« 5190 » F8 B 2025578 $£56% B143  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

LI E R StNAC46 E:[E A 52 BE K Th EE UG IE

Fmik 12, g, & K, FHEW!, K OF, AR LT, o oE

L VR B R Y A, ER P EA ARG G, [V SRR S e O R ST ==/ TR R X
TR G TR AL, T BT 530023

2. JUVERERA R, JVE BT 530200

W ZE: BW  SoBEL SR Sophora tonkinensis SINAC46 JE K, T g AT A M5 B.5% . TWAHMRIE LR DIREBRAE 0T, $R 5T SINAC46
REAELERFIER. 7735 PULEHRE RNA KEZERIR cDNA 1E MR, #id PCR HiR ik SINAC46 3EK . RIS
BT REHREHER 2 6. SER R M6E R PCR (quantitative real-time PCR, qRT-PCR). ARAF 1 5 (I8 45 64k DL S 3G
Lot S B I Y (ESI-HPLC-MS/MS) 25512, Z0HT SINAC46 A IS HIERE. B FFs. WA e fr DAL SE R ThRE
LER SINAC46 FEFAK 1 083 bp, 4G 360 MM, HAEFTAXT /T RN 39 800, 5N 867, BTIvKMEEA, &
H 32 N FRERRALAL AL. SINAC46 F17% 1 /N NAM 4iiil, 580, METFURERGSEZMHEY T NAC (NAM,
ATAF1/2. CUC1/2) A B/RHEE IR . SINAC46 HFHE A& %070k (CAAT-box Al TATA-box) LA J M R 4)
WE—MVEIR (abscisicacid, ABA). 73# % (gibberellicacid, GA) FIZRFIIRFHHE (methyljasmonate, MeJA) HIRFE KNIl
WAMMLE A 45 R EIR, SINACA6 A EN T S . BRI R, SINACA6 5 SICAO TR JE BT X A7
MHEAEH. SHAR (widetype, WT) HLL, SINAC46 FHRFIHE P SFIEMN G S RmIGIN. 458 (LT SINAC46 L[
REMSAE R IR B, 9Ll AR ik & DLEIRNSRHT L SAR AR & BSAR I - T AL B T AR
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Abstract: Objective To clone the gene StNAC46 from Sophora tonkinensistollowed by bioinformatics, subcellular localization and
functional verification were performed, so as to explore the role of SINAC46 gene. Methods The StNAC46 gene was cloned by polymerase
chain reaction (PCR) using the cDNA obtained by reverse transcription of total RNA from S. fonkinensis as a template. Subsequently, the
structural characteristics, promoter sequence, subcellular localization, and transgenic function of StNAC46 protein were analyzed by
bioinformatics analysis, fusion reporter gene localization, quantitative real-time PCR (qQRT-PCR), transgenic technology, and High
performance liquid chromatography electrospray tandem mass spectrometry (ESI-HPLC-MS/MS). Results The full length of StINAC46 gene
was 1083 bp, encoding 360 amino acids. The molecular weight of SEINAC46 protein was 3.98 x 10¢, and the isoelectric point was 8.67. It was
a hydrophilic protein with 32 serine phosphorylation sites. The StNAC46 protein contained a NAM domain, which showed high homology
with NAC proteins from a diversity of plants such as Gastrolobium bilobum, Abrus precatorius, and Spatholobus suberectus. The StNAC46
gene promoter had core elements (CAAT-box and TATA-box), as well as specific response elements in response to phytohormones abscisic

acid (ABA), gibberellenic acid (GA) and methyl Jasmonate (MeJA). Subcellular localization results demonstrated that SINAC46 protein
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was localized in the nucleus and cytoplasm. Yeast one-hybrid assay indicated that StNAC6 protein could interact with StCAO gene promoter.

Moreover, matrine and oxymatrine were increased in transgenic tobacco compared to wild type (WT). Conclusion StNAC46 gene in S.

tonkinensis could stimulate alkaloid synthesis in plants. It lays a foundation for the selection of varieties of S. fonkinensis and further analyzing

the molecular mechanism of alkaloid biosynthesis pathway in S. tonkinensis.
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W GV T &R Y Bk FR Sophora
tonkinensis Gagnep. [\ T/ AR ZE, F 72T 78,
IR SN K, RV Rk iEHhZg
MU R 2, ILERPEE 20 ZHAY
B, BFEE SO ST SO PR A S AR,
01, HE S AN A S0 H R B
PERGSY, CGEREARR. iE. iEf. Ak
WP B, 5 SR AL S0 8 T
P PERE S AERE. (quinolizidine alkaloid, QA),
QA WA & BUE R T 36 2 IR 5 8 2 IR Mt AR I
(lysine decarboxylase, LDC) HI1fH TR %,
SRIG AR EALIE (copper amine oxidase, CAO) %
I, 7= S-SR, 4k B RIMETE R AL-TR
e, T SR AN G BRI RE DL AT-IRIE R R, 5
JE B AR IR A AR A

NAC (NAM. ATAF1/2 fil CUC1/2) ¥R+ =&
TEYIREA e R 50, HAATRRIR T %44 1)
NAM FEK ST ATAF1/2 F1 CUC2 RS, %5
RIS T 2 2 5ENERKE  ERERY)
B E R SRS, RG] TR )R
0, EAEEEERE, NAC $sk Rl e
RUTE S SRR RIL, 7RIS A&
PEEZEH . i, fEA%, NINAC-R1 @ EEE
T A ROSEN PMT 2, $&FHe TR RN, [
FEMT, 25T CsNACT 1E [7) 1 2 i 3L A
YhNMTI, it g mmeERAR 2020, b4, NAC
HEENEREE IR SRR, EmA ARSI R .
11, BHEE L PR T NEINAC028 1 NINACO80 TE (1) 5+
ZRARIEE SR F RIS A M R T A A R
RS, BT, A CERI LDC Ml CAO &7
BHIFIEN TSI S E R BEIE 04, (H iR
IR TERIZRIR B SR R I AR WA

FE TR L AR SRS, 208 AR i A
Y BEEES 7 NI LDC E A 8 MhY CAO &
2R . 85T PlantTFDB % 2 7 & 30,
StCAO FHEHEE A NAC ¥4 [F - SINAC46. i — 4t
FIRIRE, SiCAO 55k K+ SINAC46 £
ANFF B T RS 8 Rk, HED

SINAC46 fEfGIEIT S SICAO FENFRIA I L TR
T S YIRS 7 ARG G D T IR T SINAC46
MR FAE L GAR P RER, ABFATRE T ISR
SINAC46 JEIN, FFHHAT 7D B0 A
FEREAL T FERE AR IR S sL FA Th RRIRIIE -
WA B LER B SINAC46 FERIAE 1L FARTS S5 E )
WA & OB EH HILE A Thie, NIRRT L GAR
AR A A B B R 20T WL LB .
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1.1 5%t

Ll ARBERLFAEL T 7 24 F AR 4D el B s 2
28] VG 24 F R el B2 2 T A B 2 E O S RHE )
B RE S. tonkinensis Gagnep.. K5 L EARPIZITH,
WEGER G N80 CUKFE, FT & RNA FIHEH
1.2 {8

LC-30AD R @ 0 (il (HARREA T,
SCIEX-6500Qtrap (MSMS) (Z[E AB /A 7] ); PS40A
DA CRIERIEAIRATD; CV-200 BUEA
WA (ERE AR AF]D; PowerPac™ J@ L
JKAX (Bio-Rad A]); 440~485 nm WIEHIKAL (-
WA TARATD; FV1000 LB R £ B

(Olympus A)); Quant Studio3 45 & PCR 1% (&

Thermo Fisher A #]); Nano Drop 2000c 1 #% (£
Thermo Fisher A F] ).
1.3 |

w2 (S BWC9032-2016, JFi &4 Hi=
98%)- AL TT S (L5 110780, Jii 4 5(=98%)
W E I A EERARA R . Ak HEE, H
i (EEZEREA D, =&, WE/K (EZ %A
iRy A FR A ] ), 2XPhanta Flash Master Mix .
RNA $2HGRF & FastPure Plant Total RNA Isolation
Kit. 5257 5 min TA/Blunt-Zero Cloning Kit ( F§
HOEMER AR EIRA AR A D, RO &
Transscript One-Step gDNA Removal and cDNA
Synthesis Super Mix TransScript. DHS5o KT B 8
AWM A2 XeARARD, KR
StarPrep Gel Extraction Kit ( ¥4 THRAA]), B
Y1HGold Btk ( gt ABRA D,
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2.1 S|¥ngit
Fl £ 28 W 35 ( https://primer3.ut.ee )

Primer 3.0 & it 51, 51906 RS BB T A&
MTHE (R R ARAFRME, a3w
FFHIILE 1,

x1 FRASIYMEERR

Table 1 Primers used in this study and their purposes

EIk/EA S SIS (5°-3°, ANFFECHEIEE T Hi&
StINAC46-F ~ ATGGACAGCACAGATTCATC BRI TRz
SINAC46-R ~ TCAGTTCCAATTTATGCCTGGAAG
SINAC46q-F  TCCTCTGGCTGCTGGTCCTC FIKE T
StNAC46q-R  TCTCCGTAGAAAGCTCCTTGTCATC
NbEFIa-F AGAGGCCCTCAGACAAAC WS K]
NbEFIa-R TAGGTCCAAAGGTCACAA
E3129-F aacacgggggactttgcaacATGGACAGCACAGATTCATCATCATGCTC V24 i 7
E3129-R cctgaageggeegetgtacaGTTCCAATTTATGCCTGGAAGTTGAAATTGTTGC EEREN Az
E228-F gecatggaggecagtgaattc ATGGACAGCACAGATTCATCATCATCTC AREe L LY/EE RN
E228-R cagctcgagcetcgatggatccTCAGTTCCAATTTATGCCTGGAAGTTGAAATTGTTG
E292-F ttgaattcgagctcggtaccGTTGTCAAAAACAAGTTTCACATTGTATCATAAATAGTTG VARE AT RN
E292-R acagagcacatgcctcgagGGTTGCACTGTGTCCAGAAATCATGG
DI12814-F aacacgggggactttgcaacATGGACAGCACAGATTCATCATCATGCTC [AFESUE SRS =R
DI12814-R tgaagacagagctagttacalCAGTTCCAATTTATGCCTGGAAGTTGAAATTGTTG

2.2 LLE#R 5 RNA 2EUK cDNA &%

{§i F| FastPure Universal Plant Total RNA
Isolation Kit (£%5 RC411) Rl &HEE 1L G AR &
RNA, SR 5 FIFH 1%35 R HEE FL UKW %% RNA [R5
2, f# ] Thermo NanoDrop 2000 {X 25 € RNA ]
WPE S A g, R cDNA 25— & il f &% RNA
S cDNA, TRAET-20 CUKFE&H
2.3 SINAC46 EEHIE

I RT-PCR B AR 58 b 111 AR SINAC46 FE R4
Ko A R RS9 (R 1), DURFESFER) cDNA
AR EATY . [ SR R N: 2 X Phanta Max
Master Mix (Dye Plus) 25 uL, L R¥#F51% (10
pumol/L) %% 1.5 uL, #H ¢cDNA2 pL, #M7E Nuclease-
free Water 2 50 uL SAFR . RBFESF: 95 CHIAR
P 3 min; 35 MEKF (95 'C. 155, 55 C. 155,
72 C. 1.5min); ItJg 72 CEALEM Smin. [N 5E
BUE, I DNA BRI & (k5 B518131, Lifg
ATHRAFD # PCR =YL R H4 FIU =)
5 5X TA/Blunt-Zero Cloning Mix #FHARBTIERE, #
HHAE KT HE DHSa H . @i PCR %5 FH P H
%, WIEEEARE R RIS YR ARG IR A A3
1T, BiJS, 78 DNAMAN 447 Hest, A
WA IER I SINAC46 FH 731
2.4 StNAC46 EEMENEEFED

fFH DNAMAN {55 SINAC46 SER AT 7
519381 . FIH Expasy A4 Chttp://www.expasy.

org/resources/compute pi-mw) 7 HT SINAC46 £ 1)
FEAH AR . £ NCBI Conserved Domain Search
(  https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.
cgi) SERUIRSF A TGN . R MEGA 11 84k
PR RGO, AT L AR SINAC ZE R (kA
fif . 1@ iF SOPMA ( http://npsa-pbil.ibcp.fi/cgi-
bin/npsa_automat.pl?page=npsa_sopma.html) T H i
D2 5 1 — 22544 . R Phyre2 Chttp:/www.sbg.
bio.ic.ac.uk/phyre2/html/page.cgi?id=index ) i 17 &
B =R/ B . R A NetPhos3.1 Chttp://
www.cbs.dtu.dk/services/NetPhos/) SRl SINAC46
EE B S Ml TR FE PR 4 7 A1) R EL
StNAC46 F:[F EiE 2 000 bp XA R E 317
%1, I H PlantCARE fEZE 3 Chttp:/ bioinformatics.
psb.ugent.be/webtools/plantcare/html/) 73415 2l F X
Borb B A E T

2.5 TELRARELL

251 HEwelE SRR o4 BEITIEY I H bRk
SINAC46, VAL AR cDNA AR, ] E3129-
F/R 347 PCR ¥4 . R WA 52455 : Biorun Pfu PCR
Mix 25 L. ER3#514) (10 pmol/L) %% 2 uL, #
R cDNA 1 pL, #h 75 Nuclease-free Water 2 50 uL &L
AR RNAER: 94 CHIANE 5 min; 30 MEH
(94 C. 30s, 50 C. 45s, 72 C. 65s); 72 C
FEM# 10 min, 16 CLRAF 30 min. ¥ 3=t 1T e
[, 733 SINAC46 4tk =4 .
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2,52 AHME AL BTRL R S8 PR A P 1)l
Bsal 1 Eco311 %} pBWA (V) HS-ccdb-GLosgfp #;
AT XU Y), BARERY) =R PCR 57 &l
th, SRIE5 SINAC46 ¥ 4ifb =Wyt T EH, Wik
= EAL K I o 2 S 4, Kan BUiEFAR,
37 ‘CHiFF 12 h, HEATHIBE PCR %€ 5 FY
253 CRAFBEEAL 0PI 25 5 A 0 B SR X
iR A 2R AT Agrobacterium tumefaciens
GV3101, % 50 mg/L Kan LB &R = 3Ly 12
2.54 AKIUMHEL (Nicotiana benthamiana) Wi 321k
PRI A KR R AP A TR Bt ik, 2541k 1
mL VRS MM R R R, BER G
JHECH o, ARG T 505 20 'C, MXHEE 30%015
2 NI EE IR 48 h, W NRB, A E THOEHE
FERGEE TS E TS SINAC46 HEALE
SR EE I A 44 ) 7 Ao
2.6 BEEEFEBALAT

DU 514 E228-F/R (35 1) 473 SINAC46 4=
K CDS, #fiA pGADT7 #fkrb, #8584 ik
pGADT7-SINAC46. 8L 51%) E292-FR (3R 1) ¥
StCAO [MJAFNT v B FE 3| pAbAi ik, M H
AR pADAI-SICAO K pS3-ABAI Tk N BHPEXTHE
2% Yang U RERIRSIIOTTIE, &I EHESZ A
YL, BRI pSICAO-AbATL R TERHIE kL p53-
ABAi 3L E YIH BEEEMR, #iESH TR
(aureobasidin A, AbA) JiEE A 100 ng/mL i
FERFANPY ADA VKFEE. 2 Bl fKL pGADT7
pGADT7-SINAC46 %A% pSICAO-AbAi TR
Yiff, N pGADT7 ZXH P NBAMEXTE, pGADT7-
Rec53 At 2 p53-AbAi [ REESZ A A A RH TR o
PG YIH (pGADT7-SINAC46 X p53-AbAi)-.
P IR Y 1H (pStCAO-AbAi X pGADT7) B #
Y1H (p53-AbAiX pGADT7-Rec53) . K5 SLub 4 ATt iig
oA T %3 18 (SD/-Ura/-Lew) Al [SD/-Ura/-
Lew/ABA (100ng/mL) | 3753 |, 30 ‘CHF% 4~5
do 2 BREL 6 MR STREIIAZE] 100 pL 0.9% NaCl &
Vil ], FRE G R B AR S 7R 0L |, 30 TRy
7t 4~5d, WEIAEHEN.
27 HERKXRKEEIRS

IS 519 D12814-F/R ¥4 e FE1S 21 SINAC46
X 541 5 pBWA (V) HS-ccdB # AT,
313 pBWA (V) HS-O-SINAC46 EA AR, FHi4k
HERFFE GV3101 . Rt yk, ¥ H IR

A R, FA SRR U AR KA 25
mg/L & RN 12MS F3adk FRiEK. BRAK
B R R L, SRE1E (25+2) CHIAH
BraAK, MXHEEN 65%~70%. i#id RT-PCR 4
SEPHMEIR AR, $RA 4 ML FERIRR R OEL
OE3. OE4 fll OE6. WA K2) 8 FME AR (WT)
FFEFE R R R AR Z5F0H, FEMRERL 3 NMEW
FEHEMT 5. HT qRT-PCR 7T HIFTAFE
i B TR PRI FEAAAE-80 C T
2.8 HEYIEE=EHRINE

WA SRR ST 50 CHET, SRAH A
3 e I 55 B RS (ESI-HPLC-MS/MS) A&l
FEGTE SR S S & & PSR IR e
BRI (FPE 2 ) 2020 SRR, AERIFRE 0.1
g P, IO 10 mL =50 be- - iR 2 IR (40
10 0 1) $REUAW, #E 30min, ##FHEE 30 min;
12000 X g B0 Smin, B3 Sml; HASBORYE
2T, A 0.6 mL (il g FRE S, it 0.22 um JE
i, il 2% f4: K poroshell 120 SB-Cis Je A €21
K (150 mmX 2.1 mm, 2.7 um); KR 30 C; Hish
AN HEE CAD -1%H ERZK (B); 56 B e i (0~ 1 min,
30% A; 1~10 min, 30%~10% A; 10~11 min,
10%~30%A; 11~12min, 30%A); R 0.3
mL/min; HEFERRR 2 ul. B4t R BB S S
FALIE (ESD, TEIEE FHH# T L2 = N A I
(MRM) HEU N7 HT: SAUAMORER, Wi
HLE+5 500V, K7 35psi (1 psi=6.89kPa), 5
WAET) 50 psis S ETT 55 psis AR E
500 ‘Co 3 AAREGE S0 A EAL T S0 B, n
F R VA A FC 16 A 1554104 50+ 100 A1 200 ng/mL
(R G0 R VAR, A R, AT A AR A AR
(XD, JREIREE AP AR (V) LfilbrdEdh 277 72,
53 A4S B S bR M 28 (Y=1.357 48 X 10° X+
15 113.808 86, r=0.996 81) FIEALTE S H Y=
1.083 15X 106 X+23 839.240 54, r=0.99524), I
P bR 2R 1 B S E AL SR B, %
BARIHHEESE (W),

W=CXVXn/M

C AFERRIREE, W RE S B A AN T FA FR A A AL
n NFEREREEL M ONFREURE 5
2.9 qRT-PCR ##f

#] B FastPure Universal Plant Total RNA
Isolation Kit X7 &L, 20 WT Fl SINAC46 Ik
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DRLR A AR FOAR . 25 AR ELE RNA, HAf
R RNA RFESERL cDNA. B —
AN 20 uL MR &R, KA gPCR SYBR Green Tl
W, S SER 2 8 i PCR 34T gRT-PCR £
. UL NbEFlo /E RN Z51Y), 1EId 27247kt
HOWT MR AT SINAC46 F: ] (1) AH %
FKikE,
210 Zitoth

T Ik PR 2R T 2 A AR B AT G A B,
1t GraphPad Prism 9 #f4+1#4T One-way ANOVA
SIHTHEHIEEER, 2 P<0.05 K, WANEREBES
TR
3 ER594H
3.1 StNAC46 EFE T EFMFFISHT

M FEER L SRR RNA HEAT B IR bt e
WK, G55 EIR 28 S F118'S Mkt 5 (B
1-A) . #—254# H Nano Drop 2000c 1 #5 %} RNA ¥
s T E BT, KILH A 1H (4a60/d2s0) 75 2.11~
2.18, KU RNA Zitysee, difffm, wHT ~F—
A SEYG . 2 PCR 9 3 AEE R F VKA UL 5%, RT3
B B B AR U N (B 1-B) o i [
WOE AT, 255 FH DNAMAN A4 Lesxd e
A5 B R )9t 7 51—, X SINAC46 347

A

T E K BE N 1083 bp, RIS TN ATG,
LR TGA M H IR & 80 hl v A28.53%,
309). T (25.95%, 281). G (21.42%, 232) Al C
(24.10%, 261).
3.2 StNAC46 EFIEL MR

4 SINAC46 £ HZA LT F1527C F] NCBI M
Ul IEAT PR ST S5 I T, 25 SR B SINAC46 £ 16~
142 GRS S EH NAC 5 K 5% o1 4L 7 ()
NAM {757 S5 F38 (J&] 2-A) . SINAC46 1K N 360

A M1 2 B M 3

2000 bp___ [
2000 bp— 1500 bp— =
1 500 bp— 1000 bp— =
1 000 bp— —28S 750 bp -
i = - - N <
500 bp— g
100 bp— I d
250 bp—
100 bp—

M-Maker; 1~2-1L GARE RNA % 3-HIREE K.
M-maker; 1—2-total RNA bands of S.tonkinensis; 3-target gene band.

B 1 SR RNARE (A) F1 SINAC46 EE 1774
(B) HYTRAEHEREALER K
Fig.1 Agarose gel electrophoresis of total RNA of S.
tonkinensis (A) and StNAC46 PCR amplification products (B)

1 50 100 150 200 250 300 360
Query seq. i | , | !
Specific hits
Superfamilies NAM superFamily
B C
T KR 1.2
25 1.0
1t ‘ | 0.8
0f S A T 0.6
=1 IR HRELUIRE = 04
| B M LY ! 02
-3 - 0
fr BB A 4k
D E
=Sk T 225 R
El ‘:rﬂj& e fe sy
038 DI ! AAR
FRAE 1 ﬁ%%k H
04 5 ‘ ‘ I
o=
O ‘
................................................................ 0 ‘
0 20 40 60 50 100 150 200 250 300 350
EAFYI EHHFS

A-GERIE T B-BUK LS T C-BSTRESHIRTRN : D-(F- SRR E-BERR A AL i T .
A-structural domain analysis; B-hydrophobicity analysis; C-transmembrane structural domain prediction; D-signal peptide prediction; E-phosphorylation site prediction.
2 StNAC46 EE LM
Fig. 2 Structural analysis of StNAC46 protein
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A

N\
\
)

350 &

/2?7{ 5\, ‘\
3’ ;S?j}?.
\ HFE ¢ 'z&/a\;
AT, &
f . 3
N9

50 100 150 200

250

300 350

3 StNAC46 ERZRLEH (A) M=R&EH (B) Tl
Fig. 3 Prediction of secondary (A) and tertiary (B) structures of StNAC46 protein

MNEFHERR (aa), FHXFHIEN 39800, FHLAN
8.67. KH ProtScale 73 #T SINAC46 )31 /K FHER
K, HEFHERKE (GRAVY) H-0.663 (]
2-B). [, HEMN SINACA6 F=—Fhm /KM R .
F TMpred A TR0 8 RS I IX 4, R E
FEER oS IR IX 3k (B 2-C). SKH SignalP 5.0 #4:Fi
MhZE AR ESK, SEREKIEASESIK, H
MHASR iR E 1 (B 2-D). ] NetPhos3.1 Tl
T StINAC46 HMmERRA AL, RIZEAREA
32 ML BRI AAL A, 13 DN IR RRBERR AL AL ST 5
SRR S (B 2-BED.
3.3 T StNAC46 ZHEM RN =R L5

K FH SOPMA F1 Phyre2 Fiill SINAC46 & (A7E
TR =R . SINACA6 [ R AR T N
12.22%M) o B2 /i€ (44 aa). 70.00%HIBENLE I (252
aa) 15.00%MIZEKEE (54 aa) F1 2.78%I1) B # £
(10 aa) (& 3-A). SINAC46 M =HLit F 5
AN G . o e FIRE(RBELH A (B 3-B), 5
RS RTINS BT — 3K
3.4 SINAC46 ERWARGA BN

H4 1L S SINAC46 atidh (1) 2 5L 18 7 41 #F NCBI
B AT BLAST ixtE, ARYEZEEER T 5 [F R
PEREIE S0%IME AR RAE, WIS 25 M)
Fit NAC 2 A SRR T 5 AT RN T, R
5389 Gastrolobium bilobum R.Br.. 11T Abrus
precatorius L. %465 Spatholobus suberectus Dunn .
2k Vigna radiata var. radiata Roxb. 1755 Vigna
angularis Ohwi & H.Ohashi A1) NAC 2 K gmh
R FVEVER S (>80%). MELZ T, SHi%
FBHERTE . MEARE RIS A SR} R M 25 A1
YIE) NAC PR i i 28 B PR ) IR PR AR (<70%)
(B . #—PRERENSPES, LER

StNAC46 58 E5. (XP 06149396.1) JERL[E—3Z,
5 7] & ( KAK7362895.1 ) Al #H B F ( XP
027346666.1) £ R %Gt K B W H AL THEE ) 735 (&
50, IXBEIR T SINAC46 55X e b 2 (B F0k (155 2
3.5 SINAC46 EEBEITHIFFIS

15 FI#E 4 T B, PlantCARE X SINAC46 i 2 000
bp HIEENTFFHIEAT 1 IR ER Tt 4R 5
Ny BT RIS 0 e (CAAT-box
TATA-box), AL 2P S5 i AR S A A
JotE, EIEIERR N TG (ABRE JGHF) . 7REE R
NG (P-box Al GARE-motif) LK SR Fi1 FH i 5
ot (CGTCA-motif fil TGACG-motif). M4k, &
TEEm B o (ARE, MBS T ARE). 4K
RAMITCH (GCN4-motif A1 O2-site) LK IEH N
JttF (G-Box. Box 4 F1 GT1-motif) 2% (J&6).
3.6 StNAC46 BOIF ZRAEE L

WA 1) AR 40 I E A 500 Yt (Plant-
mPLoc) FTMIEE S, SINAC46 £ 4l 7 7E 41 o
W o N T BRUFIX — TR0, i sk STV 44 i e £or S8 3
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Fig. 4 Multisequence alignment of StNAC46 and NAC proteins from other species

FEFRERE IR b, BIVEXTIR Y IH R HE T, BITE
X YIH felbH AR, RUIBATERBITE I Y1H
FEGRR T IEH TAE. tehh, SEIGH YIH JasAail



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14 5197 »

AL E (TKY59316.1)
AE (XP020222513.1)

6 MET (RDX82821.1)
K (XP003528438.1)
82 ——— EIIZE T (CAT1936392.1)
97 TN (XP047164425.1)
% WI_E%E (XP014507108.1)
91 LHEEE (WVZ25879.1)
_I—irﬁ BT (XP0273466661)
98 J1E (KAK7362895.1)
3 LG (SINAC46)
95 | FEE (XP061349396.1)
%0 FEF (XP027333318.1)
AE (XP020221384.1)
99 45 (XP017435083.1)
99 100 b——#1E 5 (XP014518431.1)
FrE (TKY71661.1)
Tl MEHE (RDY04370.1)
—|:)\E (XP003547137.1)
100 K& (XP0035417142.1)
I EME S (XP004505006.1)
100 b———sxmiprzs (XP013457094.1)
I HI3% (XP022777366.1)
100 1 [ RAAEA (XP062162948.1)
99 ¥itE (KAB1202076.1)
——

0.050
REGURKE R 3 L IEUE A Bootstrap {H, FIRIFEIZ TIPS AL Bk, %5 ST Stk ilm .
The numerical values on the branches of the phylogenetic tree represent Bootstrap values, which are used to assess the reliability of the branches. The

higher the value, the greater the reliability of the branch.
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Fig. 5 Phylogenetic tree of StINAC46
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Fig. 6 Analysis of cis-acting elements of StNAC46 promoter sequence
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Fig. 7 Analysis of subcellular localization of StNAC46 protein
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pStCAO-AbAI X pGADT7 AFAMEST IR YIH H#k, p53-AbAiX
pGADT7-Rec5 BHPEXT IR Y1H k.
pStCAO-AbAi x pGADT7 and p53-AbAi x pGADT7-Rec5 were used

as negative and positive controls of Y1H strain, respectively.
8 StNAC46 5 StCA0 BhFXIBEAEIIE

Fig. 8 Verification of interaction between StINAC46 and
StCAO promoter region
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Fig. 9 Positive identification (A) and expression level of S/VAC46 gene in overexpression plants (B)
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Fig. 10 Contents of matrine (A) and oxymatrine (B) in overexpression tobacco

S EESNEZEEIMT 66.55% 63.24% Al
403.82%, ZEHMIAMNTE SIS &N BN T
22.30%- 45.18%#11 89.08%, M F [l AL E Sl &
BT 9.82%. 13.71%H1 4741.39% (& 10-
B). LRGSR EN], SIANCH6 (ke 3L R H 5
BT SRR R
4 g

NAC kW7 A TEY A, 1
NAC #3xFF NAM BRI T 24 @yt
1% R AT A R A FIAE A B T RS 1 KR (1) R
FLE IS MRT 2 N 3 1 AN E AR SF I NAM
giptg, FE 25 DNA 5HAEARSE, i C
S I A2 v 55 A S () 2 s DX 119200, AR F AL &2
Y cDNA AR v fE 45 B JE K] SINAC46, FR57 4514
53 BT o H R T FIHEARTE RSP I NAM £544)
B, 76 NAC Hg 1 FIREEHRHIE . 2751
IR IR, SINAC46 K8 1083 bp, Zifil 360
NEIER . BERRAAL S TS R SINAC46
I 22 SRR R A A7 w5 B AR, B2 2R A 5 1)
RS £ B D2 AR N T, RN TR R
AR IR It R IEEEAEH, X SR is 1
TEN A BB 2R A5 5 3 I AR ol 3 i 52 12 78 24 43 1
K, S5 L S AR BRI AN A B R R

JE BT IX 3R 4% PR 3R A ) B 4y, I
TER U R BB F 5 R E TS 6 MR e v o, H
O EAE ORI AL SR AR S oAb R
TCA R BB 2 520 B AT TR Y 3 DR 3R 0 O R AT 5
FER2, X} SINAC46 J3 ) ¥ X AT /04, 2R EoR
FEAEYE 2 5 R4 W 36 A0 0T i 25 e i A % B i =X
YEF e, 55 ABA. MeJA Fl GA. B LI,
ABA Fll MeJA 2RI IR = MBS A A5 S L
REST. AWEEPIRIL, 4 ABA BTk

115 1 B B e AR S B R R 1Y S S LR . Zhou
SERAR B, HhitE MeJA T DU K AR 18 BT 41 i
N2 RAKBFREEYR S =R Fitk, HEN
ABA Fll MeJA WHEEA SINAC46 JEIH LI5S 4
T, I FREERRIA, N5 RELS
R AE PR G AN R
Pt BE A8 SIS R B, SINACA6 RENS BLIRAE &
StCAO J:KJEFF (K 8), X5 Hao ZEI7EAE /)N
I AR B 3R A OpNACT ¥ %t H 7@t 5
OpLAMTI B[ JE 3y 455 4 SR A B L
AEABL o AR 7T 45 FEAIE A 1 2 WL A7 76 25 L F DNATF)
MEAEH, BEXRELERFPERT NAC HxHET
T 25 GBI R B 1 IR IR AU A R 43
FIEAM . AL, SZIGIRAE SINAC46 & A E AL T4 A
AR (B 7D, 5 DA I 5T b R4 ) o
S E 1 ESNAC098 F ESNAC047 25 A (1) 740 i 58
P2 e — 3200 W I AT AR I A% - R ML B
BRI R KIL . Wik qRT-PCR A& & 31,
SINAC46 fEtRIEMRZP I REEEE & TH A
A, 41 OE6 th R FRIAESET 1229 5 (K 9-B),
HidFREMR R 25, s SR A 200
S (B 100, HAp, W S
ST R BRI TIA 1161.21%F1 4 741.39%,
T 2R ARG /N (2R3 S8 N 7.56%~
28.39%, AATESIIE N 22.30%~89.08%), FKHH
SINAC46 WA EH R A HL R 7. X —FRHiES
Zhu ZERISHHENFFS SmNACT F: R A0S T R Ak
Zn AT A SR R RSB AR L. BRI S, 5
T AR BT, B SmNACT FE R RRAEAR 3 A
AR THZ M Zn, MM THE Zn FESH
AR T 2 . AN, AR SR IR T %
ROSLAEM B UR R, SR S RME Y AR VIR e R



= 5200 »

¢EH 2025FE7H B56% B 143 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

SE LGP B ROMIAR R 2 2%, A P B

o, WV PG NE SR AL . 2 BRI AT

MG A AR R, BAARINERL QAs T2

EREHIR, MO QAs CUIPIfH 580 WITESR

B b ORI A 2 A 4L 2R 128,
g5 b, AW vekE 7L EAR SINAC46

HAEA T rhony AL R Th REREAT WP S E . WEIT

ZRBW], SINAC46 HEPZ NAC HE R SURE A

A5 A PE AR CA0 A 3T X S8 HAE

M, XSS A S R B EEAEA .

KW FAAFAE — A R Z AL, R, ARRATLEILE

IR TFfE SINAC46 R RIVRRISTT T, 4ia2H

AT TG AR B PR AN RIS B 25 R 1 D g

oA, P IRR R E IR NS

e
ABAR FAEEH P AT LN ST R

SE R

[A] PEZH [S]. —#. 2020: 26.

[21 zE, BEE, s, & LSRR BRI 5
FEZGEE (1], hEEZY, 2018, 49(17): 4152-4161.

[3] Sun T, Li X D, Hong J, et al. Inhibitory effect of two
traditional Chinese medicine monomers, berberine and
matrine, on the quorum sensing system of antimicrobial-
resistant Escherichia coli [J]. Front Microbiol, 2019, 10:
2584.

[4] Leistner E, Spenser I D. Biosynthesis of the piperidine
nucleus. Incorporation of chirally labeled (1-3H)
cadaverine [J]. J Am Chem Soc, 1973, 95(14): 4715-4725.

[5] Mancinotti D, Frick K M, Geu-Flores F. Biosynthesis of
quinolizidine  alkaloids in  lupins:  Mechanistic
considerations and prospects for pathway elucidation [J].
Nat Prod Rep, 2022, 39(7): 1423-1437.

[6] Ooka H, Satoh K, Doi K, et al. Comprehensive analysis of
NAC family genes in Oryza sativa and Arabidopsis
thaliana [J]. DNA Res, 2003, 10(6): 239-247.

[71 Han G H, Huang R N, Hong L H, et al. The transcription
factor NAC102 confers cadmium tolerance by regulating
WAKLI1 expression and cell wall pectin metabolism in
Arabidopsis [J]. J Integr Plant Biol, 2023, 65(10): 2262-
2278.

[8] Yan P S, Du Q G, Chen H, et al. Biofortification of iron
content by regulating a NAC transcription factor in maize
[J]. Science, 2023, 382(6675): 1159-1165.

[91 Meng L, Yang H P, Xiang L, et al. NAC transcription
factor TgNAP promotes tulip petal senescence [J]. Plant
Physiol, 2022, 190(3): 1960-1977.

[10] Wang L X, Zhang M, Li J, et al. VqQNAC44 enhances
stilbene synthesis and disease resistance in Chinese wild
grape by interacting with VqMYB15 [J]. Plant Sci, 2024,
341: 111994.

[11] Duan Y'Y, Wu J Q, Wang F F, et al. Transcriptomic and
metabolomic analyses provide new insights into the
appropriate harvest period in regenerated bulbs of
Fritillaria hupehensis [J). Front Plant Sci, 2023, 14:
1132936.

[12] Ma W H, Kang X, Liu P, et al. The NAC-like transcription
factor CsNAC7 positively regulates the caffeine
biosynthesis-related gene yhNMT1 in Camellia sinensis
[J]. Hortic Res, 2022, 9: uhab046.

[13] Lu M Y, Fu B Y, Meng X, et al. Transcription factors
NINACO028 and NtNACO080 form heterodimers to regulate
jasmonic acid biosynthesis during leaf senescence in
Nicotiana tabacum [J]. J Exp Bot, 2024, 75(8): 2351-2371.

[14] Bunsupa S, Yamazaki M, Saito K. Lysine-derived
alkaloids: Overview and update on biosynthesis and
medicinal applications with emphasis on quinolizidine
alkaloids [J]. Mini Rev Med Chem, 2017, 17(12): 1002-
1012.

[15] Liang Y, Wei K H, Wei F, et al. Integrated transcriptome
and small RNA sequencing analyses reveal a drought
stress response network in Sophora tonkinensis [J]. BMC
Plant Biol, 2021, 21(1): 566.

[16] Yang G Z, Chao D, Ming Z H, et al. A simple method to
detect the inhibition of transcription factor-DNA binding
due to protein-protein interactions in vivo [J]. Genes, 2019,
10(9): 684.

[17] %e5Tia, Mfe, ZEEGEE, 2. FaHss )L CIMYBIS 3
PRI i 5 40 m O B R AR 0], R E AR TR,
2018, 38(10): 8-19.

[18] Souer E, van Houwelingen A, Kloos D, et al. The no apical
meristem gene of Petunia is required for pattern formation
in embryos and flowers and is expressed at meristem and
primordia boundaries [J]. Cell, 1996, 85(2): 159-170.

[19] Ernst H A, Olsen A N, Larsen S, et al. Structure of the
conserved domain of ANAC, a member of the NAC family
of transcription factors [J]. EMBO Rep, 2004, 5(3): 297-303.

[20] Olsen AN, Ernst HA, Leggio L L, et al. NAC transcription
factors: Structurally distinct, functionally diverse [J].
Trends Plant Sci, 2005, 10(2): 79-87.

[21] Zhang W J, Zhou Y W, Zhang Y, et al. Protein
phosphorylation: A molecular switch in plant signaling [J].
Cell Rep, 2023, 42(7): 112729.

[22] Yamaguchi-Shinozaki K, Shinozaki K. Organization of

Cis-acting regulatory elements in osmotic- and cold-stress-



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

* 5201 »

(23]

[24]

[25]

responsive promoters [J]. Trends Plant Sci, 2005, 10(2):
88-94.

¥, SR, AR, S5 NI RN B e R AR R A
FRIFIEEN (7). 73 TR E R, 2024, 22(15): 5091-5097.
Zhou P F, Yang J Z, Zhu J H, et al. Effects of (-
cyclodextrin and methyl jasmonate on the production of
vindoline, catharanthine, and ajmalicine in Catharanthus
roseus cambial meristematic cell cultures [J]. Appl
Microbiol Biotechnol, 2015, 99(17): 7035-7045.

Hao X L, Wang C, Zhou W, et al. OpNACI transcription
factor regulates the biosynthesis of the anticancer drug
acid  O-
methyltransferase in Ophiorrhiza pumila [J]. J Integr

camptothecin by  targeting  loganic

[26]

[27]

[28]

Plant Biol, 2023, 65(1): 133-149.

Dong J, Zhao X L, Song X, et al. Identification of
Eleutherococcus senticosus NAC transcription factors and
their mechanisms in mediating DNA methylation of
EsFPS, EsSS, and EsSE promoters to regulate saponin
synthesis [J]. BMC Genomics, 2024, 25(1): 536.

Zhu B, Huo D A, Hong X X, et al. The Salvia miltiorrhiza
NAC transcription factor SmNAC1 enhances zinc content
in transgenic Arabidopsis [J]. Gene, 2019, 688: 54-61.
Frick K M, Lorensen M D B B, Micic N, et al. The aerial
epidermis is a major site of quinolizidine alkaloid
biosynthesis in narrow-leafed lupin [J]. New Phytol, 2025,
245(5): 2052-2068.

[riEmA w29



