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Abstract: Objective To identify the transcriptional activity and expression profile of PcMYBL1, encoding a new R2R3-MYB
transcription factor from Polygonum cuspidatum, and evaluate the biological functions of PcMYBL1 in transgenic Arabidopsis thaliana.
Methods The yeast one-hybrid system assay was conducted to test the transcriptional activity of PcMYB1. The tissue-specific
expression profiles of PcMYB1 and the gene expression of P. cuspidatum leaves in response to UV-C irradiation were analyzed by
RT-PCR analysis. To assess the biological functions of PcMYBL, the gene was expressed in A. thaliana under the control of CaMV 35S
promoter. To obtain information about the lignin composition, cross-sections of the basal part of the inflorescence stem of wild-type
and transgenic A. thaliana plants were treated with Wiesner staining, and the lignin content was measured by acetyl bromide method.
RT-PCR analysis was used to determine expression levels of the genes encoding the enzymes of lignin biosynthesis. Results After
expression of reporter and effector constructed in yeast, B-galactosidase assays showed that the transcriptional activation activity of
VP16 domain was reduced markedly when fused to PcMYBL1 protein, indicating that PcMYB1 has transcriptional repression activities.
Expression pattern analysis showed that PcMYB1 was widely expressed in all tissues examined, but predominantly in leaves. PcMYB1
showed a peak of transcription at 6 h post UV-C treatment. The transgenic lines with reduction in height was 24.07% shorter than the
wild-type plants. Wiesner staining of lignin in stem cross-sections revealed the typical intense red stain of secondary cell walls in
wild-type plants, but less intense staining was detected in transgenic plants, and lignin accumulation was significantly decreased (about
14.81%) in transgenic plants stems. The expression of genes involved in the lignin biosynthetic pathway, including AtC4H, AtC3H,
AtF5H, AtCOMT, and AtCAD, were down-regulated in transgenic lines compared to wild-type plants. Conclusion Taken together,
this study provided the evidence for the biological functions of PcMYBL1 as a negative regulator of lignin pathway.
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J&#k Polygonum cuspidatum Sieb. et Zucc. &3
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IhEE AN E T LRI A Ay 28 AN 122K 0k R AL
HEERNEY IR, FESS5EDEN RS
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2 LA 995 40 S AL ok AR AR R 3% . MYB
TE 25 R 25 808 B il R B A A A, dn
F12 SmMMYB39 kI F IR 1A P K RES %
H A 2 MYB 1 bHLH — oo A ki,
I 348 ebMYB6 X Fa 2k IR R AR T — 2 I 40|
M, 4118 CtFRMYBL fl CtFRMYB2 £ 5411
KEHREE, R 2R MYB #3%
K7 FE R O e fE, (HJERLH iR MYB #3 [H 1
(1) T e FE R aE -

DR FT MR 2 A B 1 ASHT IR S A
T PcMYB1 (GenBank %354 KY495789) U,
EWE B2 Tz PeMYBL B K71 C i
TEAE — N 45 My 3E i pdLNL[D/E]LXI[G/S], &
AR B B A 7 R RN — R B A%
S DO R AHEIN PCMY B S — /N 7 7t 1
#EH ¥, (H PcMYBL [ERA KM 5 R i ek 75 2
HE— 2B A RN UBGALE . MGz FEAE T
% RF B8 SEEG 3 B PCMYBL R i, s
RT-PCR H AR 20T PCMYB1 HF AR, X4 B A
PP T AT R A S I IR A AR =
RE TP R2R3-MYB ¥ 5% [F T PcMYB1 & K[ 1)
e, NHE—ZW9 PCMYB1 2 SR P4
H B 3 AL B9 5 JE A
1 MREIEE
11 M

FE S FIE THRIT K220, TR A ar kbt
B S K BE M % O~ BL Polygonum
cuspidatum Sieb. et Zucc. L. KT B #
DH50, RFE#E AH109, Jiiki 1K-5 (& PcMYB1
WD), Tkl pGBKTTA (& B4yt i 15 K
VP16 PG 4EM) FHIZLK ERGF. FMER

(kanamycin, Kan). #% % Chygromycin, hyg).
INEFRHREURT & . RNA JRBURA &, cDNA 5
— 4 A AT AR SR &W H - Tiangen 2
m)y FREIMEANTIEE. Tag DNA BEHE. T4 &R
B H TaRaKa A &l; At 5 ¥0F0M P ik %5 i B e
V) TR PR &) 58
12 {45

HP1500GS-D BUtE#sE7asa G LA %
HIRAFD; HVE-50 Kitn (HIRAYAMA A7]);
DYY-8C Y HL¥KAX (AEH/N—AX#%) ); Universal
HooD I Bl pid% £ 458 (BIORAD /A7) ); SW-CJ-2FD
NS TAES TR ARAFD; Olympus
IEERME (R mAE R ARD.
2 ik
21 HmEVAIE

PERCHE MR T RIS W, BUERKRER
TFHIERLR . 25, AR, SR i
F AT R AN A3, WACER B A R VR R
1E RIRBHFTIHCEME T PcMYBL B[ )it &
FIRHR, FIHIEZIRGGEFACI T TTIE B3R G5
R TR, DUISRIRH Ty A8 7 bt
BE, LA, IR TR (16
h J6lE/8 h B, 22 °C), LUFIRSRIN T 44
PR R AT Ja A S5
2.2 14 RNA BJ$ZELAN cDNA BIE R

KH Tiangen RNA 7| & HEHUEY RNA, &
DNase | JHACALER f5 KA IILE. RNA PRI BE A5
o KM RN GG S — %148 cDNA,
-80 C#Hl.
23 EBEBRIAREHFNEE

PL 1K-5 ik (& PCMYBL 4wt FE41) AAEAR,
WA 514 48 PcMYBL 2[R JF U S4E (ORF)
B, IEm 5 Y F %N 5-CGCGGATCCGTATG-
GGTAGGTCTCCAT-3’, K IF 5147514 5°-AAAA-
CTGCAGCTTCATCTCCAAAGT-3’. PCR #1441
J9: 94 CTASE 2 min, 94 ‘CAgME 30s, 55 Ci
&k 30s, 72 ‘CHEfH 60s, 30 MEFF, 72 CLEfH 10
min. X1 EH EEYIAL 5/ PcMYBL £ K ORF B All
PGBKT7A M EEZ A2 % A4 ] BamH 1 Al Pst 1 1447 XY
B 7], ISR R B 5 8k i Bodk AT Bk, &
PCR FHYENE S48 Ja ik 27, SRS BE
FAZ AR pGBKT7A-PCMYB1. #H 4k pGBKT7A 5
PGBKT7A-PcMYB1 451 ILIA 1.
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PGBKT7A GAL4BD | VP16 R 4sH |

PGBKT7A-PcMYB1 GAL4BD \ PcMYBl| VP16 JikZ5 IR }_

1 pGBKT7A 5 pGBKT7A-PcMYB1 #ix &R E=[E
Fig. 1 Structure of pGBKT7A and pGBKT7A-PcMYBL1 vectors

2.4 PcMYBl EFEMEREME S

PL pGBKT7A R N FH XS IR, 12 LiAc %%
i pGBKT7A-PCMYBL 5 41 #4546 A B
Bk AH109, 7E SD/-Trp B8 A1 SD/-Trp/-His XX
BROPAR BT I, TR SRAR I P e PR R
A X-a-gal 1) SD/-Trp ¥ kAT (A28,
30 CRE B REFR, 7d e EEERAEKARI, A
ERTae
25 PcMYB1 #%FREFERBIFRIEFHE S

KH RT-PCR A, £l PCMYBL 1EJE AL A [F]
RN A e N PR AR IE . R R R AL
PcActin 2 F &N 519 CIERBI YT 5N
5-TACAATGAGCTTCGGGTTGC-3", /2 [f] 5| %)
%4 5°-GCTCTTTGCAGTTTCCAGCT-3"),
i PCMYBL 771 i =7 51 W CIE T 51 7 51 N
5"-AAAACTGCAGATGGGTAGGTCTCCATGT-3’,
K E B Y% N 5°-CCCAAGCTTTCACTTCA-
TCTCCAAAGT-3)., Fif S5 PCR [ M 2 ¢
%18 94 ‘C A 1 2 min; 94 C A% 305,55 C
Bk 30s, 72 C#Efl 455, 30 MFE#, 72 C
ZE{4 10 min.

26 PcMYBl #ERMEFARZSENE

HUAE K 40 d (187 A2 B R T AN L R R I
PR IF SRR A 1 om 2245 1 5 ZERE ) A
Wiesner kgLl yutn sz i 5T IE B B T
WS B G 5 1AL AL, o

FIFR 2B E M AR R & S ', W
AR 40 d I I 24T, TR, 0.1 9 TR
S TE/K OB 95% L BE RN 4K Pk, 2BRmT
WY G T IO S mL B ZBEA 15 mL vk 2
FRIS), 70 CHEEKE 1 h FHRKIIMA 9 mL 2
mol/L NaOH #1 30 mL ¥k Z. R . B0l b3, ik
LR, I 280 nm T IIFESIROEE, BEASFE S

HE 3.
2.7 PcMYB1 #ERUETARRZESREXEER
HIFRIE S

Sy AERHUER 40 d [RGB DR UL R S RN T AR Y
R TF I R RNA,  BUI# S5 [1) cDNA AR,
WFTT Actin ZEF 9N 2, KA RT-PCR HAR 50
o FE DR UL T R T A DL R T (R TR 3R A A G
FERPRIEZE R AR B EEREF RT-PCR
I 1.

#1 RT-PCR3I#157%
Table 1 Primer sequence by RT-PCR

B[R 44 K LiEsI YIRS (5°—3) TSI YIS (5°—3)
C4H GCAAGCTGAATTGTCCACCT CACATCCTTGAAGCTGAGCA
PAL CATCTGTTGGAAGGTGCTGA CACTTCACAGACAATCATTTG
HCT CATTCACTCTTTCCCGCTTC GTTCCCATCCTCCTTGGATT
C3H CACGCTTGAGCTCTTCACAC GTTAGCAACGCATCAACGAA
4CL AAAACTGCCTCCGTTTCTCC TCGATAAATCCGACGTCTCC
FSH CTTTAGGAGCCGTGAGACCA AGAGTGGGCCTTAACGGAGT
COMT CGTCGCAGACAACTTTGATG TGATCTCCCACATGTCATCG
CCoAOMT CATCATCGACCAATGGAGAA TCGATCAAACGCTTGTGGTA
CCR TCTTTCACACGGCTTCTCCT AAAGACTGGCGTTGATCGTC
CAD CGAGTCTCTCAAACGCAGTG GTTAGGTGGAGTCGGTCACA
Actin ACTACCGCAGAACGGGAAAT CATCTGTTGGAAGGTGCTGA
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W T B 5258 # AR iR pGBKT7A-PcMYBL it
1T PCR %52 F1 BamH I/Pst | XD % 5, YREAS 3
K/NZ1 800 bp B (B 2). &M, N
PGBKT7A () PcMYB1 K| A BBl Jik 5 A8 F 7%
P B G, BB DA AT W BE B 2% AT KOS BUAK
pGBKT7A-PcMYB1.

M-Marker ~ 1-PCR ¥ 3% 3% f§ PcMYBL 2 K 2- it #i
pGBKT7A-PcMYB1 X 1)
M-Marker 1-PCR  amplifies PcMYB1 gene  2-digestion

pGBKT7A-PcMYB1
2  ELEFRK pGBKT7A-PcMYB1 BYIEIE
Fig. 2 Identification of pPGBKT7A-PcMYB1
3.2 PcMYB1 #%REFRIEEREME S
¥ pGBKT7A BHEXTIE A pGBKT7A-PcMYB1
BT A A AHL109 B BETR AR, 7£ SD/-Trp FREAN
SD/-Trp/-His XUk-Fii_EHEATi/ii%,  BE G ks
BRI BAYE e % 2 W0 G 7 2k (SD/-Trp+ X-a-gal)
FEIEREE R, R AR E RN B
REf® Ja sk FER 3Rk, B SRBuREE. 4
REZH, pGBKT7A 4kl pGBKT7A-PcMYBL1
HAT¥)REAE SDI-Trp HEAN SD/-Trp/-His XU
PR TEH A, T BH AL 1 R DR SRR 3 R TR K
EThEE . FAYEXNTE pGBKT7A AL T 1E W47 L
SRR, 1 pGBKT7A-PcMYB1 4L 1
FKEEE (K 3), Ui PcMYBL ] 1 #aifgs
WiEE VP16 WS S5 i 1) e sk o s v, R/
PcMYB1 %hi 1) 8 B A He sk i Dse .

A B

A-pGBKT7A-PcMYB1 #4LF  B-FHYEX I pGBKT7A #{LF
A-pGBKT7A-PcMYB1 B-positive control pGBKT7A

3 PcMYBI1 HY¥ERIFMIIES
Fig. 3 Transcriptional activity of PcMYB1
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3.3 PcMYB1 EFEMFIXENR 4

K FH RT-PCR £ AR X} PeMYBL 7E R AR . 25,
- IRIB AT AT, AREH, PCMYBL 7ER. 2.
MRS R, TEARZEFRIRIAIRES, fEr A
Fikfmm (E4-A).

X PRALH AT KM e Ab B, SR RT-PCR
FARHT PCMYBL 7545 AM i kb3 ja ik B 3R
1Ko GERRH, ACBR S B BEAE B TR R,
PcMYB1 KikA & 25 BTG R RFE, £4Mb
5 6 h (IR ALH A R PeMYB1 JE K (1 #1574 2]
5 (K 4-B). ¥l PcMYBL Wiy 1 48 4Mhia

A
PcMYB1

PcActin

II

i % i}
B
PcMYB1
0 6 12
Er il

A-PcMYBL 7EMR. 25, MfRIA T  B-54MEa Ny
PcMYBL [HZRIA 54T

A-PcMYB1 expression in roots, stems and leaves B-PcMYB1
expression in leaves under UV stress

B4 PcMYB1 HIFRIEER 2T
Fig. 4 PcMYBLI gene expression pattern

3.4 PcMYBI1 #EEMEITHIREINE

WHHATH O EE 7 PeMYBL JERH) I &
RIEBAR, I HIRBHIEFMAE T T, AR 71,
DA ARAFIH T AR KL, 38 2 AP I i
AR ToRAGHER 35:PcMYBL. 5874 RS
TRHILL, FEEERIREIT (35:PcMYBL) H I K%
ISR, PR FEK T 24.07%.
35 PcMYB1 ®%EERETTHRRIIAKRRER 1N

XHAEK 40 d AL RS T 22 B AH 24034 T Wiesner
th, PESEREMZEBY A E T IEE e T
HABARE, SEBRIRARNRRSElS. 55
AT F I AHEL, B R R T (35:PcMYBL) 1
AT A A e L X S b, AR e AR AR (&
5). WtBH PcMYBL % B0l B I+ AR T 2= & & LU B
AT TG

KR CHENE PR T 2B AR RS &,
2R R R T IR =200 22.03 em, RS FR R
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E5 FEREWETT (A) SHERKR B) HEEHE
Fig. 5 Section staining observation of wild-type plants (A)
and transgenic plants (B) of A. thaliana
B %N 20474 mglg s #O3E DB FOOF
(35:PcMYBL) f R HIMKEI LI 16.75 cm, A&
JFR A BUN 174.42 mglg. 555 DA 5 8 A8 AU R T AH
b, #EEE T (35:PcMYB1) AJifi & & BRI
T 14.81%, FilEEo s R R E K (P<<0.05),
T 5E 25 B 5 Wiesner A i 2 et —5,

36 PcMYBl #EREMETFTAKRZEMEXER
R

P Actin AN 2R, SKH RT-PCR il
R TF AR A U P G EE R ) Rik . HE
AT AL, R TT (35::PcMYBL)
C4H. C3H. F5H. COMT. CAD XA )KL E
45 AN 5 R () 4%, PALVHCT . 4CL. CCoAOMT.
CCR FEPIMFAEARNA BEEL (KB 6). &5
UL, PcMYBL B A )i 8 R IE SR 2R A B
FHIRC R R TE T 1

PaL [ — comT I |

cH R | ccorovT

oo I | oo |
132 a7 Bt REREA

E 6 PcMYBl #EREMEFTESHERKRZAMEXE
EHREER D
Fig. 6 Differential expression analysis of genes related to
lignin synthesis
4 Vg

R R IAZE MebZIP9 FE K HAT i S Bim i
P, BB R S L8 A ) e A R A P B B2
R R XA TR AU N U, N
MYB 43¢ K7 TaODORANTL ()44 i 1t 1 %

X4 A7 TR A C ¥, TaODORANTL AR =
DR B i 5 S R . AT PeMYBL
A HSRANHE T, Aetsm N R e, & — 7
RPN, H A B S R 2 AL T
PcMYB1 JE [ 1 N 5% C Uil A £ 7T, i S0 i3t
— IR I P B PR SR AT IR IE

R2R3-MYB Rl K1) 2 AFE T Y, &
5 5V AR R F A S KA,
PR, 25 R AR T
H PCMYBL ¥ 314 i fie i 398 FH PR AL 2 A48 b
JHp e Ab 3 f5 PCMYBL [ RIEHFFAE, 45 F EoR
PCMYBL i S48 MM, x5 Xi MR g 3
—%

MYB %% 3% K - JE ][5 I 2 5 2 M 1 22 ol
WARBHEE, ST . TR R ERE
WA HEBEWNHEBEER. BFRRW, HE
VVMYBPALP! 7% AtMY B72 584 5t R 1 3 [
Wi R HE RN, B PtoMYB156%1% 5
W A B, 46 NnMYBAP RN £ K
ZmMYB31P5 5 e [ TR S SRS AR R G
o AW, BRI IT (35:PcMYBL) 1
WRAEBLUAE, KERSERK, X564E
NNMYB4 F1FK ZmMYB31 Z53E K (40 g It 5 5k
DRIBIE et R — B0 AR 25 A2 L Hr 20 Ff e 45 ) S 4k
Y ZETOREE A, ANREBEAR R4
RAEEA —EES, MR ARRERMAREER
1 G- AR, SRFEM H-RR RS AP, &
W FLEE R B8 PeMYBL 2 54 KR & R, (=
HARS 5 R (] R R R AR I A REF T

ZREPN MYB B F O RIS 5K
R B AR ISR, AR R A o
fify 35 [R] 0 322 75 1E A R AR il R w1 4 | AR
FI 2225281 fz b PtoMYBL56 % 3 K] A 4% Hh [
F5H2. CCoMOT1. C3H1. HCT1. LAC40. C4H2
SESERIRIE TR, T ARREM SR, #iE
NNMY B4 % R0l TR A5 25 A OB R K] C3H.
4CL1. FSH. COMT. C4H. CCR #ik &™),
FARY PEMY B4 BB R TR & & B, 5K
JREA RA S PAL 3[R RIAE K, CCR.
COMT. C3H. CCoAOMT Fik&itm, ik
PVMY B4 #% 3[R /0 & i & ) PAL.C4H.C3’H.4CL.
COMT. CCR Fll CAD SEXRRHKIETIH, KARE
g 28 i AR ST PeMY B B R L TR oA
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JR & A FH L R C4H. C3H. F5H. COMT. CAD
FRIEFL, 5 LRsLIest l. R2R3 2 MYB
e SR DR W] B 5 R 5 2 A A SRR R /S B X
(1) AC Jufhah & RAR I R AV & ORI AT 11,
AC Jt % 4r A AC-l ( ACCTACC ) . AC-II
(ACCAACC) #l1 AC-lll (ACCTAAC), — AT
KR & A& MIEZE K PAL. C4H. 4CL. C3H.
CCoAOMT. CCR #1 CAD & LR 1 5 3h 7 X 4,
DRLE, ASHIF 58 G 220 43 H1 PCMYBL 5 Rl K )5 3)
T X AC o B BAE, i — 5t PcMYBL #%
AKRITE A U 73 AL

AW AL FE KT PcMYB1 H AT #4540
WG, PCMYBL EEALIR. 2. MRk, 5
A R R ST AH LG, R T (35::PcMYBL)
PR &R IR R R, A5 34H Jf J2 25038 /> BOR
JRE BB L, PcMYBL J: A (1id &3 15 S BUK R
KA HAHRHE C4H. C3H. F5H. COMT. CAD
FIE TN, B PCMYBL s R — AN i i 45 i 5
BRI, XA & A ke i A
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