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WE: [ 88 ) ZE RS> A= rrF Tetrastigma hemsleyanum 254 Fa R 0 4 R A wh, AR 7 ThMYBPAR 3 B 3¢ = ot F 34k
Foot i HEAK RS GERIAEER, THZ T HEM SRR ARG ST AR RBEELRE, [ Fk] AL 3 FAe=rf
FHRAF T B AR, MR BB B E B R R E AR AACEE S, %3 M e TAMYBPAR 1B, )R £ 15
B. 5 5% ThAMYBPAR & & 8 -3\ 4 fefe Z itk &, B LA REBMBENEL M ElE, RAEHEALTE
PCR (RT-qPCR) %" #7 ThMYBPAR # B £ = vt F3hakAert B ¥ 09 R ABEX, FH 04 ThMYBPAR Y B F A K -F 5 3 B £ %,
pugait, [BR] 2 ERBRPEERARLETETRERESANZL055F/ 177 L', BF&THA (P<0.05), @™
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VvMYBPAR 3B & A0, BA A 65 R2 = R3 DNA £4 T fb MRk, R4t oER AWM. =& P4 ThMYBPAR
BT RIR3-MYB % 5 R X %#FA T, LT LTl M T, RT-qPCR 2 &R B F7: ThMYBPAR AW £ &£ =+t
FHMhbr Rk, ARARXTEEEARARIEETEREREIMEZ EME (P<0.01), [£# ] ThMYBPAR AR A 5iA%K =
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Abstract: [Objective] Flavonoids are essential components that determine the quality of Tetrastigma
hemsleyanum. This study aims to investigate the regulatory role of the ThMYBPAR gene in flavonoid
biosynthesis in both the tuberous root and leaves of 7. hemsleyanum, thereby providing a theoretical foundation
for understanding the molecular mechanisms underlying quality formation in this plant species. [Method] The
tuberous root and leaves of three-year-old 7. hemsleyanum plants were analyzed by determining their concent of
proanthocyanidins, total flavonoids, and antioxidant capacity. Primers were designed for the cloning of the
ThMYBPAR gene. The sequence characteristics and evolutionary relationships of the ThIMYBPAR protein were
assessed through bioinformatics analysis. Additionally, the expression patterns of the ThMYBPAR gene in both
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tuberous root and leaves were examined using real time fluorescence quantitative PCR (RT-qPCR), alongside
an investigation into the correlation between ThMYBPAR gene expression levels and flavonoid content.
[Result] The concent of total flavonoids and proanthocyanidins in the tuberous root were 0.55 and 1.77
g+ L 'respectively, which were significantly higher than those in the leaves (P<<0.05), Moreover, the ABTS free
radical scavenging rate of the tuberous root extract reached 90%, indicating notable differences in the quality of
herbal material between the tuberous root and leaf samples. Previous transcriptomic analyses had demonstrated
that the ThAMYBPAR gene, which consisted of 888 bp and encoded a protein comprising 310 amino acids,
showed a significant degree of similarity to the VvMYBPAR gene found in grapevines (Vitis vinifera). The
protein contained distinctive DNA-binding functional domains, R2 and R3, and was classified within the R2R3-
MYB transcription factor subfamily 5, with a preferential localization in the nucleus. RT-qPCR analysis
revealed that the expression of the ThMYBPAR gene was primarily detected in the tubers of T. hemsleyanum,
exhibiting a positive correlation with the concent of total flavonoids and proanthocyanidins (P<< 0.01).
[Conclusion] The ThMYBPAR gene plays a crucial role in the regulation of proanthocyanidin synthesis in 7.
hemsleyanum. The differential expression levels of TAMYBPAR in the tuberous root and leaves may account for
the observed variations in quality between these two plant parts. [Ch, 5 fig. 2 tab. 21 ref.]

Key words: Tetrastigma hemsleyanum; gene clone; ThMYBPAR gene; proanthocyanidins

=W Tetrastigma hemsleyanum F 55 % F} Vitaceae FCBEJE Tetrastigma f5Y), ¢4 0 =T ECHE,
P EEEA M SR, IR Wik 2= S kT2, B E PR . P g
R IRED R, R TIRIT &b . /ANLIVEERR . Bl . JFR . KUBAFERD, Bl “HPrbid
R P WM =i 0 BN N IR R, I AR L AR R, G 2
FOT LIRS S R AT R A s BT RAF R ZG NG M, R AR S ) T

B S A4 R 25 TR ) 0 Ok AR AR = AR it AR 2 i 2 e S I T i IR AR, 4 MYB,
bHLH. WRKY %, A5 AN : = 5REEEA Y6 MR MYB § 5% K+ 2 5 R2R3-MYB 1Y%
4.5, 6, TUFRKEBALD, Hrph, % 4 WFEKEL R2R3-MYB #5552 AN RN B8R IR B Z 4= 1)
B BB L SRR T, WNWE%E Vaccinium corymbosum FiY VeMYB4a /E 5 R2R3-MYB % 4 WK%Y
MR, MHERARBRMAEY G, ERTOREERC, 55 WHREDSE 6 WA KR R2R3-MYB £
KA 514 MYB-bHLH-WDR (MBW) % 52 S W0 — 5y, S 5T RBFEATROA T, o
BHEE N Daucus carota TH) DeMYB6 Al i SR RS SE,; IRt Arabidopsis thaliana e SR
) AMYB123/TT2 #] LA 5 TT8 Ml TTG1 & B ME G4, WG DFR. ANS Fl ANR FEH ik, L[/
RN AL T R A A S H4A Vitis vinifera "B S F VWMYBPAL, VVMYBPA2 il VVMYB5a
S G E AT RN, 55 7 WA R2R3-MYB [H -0 — i 54 4% 2 B p Sh e, dndbl g o7
HHY AIMYB11, AtMYBI12 F1 AtMYBI111 555 R PR HZER 58 7 WK, @b 5 ArFLS1 HE R R IATT
AV B R A W A

BAIL SF" BFC R B — 75 M b ORIHE R 040 A 5 A I 2 5, RN B R S B A B A W e AR A
EOCT =5 1l b T F 50 B AR 2 1 o0 22 S 00 BOPL R 2D A 0l o PRI, AR BAF 938 0 i 3004 S 2
ST R ERIK) MYBPAR LR AT 5, M ThMYBPAR LN Z5H) . EEAEN . RAL BT LR, RiLBE
D71, ¥RFE ThMYBPAR FEPRIN = 35 SR A F o 8 0 28 1 o0 10 & OB PEAE T, DA =it B 2584 i
FTE SRR 2 A

WL ERE

1.1
FEWVLAA WK% B BRI, vEHCA Rt . JomiRE | M K/ NE U 3 4R = E T,
PR T 7 V148 v 245 SR AR 3 5 A8 5 S0 00 & a0 b (30°15730.39"N, 119°4326.92"E), T 2024 4
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5 HE = HOR B B A B B8, 7 BRIV A VRO 0B e B IR VKR PR A7 (—80 °C) 7 H1.
1.2 BREMEEZSZENE
12,1 Fsg@mE S I P T AR RARAE o BRI = i AR K AR A 0.1 g, BT
HOE R, I ARE R 70% () F R 3.0 mL, 7E 60 °C /KR 30 min, 2.0 10 min B EVE, Bk
PR A TR o W = R B R SR 1.0 mL T 10.0 mL i, RSB 70% 1Y
HEE AR ZB, 43I 2.0 mL T 10.0 mL &, BT 3ECH 5% FEASRRENA I 0.3 mL, HikY%
PES), HARSECE 6 min, IFTEECN 10% SRR 0.3 mL, JRGFES), BEE 6 min, PRIG5>
B 4% B A LN 4.0 mL, IRGIES, HWEBGECH 70% MW BE A 221, IRGES), BEE
15 min 5 & AT, MR 510 nm AFWOGE . DUARFRS R 70% 0 F B RATE R 28 OV IR
122 RiHEMNE EONER 1.2.0 KRG EE-SERENE R TFEA TR S5, K 40gF
R T 100.0 mL HEEr, 13 BT E0CN 4% MR- FBEVS U . B 1.0 mL = HOR Ko mt oA i
REH, MATTRESECHR 4% WFERE-F BN, REERMA 15 mL kR, L HIFES) . =iREHt
30 min, WE P 500 nm ARG EE , DARTHE ST 4% 097 R - F B AR S 28 R R
1.3 ABTS (HEFHHBEEBRENNE

FREL 3.785 g id HRERAN T 100 mL i rh, /K MG €25, Behl AL 140 mmol- L™ 143 i R A1
VSR FREL 0.384 ¢ ABTS T 100 mL BRI, /K@, FECHIA 7 mmol- L™ ) ABTS ¥ . tH
88 uL ST AR 5 5 mL i ABTS IR 4, $£4JHOE 12h, 12 h 5 HIC/K CEER RS, (i HAE K 734 nm 4b
B R 0.740.2, 7€ 96 FLARH A 100 pL AV FT 100 pL =it F HAR Je it A, R iREERE Y
RN 6 min J5, Wi 734 nm AMIROEEE, DIBTIRImMERYE A P XTI, R E(EA A, 715 ABTS A 3
THBRA (4): A=(1-4/40)x100%. Hrh: 4g FMIBGWIWOCEEE, A FFES § IOGREE .
1.4 /2 RNA {2E

W=m-F iR, - h, 2 3fERE TR, F FastPure Universal Plant Total RNA Isolation Kit 42
B RNA, ZRBEE LUK R S A R A T AR, 3845 = B it i RNA, H TR Zeioe.,
1.5 HHWERERE

i H PrimeScript™ I 1st Strand cDNA Synthesis Kit &7 &6 RNA 4% 56 hl cDNA . R ¥E4% s 4 B
& MYBPAR £ CDS J¥41, it FEH w59 (% 1), MRE PrimeSTAR® Max DNA Polymerase fiff
FHULBAAIX) ThMYBPAR FEF#EFT PCR 93 . Wik &G, H 0 Begeaifb i, 28ikidE 8 K
Y75 Escherichia coli DHSa 55 AL P J5 4645 BHE BRI V%, FEAFE—80 °C M4 FRAT S

z1 5455
Table 1  Primer sequences

BIE7E2 i JFF(5'—3")
ThMYBPAR-F ATGGGGAGAAGCCCTTGTTGT
ThMYBPAR-R TTATTCTCCAAACCAGTCACCGC
MDH-F TGTTGCTACGACTGATGT
MDH-R CCTGAGACTTGTAGATGGAA
qThMYBPAR-F GCTGGCCGGAGCAAGAACAA
qThMYBPAR-R GTGGTGTTTCCGTCGGTCGT
qThLAR-F CGACAGCCGACGCTGGTATT
qThLAR-R TCAAGCGCAGGTTGCAGTGA
ThMYBPAR-GFP-F geteggtacecggggatcc ATGGGGAGAAGCCCTTGTTGT
ThMYBPAR-GFP-R geecttgetcaccatgtcgacTTATTCTCCAAACCAGTCACCGC

1.6 FZARERE L

MR 4 A ) 26 3K 34K pCAMBIA1300-GFP J ThMYBPAR 3N ¥4, B8 A BRI 5 0 51 9
(£ 1), PCR Y IR RIH =Y aifb G5 GFP ik 8iiR#E:, HALKRIT R Agrobacterium tumefaciens
GV3101 (pSoup), 7T HERACHREL Nicotiana benthamiana WSHIEMT A, 2 d J5 FBEOEI: B £ B s ¢
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Do R
1.7 SERZAEEE PCR (RT-qPCR) 347

{i F PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time) 17 &5 X} #£ i ) RNA #4172
RSk, Wt vetE s PCR 514 (3% 1), J5 M ChamQ Universal SYBR qPCR Master Mix i 7| & #4794 6 &
i PCRAE . FEP AR A & 2724 ihaRon.
1.8 ZitESH

K Excel ZHHHE, i SPSS #E47 Pearson AHICHE/MHT, WEMEKFH 0.05, BASLE TR 3 K,

2 RGN
21 BREMMEESERERE

IE TA R 1B AT . =i HAR K it v 0 6 B i S5 1 v B2 49 53100 0.55 F110.05 g+ L', JEAEE R
R 30 1.77 F10.13 g- L', =35 HpR rf B B A ) B v R R 11 A, BURTPREIEE R
Jo R S R R 13 A% o AT LA S AR i B R R RN R AR R R S Y B T A
(P<0.05),
2.2 ABTS BEHEBKRXR

ME 1IC A IEH: =5 R A%t ABTS #) B3R AE 11, HIRTERE & T A, B
MR ABTS H H L5 BR R R ik 90%.

0.6 25 - 1.0 -
A _;3_ i C a b a
o 4 a S5
T 20 + > 0.8 F
p & T i
204 b &
1 w15t 0.6 -
2 E %
i = H
= = 1.0 - o 04 b
= 02 | &
= i &
ﬁ% b w05+ B 02 f
: = =
0 0 0
R Hf: Ui It i It P MR
EilZ DA DA bR

ANENG FREFRRAFAL (ALFED 0] 2 5 535 (P<0.05).
B 1 =rtFdsoth v e SR EMERL. RIEH TR ERAA ABTS A whFmRF
Figure 1 Contents of total flavonoids and proanthocyanidins, ABTS free radical scavenging rate in root and leaf of 7. hemsleyanum
2.3 ThMYBPAR EEHF ISR RGEH LD
AR EMT 1R T RZRI-MYBEE S K & 9 MYB ¥ St K 7, 7 4 4 ThMYBPAR,
ThMYBPAR FH 51K 520 888 bp,  THl 4ifidh =4z 310 MREIEEMRALL N E H . K TIMYBPAR &HH 5
25 B E R AW AR AE B b (NCBI) 8048 2 i % 19 VWMYBPAR, VVMYBPAL, VVMMYBPA2 Al
AtTT2 FEAT R A ST (] 2), 4525 % 3 ThAMYBPAR HAT #LA fi) R2 1 R3 DNA 25 & Uhfg g/, Ui
ThMYBPAR & R2R3-MYB %K % . H AW 58 i#f — 2 43 r T ThMYBPAR 5 (4l & h ) VVMYBPAR |
VVMYBPA1. VVMMYBPA2 l AtTT2 J¥ 41 F 022 5% . MR G 1b 5 tr a5 ) (B 3) AT LA R & i
ThMYBPAR #] Ll 5 VVWMYBPAR, CsMYBSe. CsMYBS5b 4% R2R3-MYB 58 5 W X ik i il 51 3B o — 2%,
H ThMYBPAR 5 VVMYBPAR H AT,
2.4 ThMYBPAR % H I aE i
SR Z0 A 0 8 L — e FREE b RBAS S W TE R D BE, A T 4R9Y ThMYBPAR 4% 85 11 76 40 A
I ENL, tEEEL] ThMYBPAR 5 GFP VG FR 5K, 56 Y 41 Mt 2 £ Marker 78 48 75 it v g
fii. il 4 fif7n: ThMYBPAR & A 260 S 0UH BIAE MR R A 0 Az b, 280 B B 0 a5 65
5, SN E A Marker 7E/—3, 158 ThMYBPAR J& A%
2.5 RT-qPCR IGiE
X} ThMYBPAR J ThLAR 3&H #47 RT-qPCR 53 iiE (& 5) B~ . HUARh TAMYBPAR i ThLAR ik &
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MG4 ccs QeLnRG W3

EDké6L Y6 HGEG Wr 6P aGLkRCGKSCRLRW NYLRPAIKRG

ThMYBPAR : 68
VvMYBPAR : 68
VvMYBPAZ : 68
VvMYBPAL : 68
AtTT2 H 70
ThMYBFAR : .1 (1 IF KK gPAGS——AGRSKNKPAVG : 136
VvMYBPAR : (L I fWNTNL GUOSROMPGSSQSADRNKNKAVVE : 138
VvMYBPAZ : I IR SISO A SKGON SPNKKVENPKNQTSG = 138
VvMYBPAL : N I IRW JUIEN R SESMIR SO G — — ————— DPNTHKKMTE : 131
AtTT2 H 5 I | IS} IR P KT O — — ———— — ——— KQPKRIK : 130
R3

* 1ol * 150 * *

vJ.RT a rc54 P p
ThMYBFPAR : ELEFPPT--TAlNIE K SETTDGNTTENIRSS —-EFAAREMTADISREN ———LND : 200
VvMYBPAR : EPSRSKTET VI, T %APIADRSTNEN-SIP AEPAG MTPDLSMCH% ASSLVD : 207
VvMYBPAZ : TGKSSAELHT| sl I -ERVQADFDEN-----lS|§-KMAVPISEPS - ——-SSAME I8 - —— -~ E : 193
VvMYBPA1l : PPEPKRRKNTRT)S! S RVK ISKDQENSNHKVHLPEVR-VT SLIEMSRNNSFESNTVS[EGSGSSS @ 200
AtTT2 : HSTNNENNVCEj8 TLE——FSDLSLQKH—SST LE ———————————— LKEQEED GSSEM- : 184

1 e
ThMYBPAR : TE---EPM HG LM-TSK DWSS®EG : 259
VvMYBPAR : TGE——-ESWV HG LM-FSK DWS S : 272
VvMYBPAZ : TAW---EFM --—-DIG CSDFLAP 5 : 252
VvMYBPALl : GEUMGETLPWPSFRIEIRDD L I TDNSLE EYL - : 267
ALTT2 HE ---LEF[ﬁ-- RIHSEFHFPgIioH DGLDCGNVTSLVSSN% ----- : 226
* 300 *
1 L fasl
ThMYBPAR : CYNPPELNVGFSSSSSSS DSGGE- -jfFGE—--—— : 295
VvMYBPAR : CY- ENVE-———--- ] DSGGD- : 301
VvMYBPAZ2 : GL- BESEA-———--— LEJRK SEDE-- : 284
VvMYBPAl : ---—-M3REDT------ oV ESig--————-- : 286
AtTT2 1 ————#VBAQG------NL R ‘IECHHRGDDE : 258

H 2 ThMYBPAR % & /%) st
Figure 2 Sequence alignment of TIMYBPAR proteins

—
92 MdMYB9
37 L CsMYB5a
496: VVvMYBPA2
57 DKMYB2 e
456: FaMYBI1 5
62 CsMYBS5b _—
98 g7 CsMYBSe
ﬂ: ®ThMYBPAR | #
VVMYBPAR i
7 ALTT2
Lo
LiTT2a
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100 v A
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53 6
AtMYB113
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—84: AtMYB114 E
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)3

B 3 ThMYBPAR & & % Lt L7
Figure 3 Phylogenetic analysis of ThWIMYBPAR proteins
BEBTH A (P<0.05), Hi =m0 ThLAR AR R dl 4 £5, AR T ThMYBPAR 1
FIkwEM Y 20 £
2.6 MEEXMESH
FHE 2 APAD: =3 B S AT 2R B S B A OG (P<<0.01), 5 ThMYBPAR. ThLAR F:H3
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GFP Nucleus Bright Merge

35s-GFP
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ThMYBPAR-GFP
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GFP. 5% Y6 iliE; Nucleus. A% ; mCherry. ¢ Gi#IE; Bright. Bi3%); Merge. &1,

K 4 ThMYBPAR % & &9 I 40 Ji 52 4
Figure 4 Subcellular localization of ThIMYBPAR

A 25 THMYBEAR B 6  ThLAR x2 —HEEERSSERREZEZ EHBAXE
20 | —Iéi ) —leL Table 2 Correlation between active ingredients and gene expression of
g 15 L ﬂiﬂ 4 r T. hemsleyanum
Hé o L Hé B JRAEER  ThMYBPAR  ThLAR
= | . =27 b T 1.000

. T . [ ] JBERHE 10004 1.000

! TS i i ThMYBPAR  0.983** 0.983#* 1.000
AL AL ThLAR 0.989** 0.989#* 0.994#* 1.000
AN P RERR R AN R L 1) 22 7t 45 25 (P<<0.05).0 Y. LR B AR X(P<0.01),

B5 =ZrtFiikfert b oy R E Ao Rk 5

Figure 5 Relative expression levels of genes in root and leaf
KRR R IEA O (P<0.01); JRAETH R 5 ThMYBPAR . ThLAR %&[F 3% 1k b S A% 1 3% 15 A1 G
(P<0.01),
3 7tk

MYB §% 5 HlF /& —2E DNA 45681, M EIRSFIY MYB S5k, BA-25 i — R0 & B
TRSF B S IR T 51 I () B 7 ) DF R T i o 3k S S R v LA MY B 25 1 37 38 iR e — I8 e — % 1 —I8UlE
(HHTH) 258" VENARY) i R sk I F 5805, MYB 25495 i 1~4 NP SR . 48 MYB 45
My s B B AL S, AT LAk 425 . IR(R1Z2, R3-MYB). 2R(R2R3-MYB). 3R(RIR2R3-MYB) #il
4R(RIR2R2R1/2MYB), Horp 52 5 4 i AH 5C ) MYB 3 % 5 R2R3-MYB, Jf H7EFAEH R & M
R e 2 AR U, AR = R RS R 1 S MYBPAR JE[H, DA R 4 (1) 2 SE 1R 1 41
450 FokFE, ThMYBPAR () N Ui B A 5 BEARSF 09 R2R3 S5 3, IExt H b A7 A W5 Bg o b, 15
ThMYBPAR # 75 HA 2 AR A MYB 5 5% [F 745 F4, B ThMYBPAR J& T R2R3-MYB ¥4 5%
W, HAE=MEFIMR RS RS T

R HHAER 3T 7% . ThMYBPAR, AtTT2. VVMYBPAI 1 VVWMYBPA2 %53 5 5 46 75 &85 i
SER PR SG5-MYB W4H, FHILHEN ThMYBPAR 3K AT REth 2 5 56 LAY A K. 75 E0 )5
fitt (ANR) M IC 46 H 2105 (LAR) & FAE T R R4 Y& G ferh 2 A SCHE R HimE, X EAET R
YA R BB AR, A A W% VYLAR FERE AT 8 i i A f R Rk R A R
PR FIBL RIS YwMYBPAR i@ i BOE R AT 2 (PA) RS M, DL PA BRRHT A& i Al
BRI S R E sh 1, S 5T EAET R0EEREY; "'wMYBPAL, ANR Fll LAR SR )&%
ISEHE T A TP RAE T A, Hl, HEN S R TP ThLAR 5 ThMYBPAR (s 461k, 1l RE
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Pedt =i R AR RAOG I, TS EC= 3 SR b 5 AR T R T v R R T A

=EBAT R M EMZ TN E, mEAE RO R Z AR 2 —, AMURHE
Py Rixt A My A E A i ie i) — PP B A T B, B RERC A R T AL R . BARIBUE T R AW A kA
TR P EA DTS, B =0 AL AT SEAR XD . BT DL EOFFE SR, w] DLE— DR ST
= R R R ) A ) A AR SRR AILAR L A 2 AL O A R PR R R BT 4 R
Jitke

4 Zik

AWFTE N =0 RS T 1A TRMYBPAR R, L 075K 5l 888 bp, it 310 P& HEMR
ThMYBAPR J& T R2R3-MYB 4 5% [H 5005, @ TAEE, 54 . mIr5 R2R3-MYB 4 5%¢ [H 14
MEm R, RS ED] . ThHMYBPAR % 5% K F 5 % %45 ' ) VVWMYBPAR . #8155 7% H (1)
ACTT2 552 5 FR T R SRR TR —35, H5EAH R IER ThLAR 78 = PR
W3 W, ThMYBPAR 5 ThLAR 583 IEAG . HILHEN ThMYBPAR $#HF2 57T =& EEE
RGN, HFE ThLAR K.
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