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Abstract: Salvia miltiorrhiza, a commonly used traditional Chinese medicine, has been widely recognized for
its blood-activating and stasis-removing properties in the clinical treatment of cardiovascular and cerebrovascular
diseases. The synthesis and regulatory mechanism of tanshinones, the key active constituents of Salvia miltiorrhiza,
have been a hot topic of research. The paper summarized the research findings on the regulation of tanshinone
biosynthesis by transcription factors such as AP2/ERF, bHLH, MYB, bZIP, and WRKY in recent years. The review
identifies the existing issues in the transcriptional regulation studies of Salvia miltiorrhiza and discusses the
research direction of transcription factors in the regulation of tanshinone biosynthesis, providing a theoretical basis
for the further discovery and utilization of functional genes involved in the regulation of tanshinone bioactive

constituents.
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key enzyme genes in the MVA pathways, MEP pathways, and downstream pathways are represented by red, blue, and green, respectively.
MVA: Mevalonate; MEP: 2-C-Methyl-D-derythritol 4-phosphate; HMG-CoA: 3-Hydroxy-3-methylglutaryl-CoA; G3P: 3-Phosphoglyceral-
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CoA reductase; DXS: 1-Deoxy-D-xylulose 5-phosphate synthase; DXR: 1-Deoxy-D-xylulose 5-phosphate reductoisomerase; HDR: 1-

Hydroxy-2-methyl-2- (E) -butenyl-4-diphosphate reductase; GGPPS: Geranylgeranyl diphosphate synthase; CPS: Copalyl diphosphate

synthase; KSL: Kaurene synthase-like; DXP: 1-Deoxy-D-xylulose-5-phosphate; IPP: Isopentenyl pyrophosphate; DMAPP: Dimethylallyl

pyrophosphate; GGPP: Geranylgeranyl diphosphate; CPP: Copalyl diphosphate; 11-HF: 11-Hydroxy ferruginol; 11-HS: 11-Hydroxy sugiol;
11,20-HF: 11,20-Dihydroxy ferruginol; 11,20-HS: 11,20-Dihydroxy sugiol; CYP450: Cytochrome P450
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Figure 2  The transcription factor-enzyme gene regulation

network. The orange squares represent transcription factors. The
purple ovals represent key enzyme genes. Blue arrows indicate
interactions between transcription factors and key enzyme genes.
Black arrows and black T-lines indicate up-regulation and inhibi-

tion between transcription factors
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Table 1 Characterization of transcription factors. ORF: Open reading frame; aa: Amino acid; CDS: Coding sequence; GA: Gibberellins;

ET: Ethylene; YE: Yeast extract; MeJA: Methyl jasmonate; SA: Salicylic acid; ABA: Abscisic acid; NAA: 1-Naphthaleneacetic acid; PEG:

Polyethylene glycol
. GenBank .. . . . ..
Family Number Member . Bioinformation Tissue expression Elicitor Reference
accession
AP2/ERF 179  SmERF72 - 699 bp Periderm - [25,28]
SmERF98 - 891 bp Xylem - [25]
SmERF73 QRQ89295.1 780 bp ORF, 259 aa Root YE+Ag', MeJA [20]
SmERF128 MG897156 633 bp, 210 aa Periderm - [29]
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Continued
. GenBank . X . . ..
Family Number Member . Bioinformation Tissue expression Elicitor Reference
accession
SmERFILI MHO006594 741 bp ORF, 246 aa Stem MeJA, YE, SA, ET [30]
SmERF2 - 741 bp OREF, 246 aa Stem YE, MeJA, ET, SA [31]
SmERF6 KY988300 561 bp ORF, 186 aa Root ET [32]
SmERFS8 MHO006600 654 bp ORF, 217 aa Root head ET [33]
SmAP2/ERF82 - 582 bp CDS, 193 aa Root - [26]
SmERF1 KC405081.1 549 bp OREF, 182 aa - YE, MeJA [34]
bHLH 127  SmbHLHG61 - 1008 bp ORF, 335aa  Root MelJA, SA [35,36]
SmbHLH74 KP257507.1 696 bp CDS, 231 aa Root MeJA [37]
SmbHLH92 KP257525.1 681 bp ORF, 226 aa Root - [38]
SmbHLH7 - 1911 bp ORF, 636 aa  Xylem MelJA, GA [39]
SmbHLHI10 - 972 bp ORF, 323 aa Flower GA, ABA [39]
SmbHLH130 - 1 185bp ORF, 394 aa  Leaf MeJA, GA, ABA [39]
SmbHLH148 - 675 bp ORF, 224 aa Fibrous root MelJA, GA, ABA [39]
SmbHLH3 - 1476 bp ORF, 491 aa  Fibrous root MeJA [39]
SmbHLH59 KP257492 1146 bp CDS, 381 aa  Leaf MeJA [22]
MYB 110 SmMYB9b JX113685 1207 bp Blooming flowers ABA, GA, MeJA [40,41]
SmMYB98 AGNS52122.1 699 bp ORF, 232 aa Lateral roots - [42]
SmMYB1 - 1071 bp full length, Leaf MelJA, SA [43]
356 aa
SmMYB36 KF059390.1 160 aa - - [44]
SmMYB4 - 696 bp ORF - - [21]
SmMYB97 KF059451 825 bp, 274 aa Leaf MelJA [45]
bZIP 70  SmbZIP1 - 474 bp ORF Periderm ABA, YE, ET, SA [46,47]
SmbZIP3 - 807 bp OREF, 268 aa - ABA [48]
SmHYS5 MT408030 474 bp ORF, 157 aa Leaf - [49]
WRKY 61  SmWRKYI - 789 bp ORF, 262 aa Stem MelJA, SA,NO [50,51]
SmWRKY?2 - 1476 bp ORF, 491 aa  Leaf MeJA [52]
SmWRKY14 KM823137 732 bp CDS, 243 aa Root MeJA [22]
SmWRKY44 KM823167.1 798 bp CDS, 265 aa Stem MeJA, SA, 4°C, PEG, NaCl [53]
SmWRKY40 - 1059 bp CDS, 352aa  Root MeJA, SA [54]
SmWRKY34 - 930 bp ORF, 309 aa Stem ABA [48]
SmWRKY54 - 861 bp ORF Taproot SA, ABA, MeJA, GA3, ET, YE [55]
SmWRKY61 - 507 bp full length - MeJA [56]
LBD 51 SmLBD44 - 687 bp CDS, 228 aa - MeJA [57,58]
GRAS 35  SmGRASI KY435886 1470 bp ORF, 489 aa  Periderm GA, SA, NAA, MeJA, ABA [24]
SmGRAS?2 KY435887 1380 bp ORF,459aa  Periderm GA, SA, NAA, MeJA, ABA [24,59]
SmGRAS3 KY435888 2247 bp ORF, 748 aa  Periderm GA, SA, NAA, MeJA, ABA [24]
SmGRAS4 KY435889 1 581 bp ORF, 526 aa  Periderm GA, SA, NAA, MeJA, ABA [24]
SmGRASS KY435890 1041 bp ORF, 346 aa  Periderm GA, SA, NAA, MeJA, ABA [24]
JAZ 9  SmJAZI - 543 bp OREF, 180 aa Stem ABA, ET, GA, YE, MeJA [27,60]
SmJAZ2 - 642 bp ORF, 213 aa Leaf ABA, SA, ET, GA, YE, NAA, [27,60]
PEG, MeJA
SmJAZS - 825 bp ORF, 274 aa Leaf ABA, SA, ET, GA, YE, NAA, [27,60]
Ag', MeJA
SmJAZ6 - 720 bp ORF, 239 aa Leaf ABA, SA, GA, YE, NAA, PEG, [27,60]
Ag’, MeJA
SmJAZY9 - 921 bp ORF, 306 aa Leaf ABA, GA, SA, YE, NAA, PEG, [27,60]
Ag', MeJA
SmJAZ3 - 1011 bp ORF, 336 aa Periderm ABA, SA, ET, GA, YE, NAA, [60]
PEG, MeJA
SmJAZ4 - 945 bp ORF, 314 aa Root ABA, SA, GA, YE, NAA, PEG, [27,60]
Ag’, MeJA
SmJAZS - 372 bp OREF, 123 aa Leaf ABA, SA, ET, GA, YE, NAA, [61]
PEG, Ag", MeJA
SmJAZ10 - 540 bp ORF, 179 aa Stem ABA, SA, ET, GA, YE, NAA, [27]
PEG, Ag", MeJA
WD40 225  SmWD40-170 - 972 bp full length, Root Mechanical damage, MeJA, GA [62]
323 aa
EIL SmEIN3 - 1797 bp ORF, 598 aa Leaf ABA, GA, SA, MeJA, YE [63]
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Table 2 Transcription factor positively or negatively regulate tanshinone in Salvia miltiorrhiza

. Positive/ . Positive/
Family Member . Target gene Reference | Family Member . Target gene Reference
negative negative

AP2/ERF SmERF?72 Positive  HMGR, CYP764AH3, KSLI1, IDI] [25] WRKY SmWRKYI Positive DXR [51]
SmERF98 Positive  CYP764H3, KSL1, IDI] [25] SmWRKY2 Positive CPS [52]
SmERF73 Positive DXRI, CPSI,KSLI, CYP764H3 [20] SmWRKYI4  Positive CPSI [22]
SmERF128  Positive CYP764HI, CPSI, KSLI [29] SmWRKY44  Positive CPS1, CPS5, [53]

KSL1

SmERFILI  Positive DXR [30] SmWRKY40  Negative CPSI, CPS5 [54]
SmERF2 Positive  CPSI [31] SmWRKY34  Negative GGPPS [48]
SmERF6 Positive  KSLI, CPSI [32] SmWRKY54  Positive KSL [55]
SmERFS8 Positive  KSLI [33] SmWRKY61 Positive - [56]
SmAP2/ Positive  IDI1, CPSI, CYP764H3 [26] LBD SmLBD44 Negative KSLI [58]
ERFS§2
SmERF1 Positive - [34] GRAS  SmGRASI Positive KSLI [24]

bHLH SmbHLHG61  Positive - [36] SmGRAS?2 Positive - [24,59]
SmbHLH74  Negative HMGRI, GGPPSI, CYP76AHI [37] SmGRAS3 Positive KSLI [24]
SmbHLH92  Positive/ DXR, HMGR4 [38] SmGRAS4 Positive  KSLI [24]

negative

SmbHLH7 Positive  DXS2, CPS1, KSL1, CYP76AH1 [39] SmGRASS Positive KSLI [24]
SmbHLHI0  Positive DXS2, CPS1, CPS5 [39] JAZ SmJAZI Positive - [27,60]
SmbHLH130 Positive CPSI, DXS2,KSLI1, CYP76AH1 [39] SmJAZ2 Positive - [27,60]
SmbHLH3 Negative KSLI, CYP764HI [39] SmJAZS Positive - [27,60]
SmbHLHI148 Positive DXS2, CPS1, CYP764AH1 [39] SmJAZ6 Positive - [27,60]
SmbHLHS59  Positive CPSI, KSLI [22] SmJAZ9 Positive - [27,60]

MYB SmMYB9b Positive - [41] SmJAZ3 Negative - [60]
SmMYB9S Positive ~ GGPPSI [42] SmJAZ4 Negative - [27,60]
SmMYBI Positive - [43] SmJAZS Negative - [61]
SmMYB36 Positive  HMGS1, GGPPS, DXR, CMK, [44] WD40  SmWD40-170 Positive - [62]

MCT

SmMYB4 Negative - [21] EIL SmEIN3 Positive HMGR, DXS2  [63]
SmMYB39 Negative - [39]
SmMYB97 Positive CPSI, KSLI [45]

bZIP SmbZIP1 Negative GGPPS [47]
SmbZIP3 Positive - [48]
SmHYS5 Positive - [49]




EHE LT A5 e (K70 T2 WA 00 S 42 A5 B LA e ik Fé - 1223 -

1 GCC-box 25 & I Wik ¥ 5% IE A 5 FH Sl L A Ak,
it Ik SmERF6.SmERF8 2= #iil| 1 Z BARAR A K,
SmAP2/ERFS2 i it i ¥ F+ 2 i A= W & s 15 v G B
fitg 5 5] IDI1 . CPS1.CYP76AH3 335 1F [ 1 4% P} 2 i
RSV ED G . A, SmAP2/ERFS2 it FRIE B
ZAEKBEN, R ARG, RNAI R E KL, REE
ik, X AT it A BT SmAP2/ERF82 5 [l i 4% GA [ 4EY)
G Y. SmERF1 B AR PE 2 B2 I A B R 45 2%
IS5, HREHE = /T2 1 2h R
2.3.2 bHLH#FEF bHLH #3% K 1 5Kk & H %
e R 1 R K TG 2 —, B v FE DR 57 B Bl e/
JHE A — W e R R 45 M 3k, S R0 50~60 N E AR,
PR o 2, — B R E R R R X, 5 —EB 4 IR
JE-FA M2 J5E X, X W AE D RE B e AN o Bl
FEIR XA T N iy, 32 ZE TN R A2 U 5 5 1 45 A i
[R5 3 1) DNA JF 51 ; W8T -3 -8 g X 347 T C ¥,
FEE T Re 2k B 0T A ELAE FH T ) — S AR B
SRR B T B R 0% Zhang 28 PITE FE
Z R R %58 127 S bHLH ¥ 3K 1, 196 24
RE N2 MK R, MeJA &b J5, K74 bHLH
KR (SmbHLH37/51/53/60/74/92/103) 7] ¢ & 5 1}
P A U 4%

bHLH 5% R 1T 1E AR 2 5075 S B 2 o
Eile B, SmbHLHG6IPY .SmbHLH7" .SmbHLH10™.
SmbHLHI130%" .SmbHLHI148"" .SmbHLH59**% 5} %
i 1F 1) 1 4% - Xing™ Wi 50 R I SmbHLH7 - SmbHLH10+
SmbHLHI130SmbHLH 148 38 1L 454 P S W 2P0 5 45 ik
&1 LB L K B 2l F X E/G-box Jo 14 1 5 5 (A 1
5%, SmbHLHS9 456 J5 311 X N 1) B/G-box T BUE
CPSI1.KSL1ZRIE™ . ik, SmbHLH3™ . SmbHLH74""
A AR ST S8 & %, SmbHLH3 454 KSL1.CYP76AH1
Ja 1 X e P2 B 25 5 AR, SmbHLH 74
B SmHMGRISmGGPPS1.SmCYP76AHI It #%
SETREFFSE SRS BN, SmbHLH92 %125
M AR SR B O R, R AP S TR S
Z, R P S LR PE 200 10, 33— 0 i s 4 i
g5 B3R B, SmbHLH92 1] G il it B 45 & SmHMGR4
SmGPPS.LSU.SmGPPS.SUIL2.SmDXR J2 511 G-box
R HE R R IA P,

bHLH 52 HAth #% 3% K 7 1) i 32, sh & 5120
H A B R, EE I SmMY C2 B340 SmbHLH74 1)
B35, W58 T SmbHLH74 %72 B AL 230 i 4 FH 7,
SmMIAZ1/8 5 10| SmbHLHS59 B 553 11, M 17 #0141
P+ i Y& . SmbHLH7 A1 SmMYB39 1% F}
Z: A2 S AU SR L R LG B, SRt A A

B, M = F B S A R, 143 SmbHLH7 &5 HAth 1F 1
2 1) MYB ¥ 55 R - ok T U A A4, 1201 W 1] 4% 7
Z i AR BN T
233 MYBEZFREF MYBHEFHTHRGEHEE
K DIRe 2, R EK R E R =2 R
T, N = JE R DNA S &3, B A 1-3A0NEE )T
5 (R1.R2.R3), BN HE 75t 51~52 2 HE L vk
FE R, 318 B = A a- B8, 55 MR RN A — M8 e v] T
R T - f - MR AE R . AR S M B E AL B
MYB %% % A 1R (R1/2, R3-MYB).2R (R2R3-MYB).
3R (RIR2R3-MYB). 4R (R1R2R2R1/2-MYB), Kk £ ¥
MYB & A J& T R2R3-MYB IV ZZ ™, Li ZE00 )\ F
2 Fk R 21 Hh % 5 43 BT 110 4~ R2R3-MYB #4358 K] 1,
ETRGRKEMVE RIS R, 5837 N EAH,
THMN . 2H 4520 H ) A% 51 A2 P2k KA S WS R
BERHERE T

MYB % 55 R 1 AU P+ 2 B AR 88 1 1] 1 4%
ER, T B2 PSR AN K E, W SmMYBILHY,
SmMYBIS™ . SmMYBI™ . SmMYB9b i it i 3% Jt =
MEP i # i < #& K SmDXS2. SmDXR. SmGGPPS.-
SmKSL1 % 5 K- R % 1E [ W 45 4E FH, SmMYB9b it 3£
IE ERAR LT HE 20 K A3 58 41 L MIAR B8 /> 5E 5 T8 i A5
R, SmMYB9S8 i 321K J5 B IR AR X -5 i 4H
M, GA & B, PSS &35, vl B
SmMYB98 5P 2 BAIRRAE K, F 4% GA EW &
B, 1E AR P S A Y. SmMYB 1A R B B ) S
WS T, (2 T P2 BRI E KM BRR P A2
i 25 0 i 0 A B, SmMYB36 i i 4% 7 DSXI.
DXS2.DXR.MCTMDS.HDS.CMK.HDRI.GGPPSI
CPS1.CYP76AH1 KSL1 ¥ 5 /K -FAE 3k P+ S B #1210
MYB 2 5% [Rl 7t 0] U 9% P S B A . A8 b T X
M, SmMYB4 i RiE bk RGPS AP S0, & & T
K%, SmMYB4 T3tk & th B S SR APE S BRI, 7 238
hn, FHZER G @ A2 T S B Eg EE  GGPPS3 RiE %
25 A, HEN SmMY B4 Jd@ i i #5 GGPPS3 fi i ¥ 1t
Z G

F 4, MYB #3512 F1 bHLH J2 WD40 & 4 &
B MBW £ 82 & AW R4 AR . Xing™ 051
RIW SmMYB39 i 238 i) B ARAR o PH 2 W KW 7 &5
= A PF 20 AW & g 15 #E K DXS2 . DXRHMGRI
GGPPS.KSL1 #i5 . SmMYB39 il SmbHLH7 A H.{E
i, i 221k SmbHLH7 & 3t SmMYB39 ) %% 5% |, 1 Bk
SmbHLH7 J& SmMYB39 (1) %% 5% 52 2|4, — 35 Wy 7] 1
P SRR R A T . LiZESWE R KB SmMYB97
WERIERM TSGR, BIRPTSEE A
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SmDXS1+ SmHMGRI+ SmFPPS SmGPPS SmGGPPS.
SmCPS1.SmKSL1.SmCYP76AH1 3% . WAL AE N
B B % S5 0% 1 WU 2 3R B, SmMYB97 &5 & CPSI Al
KSL1 Ja 8 X G 3R 15 o BEBE XU A% 28 F X431 9%
6 H A5 R B, SmMMYB97 5 SmIAZS A HAEF, 4t
[ $15] SmCPS1 A1 SmKSL1 )3 1%, B SmMYB97 5
SmIAZ8 Z 51 i Rid % .
234 bZIPEFEETF bZIPHEFEH THE —MEK
M2 FERI M, A5 — AN 1 60~80 A FE 2 7k 3 4H il
(1) bZIP 45 #a35k, N ity N0 1 X3 AH X PR 57, &8 — A
¥ 58 BLAE 5 A — A N-X7-R/K J& 77 C ¥t h 45 G R i ik
X35, FH 5 2 PR B At 7K S R RR AL R, W T i [m] YR B
SR R RIEER ™, Zhang SFUOE N2 bZIP
B KW FEAT A FE K H A i, IR S TR RAK
B L&, L% 5E 704 SmbZIP # 5 1, 40 N 11 A4
HE, SmbZIP7SmbZIP20 V] it 2 5 P+ S i L W) A B
IR E

bZIP ¥ 556 PR 7 38 I AN [R] (1) 38 45 B 2 B () 42
PSR A A R, i ABA AR EE S BIRIE
J&, bZIP3/6/10/18/19/36/37/68/71 5 F} & T AW & ifigk
12 B — AN B AN R B R IR 35 A %, HEW bZIP %4
KT RSB 5P S A A RO 1R R B S B T
S A VO B DR 5%, R R P S B SO A A
B, SmbZIP1 5 G-Box Jufth 4 & B4 GGPPS %:
R R IE AT S & B SmbZIP3 JE it i 45 4 5% (K
¥ SmERF128 fll SmMYBO9b [1] 4 12 #F F & i 4= W) &
™ S, SmHYS X PSR RS K E A UKo
R L HEIHEER, D RIE SmHYS BEALST 21— 20
MR G AR HORD o B 390 T P20 — AR B
BOREK, AP S0 & &, VOB SmHYS 2 H 45 1
FHR™,
2.3.5 WRKY#®FREF WRKY FiE& &S Y+
BRI SRR T Kk 2 —, J. DNA 45 & 3885 K4
1882 AN 60 20 3 82 21 7% i WRKY 45 449, N it 5
LK T %] WRKYGQK [ £ 57 X, C ¥ A C2H2 &Y &Y,
C2HC B3R 45 97 . WRKY 25 [ i 38 i 5 57 v 45
A L IR 31T W-box SEELA Y2 T Rk, W-box [
SEFE 5N (C/T)TGAC(C/T), TGAC J2& Hi A% 0 ¢ 317,
Li ZECO M P S HE R 20 b 25 58 HE 61 4> SmWRKY #%55%
A F, Z HF 5 R B, SmMWRKY A 43 4 3 > 258,
A 42N B YE F Ag i, I SmWRKY1/3/7/9/12/
19/25/29/30/35/42/52/56/58/63/68 2 5 F} Z Wi 4 ik -

WRKY #% 5% K 71 1 45 & FF S Wi 6 s 7 1ok
S 2 1 2L TR )3 BT R W-box TG 14 1 2 I TR A
tb 1 SmMWRKY1PY, SmMWRKY2F, SmWRKY 1472

SmWRK Y445 SmMWRKY405", Cao 25U 5% % I
SmWRKY1 it 15 1. 3 3¢ 5 MEP i& 1% Hh S B g 5 R 3%
15, JUHJE SmDXR, XUt 2 1 5L 55 0F B SmWRKY 1
IS B B X S0 SmDXR Rk, 1E
V3PS B Y A . SmMWRKY2 45 & SmCPSP,
SmWRKY14 %5 & SmCPSI®™. SmWRKY44 45 &
SmCPS1.SmCPS5.SmKSL1 % [H J3 3 7 ) W-box J&
S0 R R 1 2 S AR 3 P S AR ) A Y, T — AN R
1 SMWRKY40 45 & SmCPSI 1 SmCPS5 2 5 1 i
W-box, ] T 2 & %Y. SmWRKY54 55 SmKSL 45
GNP S P & R, 8T W-box 5 SA S 5
FIEA R AE DT RAR BLAE H, 38 5m L B TF BT R AR
SmWRKY61 X} P+ 2 Wi (A3 B A Bsm i i e H, =
3 o 1 5 MEP i % (DXS2. CMK . HMGS2) T i
JB % (CPS.KSL.KSL2.CYP764HI.CYP764K3) &
Fik, P S EAR R, SmWRKY 34 I &3 i B %
W% SmGGPPS i 15 1L 2 i & B

23.6 Hb#FREF LBD KT H N LOB
25 3 AN BT AR C a2 %, W49 N class TAT class TV,
MeJA Xt class I1EY 52 SmLBD44 45 W1 & 1% S 17E
SmLBD44 5% P+ Z i & B i A o i — 2Bt Fi ik
B SmLBD44 415 | SmKSLI [f)3% 1%, 15 SmJAZ1 #] L
H Bk SmLBD44 X SmKSLI | /F A, % ¥ SmLBD44
RS 5 JA (S 5@ N SIS0 A S 725

GRAS H 18 — A N i £ 7 PR AR 7] 42 [X A1
— ™ C i OR 57 GRAS 45 #45, $1 8 () GRAS 45 #4945 11,
& 5 MEAF 41 3k - LHRIL VHIID . LHRIL. PFYRE.
SAWY ., SmGRAS1/2/3/4/5 1E N IE 8 15 75 52 W F+ 2 il
B, FAEFMLEIAE BT A F, SmMGRAS1/3/4/5 i i B #2
5 SmKSLI J& 11 7 ) GARE-motif 4% & 30 3 [H %
AL ST S 4 i, SmGRAS2 A] fig il id 5 SmGRASI
AHEAE T PR S A

JAZ F R -2 JA @ A2 i — R BH I8 8 1, e B,
JA R, 715 HAh 5 R 7 TAE R REEA, 2 A
&5 B A T RGBT B3R 2 — 7,
7E MeJA A FE R, SmJAZ1/2/5/6/9 it 6k B 2 1 &
PRAR HFFF B AR R, 10 SmJAZ3/4/8 1t I8 BEAR BIR
W SE R . 54, SmJAZs 7T 5 SmMYC2a.
SmMYC2b. SmMYB39. SmPAP1 J& i & 4% () 35 ™
K EEIAFESHASEHEGRPRIE TR Z 8. £
FEHE RN TR R,

B Bk S K 7, SmWD40-170 3 Rk $#2 1
SR, M ST S0 & &, 53 LR SCE R K SmDXS.
SmHMGR . SmFPPS. SmGGPPS. SmCPS. SmKSL % ik
K, SmEIN3 (15 5 18 2 1 S B i S IR 1) il
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i B 0T SmHMGR - SmDXS2 45 5 5 filg 3L [ 1) 235,
B S HA . Ak, SmEIN3 i 7] 5 SmMYC2
(A SBRERREER I T) BAE, B Of1E 58k
A MG 5B L Rk ok, JLE AT P20 & . B
AT X FF2 WD40. EIL Kk # %K T 2 51 S 2k
TG B SR E R D, FR AR LA
YN

3 REERZE

K R AR AP Z i A 6 s A% AR 1) v 50
BAl 7, AT DA [ IR 30 B A 1] — 2% Bl 22 2% & OS2 1)
ZAEER, HIORe 2 2R E )2 RiE . AL
1 7 AP2/ERF .bHLH .MYB.bZIP.WRKY %5 4% 5% [K T
FORAE N = FH S S 5 07 T B 710 = BR 1, FF %8 ok
KA FTIT M

B S TR - 2 [R]  0k A 9 X 8% H F — 3 4y, TR 4
BL I B R A0, W KB 2 AN 3 R SRR R
MRV E R o FEBF T8 e S DR - X0 1 2 i 2 4 o ) 42
B, AR ME 58 4 T MR A R R 2R 2 18] A ELAE FH R
2% IR REAR AL . 7 2, Rk T FOREEDE R, 2
R KGR B F R F R 2 5P S N A&
B, B IESURYE 2 45 ok, MY h AR RE 3%
Al 7 SR AN 2K 0%, BN IAE D RE b AT REAF AR 5 2 A L
NP, XA A5 A R R R I S DR AR P S 2R T
P A AR BN 4, 7 BT 2 ThRe R R A
PRI BE, PSR TR ER S AR
TG DI RE R A5 AH A e s R - 2 [ A BAE VA
[F) 7R 1) A SR IR 1 75 0 20 o 2 THI R HE A FH 46 i) R
T REAURIEE R T . H AT, 5 TR SEIR T RHT
SR AT R RN IR AR 5E 4, TFEE L5
R F 7 I VR 1) T 5 X 4%

A JE W A, —J5 T, il A s % R
WS EH A SRR, S E M2 512
P S0 I G 4 1) e s DL 2Kk, R FH A R
S SR FHRIE VXS AR IE R Y b S TR
) Y5 5 5 V0 OR i 1 5 P S R B B S R F . B
T, B0 i 2 2 5 A A i TR ) % 0 32 G B AR FH ) %
O 3% TR SR T Sk TR 7 o) A 4 4 4 43 25 7 T A
A ERIE Y, BEE LB K N, B2 iR i ik
TEST S WG Ry TR AE B R . 55— J7 1, b
Y298 B ) A% O 7 s R, 45 6 3 R i 3Rk L CRISPR/
Cas9 FE K 2 48 S5 H R, X PHS B 2890 01 A s i 48 1Y) 3
S R 3EAT T 8 56 UE e 55 AR RN A BT FL R L
il I PE S W A A S AR S A . IX R
LT A H BRI B 2 06 TP 2 W 24 o3 & R 48 1)
TS B, NAEY) A AR T RE S A I R A B i

AISEER TR T -

PYZ M ZOREE NFT S AR, E T
S & B T S TR AR BB T H b $esk
AR NS 20 5 i R e OR 12 R, AT 1 Ok
B 5L N RIA AR R A KK B SRR, AR ST S S
SR BT R TR R SRR R Sk T
Z WA 5 R 12 FAHL K 22 S r A2 53 A 5 #E I [N 45
EAL L, PRI A SR AE 7T AT DAY B A SR TN 1 R LI A% B
T, HETT NPT 255 25 R (B oy 7 8 AR gt
R 5 7 o LA, R SR 1 £ (5 /oL
B 15 AW B S s oy DA E M A 7 7 R, Rk
Tk g A AR IR AR TRE S8 BOR N 272 i 1Y
EME K, AT R AT SIS R, R R 2
Zi8F, XA BEIT IR He s A T IR P S B R 6 g 4R
BF FE BT 4K o

2, I AT E MRS S G R R 2%, T
RS S S BRI O R T, AT EE NS
A R 4 AR, Ik o) 7 B A EERR, 235 P S RN
AR, NP 2L R R SR R ST HF

B8 111754 5T 7 4 07 R L e B 2K
FEGOR A Q4T B AR A SR T S8

s FRARK: (121 501 2 2 SCHR 10 350 5 V) IR
5 MM A TR 51 TR e A A S SO
o T 2% VR R T 50 TN SO MO S R
s X0 7 R S5 SO B AT AT
FRMRLNA

FUZETE: 747 42975 W R A7 £ 2 e
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