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NT W FAS T PR R MYB 5% R T RIS RRE, A0F 5K cDNA Rifi PLigi 5 (RACE)H A v B 44
Hbr MYB ¥ 5¢ K1t JE K TIMYB ()41 cDNA 3815 H K 20 DNA 7%, i#id qRT-PCR £ ill IMYB
TE VU A5 R i 5 A0 5 PR P 0 4% 28 B DA RS [R) Job i 26 1 R IR A1 L . IMYB 1) cDNA J7 %1142 K 926 bp
(GenBank %35 : DQ468346), ¥ 600 bp [ FF il [ ELHE(ORF), Zwfih 199 N R , HoXT B 2 K 41 DNA 7
PEH 3 MNRTR 2 ANE T EWE RS R IMYB SR IT 1 AMYBL2 [R5 4 &% &, 8% B
B, FAUE A —A myb $(R3). IMYB 7E P M5 AR 3 AR 22t v 3 30k, Forbn gy, HAEDU A%
R RIE K T A5k . i R K S R (NaCl), R AR F B (MelA), 755 R (GA3), BiVE TR (ABA)FI7K
MR (SA)ALFR 1 RE il TIMYB (I8 &KF, MKIE@ TS TMYB (R IEK TS EL . AR E
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Abstract MYB transcription factors play an important role in plant growth and development, biosynthesis of
secondary metabolites, as well as resistance to stresses. To explore the expression characteristics of a specific
MYB transcription factor from Isatis indigotica, the full-length cDNA of the target MYB transcription factor
encoding gene [iMYB is cloned by rapid amplification of cDNA ends (RACE), and its genomic DNA sequence
is further obtained. qRT-PCR is used to detect the expression levels of [IMYB in different organs of tetraploid
and diploid /1. indigotica and under various stress conditions. The full-length cDNA of [iMYB gene is 926 bp
(GenBank accession number: DQ468 346) long with an open reading frame (ORF) of 600 bp encoding a
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polypeptide of 199 amino acid residues. The corresponding genomic DNA sequence contains 3 exons and 2
introns. Bioinformatics analysis shows that [IMYB has the highest homology and closest genetic distance with
AtMYBL2 from Arabidopsis, and also contains only one myb domain (R3). [iIMYB is expressed in the roots, stems
and leaves of both diploid and tetraploid I. indigotica, with the highest expression level in leaves, and its
expression in tetraploid one is higher than that in diploid. Stress treatments including salt (NaCl), methyl
jasmonate (MeJA), gibberellin (GA3), abscisic acid (ABA), and salicylic acid (SA) can all increase IMYB
expression level, while low temperature (4 “C) treatment has no significant effect on iIMYB expression. In this study,
a MYB transcription factor is cloned from I indigotica for the first time and its expression characteristics are

analyzed, which provides a possibility to further elucidate the MYB relevant molecular mechanism of polyploidy

vigor of I. indigotica, and also prompts to cultivate high-quality I. indigotica through molecular breeding.
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FAIE (Isatis indigotica Fortune) NI FHA W&
(Cruciferae) S AKEY) o FARNZ ARG, kA2
KT, A5 FAAREE O L B R B8 1 ) 2%
I3 N IR R (A ESE, 2015). AR B T2
HZEAREMEE TIUSERRERRMR, 5E
FERSEAAH L, VU5 RS B I AR L i3 7= 16 3%, 2R
B AR (A KPP B (TR 45, 1989). A
TR TP TR AR T R ZE 5 1oy AL, R
338 S S B T (A rabidopsis thaliana) % RSy %F —
R A R DU 5 4 A W 1) 4 25 TR 4 56 TR 3Rk /K~ 47 EE
B(Lu et al., 2006a), %} ik SRAF I — R 51 2 A B
HHAT RIBFRAE X IR AL, BIEESHFER -
iCPK1 (Pan et al., 2008) 1 liCPK2 (Lu et al., 2006b)-
AL R 2 1iSDD1 (Xiao et al., 2010). Hi7 7
TR ARRE 2= A6 A IR R PAL  (Lu et al.,
2006¢; Ma et al., 2016) ¥ 56K T IWRKY34 (Xiao
et al., 2020)55, DUHHZRAT 520 DU £ b 00 R IR T
R S B s o B s FRE DRSS A 45 R B R B o
K7 IWRKY34 7E VU s R bl Rk B 2 s T =
FEARSEA, DL, 0 B3R5 T TIWRKY34 2w fid
BN IFREATHRE RS, KB TWRKY34 ) 3k 1
LR ER AR E . BUS AR RS0 ED
G R I RESR THIUFE DL T e 71 (Xiao et al., 2020).

¥ 5% K ¥ (transcription factor, TF){E A ¥4 5% 18 4%
REZNRR, Z5EWEKKE G5 ES S
VA J I B 2 AN IR, R IE A% O
AR (%5, 2019). 305 b i F s M 16 22 5
N1, RIE WRKY 2080, DU b
MYB ¥ FH T IHRIA R EES T AR EALu et al,,
2006a), $E7R PUAFAAFAEE o MYB #3% [H 7 I 3Rk
TR AT B A2 5 1 LA 3P RS L T i 1) 2 38t 4 [

Isatis indigotica Fortune; MYB transcription factor; Molecular cloning; Bioinformatics; Expression

o MYB kR K2 — R EH myb S5
SR, AR i R R e s DR SR 22— X i A
ARKKE - RAERE P2 YY) % e v 5 55 %
FEEEAEH . HU0: 5 & Artemisia annua  MYB #%
KT AaTAR2 MH HIRERE . F i R MK
A6 B A AR B 4% 4F F (Zhou et al., 2020);
TER T P IR R IE AN (Limonium bicolor)
1 MYB #% 3% [Xl -7 LbTRY fig & & (e R B4 K
(Leng et al., 2021); 3% K MdAMYB73 il i /K &
BRI B R (Malus sieversii) B (Botryosphaeria
dothidea) 1 HTPE(Gu et al., 2020). £ b, ASH 78 5 AL Al
S8 2 7 1 DY 35 A0 1 v s R I 1) H bR MYB #%
SR T (Lu et al., 2006a), Xf 3 47 5 [K] o [ Fl 3R 04
FRERT T, DU @ 5 7 8 F0s 8 m  m b I
BRIV Ry v AR BRI R i BT AR R i R A A

1 ER551Hh

1.1 iMYB EFE =&

i 3d RACE-PCR £ A 7 [ 38 1§ lIMYB 4 K
cDNA %124 926 bp (GenBank % 3% 5 : DQ468346)
(B 1A), B85 — 4~ 600 bp 1T % 524 (ORF), 4 i
199 MR IR . LMYB ) cDNA 5 H KN 117 bp
ff) 5'UTR, 209 bp ) 3'UTR (& 2), PUfEARF T I-
iMYB 2K 1] cDNA J7 1 5 A5k 58 4 — 5. 971
LMY B B:H 421K cDNA X B ff1 % (K 417 41 ) PCR 43
B 7 — 2 TEMT 4 (- 1B). W45 R E W iMY B
F N DNA FHN 979 bp, &6 2 ME T, el
BT B2 85T GT/AG (K 2).

1.2 TIMYB B4 W1 BF4F1E
IIMYB HJZ5 L S (pD) N 9.71, 0 F = KN4 N
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Figure 1 Clone of IiMY B gene from tetraploid I. indigotica (arrow
marked the target fragment)

Note: A: The PCR product of full length cDNA of IiMY B gene;
B: The corresponding gemonic PCR product of ;MY B gene

1 GCGGGGAAGTCAAAGTTCTATCCATAT
28 ACTATCCCCCTATATATCAATTGCTTCTTGCAAACAACCTCACAATCAATCAACTAACAATAGAACCAACCAATCTCCT TTGGAGAAGAC
118 A'l'GAACAAAATCCGTCACCGAGCTCTCTCTOGGOCTTCAG@aactttcctccttccatagatacgttttgcttttcgtatgaccaaatt
M NEKIRHRALSRPSG
208 cttcataattaaagatcggtgtggaactcacggattacataatgtacatetgcacgtacgtatgagtttgcaacaaaatategttctact
298 ttgegaaatttaatccctgaatcattgttt tAATGCTACACCGTGCCAGGAGATATAGACTGAGGGGGAGAAACTAOGCAAAGCCA
MLHRARRYRLRGRNYA:KP
387 GAACTTAAACAAAGCAAATTCTCAAAAGAOGMSGADGATCTCATCCTCAAGCTTCATGCACTTCTTGGCAATA@H acattcttatte
B LK OB S K Ea S R KD DD [ K AL GRRNER
477 ttctttttcttotttattcaatttcgaacgtiattatgacaatataacaaaatgtgaatgetigtaatatttaagttttgategtacgtt
567 ttCEATGGT(X}TTGATAGCGGGAAGATTGCCTGGAOGAAOG}ACAACCAAGTAAGGATCCATTGGGAAAOCTACTTAAAGAAGAAAETC
NN N T B < K K L
657 ATGAAAATGGGAATCGATCCAACCAATCATCGTCTTTACCATCACACCAACTATAT TTCTAGACGATTCCTGAATTCCTCGTATAAGGAA
MKMGIDPTNHRLYHHTUNYTISRRTFLINSSYKE
747 CATGATCAAACCGATATTATAAGTGATCAATCTTCTTCGGTTTCCGAGTCATGTGATATGACACTATTACCCGT TTCAAGTACCAATTGC
HDQTDTITISDQ9 S S S VSESCDMTLLPVSSTIHNTC
837 TCTGGGGATAGTGCTAGTGCCGGACATAGCCGTTTGCCTGACCTCAACATCGGTCTCATCCCGGTGAAGACCGTGACTTCTTTGCCAGTT
S GDSASAGHSRLPDLUNTIGLTIPVYEKTVTSLFPYV
927 CGCTGCCTTCAAGAATCTAGCGAGTCATCTAGCTATGGT TCAACGAGTCAAGAAACGCTTCTTCT TTTCCAG TGAAAAAAGTGGTGTATT
RCLQESSESS SYGSTSQETLLTLTFQ *
1017 GTGAGATTGCGGAAAACTCTTTGTCAAAGACCTGTTCAAATTGTGTAT TTGTGTTGTACACATGT TGACATGTATCACTAGATAAAATAT
1107 TAGCTAGAGAAATAACAAAATGGTTTTTGAAAACTTAATCCCGAATTAGACCGGCTGGTTTTTCATCAAGCTAT TCCCTCAAAAAAAAAA
1197 AAAAAAAAAAAAAA

P 2 1iMy B ZER 4K cDNA, A& 17 5 R4l i) 2 LR Fr 4]
1 cDNA FPAI RS FREER, W& THANSFRER; &
UHERS T (ATG) I HUA LR, 2R3 7(TGA) I RHL IR R,
ST 1N T I BT FU(GT/AG) INHE 7 LR5F ¥ myb 3
FI BRSOk E IR, AL B IR S R IX T RIZR 7R T )
%2 BRGS0 S AR N Rk RoR

Figure 2 The full-length cDNA sequence, intron sequence and the

deduced amino acid sequence of iMY B

Note: The cDNA sequence is indicated in capital letter and the
intron is indicated in lowercase; The start codon (ATG) is in bold
and the stop codon (TGA) is in italically bold; The intron-exon
junctions(GT/AG) is boxed; The conservative myb domain is in-
dicated with gray background; Two serine-rich regions are under-

lined. Putative polyadenylation signals is double underlined

22.70kD. IiMYB & —A myb 3(R3), 7 T2 5
Ui ) A31~A81 [8]( 2). IMYB IR IER 4 5 H
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Kl 3 iMYB 5 H A YIS IE R MYBs 2 H8R 751 Hxt

T ORST I myb S8 2007 HE R R =N OR ST I SR IR Tk A
(Phe39, Trp58, Trp77) b =fbniE

Figure 3 Alignment of the amino acid sequences of iIMYB with
MYBs derived from other plants.

Note: The conservative myb domain is boxed; three conserved
amino acid residues (Phe39, Trp58, Trp77) are marked with red

triangles

T PISRIR Y MYB 28 741 1) Lok 45 R OR, 78
A31~A81 XA~ X1, iMYB 5 H A f4 ¥1 if] MYBs
ZEREMFRBEE, BET 90.0%; H#EEH
Phe39.Trp58, Trp77 iX = /MRrFIRAZERTK (K 3),
Z 5 K% G TE . 15 TMYB 1 C {7
EMN 2 AR E EX, 7 alf T A123~A132 F
A181~A191; FHTM T IMYB 12 R IRIEIS(E 541
(] 2), 72 mRNA FiA 2 R E L 75 5 Poly(A)
InRAS 5 (M #EE, 2006), K HHEDN TMYB 7] i 2L
HRBUEIIRE. TIMYB 5 AtMYBs [ R Gt &5
R IR IMYB 5 AtMYBL2 5 B AL, #if%
FEES Bl (B 4).

1.3 iMYB ERE H)RIBFFIE

1 ] qRT-PCR L IMYB %2 R 7E — A% 44 F1 Y
AR IEA A2 B H R IETE O, 45K, IMYB
TE RS AR R AR L 25 R )4 R IE s E P AR 1%
PEFAE T IMYB & R E R h RIS e, EAR
H )R IE B AR H MYB 78 PO AR A AR L 25 .
SRR E S/ G o 3 =7 R o N 3 | ES S e X N )
1.2.1.5 F1 1.5 fi5(El 5), H5HEKE F MYB 5 K 2% &
FIE W45 R AHFF (Lu et al., 2006a).

T T 50 DU 5 A4 RS B 40 P R AT 22 P i Ak B DA g
— B HHE IMYB MRIAE T Z 8] —Lepha R & &G
ST, SREW, SAH&EE (NaCl, 250
mmol/L). 7/K# R (SA, 1 mmol/L). 7k #] R F fif (MeJ A,
500 pmol/L). 7% 2 (GA3, 100 wmol/L)F1 it 7 2 (A-
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Figure 4 Phylogenetic tree of IIMYB and AtMYBs from Ara—

bidopsis

BA, 100 pmol/L) 4b¥i 8 h Ji5 HIFE & 1, IMYB f5&
& 5 RAHLE I3 i T ORZ) 2 £ (p<0.01), {H ¥ b 22
X LIMYB 1JERIE JLT- A s 6).

2 11ig

MYB EZ Y s KRN T Xk —, 55
AR E AEFEACUT 41 T AR il 5
A3 FE (4 L& EE ) 2016; Li et al., 2019), HAE KA
ARG % (Cao et al., 2020) 5 T F . 2hi5i A F S A
S N HR 18] A% B L F (Tiwari et al., 2020). A7 37
FH AU R T 5 RS i g & B DY A% 1k A 0 A R
MYB %: [ 1) RIA 7K 53 5 T A5 R SE AR (Lu et al.,
2006a), FE7~ VU fis A48 AL R MR (R b, Do

MREE
Relative expression

*
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0 T T T T
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K 5 TIMYB 7 A5 AN 5 (AR S PR G 208 2 (*p <0.05,
**p<0.01)

T 20 ARSI 40 DUASAARRATE; R: A, S: 25, L At

Figure 5 Relative expression level of IMYB in diploid and te-
traploid I. indigotica (*p<0.05, **p<0.01)

Note: 2: Diploid . indigotica; 4: Tetraploid I. indigotica; R: Root;

S: Stem; L: Leaf
Ga3 | ABA

Kl 6 IMYB EAN R AbBE 8 /NI 5 A X Rk & (**p<0.01)

Control Cold NaCl SA MeJA
Figure 6 Relative expression level of iMYB after various treat-

- [V (%]

MR EE
Relative expression

o
i

o

ments for 8 hours (**p<0.01)

BRI HER F AR B RS MYB LR i R IA %)
Mo T 00 I 3 R0 145 1 D 35 A R T B —
R R RIEN MYB #R4EF At1g71030 St b7 ) 5 KR
AtMYBL2 (Kirik and B?umlein, 1996), A 78
AMYBL2 JFHI AT RS 51030, DLORAIEY 3 3815
(1) LMY B & #5E MYB ZEH KK+ 5 AMYBL2
AR R R o 22 RIS IR 7K A I R I IMY B 76
VU RE PR PSR 25 R o3R8 B2 i T A A
A, BB T HMYB 76 R S VE RS 2 ik
ZESt, RIS 2 AH G VY R A b 0 R R R T B
53 F AL T R

AW TR AF B LMY B A2 A8 i 15 A #0E 1
MYB N, 53T AMYBL2 1A 95 5, H.
HA U SR E . %5 R — gt — B T
)95 5w B SR H bR IS R R v, 59— 5 TR I
iMYB ] fit B 5 AMYBL2 AL ThfE . SCHRR
TEHLEGIF T AMYBL2 {1 N %40 K (Ye et al.,



PR e T TIMYB 1 6 B 5 [ e 3K AL 5

2012), F iR ILEE IH 6T &= A& (X et al.,
2016), TAEH ZF &R DA R 521 2 M5
25 35 B AL & %) (Kim et al., 2017), 3% 8] AtMYBL2
25 THLE I AN R R R . TMYB s 1
FEFA T T2 15 RIS R (E A3 3 — P JE .

IRE O AR D R e 5 5 o B A DGR R () 3%
15 AT ASE AR 2 72 A v P (B X A2 A5 /L, 2019)
AW FUR I NaCl, SA, MeJA, GA3 1 ABA 4b¥ 5 fE
EH TMYB [3RIEK T, §don TIMYB " iES 5 P L
Fol 3 R, X 5 L EAEY) R MYB S 55 R 8 1) D)
BEFH L. ] 4, MeJA &b B ] DLW 35 42w 2% B
(Camellia sinensis) " CsMYBS il CsMYB20 {3 ix
JKF-(Wang et al., 2018); il « T 5w Sh A 3 Ak 3
AEHE 5 9 2 (A nanas comosus)™ AcoMYB4 [)3R 1A 7K
-, Hilid ABA 15 55 i@ 421425 & 118 (Chen
et al., 2020); 2 Fh B8 A 2 (455 NaCl, GA3, MeJA,
ABA, IAA FIIKIR)RE S T TaMYB86B K ik 2T, H.
iRk TaMYB86B 34 1/INE (Triticum aestivum)H
Filp 18 AH 2 FE A 1) % 34 & (Song et al., 2020). %5 L, M
FEARFS I PU S M G 8 2 5 5 IMYB RIE et
FHRABAF RN T o A FEHEN L DU £ 4408 5 3
A IMYB [ 75 2205 1] g 22 52 31— k2 2 1
IR R RAL, AT X0 DU s A% 38 3 () e i i 1k 4
ZRPEAR R AR R o B TR R AW TR i T 15 A
. R A HAE S I SRR Ik TMYB i # 10 R Ui 2 A
FEER NI 5 HAE PR 428 DU A5 A4 35 AR R MR i
IR

IR E R
KB BSa g g SY: LS

TS AR DY A AR WS MR AR B R R
2R o B R B U YE R RS BRE 101 1)
A LLIRA TR $5 7RI 25/18 °C (H R/, ot
HEBE E 120 wmol/m2/s, 6 B 3 16/8 h (F R/ ).
KA HE, 0 AEREPIFME RS A, 22/
-, 32 EL DNA F1 RNA, &R S2I6FPR-R 4£ = A
EVFEER.

3.2 AIEIZEERIIR BN L K RACE ¢DNA XERHE

73 5 ¥ H8 CTAB ¥ Al TRIzol 25 $2 B U £ 44 #4
W () DNA F RNA, I Wl o B2 A4l fE . 4%
SMARTTM RACE cDNA Amplification Kit #/EFE P
PLE RNA AR F % RACE ¢cDNA X . 5'-ready
Al 3'-ready RACE cDNA T -20 ‘C A7

337 iMYB EE £ K ¢DNA EXt MR EHF
SRR E

R 5 SMARTTM RACE cDNA Amplification Kit
SE56F AT RACE-PCR SE6, §7 193K 18 iIMYB %
Al 42K cDNA S X B R R 4781 (3% 1) PCR 3
W 2 AR 22 50 L, e i B R B A H vikont B 1
R B AT Bl g4k, 44k J5 19 PCR 7= W) 3% B
pMD-18T # &, % N\ K7 #1565k DHS o, B IE 22
BT A TR R A = AT .

3.4 IiIMYB A ME EEMR

H:F ProtParam (http://us.expasy.org/tools/protpar
am.html) ) 5000 A1 23 A7 3545 TIMYB 1) 2 1 o7 5 A
Jii. @it Vector NTI Advance 11.5.1 % A4 Tl % [A]
ORF 58 U H IR B0 1

% F https://www.ncbi.nlm.nih.gov/ /¥ ¥5 L IMYB
(IR H IR /7 51 134T BLAST Fifi e AH L 31 (3% 2), JF
i F http:/tcoffee.crg.cat/ ¥ 3fi Jalview 1 Vector
NTI Advance 11.5.1 X 1% £6 5L K 9 A (1) £ (9 PP 91 04T
Z BT AL AT

T SCHER YA T 228 2 [F) D9 -+ AE R HE YA R 5
38 S DIRERI I MY B £, JFA/E NCBI 4k 3 H A
HERFH]. 14 MEGA 7.0 # ff A neighbor-joining
(ND)Z, fEE 1000 HE M REIX 38 % AtMYBs
5 IMYB & ARG .

3.5 iIMYB K23 B R BB FRIX4FE

B AL BT H DR AR I 4 i B T 4 "CUK
i 8 h AT A AR 2> B T 250 mmol/L NaCl. 1
mmol/L SA.500 umol/L MeJA.100 pmol/L GA3 Hl
100 wmol/L ABA To i Ml T~ DU AE 414 i 41 1 1)
R, WA AL R 8 h SR RS . il RAE
Aab 3 BT G 2 TR KPR DY i A RS W R AR Dyt HERE
me FEMSRIGAEERE =AY EE

K H TRIzol VA& HUAEK AN H I P A s PEAA IR
(AR S 2R, DA AN [R] il b B A5 1 DY £5 4 7 0 it
J 81 RNA. F NovoScript® Plus All-in-one 1st Strand
cDNA Synthesis SuperMix (gDNA Purge) i 71 & K A~
[F) 25 B S AN [ J 3 Ah 3 5 PR R R L RNA S 5% ik
cDNA, {FN qRT-PCR ¥ (AR . qRT-PCR 4%
TaKaRa TB Green® Premix Ex Taq™ II i 77 &5 i) #
PEREFP HEAT , IMYB % X 45 5% 51 ) 9 MYB-qRT-F.
MYB-qRT-R, }§ Z £ [H 5 ¥4 actin-F.actin-R (%1).
FERFHXT RIA B 2249 ikt B, BRANRE ST
5 =K, 381 Student's t-test 73 HTALFRE 5 S X I AR
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2 1 FSHE MY B 5E TR 5 [ ANRIE 734 T 51 1 51

Table 1 Primer sequences used in gene cloning and expression analyses of iMYB

FIHA4 TR S 5(5'-3")

Primer Name Sequence (5'-3")

MYB3'GSP1 GATGGTCATTGATAGCGGGAAGATTGC
UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
MYB3'GSP2 TAGCGGGAAGATTGCCAGGACGAACC
NUP AAGCAGTGGT AACAACGCAGAGT
MYBS5'GSP1 TTCTTGAAGGCAGCGAACTGGCAAAG
MYBS5'GSP2 TGTTGAGGTCAGGCAAACGGCTATGTC
MYBF-S GCAAACAACCTCACAATCAATCAACT
MYBF-AS GAGTTTTCCGCAATCTCACAATACACCA
MYB-qRT-F CTGGACGAACCGACAACGAAGT
MYB-qRT-R AAGGCAGCGAACTGGCAAAGAA

actin-F ATCCTCCGTCTTGACCTTGCT

actin-R TTTCCCGTTCTGCTGTTGTG

R 2 Z A2 MYB HEARGEE

Table 2 Information about MYB protein used in multiple se-

quence alignment

FF 44 FR GenBank &35 YIRS
Primer Name GenBank Accession Plant Organism
AtMYBL2 NP_177259.1 Arabidopsis thaliana
BnMYBIL2-1 AFM91072.1 Brassica napus
BnMYBL2-2 AFM91074.1 Brassica napus
BnMYBL2-3 AFM91076.1 Brassica napus
BnMYBL2-4 AFM91078.1 Brassica napus
BrMYBL2-1 AFM91080.1 Brassica rapa
BrMYBL2-2 AFM91082.1 Brassica rapa
BoMYBL2-1 AFM91084.1 Brassica oleracea
BoMYBL2-2 AFM91086.1 Brassica oleracea

DRI AH T 238 6 1) 22 S S 3 E (22 e R 2 - *%p<0.01;
7 3 %p<0.05).

1E& ok

BEPEE R T ASCEE A el . RIE S Hrsiis
AR IR IS s ik vk SR 1 AR08 B i
5 7 U B A o M RSB T R SE R T A
RER IR BT A R—RA I KR T3 H A5
S8 A8V, BEUH SRR K i BRI 58 IO A O
SE R s FNEGRTE T IFHEREREAN T H AR T, 4xfk
AR A0 Bl 2 0 [P R A 2 SR o

Brigt

AT T 5K B AR R a3k S B B T H (81874335

A1 31872665)~ it i 5 F FHE JH B2 71 RI(18QB140
2700) A1 _E A R 2K 0 H (A1-GY20-306-02-08)
FLIF B

Sk

Cao Y.P., LiK,, Li Y.L., Zhao X.P. and Wang L.H., 2020, MYB
Transcription Factors as Regulators of Secondary
Metabolism in Plants, Biology, 9(3): 61

Chen H.H., Lai L.Y., Li L.X,, Liu L.P., Jakada B.H., Huang Y.M.,
He Q., Chai M.N., Niu X.P. and Qin Y., 2020, AcoMYB4,
an Ananas comosus L. MYB Transcription Factor, Func-
tions in Osmotic Stress through Negative Regulation of A-
BA Signaling, International Journal of Molecular Sciences,
21(16): 5727.

Gu K.D., Zhang Q.Y ., Yu J.Q., Wang J.H., Zhang F.J., Wang C.
K., Zhao Y.W., Sun C.H., You C.X., Hu D.G. and Hao Y.J.,
2020, R2R3-MYB Transcription Factor MdAMYB73 Confers
Increased Resistance to the Fungal Pathogen Botryosphaeria
dothidea in Apples via the Salicylic Acid Pathway, Journal
of agricultural and food chemistry, 69(1): 447-458.

Hu Y.S., Zhang L. and Chen W.S., 2015, Molecular cloning and
expression analysis of cinnamic acid 4-hydroxylase gene
from Isatis indigotica, Zhongcaoyao (Chinese Traditional
and Herbal Drugs), 46(001): 101-106. (M1 A& Mk, 5K %, (75
Az, 2015, AAWE H IRERR -4- F2 R AL g R R D b 55 ik o)
Hr, A 24, 46(001):101-106.)

Kim S., Hwang G., Lee S., Zhu J.Y., Paik 1., Thom T.N., Kim J.
and Oh E., 2017, High Ambient Temperature Represses An-
thocyanin Biosynthesis through Degradation of HYS5, Fron-
tiers in Plant Science, 8: 1787.

Kirik V. and Boumlein H., 1996, A novel leaf-specific myb-relat-



PR e T TIMYB 1 6 B 5 [ e 3K AL 7

ed protein with a single binding repeat, Gene, 183 (1-2):
109-113.

Leng B.Y., Wang X., Yuan F., Zhang H.N., Lu C.X., Chen M.
and Wang B.S., 2021, Heterologous expression of the Limo-
nium bicolor MYB transcription factor LbTRY in Arabidop-
sis thaliana increases salt sensitivity by modifying root hair
development and osmotic homeostasis, Plant Science, 302:
110704.

LiJ. and Li C.Y., 2019, Seventy-year major research progress in
plant hormones byChinese scholars, Zhongguo Kexue (Sci-
entia Sinica (Vitae)), 49 (10): 1227-1281. (X, 2 4% i,
2019, Frh E pSL 70 SRRV SRR, BB A
A BLEE, 49(10): 1227-1281))

Li J.L., Han G.L., Sun C.F. and Sui N., 2019, Research advances
of MYB transcription factors in plant stress resistance and
breeding, Plant Signaling and Behavior, 14(8): e1613131.

Lu B.B., Pan X.Z., Zhang L., Huang B.B., Sun L.N., Li B,, Yi B,,
Zheng S.Q., Yu X.J., Ding R.X. and Chen W.S., 2006a, A
genome-wide comparison of genes responsive to autopoly-
ploidy in Isatis indigotica using Arabidopsis thaliana
Affymetrix genechips, Plant Molecular Biology Reporter, 24
(2): 197-204.

Lu B.B., Ding R.X., Zhang L., Yu X.J., Huang B.B. and Chen W.
S., 2006b, Molecular cloning and characterization of a novel
calcium-dependent protein kinase gene [iCPK2 Responsive
to polyploidy from tetraploid Isatis indigotica. Journal of
Biochemistry & Molecular Biology, 39(5): 607-617.

Lu B.B., Du Z., Ding R.X., Zhang L., Yu X.J., Liu C.H. and
Chen W.S., 2006¢, Cloning and Characterization of a Differ-
entially Expressed Phenylalanine Ammonialyase Gene (I-
iPAL) After Genome Duplication from Tetraploid Isatis in-
digotica Fort, Journal of Integrative Plant Biology, 48 (12):
1439-1449.

Lu Y., Gao C.X. and Han B., 2006, Sequence Analysis of
Polyadenylation Signal Sites of Rice mRNA, Kexue Tong-
bao (Chinese Science Bulletin), (7): 819-826. (Fii #i, & /=
18, #HK, 2006, /KFE mRNA 2 R ARE A5 507 5 17 51
I3 AT, BHEEIEAR, (7): 819-826.)

Ma R.F., Liu Q.Z., Xiao Y., Zhang L. and Li Q., 2016, The
phenylalanine ammonia-lyase gene family in Isatis indigoti-
ca Fort.: molecular cloning, characterization, and expression
analysis, Chinese journal of natural medicines, 14 (11):
801-812.

Niu Y.L., Jiang X.M. and Xu X.Y., 2016, Reaserch advances on
transcription factor MYB gene family in plant, Fenzi Zhiwu
Yuzhong (Molecular Plant Breeding), 14(8): 2050-2059. (4
U, ZF5H, 1R, 2016, FP R KT MYB % K 5%k
Rk, o TR B, 14(8): 2050-2059.)

Pan X.Z., Xiao Y., Wang Z.N., Zhang L. and Tang K.X., 2008,

Tetraploids Isatis indigotica are more responsive and adapt-
able to stresses than the diploid progenitor based on changes
in expression patterns of a cold inducible liCPK1, Biologia,
63(4): 535-541.

Qiao C.Z., Wu M.S., Dai F.B., Cui X. and Li L., 1989, Studies on
polyploid breeding of Isatis indigotica Fort, Journal of Inte-
grative Plant Biology, 31(9): 678-683+743. (FrA% 52, R 2%
W, WE %, HER, 8, MO 2 54 E FRIAT 7L, Journal
of Integrative Plant Biology, 1989(09): 678-683+743.)

Song Y.S., Yang W.J., Fan H., Zhang X.S. and Na S., 2020,
TaMYB86B encodes a R2R3-type MYB transcription factor
and enhances salt tolerance in wheat, Plant science: an inter-
national journal of experimental plant biology, 300: 110624.
Tiwari P., Indoliya Y., Chauhan A.S., Pande V. and
Chakrabarty D., 2020, Over-expression of rice Rl-type
MYRB transcription factor confers different abiotic stress tol-
erance in transgenic Arabidopsis, Ecotoxicology and Envi-
ronmental Safety, 206(111361): 1-12.

Wang W.L., Cui X., Wang Y.X., Liu Z.W. and Zhuang J., 2018,
Members of R2R3-type MYB transcription factors from
subgroups 20 and 22 are involved in abiotic stress response
in tea plants, Biotechnology & Biotechnological Equipment,
32(5): 1141-1153.

Xiao Y., Yu X.J., Chen J.F., Di P, Chen W.S. and Zhang L.,
2010, IiSDD1, a gene responsive to autopolyploidy and en-
vironmental factors in Isatis indigotica. Molecular Biology
Reports, 37(2): 987.

Xiao Y., Feng J.X. and Chen W.S., 2019, Transcription factor
regulation on the quality formation of traditional Chinese
medicine, Shijie Kexue Jishu -Zhongyiyao Xiandaihua
(Modernization of Traditional Chinese Medicine and Materi-
a Medica-World Science and Technology), 21(5): 854-858. (H
X, 5T, BRI, 2019, Fesg BT £ b 258 B TR
BCHIAE R, 5 A 22 B0R - A BR 2 BLAC AL, 21(05):
854-858.)

Xiao Y., Feng J.X., Li Q., Zhou Y.Y., Bu Q.T., Zhou J.H., Tan
H.X., Yang Y.B., Zhang L. and Chen W.S., 2020, ILi-
WRKY34 positively regulates yield, lignan biosynthesis and
stress tolerance in Isatis indigotica, Acta Pharmaceutica
Sinica B, 10(12): 2417-2432.

Xie Y., Tan H.J., Ma Z.X. and Huang J.R., 2016, DELLA Pro-
teins Promote Anthocyanin Biosynthesis via Sequestering
MYBL2 and JAZ Suppressors of the MYB/bHLH/WD40
Complex in Arabidopsis thaliana, Molecular Plant, 9 (5):
711-721.

Ye H.X., Li L., Guo H.Q. and Yin Y.H., 2012, MYBL2 is a sub-
strate of GSK3-like kinase BIN2 and acts as a corepressor of
BESI in brassinosteroid signaling pathway in Arabidopsis,
Proceedings of the National Academy of Sciences of the U-



8 € THAHD B ) 19X 2% i

nited States of America, 109(49): 20142-20147. ARTEMISININ REGULATOR 2 positively regulates tri-
Zhou Z., Tan H.X., Li Q., L Q., Wang Y., Bu Q.T., Li Y.X., Wu chome development and artemisinin biosynthesis in
Y., Chen W.S. and Zhang L., 2020, TRICHOME AND Artemisia annua, New Phytologist, 228(3): 932-945.



