R A AR P2 R S L2
sZIE,  WKARAEH bHLH % 3%[K+ CrMYC2 25l
PG RAEMRR I A R, LG A2 bHLH s A 1
TCJAMYC Z 5 S & asE ol gk,
M TT BEd . RIH. RS2 MY 5
ST TR RGBT bHLH
BESE IR T AR [E, bHLH %5t R T AEAE A0
W RS TEEER, 25 THTR.
IR, Wsh Bk, KB, KBS ALY
R PR, HEio T bHLH B3N FRImF R 3
BAERTERIE T KRG, Ea S EY T, B
o bHLH 336 K7 1 Th R AL e R e DL ARiE . A
SAEIT A bHLH #5357 AEYE B0,
B3PI bHLH 555 A AR =6 B R )
Rik, SEBEEEMRES 0T RN, K
A T b 9 5 o ST B 23 F- L B it
1 MRI5REE
11 ##

% S. baicalensis F1 4 [E o =R 2E B 2
BRI O SEIG B ARAT,  Eh P ] R R R B A R A
12 #H&mflE

WS F FErsEaR bk, sRmH 2 A
JERIRE T, 25 C.16 h B =IE 4 N g%,
L 100 pmol/L GAs Wit 35 51, 40 5l T Wit
) 0. 1. 2. 3hHBUEE, —80 CUKFEMREEM. B=
PEAEIANS, T [F— A FRAL BB AR
LM, JEKIEVEE LB R 2Rk, —80 C

UKFETRAT- 25 H o
1.3 #Z bHLH EEHIER

M TAIR Hidfa b N 8 g 7+ bHLH R FP51),
DAHAE NEREL, @i BLAST X, 7E3% cDNA
PErh i SRS, onlbritEy E<1Xe™, Score=
100, VLhEc%r (b) =1,
14 EMEBRFESR

ik ORF Finder 7£ £k T. B Chttp:/;Awww.
ncbi.nlm.nih.gov/projects/gorf/) Tl bHLH F B
FEIRSEAE 51 o 12 FHTEZR 41 Protparam (expasy.
ch/tools/protparam.html) Tl bHLH % ht &5 (i 21
Yo {8 WOLF PSORT Chttp://wolfpsort.org/)
HEAT 5 1 0T 40 PR 6 A5 5 T s A SignalP
4.1 Server Chttp:www.cbs.dtu.dk/services/SignalP) i
1753 W B A RO TR s {5 ) CFSSP Chttp://swissmodel.
expasy.org/) AT H EH BT Z AR B drs AT
MEGA 5.0 # i R4t (neighbor-joining tree,
NJ tree) (bootstrap {E %A 1 000).
1.5 RNA }2HUFA cDNA &5

FEa . RNA SRAEYE RNA SEHGAH &
(Tiangen A7) $REL, £ 1% R HE AR HFKRG I
T E RNA B8V 5, FIAZIR € B 4C0E RNAWKE,
i cDNA A iR & (TaKaRa AR LA
17 SR
1.6 EEmpE

FETEZ bHLH FER FPa1 i Bt PCR 3
Y, HAETAEYTRE Aty GRARAK, W&
1. M E & # B TransStart® FastPfu DNA
Polymerase =R Bl (A XEAFD SRS,
50 uL Mk 2, 035 5 X TransStart® FastPfu Buffer
10 uL, dNTP 4 pL, 1E. R[5 #7451 uL, TransStart®
FastPfu DNA Polymerase /& 5/ 1 uL, cDNA 1%
B2 1 L, dd H20 32 pl. NFEFFA 95 CHiAE 1
min; 95 ‘CA:{# 20s, 55 CiBk 20's, 72 ‘CHEAH
1 min, 40 MEF; 72 CHEAME 5 min.

%1 PCR3|¥F7%
Table 1 Sequences of PCR primers

B 5 44 Bk LRSS (5°—37) KRGS (5°=37) P Top
bHLH1 GGGGGTTGCTGTGGGGAATCT GCTGATAATTGGCACCAGTTTGTT 878
bHLH2 GGGGGGCGCAAAACTATGT ATTTAAAAGCGGAGCTTTCTATTAC 851
bHLH3 GGGGACACAAAAACAACATATTCC TTAGAGTACCTAATGGTGTTTAGG 822
bHLH5 GGGGGTCCTTCATTATTTCATTTGG GCTTCTTCATCTTTTCGCTAATCCT 1318
bHLH6 TCCAAAAGGGTACATTCATGTAAGG TCCTGATCAGGTCTACCCATGAAT 293
bHLH7 GGGGAAGAAAAACCATGGGC TTGAGAATTGGGTGGTTCAACTT 893
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1.7 ERRAEEE PCR

MR BT A bHLH PR P21 oS 20 7€ & PCR
519, HAETAYTE A ARAFARK, Wk
2. JRNAAZFIE SYBR Premix Ex Tag™ Kit (Takara
AFED BEEAPECH], 10 uL KRNARR, BFEIEX 5]
)% 0.5 uL, SYBR Premix Ex Taq 5 uL, cDNA it

1pL, ddH203 pL. FEANRNES 3 K CRAREPET
f#), 7E Light Cycler 480 11 %! RT-PCR 1 (Roche A #])
AT, SREIATIEE T, RN SR
SYBR Premix Ex Tag™ Kit (Takara A &) #i#4.
FHRRNFIEE AN SR Sb 18 S VENARUEEAT AT
R, HFPERRIA R 2728k TR

F2 LMREEE PCR 34
Table 2 Real-time PCR primers sequences

LR A4 TR LRSI 5) (5°—3) S 51T 5) (5°—3) 7K Tbp
bHLH1 CAACGAAGGGATAGACTAAACGAC CATACGGACAGCATCAACCAAA 111
bHLH2 CCAAGGAAACGAGGACGGA ACAGCTCTTAGAGCATAGAAACGC 116
bHLH3 CGAAGATGGGAGAGAAGATAA TTGGGCTACGAGGTTCAT 240
bHLHS5 AAATGGTAACGCTGCTAACGG GGCAAGGGACTGAGTCTGGT 263
bHLH6 TCCAAAAGGGTACATTCATGTAAGG TCCAAAAGGGTACATTCATGTAAGG 244
bHLH7 GGGGAAGAAAAACCATGGGC TTGAGAATTGGGTGGTTCAACTT 464
PAL1 GCGAATAGTGTTCATGATGAGGAT CAATGGCTGCCTTTCCAGTT 148
PAL2 GATTCTGCGTCCAACTCAGTGA GCGTCGGCATTATCCCTG 182
PAL3 GGCCACCAAGATGATCGA CAATGGCCAATCTTGCATTG 143
CHS GCAGTCCACTTATGCTGATTAC GTGAAGTTGTCGTTCTCCTTC 156
MYB2 GTAGTCCAAAAGCACTCACC TCCAAAAAAATAAACTAAGCA 233
MYB8 GATGAAAATCCCAAGAGCAACA GCGTCGTCACTTCCACTATCC 174
Shi8s CGTTGACTACGTCCCTGCCCTT GTTCACCTACGGAAACCTTGTTACGAC 130

2 #R *3 #EEbHLHBFRETFHM
21 EHZEDbHLH®EEE TS Table 3 Characteristics of bHLH TFs of S. baicalensis

MIEZS cDNA SCEH L33 26 4~ bHLH
A B, #f R 2K PIIE, Py mikEwE 1
fiias, 3L3R%5 6 4~ bHLH £ [X. ORF Finder il
B, bHLH2.bHLH3 54K cDNA, bHLH1.bHLH5.
bHLH6. bHLH7 BLAZHEI)A5E%E, ffiA ProtParam
TR SRS HE SEBE (1) 2 D FE2 bHLH F45% R 1 24k
PERR, W 3.

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

1—6-bHLH1,
M-Marker
E 1 #Z bHLH EE PCR =4 ikE
Fig. 1 Electrophoretogram of bHLH genes PCR products
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bHLH3 ¥4k B A
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{4 FHf CFSSP %) 35 % 7 bHLH2. bHLH3 %%
SRR F R TI, oa-bRE. B-HT R B-EE AT
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Bl g, B-55 AT b7 ELABIAF G A1
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Table 4 Secondary structure of bHLH TFs of S. baicalensis B RS TR A T2 R Y bHLH B 3 K & A 1R

S I 1% B- 47 55/% B-15%: #411% FP 3, A8 MEGA 5.0 NJ 44 2 5455 bHLH %% 5% [
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At-Arabidopsis thaliana; dot, bHLH genes of S. baicalensis. The Phylogenetic analysis of the full-length sequences of the bHLH proteins from S.
baicalensis and A. thaliana was constructed using NJ method. Bootstrap values (shown at the corresponding nodes) reported as percentages were
obtained from 1000 replicates. The black arcs indicate different groups (or subgroups) of bHLH domains

2 #% bHLH#FEAF ARG LR

Fig. 2 Phylogenetic tree of bHLH TFs of S. baicalensis

Mg R R, % bHLHL F1 AT4G14410 .
AT3G23210 R7E%E 6 WA L, nlaEs S58BERMA
[0, pHLH2 5 AT1G32640 . AT5G46760 .
AT4G17880 H1E% 8 W4l b, m[ReS 5 K Whia M
B 22, bHLH3 5 AT3G26744 5 AT1G12860 %
TEES 9 WA b, WHES SRR &AM
JifiE Th#E23); bHLHS 5 AT1G27660 B7E4S 12 W4
b, RS HEY BRI TR ORI, bHLHE 5
AT1G68920. AT1G26260. AT4G34530 H7E 18
WA E, FIRES 50 S IFAE 7] (1) e f )12,
bHLH7 5 AT5G09460. AT5G64340 £ 13 W4
b, ATRE SR A T A 0GR,
24 EBERERESH

N TP T RS bHLH ZE R s i URn %
ZKF, EE SN E R PCR 251041 T 6 ANk
%5 bHLH ] DL K 5 3 55 3 i 288 1l 53 A DR 1Y)
CHS. PAL1l. PAL2, PAL3. MYB2. MYB8 [ 7E
100 umol/L GA; 4b¥E R 0. 1. 2. 3hFikg, ML

AR, 25, mh, R4 Mz RIRIA R E .

100 pmol/L GAs 4b3 T, bHLH2. bHLH3. PAL2
BERFEABEALHE 1 h 2FTFE, bHLHL.
bHLH5. bHLH6. PAL3. MYB2 fEALHE 2 h J5 %ik
BB, bHLH7. CHS. PAL1. MYBS8 %: X7 kb
M5 1h FZRERK, WS X EHT &, 3. &
T BAH 5 S i AH 54347 5 & 30 100 pmol/L GAs A3
N, bHLH1. bHLH5 5 CHS &K AN FKIE KT &
ZIFFIE (r=0.9119. 0.958 6); bHLH2. bHLH3
5 PAL2 FHXFRIA KB IEMAHK (r=0.976 3,
0.984 6); bHLH7 5 MYBS8 H:[RIAH X} ik 7K 5 1F
% (r=0.9625).,

#2564 bHLH ¥ %R 77eEfe. 25, mh i)
4 AR EE R, B4R, —T7
M, XA MAHRIEER LR SE BRI &,
B3 T M R Rk & B — 7, bHLH3.
CHS LK MYBB8 JE[AI7E 8 % B 24 AL A
BRIk E. A, EEH bHLH # K 1E
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Fig. 3 Effect of GAs treatment on expression of bHLH and flavonoids biosynthetic related genes in S. baicalensis (n = 3)
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Fig. 4 Expression levels of bHLH and flavonoid biosynthetic related genes in S. baicalensis in different organs (n = 3)
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