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Abstract: Objective To identify and analyze the Veratrum (Veratrum nigrum) bHLH transcription factor gene family of Veratrum
veratrum by bioinformatics based on transcriptome data. Methods The bHLH gene was screened from the transcriptional sequence
of Veratrum by hidden Markov model, and the physical and chemical properties and conserved motif of Veratrum bHLH were
visually analyzed by online websites such as ExPASy and MEME and software such as MEGA and TBtools. Results A total of 72
bHLH transcription factors were identified in Veratrum transcriptome. The amino acid number of VnbHLH transcription factors was
105—692, the isoelectric point was 4.69—11.47, and the relative molecular weight was 11 071.2—77 795.3. Subcellular localization
analysis showed that VnbHLH were all located in the nucleus. According to phylogenetic analysis, VnbHLH transcription factors
were divided into six subgroups. The expression of VnbHLH was significantly different in different tissues, while VVn_54312 and
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Vn_14037 were highly expressed in roots. It is speculated that they may be involved in the synthesis of some alkaloids in the roots of
Chenopodium. Conclusion The analysis of bHLH transcription factor gene family in V. nigrum based on transcriptome data is
helpful to predict and verify the function of bHLH transcription factor family in V. nigrum.
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Table 1 Basic information of Veratrum bHLH transcription factor gene family
s 22 K Fflaa AR F E LS V4 i 5
VnbHLH1 Vn_10231 503 55 088 6.23 ik
VnbHLH2 Vn_10572 503 54 892 6.20 ik
VnbHLH3 Vn_10916 503 55 088 6.23 41 ff A%
VnbHLH4 Vn_11088 406 44 164 6.45 41 ff k%
VnbHLH5 Vn_12175 552 61523 7.22 41 ff A%
VnbHLH6 Vn_13231 514 55921 6.36 41 ff k%
VnbHLH? Vn_14037 337 37436 7.13 ik
VnbHLHS Vn_14552 405 43744 8.48 ik
VnbHLH9 Vn_14687 359 40 041 6.38 4 %
VnbHLH10 Vn_14902 405 43744 8.48 4 %
VnbHLH11 Vn_15147 439 47 910 5.09 4%
VnbHLH12 Vn_18990 446 48 040 477 41 f A%
VnbHLH13 Vn_20081 437 47911 5.64 4%
VnbHLH14 Vn_20369 313 34270 7.92 41 f A%
VnbHLH15 Vn_20408 318 34 753 6.17 4 %
VnbHLH16 Vn_20693 347 36 369 6.31 4 %
VnbHLH17 Vn_20800 191 20 942 10.69 4 %
VnbHLH18 Vn_20905 274 30190 6.31 4 %
VnbHLH19 Vn_21728 324 35858 6.19 41 f A%
VnbHLH20 Vn_22537 256 27735 6.80 41 f A%
VnbHLH21 Vn_23633 242 26 689 5.82 41 ff A%
VnbHLH22 Vn_32574 394 42 996 8.14 41 ff A%
VnbHLH23 Vn_34786 182 19 804 9.67 A%
VnbHLH24 Vn_34924 439 48 548 6.30 A%
VnbHLH25 Vvn_37717 577 63 849 7.35 A%
VnbHLH26 Vn_39017 652 71076 5.05 A%
VnbHLH27 Vn_39132 200 22 746 11.47 41 ff A%
VnbHLH28 Vn_40032 312 34 299 5.92 41 ff A%
VnbHLH29 Vn_40743 419 46 005 5.31 41 ff A%
VnbHLH30 Vn_40917 327 35 906 7.32 41 ff A%
VnbHLH31 Vn_43577 641 69 727 6.96 A%
VnbHLH32 Vn_45161 159 17 982 10.51 A%
VnbHLH33 Vn_45520 328 36 240 6.38 4%
VnbHLH34 Vn_46265 331 36 130 6.19 4%
VnbHLH35 Vn_46408 278 30 549 6.31 41 k%
VnbHLH36 Vn_4672 252 27233 9.25 41 k%
VnbHLH37 vn_ 47177 236 25 602 8.52 41 k%
VnbHLH38 Vn_47588 300 32079 6.72 41 k%
VnbHLH39 Vn_47840 379 41720 7.15 4 ff A%
VnbHLH40 Vn_4879 641 69 727 6.96 4%
VnbHLH41 Vn_51499 124 14185 10.08 4%
VnbHLH42 Vn_51512 552 61509 7.22 4 ff A%
VnbHLH43 Vn_53654 490 53 100 5.91 41 k%
VnbHLH44 Vn_53888 186 20213 8.65 41 k%
VnbHLH45 Vn_54312 327 36 308 7.41 41 k%
VnbHLH46 Vn_56440 317 34682 6.17 41 k%
VnbHLH47 Vn_5883 693 77 795 6.40 il aneA
VnbHLH48 Vn_59550 278 31111 6.07 EiilianeA
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gr1
M5 2B KE AN o F L ELTS V.4 5 fr
VnbHLH49 Vn_59788 214 23230 9.40 41 Hf A%
VnbHLH50 Vn_60907 397 42 706 4.69 41 H A%
VnbHLH51 Vn_61749 317 34 705 6.31 Y A%
VnbHLH52 Vn_62915 393 43076 6.61 Y A%
VnbHLH53 Vn_64148 407 45 379 11.16 41 H A%
VnbHLH54 Vn_64157 567 63102 6.56 Y A%
VnbHLH55 Vn_69802 393 43076 6.61 Y A%
VnbHLH56 Vn_71970 367 39892 6.89 41 Hf A%
VnbHLH57 Vn_73204 282 31497 6.38 41 H A%
VnbHLH58 Vn_73693 300 32663 8.24 Y A%
VnbHLH59 Vn_74175 443 47 864 6.36 4%
VnbHLH60 Vn_75001 105 11071 10.82 4%
VnbHLH61 Vn_78073 315 34784 8.33 4%
VnbHLH62 Vn_79078 319 35 668 6.18 4 %
VnbHLH63 Vn_80854 368 40 008 6.76 Y%
VnbHLH64 Vn 8116 450 49 936 6.45 41 ff A%
VnbHLH65 Vn_83368 287 31800 5.99 41 ff A%
VnbHLH66 Vn_84575 273 29073 7.25 4 %
VnbHLH67 Vn_86232 298 33248 5.99 4%
VnbHLH68 Vn_86410 484 52 832 6.39 41 ff A%
VnbHLH69 Vn_87271 693 77 795 6.40 4 %
VnbHLH70 Vn_88214 449 49185 6.26 4 %
VnbHLH71 Vn_91010 196 21308 8.70 41 ff A%
VnbHLH72 Vn 91478 254 27 980 9.06 4 f A%
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Fig. 5 Phylogenetic Analysis of Veratrum and Arabidopsis bHLH
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BERH 5 25 G172, AR ZE P B R 4 v A b
T, ASIGIE IS AL S P 58 R S A E '
N, AR A KRS H N T RS — B s A . 1B
PEFEA 52 R T bHLH % 55 DR 35 IR SR o s 7Y
i AT RIE M. 1R S % H 4 1)
B, AR EKERATAN T ENERE
WS SR AT S DR FZ R4, 5 Rt 35 IR SR 1) 6 o il 4
M. FESRAHN AT HAEH L FRILZH, S X
lm S S G AR TE AL X B AR ) R AR

B AR AR Bh . R, IR ) se s
&mﬁﬁﬁﬁﬁﬁﬁﬁ\%%E&NWE%ﬁéﬁ
HT R 5E B o

bHLH 2 F izt —3 2 A7 HAE AR
Z ISR T, LR A MR- PR - e S5 KT 45 4
FL I R e (2 S R Bk 2 55 I 2 [ &5 4 R R 1 A
REFMRRL, SHMEYMEL, Z5EHEY
T3 5 R R 1 S AR SR A, CAZ T TR
FAH A, SIbHLH114 25 7 & i A A Wmsi &
B, AT S AR A ARG G B R 2 R SIMY C2
WO, N2 35 48 v 3 A A S 1R AR e AR i 42
A & ik 26271 . vn 39017 . Vn_53654 Al
Vn_74175 3 ML 5 SIbHLH114. SIMYC2 % £
T, TEMRHRER E, H5 SR AEm I S AL
Wit, FIReZ 5 T2 SR Y R B i AR &
o FHA) bHLH K72 5 &5 55 5 LG
RYEREE, WLESHS. BEAR. IRE
FINR R B B a0 55 i Fo A% 2 o B 562830, i FL ik
SRR 22 A 7T 3K W bHLH 55 3% IR -F i 5 A i 58
AAEZEN. £, AtbHLH122 X5,
A ANEE Bria B I R AR, s,
bHLH115 7] 2 5 i 15 82k f) e 4502, i Pe 5 HAh T 3%
WE DI RE AT bHLH J& PR 46 25 5, v 4120 HEl 22 bHLH
TEAE 55 SRS A R R R HERER .
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16 72 NEE7 bHLH A R, TER P RIAE S
BURE S FRIA I bHLH X6 5§ 4 A Pk i AR 1 mT g
HIAZEAER

RIBAR  FHA BN RAEA SR

SE 3k

[1]

(2]

3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

KK, minnie, RitDy, S5 FP R kY § R R YR
REZEEE Rt R [J]. P E R E, 2020,
45(21): 5129-5142.

Zheng B J, Wang C H, Song W W, et al
Pharmacokinetics and enterohepatic circulation of jervine,
an antitumor steroidal alkaloid from Veratrum nigrum in
rats [J]. J Pharm Anal, 2019, 9(5): 367-372.

Li W, Wang L S, Zhao D Q, et al. Steroidal alkaloids from
Veratrum nigrum [J]. Chem Nat Compd, 2012, 48(5):
919-920.

FAME, WM, XFT=, S5 BN AR B IE RUR
i 9] FrEAL RN, 2019, 56(1): 46-51.

Tk, TSR B AR AR 2H = v 2 B
B LM H5ANSRMESHHRTT [D]. Lif: 2
TR, 2012,

RIARE. heh )\ AR PSSR A
1EF K ZEAERAB T [D]. dbat: FEANRMBREF
FHELFRABE, 2015,

Keeler R F, Binns W. Teratogenic compounds of Veratrum
californicum (Durand). I. Preparation and characterization
of fractions and alkaloids for biologic testing [J]. Can J
Biochem, 1966, 44(6): 819-828.

T, #, $84E 5. Hedgehog {5 5 il #6 78 ATF e & A4
MAER [J. FE3FREF 2k B, 2013, 34(2):
120-124.
Cooper M K, Porter J A, Young K E, et al
Teratogen-mediated inhibition of target tissue response to
Shh signaling [J]. Science, 1998, 280(5369): 1603-1607.
Hammerschmidt M, Brook A, McMahon A P. The world
according to hedgehog [J]. Trends Genet, 1997, 13(1):
14-21.

Lu J, Webb R, Richardson J A, et al. MyoR: A
muscle-restricted basic helix-loop-helix
factor that antagonizes the actions of MyoD [J]. Proc Natl
Acad Sci USA, 1999, 96(2): 552-557.

transcription

[12]

[13]

[14]

[15]

(16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Sailsbery J K, Dean R A. Accurate discrimination of
bHLH domains in plants, animals, and fungi using
biologically meaningful sites [J]. BMC Evol Biol, 2012,
12: 154.

Jones S. An overview of the basic helix-loop-helix
proteins [J]. Genome Biol, 2004, 5(6): 226.

Atchley W R, Terhalle W, Dress A. Positional
dependence, cliques, and predictive motifs in the bHLH
protein domain [J]. J Mol Evol, 1999, 48(5): 501-516.
Bailey P C, Martin C, Toledo-Ortiz G, et al. Update on the
basic helix-loop-helix transcription factor gene family in
Arabidopsis thaliana [J]. Plant Cell, 2003, 15(11):
2497-2502.

Li X X, Duan X P, Jiang H X, et al. Genome-wide
analysis of basic/helix-loop-helix transcription factor
family in rice and Arabidopsis [J]. Plant Physiol, 2006,
141(4): 1167-1184.

Song X M, Huang Z N, Duan W K, et al. Genome-wide
analysis of the bHLH transcription factor family in
Chinese cabbage (Brassica rapa ssp. pekinensis) [J]. Mol
Genet Genom, 2014, 289(1): 77-91.

Feller A, Machemer K, Braun E L, et al. Evolutionary and
comparative analysis of MYB and bHLH plant
transcription factors [J]. Plant J, 2011, 66(1): 94-116.

Hall B G Building phylogenetic trees from molecular
data with MEGA [J]. Mol Biol Evol, 2013, 30(5):
1229-1235.

He Z L, Zhang H K, Gao S H, et al. Evolview v2: An
online visualization and management tool for customized
and annotated phylogenetic trees [J]. Nucleic Acids Res,
2016, 44(W1): W236-W241.

Bailey T L, Johnson J, Grant C E, et al. The MEME suite
[J]. Nucleic Acids Res, 2015, 43(W1): W39-WA49.

Li B, Dewey C N. RSEM:
quantification from RNA-Seq data with or without a

accurate transcript

reference genome [J]. BMC Bioinformatics, 2011, 12:
323.

Heim M A, Jakoby M, Werber M, et al. The basic
helix-loop-helix transcription factor family in plants: A
genome-wide study of protein structure and functional
diversity [J]. Mol Biol Evol, 2003, 20(5): 735-747.
HEEE. FIGHUNH IR (3R PAS0 FR AR IR % 8 I
T BTG R FRIL [D] 10T HilERY
2020.
Massari M E, Murre C. Helix-loop-helix proteins:
Regulators of transcription in eucaryotic organisms [J].
Mol Cell Biol, 2000, 20(2): 429-440.

Li Y, Chen Y, Zhou L, et al. MicroTommetabolic



¢ 8% 2026 7H $53% H 143  Chinese Traditional and Herbal Drugs 2022 July Vol. 53 No. 14

- 4485 «

[27]

(28]

[29]

[30]

network: Rewiring tomato metabolic regulatory network
throughout the growth cycle [J]. Mol Plant, 2020, 13(8):
1203-1218.

Cadenas P D, Sonawane P D, Pollier J, et al. GAME9
regulates the biosynthesis of steroidal alkaloids and
upstream isoprenoids in the plant mevalonate pathway [J].
Nat Commun, 2016, 7: 10654.

Roig-Villanova I, Bou-Torrent J, Galstyan A, et al.
Interaction of shade avoidance and auxin responses: A
role for two novel atypical bHLH proteins [J]. EMBO J,
2007, 26(22): 4756-4767.

Friedrichsen D M, Nemhauser J, Muramisu T, et al. Three
redundant brassinosteroid early response genes encode
putative bHLH transcription factors required for normal
growth [J]. Genetics, 2002, 162(3): 1445-1456.
Ohashi-lto K, Bergmann D C. Regulaion of the
population by
2007,

Arabidopsis root vascular initial

LONESOME HIGHWAY [J]. Development,

[31]

(32]

[33]

(34]

[35]

134(16): 2959-2968.
Liu W W, Tai HH, Li S S, et al. bHLH122 is important
for drought and osmotic stress resistance in Arabidopsis
and in the repression of ABA catabolism [J]. New Phytol,
2014, 201(4): 1192-1204.
Liang G, Zhang H M, Li X L, et al. bHLH transcription
factor bHLH115 regulates iron homeostasis in
Arabidopsis thaliana [J]. J Exp Bot, 2017, 68(7):
1743-1755.
IRk, 28, B, S HEF R T bHLHI3
3 RE 5B [0, MERERHE, 2015, 48(3): 1-7.
fTESC, KRN, b, 2. RAT bHLHIL #t [ 7 5:H
o B e Rak bt [J]. T PEAE 4, 2018, 38(2):
202-209.
Bao M. miR3 96 a Mediated basic Helix-Loop-Helix
transcription factor bHLH74
Regulator for Root Growth in Arabidopsis Seedlings [J].
Plant Cell Physiology, 2014, 55(7): 1343-1353.
(it 4E

repression acts as a

w2 8]



