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ABSTRACT

Functional analysis of PtoVNS11 and
PtoMYB156 transcription factors involved in
secondary wall formation and flavonoid
biosynthetic pathway in poplar
Ph. D Candidate in Botany: Li Yang

Supervisor: Prof. Dr. Keming Luo

ABSTRACT

Phenylpropanoid biosynthesis pathway generates numbers of phenylalanine- derived
components involved in secondary metabolism, which are quite important during the whole
life cycle of plants. The metabolic flux of carbon skeletons forms different branches of the
phenylpropanoid pathway, under the action of catalysis of phenylalanine ammonia- lyase (PAL),
4-Hydroxycinnamic acid (C4H), and synthetize compounds of phenylalanine-derived components
including lignin, anthocyanidin, and tannin. These secondary metabolites play important
roles in plant growth and development, as well as resistance to biotic or abiotic stresses.
For example, lignin is an important component of plant cell wall, which plays a critical
role in the normal growth and development of vascular tissues. Flavonoids, Anthocyanidin
and tannin, could help resist biotic stresses (such as pests and diseases) and abiotic stresses
(such as ultraviolet radiation). Therefore, revealing the mechanism of how phenylpropanoid
pathway-related transcription factors involve in lignin and flavonoids biosynthesis is very
significant.

In this dissertation, PtoMYB156 and PtoVNS11, two genes that each encode a
transcription factor (TF) from the MYB and NAC family, respectively, were cloned
from Populus tomentosa Carr., and detailed functional studies were carried out on their
involvement of lignin or flavonoids biosynthesis regulation in the phenylpropanoid
pathway. The main results are as follows.

1. We isolated a NAC domain transcription factor named PtoVNS11 from Populus
tomentosa Carr. which shares high identity with SND1 of Arabidopsis thaliana. Amino

acid sequence alignment showed that PtoVNS11 contained an open reading frame (ORF)
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ABSTRACT

encoding a protein of 416 amino acids which shares high identity with SND1 of
Arabidopsis thaliana (59.6%) and PtrWND1B (97.9%) of P. trichocarpa. The
characteristic amino acid sequences are almost consistent with others in the conserved
region of NAC domain (A~E domain). Therefore, it is quite likely that PtoVNS11
belongs to the same subtype of NAC transcription factors as SND1 and PtrWND1B.

Gene expression analyses of PtoVNS11 by real time fluorescence quantitative-PCR
showed that PtoVNS11 was mainly expressed in xylem of poplar, suggesting that it may
be involved in the regulation of plant secondary wall formation. Subcellular localization
assay of PtoVNS11:GFP fusion protein demonstrated that PtoVNS11 has the
characteristics of nuclear localization, which was consistent with previous prediction.
Transcriptional activation assay showed that PtoVNS11 was a transcription activator.
Further, GUS expression driven by the PtoVNS11 promoter of 2069 bp length was
observed in various vascular tissues of vegetative and reproductive organs in transgenic
Arabidopsis, all of which further imply that PtoVNS11 may affect the whole plant
growth cycle of vascular tissue development processes. Promoter deletion analysis
revealed that the fragment with the secondary wall NAC binding element (SN BE) was
crucially required for GUS expression.

In order to understand the biological function of PtoVNS11, a plant expression
vector Prosss:PtoVNS11 was introduced into the Arabidopsis sndlnstl double mutant
strain and it could effectively complement the secondary wall defects in interfascicular
fibers and xylary fibers, and recovered the stiffness of the inflorescence stems. When the
ProsssProVNS11 vector was expressed in wildtype Arabidopsis thaliana, ectopic
deposition of lignin in epidermal cells, increased thickness of secondary walls in xylem
along with delayed growth were observed. The results were similar to the results
reported previously about AtSND1, AtNST1 and PtrWNDs genes, which proved that
PtoVNS11 was a master switch activating the biosynthetic program for secondary wall
formation and lignin biosynthetic pathway of poplar.

Moreover, transgenic lines in poplar showed higher content of lignin in
histochemical staining of stem sections. Transcript analysis showed that the expression
levels of a series of wood-associated genes were up-regulated in transgenic plants
overexpressing PtoVNS11. The above results showed that PtoVNS11 was involved in
the development of xylem through the regulation of lignin metabolism pathway.

2. Overexpression of PtoVNS11 in poplar notably repressed the expression of
PtoMYB156, a gene with unknown function, which is a close homologue of AtMY B4
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ABSTRACT

that functioned as a negative regulator of lignin biosynthetic metabolism. Therefore, it
is reasonable to suppose that PtoMYB156 was a regulatory factor downstream of
PtoVNS11 involved in lignin biosynthesis during the development of secondary wall in
poplar.

3. In order to elucidate the role of PtoMYB156, we isolated the cDNA of
PtoMYB156 from Populus tomentosa. Subcellular localization using the fluorescent
protein-tagging approach demonstrated that GFP-tagged PtoMYB156 was exclusively
targeted to the nucleus, consistent with its predicted function as a transcription factor.
Quantitative RT-PCR analysis showed that PtoMYB156 was widely expressed in all
tissues examined, including stem, root, xylem and bark, and especially highly in leaves.
It was found that PtoMYB156 was not able to activate the expression of reporter genes
even when it was fused with a VP16 activating sequence in yeast one-hybrid system,
indicating that it was likely to be a transcriptional repressor. For further demonstrating
the function of PtoMYB156 transcription factor, we constructed a binary pYLCRIPSR/Cas9
multiplex genome targeting vector carrying CAS9-PtoMYB156 and an overexpression
vector harboring Prosss:PtoMYB156 and obtained knock-out and overexpression
transgenic poplar strains with the two vectors, respectively. Morphological analysis of the
overexpression plants revealed flattened stem and curled leaves. Lignin autofluorescence
of a transgenic leaf showed reduced lignified secondary wall thickening in veins
compared with the control. On the other hand, a significant increase in lignin content of
the vessel and the fiber secondary cell walls was found in knock-out transgenic poplar,
with the expression levels of a number of wood-associated genes significantly increased
compared to the control. The results above proved that PtoMYB156 gene is indeed
involved in the phenylpropanoid biosynthesis pathway, and it influences the processes
of lignin biosynthesis, leading to abnormal formation of secondary wall in the vascular
tissues of poplar.

3. The expression of key enzymes C4H, CHS, DFR in the metabolic pathway of
phenylpropanoid pathway were down regulated in Prosss:PtoMYB156 transgenic
poplar, suggesting that PtoMY B156 may be involved in the synthesis of flavonoids. In
order to further study the effect of PtoMYB156 on flavonoid synthesis branch of the
phenylpropanoid pathway, the PtoMYB156 transcription factor was investigated by
overexpressing in Arabidopsis thaliana. The transgenic lines were obviously shorter
than the controls and displayed obviously upward curled leaves and weakened resistance
to UV-B radiation. We therefore analyzed extracts of 2-week-old rosette leaves by
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high-performance liquid chromatography-diode array detection (HPLC-DAD) and the
results confirmed that transgenic plants show a strong reduction of quercetin and
kaempferol which were UV-B-absorbing compounds derived from flavonoid biosynthesis.
Meanwhile, overexpression of PtoMYB156 caused a pale yellow color seed coat rather
than dark brown seen in wild-type Arabidopsis. Quantitative analysis of HPLC as well as
DMACA staining proved that the content of soluble tannin was decreased, and the
expression level of main genes involved in flavonoid biosynthesis (such as tannin,
quercetin and kaempferol) were decreased. Finally, the reporter and effector constructs
were co-transfected into tobacco leaves, and subsequent assay of the GUS activity in
the transfected tobacco leaves demonstrated that PtoMY B156 effectively repressed the
promoters of secondary cell wall-associated genes, for instence, C4H (involved in
lignin synthesis), CesA17 (involved in cellulose synthesis), GT43B (involved in xylan
biosynthesis) , as well as genes of flavonoid biosynthesis such as LAR and FLS.
Together, these results showed that PtoMYB156 was a general repressor of the
phenylpropanoid pathway affecting flavonoid biosynthesis and caused decreased
resistance to UV-B radition.

All together, these results illustrated the function of PtoMYB156 in secondary cell
wall formation, as well as its regulatory mechanism involved in the regulation of
phenylalanine-derived components in secondary metabolism at the level of cell biology,
histochemistry, and molecular biology, all of which shed light on genetic improvement of

poplar.

Key words: PtoVNS11l, PtoMYB156, Phenylpropanoid pathway, secondary cell

wall, transcriptional regulation, Populus tomentosa Carr.
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()53 B, 47 RELAD) 40 I BE P55 1) =28 3 R 3R FR AR ORI P K80, H-2
A, GRIAFE, Uk SMAFREN Y, 3L SSMh RARES Em T4
YeAn . AR R TR 5 ER R A 00 A 5 AT 2 SO R etk o ARRIRIA 8
TG SAREM G BUAFER, HPARFHRLYEh F2H S AR, FEA
Marboh G BURJGUE, LT 4Egn i [ IR IR) )2 2 S-G AP R BN AR IR Ar A 7 e 7E
AR, AR G BRI R G w5, WIRI4EE 4148 (Interfascicular fibers)
) S AR,

DRILE, AR A0 O AS 5T 22 0 ARk 2 52 381 s ) 0 2% ) PR 2= 1 BR Ao [RD N pl 1 K 5
R AERKK G P MOAEAW ), RS BORR 2 2 RE B, 4P
T LA RS Z AT IHIZT, IX AR T 40 A BE R A

1.3 EMERAARRENEE, HRRSFEH
TR, ARTUEE = P05 AR SRS i S RN e o TR G

({K W
OH
Coniferyl alcohol
(I
Xidation couplin o
g o = IR ) OH
H
inapyl alcohol
OH
Py g ’g \

OH
p-coumaryl alcohol

1.3-1 ARJHERAE =07 B AR SR 1T 2R T B R 00 2R

Fig. 1.3-1 Phenylpropanoid-based polymer lignin is primarily polymerized from the three hydroxy cinnamy| alcohols.
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o LA B BRI AT IR T SIS [R], AR mT LAA ok =R 43Rk N
W R FER T % -H (HydroxyphenyD . @EIARAK T E-G (GuaiacyD) T
FHARE-S (Syringyl lignin) A JJiZE, Heppksi ke 1.3-1 i,

131 KERERKMSH

ARJFFE IR L TRE M = T EY, AR MY, HERA
JEABA R AR T EEAEE G IR, Mgk ST G BB AN
S RUARJFUER Hy £ EALE Y o H A R S TAERR AR A T R 24 b 5 A I,
(AR FREN S AR PR 2 h i) H RUR R & A . B sHEY)ANE
FRATTE, EEREUIE T IR RS s R ARy 3. IR WIAR R
R TT R AR R T I AT T T

1.3.2 KRZBEAKRHEYESRIRRE

TR N, AT EPARI A AT ARG IR IRIGAE . RN eid AR A T
FRrEae. Hr, Wk BIERRISAE G AE WA = WAL A I 2R N 2
R, "L R A AR R L M0 4% SRR R Cn R BeL,
IR ER . AR P SRS R, R KR E
WEGE N B A EEERAEH . 2 HERER, B RO AR 5T g A plorh ook
BRI DIRE AT T A TR, ARER A BT T 2 A0 R 1) 2L R 2 e
. NN EIR B CE RN R IRAARE (PAL) M2 ER NI X WEER, 15
ZWHEIR-4-F2HAL B (CAHD IERERAE SR, T IR G RUHNG A Ry
(4CL) AL P CA TSNS A, 25 T7E3L C3 F1 C5 I & & A 2 kAL
HIEAL I N, Ry 1 A4k 84k, fi4eid C3H, COMT, F5H il CCoAOMT
() RIS N IE = AR TR SR . R0 & R TR Ak, &k i
EHLEIBE Fr R g At , 78 PER o LAC AR G/ER T, TIRAEM A AT
W = RN R AR Z 1T B, Rz, AR A R 5 35 AR A e AN 2 Bl
WAz 529 ARG RN, LR N (R ) Rl i 28 (0 7= 52 BRI %
L) I

14 EARZREED SR P ILMEZLE B
1.4.1PAL. C4H 71 4CL

SR TR AW A N — PR PALAE R R I L- RN =R Ak e XA
FE MR B 2 S B I AU S S i) 22 S AT A R o e L e 0 ALl
25 TR LR PERAE NI 2 MRS A& R ok, WEERRAE C4H

4



o

BT SCHRERIE

IfE I R 3L, B p-F 5K . CAH JEIMAT 3 PAS0 40 i (0 S HEAL B, 1%
S, BER AN AR SRR B T HaO o IR 5N H R BN LT
1 NADPH (4l (o 253 J5ifil P450) 4L, Earimid [l X RNA i) PAL
F CAH [3RIE, gD M S LR AR o AR T 36 A B AIG, IR H3Em T SIG
EEAE D222 3% 7R S AN G R A S35 2 EFRIUAL 17 32 21 PAL T4 1R L 30025 B (1 5
PAL fl C4H AU S 5 AR S AA A i, i ELAB 2 S Mok e Qi R il e 4 =g
PRI 1

5, 4CL 1 ATP K fRHEAERE S, (i Ab o0 A 2 R I A B O B A TR0 T
IRAEST A2 . AR DL R ARG ST IR 9L 19 50, ACL RERIH & & IR AT BRIR, T 50
HERR A 5-FRIEFi IR A LB, A SRR Bk, AR+ 1 4CL
SR IIREIFAAIE, ALeWPirh ACL Kk & 110 2 UL AE 5 [ # 3L A AR 2
SIG AT 4y R AR 2, 811, 1999 4F Hu 25 At R BLTE R Hh k254 4CL
FEARTIAL SIG AR E UL A28, g5 B 22 e i 4CL X S R G A& H ik &
JRR R (K143 S 52 5 m, (B I8 v MEVE A

1.4.2 C3H. HCT. CSE. CCOAOMT kIX CCR. CAD

C3H Ji TR A @ Ae LA ILAL N, o —Fh PASO 40 i 4 3R iy, ad i
WML A A K b C3 LI FRIEAR I N, A7 50 B T R iR 127 281, C3H 3k
PET R Re S EA TR B S =L RN GIS 4R 41 5 (L. Abdulrazzak 55
ALL T-DNA $EA T RFIAIUEGIF CYPISA3, SEUMAK AT M, BAFE
FER T 20%-40%, [A] B AR T AR 3 AR A2 AL 0 00, HCT SR AL
FEEIRIEI A B, AbT C3H BRAEAL N (0 Rz 1) (P 1.4-1) , 2P
BHARAE H R RS G & S Rk ) 43 e ) ELAE YN, g5 C3H L [RIME I 7¢ ik
AR A BINHEBEREE A L. RO HCT SERDIER, &5l H $
ARTRZE S BN, S AJEFARFE, U HCT HEER A 2 —Fh £ 2R
(BT HCT 2R A T RSPl P 0 1 [R5t I 1) A W el PR . A G
VIR B, W — /A Bl i e Bk A2 . WnHEE CoA 3-O- F L i B il

(CCOAOMT) /& A JJ & F AR & & 12 1 AL, &R 3- IR A AR R

(S-adenosly methionine, SAM) JyfbAA, ¢ A nHERE CoA i FH R
HL7E 1989 1 1991 4, Kuhnl 55 ATERT FEHE b (B 85F200 4 R T i1
TR, I TSR % 2 B R S T, R R A ST A DG Y,
W2, FEkfE T H . (Zinnia elegans Jacq.) 1 R B fE S0 F:45 43 T 10404k,
PR E R AT 2 A R 3. Guol™ 25 A wFSTiiE ], i CCoAOMT REAT 2% 4
ICEE P BARES &, JFHEEXN G BRI REIAT L — I T3 GIS A5 % Ll
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f#{. CSE (Caffeoyl Shikimate Esterase) J&iT4EAEI AR 7+ R R ILI— b 5 A &
B A S REAG R, DR (SO R AR WA 52 cse SRR T R I, 25
BT AT 25 B 5 B Ak FRAIG, L R I dde v A BE v 214k 25 (B R R, S 3
URAERE A2 43 1R i AR T

oL

phenylalanine

lPAL
i

p-coumaric acid

l acL
© A scon
HO

p-coumaroyl CoA

l HCT
Al 1 I
O @ " ccr © CAD © S PERLAC
HOT Y

— H lignin

p-coumarylaldehyde p-coumaryl alcohol
p-coumaroy! shikimate
C3‘Hl
I} |
> _
CSE / T
caffeoyl shikimate
A © 2 lHCT
; CoA M ) I
caffeate \ I\ SCuA —P> ©
it 1o @ CCOAOMT 1y,
caffeoyl CoA feruloyl CoA

lccn lccn ;
ua i y \ o M <
® " o &2 -
1o COMT 1o FsH 0T comt " T
caffeylaldehyde coniferaldehyde 5-OH coniferaldehyde sinapaldehyde

lCAD lCAD lCAD | lCAD
T o T LT - LB

CcCOoMT F5H 3 COMT
caffeyl alcohol coniferyl alcohol 5-OH coniferyl alcohol sinapyl alcohol
lPERILAC lPER/LAC
G lignin S lignin

Bl 1.4-1 ARPTFE A R
Figure 1.4-1 The monolifnol biosynthetic pathway currently.

PIEEBR 4G A I8 )58 (Cinnamoyl CoA rductase, CCR) T [AIE: bk 215 it & il
(Cinnamyl alcohol dehydrogenase, CAD) J& T A KE 7 G g 2 LI id R K,
HI# LR =M R R CoA BRZE 7 T IR il A RERE , 5 28 P LA AL s ok = Ff
AT ) PRRERE o 55 ok CCR D i CRIA RERF A M AT 25 5 PP, BLBAE Halpin
PARIE T, DAHE O SE 30 A BHH] CAD Rk, feslEAE SIG Ak L &4 K
A, I HUGFA R HAT Yo A vk s B 3B, i ) 9848 fA b 24 CAD #
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S ZA AT FEIE I A B W S A 3 Ay, AN R A T i A
FE[R) TR el 32 2 S B A AMEAE T, R A IR A0 R S A 2

1.4.3 F5H #1 COMT

BT ZRRR 5- Wi MG (FSH) JEAR BT ER ARG it LI — DRI, Rk s
il S BATRREM G L. Lz FSH FEMERE BRI T, S TR Sk & JE ik
i, JLTEMEN G RAFE. M. A s I PRk F5H, fgglik
SIG FAR LA 1) B 3R w0, IR T FSH BN A 2 S AR JTTER BRAR  0 TE AR
. AT FOH (AL N R — 20 BRI COMT BEMEAL 5-FRIEMMAINE . 5-FR LA AT
M S PR 2 ) A el RIS TR L T AR BRI, PRI, 4] COMIT [k
S S ARREAAA KB, PES RS N B 42 (HR %L N Py
SRR GIS FAR LU SR IS BUAEAS [ A A e 28 e, 7 AR IR 22 e ) Ji A
PIANTERE . AN LIS — B A2, F5H A COMT A &4 M4 fig 4t b i
S RUK U & U OB VE A, X RE A IE 3 R R = AR 2

15 SR EEARBRLRIERIREM 4

FERD) R B IR, IRAE BERIAR A I R 52 1) Sh SRR DA 3R A £E S A5 R
R . AU I G AR R EBE R SO RE h 0 38 T MG . Horp, 8%
S T AE e p oK G R AR R B 2 o FERARGUE Y W TR, B
NAC-MYB #4353 K1 5 1 J8 B3 by FE AP 199 4 TR P LA O G 4 A et ey i 21430,

151 —REFRIAITM LK

VE RS HIEEA L S 1) “FF K17, SNDLINSTLNST2 LLA VND6/7 ¥
SEAPEIF S (Master Switches) 7.1 SND2/SND3 £ MY B46/MY B83 4544 5% K 1+ 1)
U AR e R Y R AT Y . R YE 1, RRUAEARGE . SRR
AR bR E s 1t NSTL AT NST2, i Al SNDL R ABAA A, J5a5e 5
P FRIE T AR BRI 1, # ISP e i ) 20 A1 1, Bk 4, NSTL A NST3
FERNRE T A RTT 24, BBl rb LASH 8 B 043 0 7 2 2 DGR R 42 1 4T,
1.5.2 ZRIFEHFRIFIEWLE

EAUFE T, MYB46/MYB83 # A A JE IR AEBE R H e sk A M 48 R R i) —
e P T, 52 SNDA f B B 2 [Fi, MYB46/MYB83 /& VND6/VND7
(RRE I I R T, 4RI RS MY B46 F1 MY B83 I, R il S MR &
FEEEAZIL, AR ALLUR E B LEE snddnst] SEARR A B NI R 1M
A MYB46 5 MYBB83 I, 25l AR . Ao 2= [ 4T 4 2= 45 F JE DR )
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F EWRIE, RS T eI R A BE R B I TT S A TR S0,

BT MYB46/MYB83 2 4b, SND1 1) 2 #4 5% K184 SND2,SND3,
MYB103. MYB85. MYB52. MYB54. MYB69. MYB42. MYB43. MYB20. L\
M KNAT7, BATTHSRE S A BE IEH K H « Hh SND3, MYB103 I KNAT7 &
% SND1 B H R 1 4r 5B, Stk SND2, SND3., MYB103 J [ [l ik 4 S HUK
LT YR AL ) 2T A 20 i B JR ERRAIG, [z, B RIAIXLEAE [R5 W4 2 AH S IR 5
MG, JF HixX— ik il B i CesA8 LR R IATERHK M. BhAt,
MYB103 & 52 %] VND6. VND7 [¥] B4, 1E M 52 W A £T-4E R0 2545 o [R] 2124 40 i
BEM RS . [AIN, 76 David0 hman 25 A 2013 4E ({5845, MYB103 thi2
FSH RIEFHA R T HIEATE AR (S-RURJRZE L) Frab i, Hi%
TINREG RN 2 S H S-AR T E & FFEL 70-75%52, X il MYB103 #5314
PO A BE () A K R 5, AR RE R 3 FRAR A 53 (1) & B 72

Zhong % ANAIER] KNAT7 & 4055 SND1 2 4h, VND6. VND7 & NST1. NST2
(B R SE NP R At B S D ASAR [ (5, KNATT 22— M ifTi e 1,
et OVATE FAMILY PROTEIN 4(AtOFPL){JLIRIZ T, sEmiik AR 5 K
B, Li U T knat? SEAR AR ROTTGT R B, RPR (10 4 o 17 2T 4 40 M
JE, HGERA TR S REAR . B HEFRIA KNATT JER 5 | e 45 o [R) 21 4 40 i i
AR o DAL, 0] KINATT 5 DRG] Rl A A A5 oA R 2T 4 A= BE PR T pde 4 A 454 FH
FERNR B IA SNDL Y, KNAT7 FIZEACTA UL 5 54T 1 TP, Kubo
2 NRBVE REREE VND6. VND7, MYB52. MYB43 K MYBSS5 (1155 i .
XK W5 s K12 BIA R 3 s 115 5

Ve RSN T, 2% MYB52. MYB54. MYB69 HIKIiASZiMHE, 1
RE T R A LT YRR YA o [R] 2T 2L 40 i B 52 82 FRAIC, AR T Bk R AN W o 4
33K 653 [H] 1 1] B X B DAL (0 238 KT s AT BRUBL, 20 1K (Rl & e
B MYB52. 54 fit e 1i4e = CESA8. IRX9. 4CL1 X =ANEERyFL K 8k K, 1
MYB69 IANRE .

M1 T AtFSH fE ELRE SNDL ¥, 540 S-M A R 2 sk i & i, e LLZE
HIME I EER 2 T FSH 225 /] E I RIE AL AMIAh, B BRI BB i AR 5T 25 5
WG S A i A A LD, AR AE— TG 1 SND1 R S —53 3 1) “ =4
ERIIA o T2, tEEMR Y MYB58 feiistuHf C4H, COMT, CCoAOMT, 4CL
(RIA T 25 PR A R AR b I R MR, 2% FBH L5 % K smal®®l,

15.3 ZREFERIFITMLE

23| MYB46 . MYBS83 1i#% i) F — 2k X -F 4 MYB85. MYB58. MYB63,
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Horp MYBS85 Ji it 45 4 ACL I 5 T AC ToEI 7 3K, s A i 35 ok & g 42 1Bt
SO I HAHAF I Z ML, MYB85 Fl MYB58 Fl MYB63 —FE, AN AN S i 5% iy
ARG FE A 41 9 T IOR TR IR, AR A RE R 41 A R0 AR 4 5 1A
JRPAT et %0,

F—HALT MYB46. MYB83 Fiff it — 2 5% I At & MY B S I 5
fH MYB42. MYB43. MYB52. MYB54, ‘B 1HlAEAEA RS2 2824 g S ik
(58 571, RO, N ATT 03K A S DR Y A B I Fiad R v (1 B fi 28 A A7 A 4 L
2008 4, Zhong %5 AFEIRE R I, 24 MYB52 5k MY B54 )3 1K 52 i i fE 5 i
PR T AL AR 2453 AR 1 RIS S, (R A0 R A S h I A
FAREPU 5T MYB52 (IR EINE T, MY B52 & — N U AR BE T 1 (1 67
PR, A myb52 IR I SRR R T AR W e A iR IS, FF HAIK
PERE Y JORT 5% B 3 TR 2R 0K 0 O IR T T T R Ak, o N T
MYB46/MYB83 [f1 115, MYBA43 JEPA 1 RIA K- HL B, SRR G & B AR
THEEMI 23 Hr v He B s k.,

7T MYB46. MYBB83 T, 522 H LRI =g % K18 H UL MYB4,
MYB7. MYB32 . KANT7 R AR Il P9, MYB4. MYBT7 fl MYB32 1
TR EAT HIBL A G BN R R RE R T P o s OO B, ik
4h, BAT C3H BE4R 45 1) C3H14 FE[H A KNOX ZKG I KNAT7 152 MYB46.
MYB83 i #4861 92 Xl KNAT7 A B 4% SNDL 3%, FiILrgezs. o4
FERATREMED AR, Kk, WA AR R L, KNAT7 & —ANGEEH
TR G S A I 2 A S T SR R o O A SR R AR R DA
BEA MYBT5 JE 18 8k - 28 A 5 A AR B4 5 23T 1083 04, i Ja 25 AN A LA
) 7 A R VR A B 7 U 8 X 4 v 1K) = i 42 TR 130 4 5 R ) 2T 4 v 2 B
R i HMS 5 T RN ERACEHE 2 16 T R 2K 3 ik &0 & e, H T
—ANERR TS5 B RN R SRR, XM T AR ARG g A
(R4 0 265 (R S22, (] IS I 7 o 2 s DR 1 R D e LA 2 oAb s R

FRUE P BE T 130 9 268 AR SR A0 AU R I R A5 B T34 BB, R 1 AT D6
IR ASKE IR B R S A2 1R e S AL RN IR 8 AN A2, R T e 42 A7 3301 1y
REJEIR, 7 AR ARl o AR BE I G AF DG (1 e i A 00, AT AN il 7 K& T
TE. BIHECA L, OF —L5HYIRAEREE ARG NACIMYB #3387
YoE (AR 1.6-1) o AHE P ARAM D A JE I R R R S A7 —
(25, HARFRAE) R FB0 K B W MBI 2 5 sk D FN AP 32 55 K 3= 5
55 (e A28 SOl s k. PRI, B H Y LB AS 5 A 48 X e Sk D T AE
PRI A B FHIR AR BETE Js (0 ELAR D RN TR P B o
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Table 1.6-1 Transcription factors of NAC/MYB family involved in secondary cell wall biosynthetic pathway from different species.

% 1.6-1 A"EFhh 5EYRE B2 K HH <A NAC/MYB $ R EF

F SR T PyFl FEPR 5K i =436 ID 5 | Sk
EgMYBL ey R2R3MYB FBIA R 22 AJ576024 [671
PgMYBL EFN A R2R3MYB S 5RFE AW K FJ475127.1 [68]
PtMYB4 Fab R2R3MYB (A TR 2 Ak AY356371 [69]
PtMYBL KA R2R3MYB PRI T %Ak AY356372 [70]
AMYB61 PRI IF R2R3MYB S ERFEA At1g09540 [71]
AMMYB330 G fi B R2R3MYB AT A K Q0957 [72]
AmMYB308 G fl B R2R3MYB AR T2 A JQ0960 [72]
AMYB26 PRI R2R3MYB (12 243 N B VR 2 B I NM_112243 [73]
AtMYB32 LT R2R3MYB ORI AN R R NM_119665 [60]
AtMYBL103 PRI R2R3MYB PR ERER T, W SRR S NM_105065 [52,74]
5%

AMYB46 PRI IF R2R3MYB SR VR BE A ) B B T S BB T NM_121290 [75]
AMYB83 PR F R2R3MYB SR R AR RE AR R T R R T NM_111685 [76]
AtMYB58 LRI R2R3MYB RS VR A B R 3R A NM_101514 [e]
AMYB63 PRI IF R2R3MYB R SR VA B bR R 2 NM_106569 [56]
AtMYBS5 R IT R2R3MYB B PR R R AR NM_118394 [77]
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SR T PyF FER K e ID 5| FH STk
AMYBT5 PR TF R2R3MYB FRIA 2 B NM_104541 [es]
PtMYB8 KA R2R3MYB (R HER A B2 R DQ399057 [68]
PtrMYB3 e 7 R2R3MYB PR A BB XM_002299908 [78]
PtrMYB20 ERY R2R3MYB AR YR A B2 XM_002313267 [78]
PttMYB21a AW R2R3MYB FEIA T Ak AJ567345 [79]
EgMYB2 Hep R2R3MYB (R VAR B AR T A AJ576023 [80]
OsMYB46 N R2R3MYB (R A A T2 RIS Bk ING34084 [81]
ZmMYB46 B S R2R3MYB A U A BE JIN634085 [81]
ZmMYB31 B R2R3MYB HBIA T Ak NM_001112479 [82]
ZmMYB42 ok R2R3MYB FHIA R A NM_001112539 [83]
TaMYB4 N R2R3MYB SORFEATR 2 A7 JF746995 [84]
PYMYB4 T 3% R2R3-MYB AR T 2 A JF299185 [8°]
WMYB5a % R2R3-MYB PR T Z A JQ308622 [86]
SND1/NST3 BRI NAC KA BE L T NM_103011 [54]
SND2 PRI IF NAC B 5 IRERER NC_003075 [87]
SND3 PRI NAC S HRAEEERE NC_003070 [561
NST1 B IF NAC SEMRERETG R, SNDL A H U4 NC_003071 [88]
NST2 PRI NAC PP IR A BRI, SRR T2 NC_003074 [44,89]
XND1 EVNEps NAC S A T T 45 2% A R A S 2 T 40 NC_003076.8 [90]

FEfF P T
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SR T PRl FER K e ID 5| FH STk
VND1 PR TF NAC JER A AR B A AR R B T B T NC_003071.7 [o1]
K
VND2 PARTF NAC FRFEA T PEHIE K NC_003075.7 [°1]
VND3 PRTF NAC JE A AR RS A 2B AR S TR R T NC_003076.8 [o1]
K
VND4 PN NAC YEE A AT 5 AT1G12260.1 [91]
VND5 fIRg T NAC UE HL AT 5 AT1G62700.1 [91]
VND6 VNP NAC PR B A e A b 4 AR v NC_003076.8 [92]
FOT R AR A BETE 1
VND7 PR IF NAC FGA RS M NM_105851.1 [931[92]
PtrWND1A ER W NAC B RIEG R K. R, 258 HQ215847 [94]
KR
PtrWND1B EL L7 NAC (12 2T 20 0 0 7 2 B 1 4 R HQ215848 [95]
PtrWND2A B4 NAC (R IR LR SRR HQ215849 [94]
PtrWND2B B4 NAC AR 5 R YR A B 57 T HQ215850 [96]
PtrWND3A EX L7 NAC 2 5 R BET L XM_002322362 [94]
PtrWND3B ERW NAC 5 R BE T L AR XM_002318252 [94]
PtWND4A EX L7 NAC 2 5 R BET L XM_002329829 [94]
PtWND4B e 7 NAC TE VR A B T o 7 XM_002304392 [94]
PtWND5A TR NAC TE VR R A B T o 7 XM_002310261 [94]
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SR T PRl FER K e ID 5| FH STk
PtWND5B ER W NAC 2 5 YR BE T S A XM_002327730 [96]
PtWND6A Ex L7 NAC 2 5 R BET L XM_002327206 (971
PtWND6B R NAC FE AR B3 5 R R A B S 7 TR XM_002325955 [96]
PtrNAC105 Ex L7 NAC 2 5 R BET L A XM_002329769 [98]
PtrNAC154 T NAC JEN AR AR T REIA Y 5, XM_002327995 [99, 100]
HUE SR AW R, R IR
JoLS LA
PtrNAC156 R NAC £ LRI I JRZE B R b E SEORE RIS XM_002309731 [100]
PtrCesA8 PtrCCoAOMT1 Ji &l T ik
PtrNAC157 EHM NAC e 00 B IR R AR A R IE 2 RE TS XM_002305738 [200]
PtrCesA8 Jii 3l F 1141k
PtrNAC118 TR NAC % ptrWND2B % S:1fi_F i %k XM_002304042 [96]
PtrNAC150 ERW NAC B 55 R AR BE T B XM_002330488 [94]
PtrNAC151 e L7 NAC 2 5 R BE T S A XM_002308265 [94]
PtrNAC129 S NAC (R RS, SURMBREE N XP_002310519.1] (oc]
JE, F1 XND1 A AU T FF
PtrNAC128 ERY NAC % 55 R BE Y B AR XP_002299679.1 [100]
PtrNAC122 S NAC TERNFTF T B RE 5 A R R/ wey EEE94030.1 [200]

JE&, Fl XND1 &4 T g 5+ —AHF
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S R F PRl FER K e ID 5 SCHR

MtNST1 o NAC AR SRS, BURSIEARR GU144511.1 [101]
TR TR

BASWNS5 R NAC k44 BAXCPL 25 Ak BRERE R E 4 JQ693426.1 [102]

i JOBET
BASWN7 AR NAC % 5RO R JQ693428.1 [102]
o

PtrMYBL152 EX L7 R2R3MYB SR AL POPTR_0017502850 [103]

EjNAC1 REA NAC R 5 AR T AL KJ919962 [104]

EjMYBL A MYB EMGIRG H T RAFARE SR 0% KF767453 [105]
)

EjMYB2 il MYB TR T F P h AR K KF767454 [105]

CmMYBL Rtk R2R3MYB ECAR A S 3 2 3 B A B £ JF795917 [206]

OsSWN1 K NAC P A B ST P2 LOC_0s06g04090 o7

GhMYBL1 iiis R2R3MYB A0 5 LU B P47 4 40 M A R A KF430216 [108]

LIMYBL AWK R2R3MYB FIRA T S R TR 1 AL IR ADY38393.2 [109]
Tk T

SmMYB39 F1% R2R3MYB S5 RIS F IO USRS, Mk CAH ik KCT71280 [L10]

GhMYB9 Hik R2R3MYB UL RN R G AF336286 [11]

TaMYBT72 N R2R3MYB (EREAE I T JF951957 [112]
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SR HEIN 5K e ID 5 SCHR

PAMYBL10 R2RMYB (R VA R 18 L SR T A ABX79944 [113]

ANACO005 NAC I R B A, R AR A At1g02250 [114]
S O IR RETE

ANACO75 NAC VUND7 _E3fEdEle, 51 %A s 45 otk AT4G29230.1 [115]
IR

SbMYB60 = R2R3MYB DA IR RESE 4y Sobic.004G273800 [116]




BT SCHRERIE

1.6 MYB # X EFZ5Fx R IRIZREFYBE K

TERNBARIRAE T, TR AT EZ Gl TR — 2K/ 7 Bl &
Y. ez, RAVEZ MG, fENDPiRER, Al R ki)
Ponshge . R IRE s SRRORKITRRD T, AR e Ei8E R AR
REAUERI A, (CEYRl 2 B L AT . FEE, X TR G 32 58 AP B T 451
IR PR Pt 255 . EANIRAD 90 SEAKIIITT 4R, IV FH 36k PR R o5 R A s W 56
AV DS Bk — R R AL TR T3 H bz o0,

16.1 EEELEMRIFIES IR

FRAE T R =B BE RS TR BIRMIR, Cov Cav Ca T TE RN B FAEREN B, w1
KA EYaT 4y A 4 Z5R1/NEET2E (Minor flavonoids) . #7 i EiIZE (Neoflavonoids) ,
S (1soflavonoids ) FT S B 25 (Flavonoid )68, &5 24k, & 4 2 2K TR A i
AR 1) o RN B B 2R 5 A0 5 P i /D B LU 25 O 1 B A7 AE
2N, KR GRS A OB R UV-B RS A T A
X[167]0

EXCT IR, A R 2= A sy 2 B W Bl oG, BT TRIAT AR A 32 8
LI FE IR 2 A TR AN b, R AEHRAEE SN S 1 1 0L, L 255 B
FA ST RARAR ttd %) UV-B ST AT B m U, ool & 5 By A= 2R AH BL 3L A4 Py doke
D I ZE AT A I Lois 25 AT U RS TR S48 A uvs X UV-B 45T T )26 B
FIBIFSY, 26 IH L4 M0y R 2 Er R M = A o S sk ) B R R, 9E HL, SR
I AE— SE 4RI IR UV-B 85 5001, AP B 2005 L 23 Iyl 1 ) L
B[ A e R B IR 2 vy, DRG] BEA 2 F0E T LU Ll SR Tk R 7 A
UV-B 5 7 1 58 A 70, ke 3 i R v B AR S W e Al UV-B S, 1%
ICAE AR e 40 J (32 5 23, NI DR 2 1 5T AR BR A AR W) K 43 1 I IE 6 45440
540 B P9 ) ROS BRAR 25 (47 b (S R 74 170,

162 MYBEREFiAEFAERRFHEZELEEXEYERK

AL ACT R AR LUK A R AN s U k), 2 o T 2 R At i (PALD
WAEIR-4 F2AUlE (CAHD ZEMELL, IEN NIFMRs AtEn S0ge, SR T
WEY—KH W &Y (Flavonoids) o RESEIAL SRR L, XHAE YA E 1R
S e E AR A . BAEAUER . TR ST AR S AR A )
UAEARH ™1, AEAR ) AR SRAR A ) AR 2 i mh e o o S A AR

RN BACH AT B IR A G W) 52 B AR JE D) K e s DA 7 IRl Pk
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KA. BHFURILAA LS MYB & e e A M R Wi W0 06 i, e
b VIMYBAL-2 FU 1675 % & AR B 4% b 4 #y 2k o 2 6 11, g
VVMYBPAL I VVMYBPA2 JUJE S i #7851 B Bl aas 420 o 2 20 G Bl i ik R 1) 7 ¢
(1181190 iy 73 MY B 4 53 DR 7 AT [ I 842 2 b 288 s P04 S 4017873 19 VM YBSh
LEFR AT DA I PR I A2 N AR AR, Bk MYB B3t IN 1
CIE VA R Sy ey R n e el wecy A SN N B v el L g 5 A S 57 N
MYB %3 [H 1 PI B 5 DFR 8 T EEL S, mieta 15 2020, MyB &
FIIK) C- S H AT S SOG4 ek, o 55 H e 3 s D74 bHLH R WD40, =545
B MBW 44, St R 2 25 0 1 A 4 4 it

FiAk, T EE TN R A TR TR MYB . E i 45 R A=) Dl e
RS R ORAE I, AT o A A g A R DR SR i P 1) ST e 22 Rk
PEALE IR pee 1 8 MAMY B3GR AL TS 2 A I 5 )M 78, AtMY B12(5% i
Wi BERTN IR & O, PAPL GEMIARTR, 1675 %, TR, HEENMR A
o M8 FaMYBL CGEmiies %, e ZREEE A0 B, WMYB5a (J%
WAL 25, JRAETT RS ) M, StANT CGEMITET 25, ol A e &
o B8, DK StMTFL CEnieds %, SRR &80 1844, MdMYBS3 A1
AtMYB12, FaMYBL, LK VVMYBSb 7 Bl R R N AT At S
WA S G5 R BE RN fF) 2635, B CHS, CHI, F3H, FLS, F3’5°’H L} DFR, ANS,
ANR, LAR, GT, C3HM*2 181 oStMTF1 fig e 3k 4 J5 R W & A 5% (1 HQT
(Hydroxycinnamoyl-CoA quinate:hydroxycinnamoyl transferase) F1T5 7 & it & FitF
(Prephenate dehydratase) JEKI {16k, XEILRZ 5 T RN B AT A AT K
8, Stk S LR [0 S B T REAT SCAE IR A0 AT R B, RS AR ok
BERIEN R s 7P s S A EE R AC Jof, WS MYB B R T 255 N p
T FE R g ke

1.7 BEMRENEENX

NAC. MYB FEH RS 5K EE Wb &% 2R 5 it
By JEARAMYE N Z IR EE . AR EE NS, 410
BEMI G S AR YL S @, S ERE SHME S S EEAI. Kt
PR AN LR (1) 45 OB i 42 07 2 T2

h TR A B R AR A, R BIREARAHE ) 5 AR AR G R B R
HAR MBI E B ARSCUAR IR SEE AR, SR B AR R . st i
WSS R, FHAAEYE. T Ew. B WG RS R T
B, #5575 T PtoVNSL1 Al PtoMYB156 Z: 5 i ¥ R I fe AR I A2 v 22 b B 8k A
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Y I AR T Re . A BEARAT AT 5 0 48 i 20 A= B a3 (R PR AL 5
Vo Y AN [ A 2 s D156 AR S A e A TR T 7 2, A ke T 2B A v 2 5 1R
(131 i A B v SR R MR SR

ASAE VY FE R H S8 PtoMY B156 7 5i DA 1546 R i i A A5 0 1R 1 T T 48 4
RWJEIFT 708, B TIZEE M IE B UV-B $a i 454 SR B e 14 D ge,
53 T FRAT TN R B8 A DA o A P A sy U 42 9 8% R A T
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B3 M PtoVNS11 B S IR T R AEBE T i A i

E"E 7 ProVNS1L R EF AR EER K AEE
5l

I}

W St S0 T N PR b )z I — AR AROR 2 BEAR R e YRR AR
AR 22 B AR IS DR AR T R T B JEORE. AR R K
AR A ARG, AR TGBITE SOE AR (LF4E, 38, KL &
W RA AL, X LN M Ao R L T N M R 3 R L R R R R AT
YeZ NP LFYE R A A K. 2007 4F Zhong %5 N B K ARG R A AR A e vr 17—
ANFR I 20 R A ) I A s TR T R A I 4 A R Y, B ) A T 25 T PR PR 0
ANERTE, R 2 ) S F D P48 7R . 2014 4F Taylor-Teeples %5 A LU g IF
VE A 7 T — N hIAR A (i M2 AR E T 2 2RI
“JmIA” (Feed-Forward Loop) #5E45H, Hrh— 541 NAC # P 1 A
M e S TR T — A2 AT, Pl T IR AEBETE 1 8 SRR o

FEPL R TR IO FE S R 1 R 2 PRI T K2 110 4~ NAC K it, A 5
AN fir 4 4 SND1 (Secondary Wall-Associated NAC Domain) B, 7 Mg k4 VND
(Vascular Related NAC Domain). fE##H, Tt R A S Hl=E0E, [
FEIET NAC ZIEIH SN 1 U 2 TR I, X5k
ST I ThRE S s ai ok — e R 54k, eI stk iR, F 2 R T
R A T AR S RE Ak, 38 Rl — A SO AS ) 3 R i 4 ) 2 1 () A=A T
REW R R AR, 2 BT R N A AR RN 248 o DA AR S A ) 55
P v A5 25 B B 22 A s W -t B i A 0 SR S LR TR b NS AR R
B BAR G (e S IR 7 RIS B (9 73, BATEBR A RILT —AN8 NAC K
WS T, fr 448 PoVNSLL (B S5 KU049786) , #EMI'E R AT e & 1)
AR JRFE A RIEAT s A

2.1 SKIg A
2.1.1 #EPE

ASZE BT B A% (P, tomentosa Carr.) hASSZE a8 (PU R K2 2 I AEAE )
W) KIS R A, ) Tiifeieit; fmigT (Arabidopsis thaliana
Columbia) A ARSI S ARAF SR, H 8 807 o A Bst AL i 4k

S AT EZL (Allium cepa L) W H K EFETE,  FHT V40 0 52 A7 5256

P BT MLl A [GHH S (Nicotiana benthamianci). ¥ A4 3+ (Col0) Fh
T, WTERE KRR T S AR IR . BT B RS R S AR AR T UL R TR AE A
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JEr.L (Arabidopsis Biological Resource Centre, ABRC) IS4 54 SALK_120377C
F1 SALK_015495C .

IR IR A6 R U TR IS 4R AE K2 2.5 A H I E MR, Sihde 22 RNA,
2 RT-PCR [ ¥% J5 3515 cDNA, 141 2y e A I Bl A J 2344k

O = P TR A KL 6 I REF B T, flide i DNA, F TR 30 1 3iikky
.

212 EFERAILTRE

NTLERBCH]: 6 4381, 2 4ty LB IA ], Bdprs AL 1L,
W LB 5RE I HA K PR e A B, Al 3 A il JF &3 /M MEed

2.1.3 EHRFAZ K

Kk # (E. coli) DH5 a , 45 EHAL05 (Agrobacterium tumefaciens)
AL SRS . WEREEALTE R (Saccharomyces cerevisiae) AH109 H 5 P A2 XS
iz,

ARS8 P FH B R3ARAT - L ARV RIL AR pCAMBIAL305.1 04 A 52 56 = PR AT 5
ML pCXSN, a8 7Rk A pCXGUS-P, W4 &A%k pCX-DG
ST T AR K 2 K R DR 4 2 S 0 3 [ RO, VR ORI S % Skl

2.1.4 RFNRFTEE
2.1.4.1 W SRR A sk 70

HindIIl. Bgl Il % £ Rl 1E g V). TaKaRa Ex Taq. TakKaRaTagTM. dNTP
Mixture. PrimeSTARTMHS (Premix) DNA Polymerase =i{#Ef. rTag DNA &
filf . DNA 7> 7 HhrifE DL2000. DL5000. DNA Ligation Kit Ver.2.1 #E#47] 4
Prime ScriptTM reagent Kit with gDNA Eraser (Perfect Real Time) sz 4 5387 &1
RNaseA 2534 K [ TakaRa 2475 Xem T FR&ITE P VIBE, A 1 NEB /A7) ; AxyPrep
PCRi VI & . AxyPrep bl DNA /NG . AxyPrep BB 71 &R I B
AXYGEN A #]; E.ZN.ATM Plasmid mini Kit | 45 OMEGA A #]; TRIzoR
Reagent {711 H Invitrogen /& 7] ; SkIWERS B4 (Cefotaxime Sodium, Cef)ily H H A
F48 - F-(Rifampicin, Rif). 2% Z % (Naphthaleneacetic acid, NAA). kK 2 (Zeatin, ZT).
6- T~ 2 L RS (6-Benzylatninopurine, 6-BA ), 4 H Sanland Aw]; LT A
(Acetosyringone, As). K% 2 (Kanamycin sulfate, Km). J#% 2% (hygromycin,
Hyg), W H Sigma A7l #HER(HCH. = HIHK(DMSO)AM T REFN TAF; x
a-gals A=W, FRARHEHE | I BRI AR IR, 30 15 IS B A ] 5
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FoAbAL Al BTG, W B B EE SR IR A 516 B
Dy e e RFE R 2 M3 AR BOARA BRA 7] S o

2.1.4.2 AT 3 ER 5

TR P AT F B BAER B R IR 32 R S MU AE R AR 3% (o1 P sk
WFEEE) (5 RO I, P R v P K B R A i K R A
(1) DEPC 7K: 0.1%DEPC /K¥# i T % il i 5 B KB 2 IR, I =i R A7
(2) CTAB LTI M5
20CTAB(W/V, cetyltrimethylammonium bromide, + 7\ %¢ 3k = FHILIRAL ),
2%PVP(W/V, polyvinylpyrrolidone, 5 Z it LE i) , 25 mMEDTA, 2.0 MNaCl,
100 mM Tris-HCI(PH8.0), 0.5 g/L spermidine, i%iA7H 0.1% DEPC(V/V)ALFEH
K UZEKEE R FHRTINN SR I 20 22 Rkl 2960127,
(3) JFORIAEEGAF
Solution 1: 50 mmol/L %5 %j#%, 25 mmol/LTris-Cl (pH8.0), 10 mmol/L
EDTA(pH8.0), i K, fitifrT 4° C K5
Solution I1: 0.2 mol/L NaOH, 1%SDS, B} 2 mol/LNaOH #i1 10% SDS,
SABCE, RAFT 4° CUKH:
Solution I11: KAc 147 g, VK& 57.5 mL, H,0 300 mL #%i#, )& € 25 2 500 mL,
K, fiEfE T 4° CUKAH:
(4) Hofth =25
BEFREN: 3 mol/L BATREN(NaAC)H R, VKBS pH (H 4% 4.8-5.2;
F.AA [H 2 #:90 mL 70% 4, 5 mL HER, 5 mL vK LR (212D 5 90 mL
50%Z. 0, 5mL R, 5 mLIKZIR (4hiael
WAL ZE(EB): B TAFMRIE A 0.5 plg/mb, (0 = I e (R 17
SOXTAE HiLyK 28 HF i (pH 8.0): 37.2 g/LNa,EDTA.2H,0, 242 g/L Tris, 57.1
mL/L VK5 ER 5
MR =M. 5.0 g AZE =Wy T 100 mL 95%[KI ks, H R ARAT -
GUS %ifi: 1.0 mg/L 5-¥-4-5-3-W|We-D-H A M1, 2% (VIV)HEE, 1.0 m
o/LK4Fe(CN)s- 0.1%(V/V) TritonX-100 A1 0.1 mol/L fFRAMZEM, pH 7.0, 4°CHEY:
RAF

2.1.4.3 SZBAN A B

KR RE B A 88, OLYMPUS BX-56+U-HGLGPS 7¢ 3¢ 2 4 5% . OLYMPUS
SZX16+LG-PS2 A4 2 4% (H A BLAK ik 2045 41); Takara TP800 R-1613 %¢)%
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& B PCR 1 (Takara A 1]); ZEISS AXIO+AxioCam ERC5S Wl )it 27 i Aok 5 (1 [
ZEISS A w]); PhenomPure FriEfi 5 2414l HL 8% (a7 == Phenom-World 22 7). Leica
TCS SP8 AU+ L I £ WA B (1 [E 3 -RAXAS A w]): B2 GJ-1000 2 ey H/ <
PREEDRIAG (T8 2 R AR E AR IR A A

NI ER B s FA21204A BUHL T3 i R°F . JA31002 B HL 143 Ay Rt
FRHBE TS AR AA); Mettler-Toledo B2/ 7H. Mettler-Toledo HL-T- 4341 K F
HEk B2 4R (WL 3% 5 SRR LS 42) ) FA2104 B4 B o0 i R (i o 48 7 B
SEAUIRA TR A T]); AIRTECH SW-CJ-2FD B3 T/ & . AIRTECH SW-CJ-2FE
R TAE & (O8N LR I3 M 2 RS S EARAT IR A 7]); MILLIPORE Direct-Q3
UV 4K 24531 Millipore A 7]); CS101-3ABN Y H B IH I 58 X 4546 (5
PR 7K A2 SRR AN AR ) )s DHG-9240A U7 rg VIR L 50 X T-J 47 . DHP-9082 7! i 4
TR FRAE . DK-8D ! = L HE At il 7Kl (3 5 IR A A IR A F]); HHS-2
20 L FAE R KIS B (TG T B AR BT a8t ™ i )s HIRAYAMAHVETMHV-50
4 1 B i s R 2K EAR(H A); AUTOCLAVE GISOT 4 H ) il i s 78
VR B AR(ZEALWAY Instrument INC), 723PC Y n] WL 4 66 5 v (it a0 A 2 15
#ABRAT); Eppendorf Master-cycler personal PCR 1X. Eppendorf {2 i%s
Eppendorf Centrifuge 5804R ¥4 % & Cr#Hl. Eppendorf Milispin & X & 0 Al
Eppendorf Centrifuge 5417R ¥ % & 0> ML (1% [& Eppendorf Reseach Family);
DYY-10C ! 3k AR Bt Bihi K S B bk A . DY-11 284 Ha i {SORT Bt Fibi K 1 H i
At/ #%)); Thermo Forma 705 %4-80°C A8 ¥A 14 UK 44 . Thermo Forma
900 714-80° C HE{IR¥A ¥4 VK4 (America Thermo Electron Corporation); GXZ T4
REDGIRIG FRAE . GXZ B4 it PGX ML 2 BOGIRIG FR4H . PXZ B4R e POX 2 BE N
TAMEM (TR AR A R A A ); HaierBCD-215TDGA %Y JK #i . Haier
BCD-186KB #4yk#i. Haier BCD-290W 1 yK4H . Haier DW-251262 74 < FH G A&
A Haier HYC-1378 %Y Px HIMIGHRL OB (75 By il 7k e A PR A7) TB-718L &Y
VAR A s BN, TB-718E BU WAL A 8 L. TK-218 AUE M 1%
HLEHI AL ZE 4R Sk AT BR 23 7]); Royalstar BCD0265CR #yk4 . IKAIKA® RV10
R 7% A ([ IKA FE31): KQ-100DA 2 Kirdzsib i ke i vk e (B2 oL vl A S %
B H IR AT GYXH-525 RIS & T AL I vKHLOE ] EACRE A A IR A D)
TS-8 Rt (4% K - VORTEX-5 AR HEA (V1 7538 1] Tl H AR DLRAUS & PR A 7))
DF-1-1S YA AR ARl o B 12 OB MR T3 A A \l); OGP-6 ks 9%
B SRR AE (BT W S 56 1 2 A BR A 7l TH-C BUEIR IR #5 - HCL R4l
Pei#%. DHZ-DA BRI G as (LI R G SEIR B a5 ) ZWY-240 BUE IR 5557 3R
o (ST P T AR RS AT PR A 7]); SHB-NI BT 42 & FRAE IR /K L2552 (FL X
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T A8 R TTAE A W) ; SCIENTZ-48 7Y il & 41 2040 B 28 . Viloer
Quantum-ST4-1000 %L K& R 40 (12 VILBER LOURMAT A H]).

2.2 LI HE
221 EMIEEFSH

AP FZEE  Lynnon Biosoft /A m 14 ¥) DNAMANBS.O0 #17, AR
AR s gikey Bt NEBeutter V2.0 7520471 1T HChttp//tools.neb.conVNEBcutter2/) ,
FEASFH 5 [ BE Y EB M 25 Chittp Z/www.phytozome.com/)  Fl15E [ [E 57 AE ) R A5 B
> NCBI M3k Chttp //www.ncbi.nlm.nih.gov/) #r3k Al BLAST Frimii g/ v4))a, H
MEGAS. #5456 vt e 51 EAT 22 H5 LU RN R 40 i AR g ) e

2.2.2 HEIFTREHE
2.2.2.1 FETF IR AN Al 7 1

LRI I+ (AR

(1) KT 4CUKFRIEALEE 3d 1) Col SR FFA TR 22N 1.5 mL ()
EP &, HHATAR L

(2) 1 mL ERKT =8, LR R

(3) 2R AP, HABBHRRERT LEERE K, i1 mL 75%3 K
T =%, L FEif# 30s;

(4) SR AU T G, LRSS &R R, 2l =8 dhn
1 mL TG RZKEAT R R s

(5) FERFAUT TG, HBBISERT EEIEEAK, Hanfe =A%
TNERBC I ARFR 205k 10%1) NaCIO, [ R AN B 431 1 E V¢ 10 min;

(6) SR FULT R, LRI AR EW T IS, G K P LK
AR SR FLIRBESR G DR B G R K T Rh AR

(7) SEFh 75000 TR R b, W REFRIEMUARI I 2 Tk 0y, B PHURCE T
JeHEE FEM R, 2542°C, AERE = RS HAA IC %

(8) PIJH 2 Ji AT e N 38 RRID)BAT 155

(9 Bt 23S, ARty 62:05 WEE TE7K ., H
IKGERERIRIE, B IR BT MR I N N IR, B EOREERR 3~5 d, A
N AT, L0 70~80%I 454 T B 5%
0L B T (10 2 A O A T 4 3 -
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(1) FRRMIRE 7 EHIEAE T2 5~15 em. AEFEFRINIE e 2000, £
IR . BB AL TN L BRWIAEACT 3~5 d WS, Jf HARBE AL AT
1d YT 7RI BEK .

(2) B U 1 IE R NI, 28°CRI KSR, o 2 KRB F I AR AT
¥ OD600 5 £y 1.1-1.2. % 5000 r/min E5.0 15 min, & EiEW, BRI
BIE TSR MS A, fif OD600 71 1.0 At .

(3) KD R ANARAT B BT R Ao Bh o FHOREF DR e it
REY) (TO ARAEY)) SR DURFHR R, EARFEE TR FRY 100, REET
IEW R IR, 2~3 d Jan] LRI AL S 1 ATl 5K, I gk 8=
g 1-2 Ik, SRELREFRRMYI R, R (T AR e 1 A,
IR BV 2 A

(4) ¥ TL AR 758 H 70% RS 1= v i 25, P v B A AR B . Y =3
JE BRI A MR A AR IR B R R B 2N LR R g5 . ik R 2
( MS+ 3%JEHE+0. 8% /lE+ 40 mg/ L Hyg+200 mg/L Cef) ) Cef $4it T £ FL KA
LR IC . FEIEDIREAR nT LAE & Cef S 7RI LIER MR AEK . 249 15d 5Bk
ANt HERAOE B K SEE .
2.2.2.2 H LRI R T S8

(1) B — LRI (83 10d 45 » N 2 mLEP 324 i 2k — s
(2) i TPS $#&HiK 100 pL;

(3) #TH. 50 HZ, 1 min;

(4) K3 20y, 4000 rpm, K 4T RE I SURSR IR A GBT I 1.5 mL 2508
(5) hndE, 75°C15 min;

(6) 12000 rpm, £5.0» 10 min;

(7 W B3, HARELE T, ISR T A

(8) i, FHEREZUES)

(9) 4CALEFE, 10 min; 12000 rpm, &.0» 10 min;

(10> 5 B35, A 200 pL 70% 40, JEIZ4ER~); 12000 rpm, 5.0 10 min;
(11) FFLEE, 3T°CHUENT

(12) hn50 L 7K, 65°C10 min; EB50r2S3, ZJanH -+ PCR BHPER I .

2.2.2.3 JA 3T Propwwsi1:GUS TEIRG 7+ L 4R 5 I8
22231 PFOPtoVNanGUS ?%jiéﬁzﬁﬂ;@@

K H I EE DN A 3014 31 pCXGUS-P 844 L ¥y id Promoter-GUS fill 5K ik 4
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W IT1ES W, 2.2.3,
2.2.2.3.2 PrOptoVN511:GUS %1{?&%%

(1) Fppwa: B 1.5 mL S0 E BB AR F T E T, 4C, &
. 3d;

(2) T#E IS E, KK 75%LENR0R T 30 s, TERIZKITYE 3 1K;
10% IR AR R ML 5 10 min, JCREZKEE 4-6 Ik, FCWIKRZHL, Kl
TR AR T MS FEAR FRIE | (MS 555538 1] KOH 75 pH {54 5.7-5.8) ,
7E 25°COEHE 16 h, 22°C M 8 h IMREFR&M FAEK 14 d;

() Wit BYE . WARAERLIY 63:05 WEE TEREY, H
IKPERER NI, G IR R I N R N FREE, B BOREERRE 3~5 d, A
N TGS, TEMREL R 70~80%[K 41 T 1 7.

(4) 413 ik, MMITIHGIT e, KyIrEEsyk, 4925 d Af, #ERR
PR AR

(5) HKHLE A ProPtoVNS11:GUS # A1) EHAL05 &AL dfE T- 5 mL fff
hnf 40 mg/L Rif #1 50 mg/L Kan [#if& YEP $5edkdr, 28°C, 200 rpm 157
16~24 h;

(6) L1 mL _FREFFEMIEIN 200 mL 5 [FIFELK E Rif I Kan 184k YEP
i, 28°C, 150 rpm 15754 OD600=1.0-1.2;

(7)) ¥HEWET 50 mL 2.0 F, =i T 5000 rpm &0 10 min, FF Ly,
e wik Fs TR i 12MS AR 7R FE, & 0D600=1.0-1.2, RALHIIIAZK
T P Silwet-L77 (300 uL /L) , IBA), DUEREFALRCER,

(8) WPIpIF LIse RN T, RS 5~8 min;

(9) 1YL Ja HIWOK AU 25 2 R, SRR S R AR, S IR
16-24h o LIRS, Ge B IR, BT

(10) EWEF NG, BEkbwKE, SR K MR G, 151k
TeKs

(11> Wekppr, BI TO AAF 1

2.2.2.3.3 BFLRPLrE TRk S R E

s TO AXFp74% 2.2.2.3.2 T iLIHRE G AT 51 50 po/L W& % (Hyg)
1) MS AR F23E EREAT e, B imidk B TLARPUIE R N8 FRk P IE o B 9%,
25 2 J)JEHECH A R DNA #7742, W7k 2.2.2.2,

2.2.2.4 GUS FikFr e B sg
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Z:H Jefferson 7 VEHEAT GUS ZH4UL 201128, FiSE T ] 200 mL ¥ GUS
ey, Hp EDTANa, &K JE A 10 mM, NaH,PO4.H,O 24 100 mM,
K4FE(CN)6.3H,0 24 0.5 mM, Triton X-100 4 0.1%, X-gluc 0.5 mg/L, J& pH {E 4
7.0,

KRB RBON 2 mL B0, TN GUS Yeii ta Al HoAg ssprkl, M8 a4k
F AT LR B SR B0 BT 3T CHIEIRR R T R Y. 2~6 h, Z R
WIRIOE T 4 CECIRAE; B)a, AT ERIRIEAT 70001 £ BB € Ak 21 A H]
AL

2.2.2.5 FUAEGTF sndlnstl XSS AF {4 )
2.2.2.5.1 PUF T IACRTIAL I A4AL T5 15

140 2.2.2.1 TP MBI R TR AR, SRR I KA 20 em I, SUREOT
sndl 4l LSRR (SCA)FIHURG I nstl 45 SRARAR (BEAD BEAT N LIAZ

U ML (a5 FRSAT IR, AR AT LG, L4 2 R0
Blr, —BRREAEE 5. 6 Ao AFARACREAIITERE [ € AE MR BT ok,
AR e IR, BT EREBEARNRIE R iR, JeMeAESE . 25—
KB4 1000 AeA MasAZ A BB A HAE 2y, SRIRAEAE S b, 5 EABEATERD
Wl brid, B8 WH LB 10 h ZJR LT IREERS . 3 R R MM,
PSR ZAT I 51 GRS JE R BEARIRR I HABIEEBR 2D - AR,
B — Bk — IR PREF R R AR, HEM TR a kT i A2
3R FLACH 7

2.2.2.5.2 R TTElE UG AR R 1) 1 126

FRAEISCSR I FLARAT F2 ACF -+, ¥JH CTAB yA$2 U IF 5 DNA, HR¥E “ =
S Hvk” VNG I B S AR A I 5 | ) B S A 2R (R YR A FL AR F2 AR JE A
Ao R sndl BEPY, SIS PG I BGIRANE] PCR, 730l A PCRy A1 PCRy % nstl 4
DL S AT 5 144 85 PCR, 73 5ll#k 4 PCRs 1 PCRyo %1+ F1 MR TH I,
L8 FL IR 24 7o PCRe W51 % 4 sndl 3& K [ LP
(5-TAGTACGCACTAGAGCCT-3’) #l RP (5-ACACGGATTATGATGACC-3") ,
PCR, 1514 % sndl L[N RP (5-ACACGGATTATGATGACC-3’) Fl1 LBbl
(5-ATTTTGCCGATTTCGGAA-3’) , Xf T-DNA i\ B 79 1. PCRs (51404
nstl ) LP ( 5-TCGAGGCTTGGGACATTCAA-3> ) Fl RP
( 5-CATGTGCGTCTGTATATGAC-3’ ) , PCRy HI 51 ¥ 4 nstl JE X ¥ RP
(5>-CATGTGCGTCTGTATATGAC-3")#1 LBb1(5-ATTTTGCCGA TTTCGGAA-3"),
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X T-DNA A BAATH 1. 756 F2 RO ARSE T, A Actin 92 BER1E—
AAfEREAFERIRY, B Actin ZE[X] LP (5>-ACTACCGCAGAACGGGAAAT-3")f1 RP

(5>-CATCTGTTGGAAGGTG CTGA-3") # IR FRFR A PCRso XJT-snd1 HEPAIfHIHE
—GRARAERE, M PCR1. PCR2 [A]I 438 R I, A 2544 21 PCRy 9 Y
i, 17 PCR2 R4 YIS, AR BF A BRI AR 4 PCRy ARY 38, 1] PCR, 473
HI, AXAEARCR 4G o 0T nstl JEDA 13— SRR RE, 24 PCRs Al PCRy [}
WG HORIN, ZMM A 2GR 2 PCRs § 38, 1 PCRy ARY 3G, iAtAk b B
AR KR 24 PCRs A4 1 HY, 1 PCRy 4788 IS, %Mk 44 7. PCRy #1 PCR;
(R4 34 7= K43 5] 4 792 bp A1 601 bp, PCRs Al PCRy 47 147443 5] 4 910 bp
F1879 bpo kT ¥8/D 5 UE I AR R B BH AR H B, R PCR B34 F Y 2 A A
PRAS P ] AR AT XU AR AR S e I, I N SRR M B . PCR 4505, X
5 ull%Z i e I HL vk 5 T 204D TS5 IR, I HOOE B A3#r SE B 25

2.2.2.6 PtoVNS11 JE A 7E AR h AT [ 5 R IA
S 2221 Ik

2.2.3 B E

2.2.3.1 24141 cDNA [f13k 13

2.2.3.1.1 MH i RNA (3 K As

(LD WMEBEBAMZER. R ZE by Zrk M. 2 B IARBGE . B3
MK 0.0809~0.1 g, TIAMBFARP IS, I AW 78 70 Fr e 41 21

(2) ¥R ARKZHILINA 1 mLTrizol /) 1.5 mL 0% (RNase-free) ; %ifil
JCE 5 min;

(4) N 0.2 mL &4, RIZIEA 15 sec; A 2-3 min;

(6) 12000 g, 4°C, 15 min; HY I3 (500-700 pL) , BAHFHI 1.5 mL &0

I

(7) JnA 0.5 mL100% 5 A, FRERS): Sl J3CE 10 min;

(8) 120009, 4°C, 10 min; % b3, H 1 mL 75% L BEF-50a 7 UL vE JL IR s

(10> 75009, 4°C, 5min. 7 Ei¥f; =il T4 5~10 min, 2ERIE R FIE
W]; Ja¥%T 50 yL RNAse H20.

(13) I RNA it : OISR Bk, L EB Jett, BR, Hiril;
@HL 1 pL R 100 fir, 725840 G ETE M AT T 3 o R bR#E : A260/A230
fH KT 2.0, A260/A280 1E K41 1.8-2.0 2 [i];
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2.2.3.1.2 2 RNA R4 5L R 4 DNA W

JLIA 2L DNA TSR F2 0 B A B 1 i 21 77

Wil TRes il 1NV
2 5X gDNA Eraser Buffer 2.0
1 gDNA Eraser 1.0
6 RNase Free dH,O 6
* HEHUK) RNA 1.0
SRR 10 UL

RN 4At: 42°C, 2min , 4CLRAY

2.2.3.1.3 RNA x5

WE N PRI T R B
WAt 37°C 15 min; 85°C 55; ACRAF.

il A=) %l IV
* 2P W) 10 UL AR &R 10.0
4 5X PrimeScript Buffer 2 4.0
5 RT Primer Mix 1.0
3 PrimeScript RT Enzyme Mix I 1.0
6 RNase Free dH,0 4.0
R R 20 pL

2.2.3.2 7B DNA R R o &6 )
2.2.3.2.1 B DNA [Fdh$zE

(1) B 10 mL B0V —32, A 3.0 mL CTAB 1 90 pLp—#fitk 48, 65°C/K
R T

(2) W& 0.6 gMBEMHEE ), TWETERN A, ¥ A L& CTAB i
P, WRBETR A

(3) T 65°C/Kifr 45 min, gkl (RIZLD P —IRIEAT;

(4) Z=WFFE 5 min G IAFAARE T FlE (24: D, RIZVEHENES) G
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SRR 10 ming 18°C, 10000 r/min, 2.0 10 min;

(5) WL 3 T 55— 1300 10 mL 208, NSRRGSRl (24:
D, IZEENR A SR 10 mine 18°C, 10000 r/min, E5L» 10 min;

(6) W F3ET-55— 10 mL &0, IIATEARTR-20°C TRV IR N I, F0L {5
TRATRE DL A B ZORYTE, ST B0y

(7) BEAE L BURTTIE, 500 pl 75% (VIV) ZEEEVRM R, 500 pL
ToK CEEFREYE— R, Wt 4. YET 37T CIEIRA b TR EE W

(8) H 50 pL LK MFITIE, 19E A EEK 4 DNA FH$EY);

(9) [f] DNA Y IIAZ 1 L RNase, T 37 ‘CHgfi# RNA 1 h,

2.2.3.2.2 B DNA 4ith

(1) HLZ RNase figfifid J5 () DNA, IINSEARFAG S EE(24:1 vV IEE

(2) =¥E, 10000 rpm, &0 10 min;

(3) EEDEL, 2;

(4) WL B3, AN 2.5 fEARRRTA ToK OB, BRRIRAT, vl W thaf i e
WERITIE 5

(5) -20°CyiiE 30 min;

(6) 4°C, 10000 rpm, &> 10 min;

(7) 75% & Bk 1 i 5

(8) 37 CTaFEW;

(9) Jin 100 pL ddH,O %51

(10> HY 1 uLDNA Ff i Fr kA, I4x-20°CIRAF45 H

2.2.3.3 PtoVNS11 2 21 1Ak 25 el
2.2.3.3.1 FE =R

HU-20°CUKFE TP AR IR 25 2128 RNA, FI A K LK 18SIRNA NS, iff
BRPEN RNA WS, K 2 9% RT-PCR 157 PtoVNS11 A7 B A [R] 20 23 v () %
L. RT-PCR [IFEFE & 94°C 3 min, 26 PMEFF(94°C30 sec, 58°C30 sec, 72°C
40 sec). 10 pL A= 7E S EB 1) 1% 5K L vk il o

2.2.3.3.2 FHX} 2 5 Al

DI - 21 23 1) cDNA AR, % # SYBR Premix Ex TaqTM 11 #4133 B
HEAT S 52 & PCR, i 58 AH G L R (R AH 6 ik & o
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Pty S N AR AR s

SYBR Premix ExTaqTM 11(2X) 12.5 uL
10umol/L  F-primer 0.5 uL
10umol/L R-primer 0.5 UL

cDNA 1.0 uL
ddH,0 10.5 L
SRR 25 pL

N4 95°C, 30sec; (95°C, 5sec; 60°C 30sec) 40 MR,
W VR 2724t g ikl

2.2.3.4 ProsssPtoVNS11 ¥ A7) 1A # pe 4t
2.2.3.4.1 HIH By B

HRAf 7 A 356 DRI 0 45 5% Chittp://energy. gov/genome. jgi-psf.org/poplar) #il
FratEg ¥, 20 N RN EAT 1 .

5xPrimeSTAR Buffer(Mg?* Plus) 10 pL

dNTP Mixture(each 2.5 mM) 4 L
F-Primer(10 uM> 1uL
R-Primer(10 pM) 1y

Bt DNA 1L
PrimeSTAR® HS
0.5 L
Polymerase(2.5 U/L)
ddH;0 325 L
Total 50 pL

R4 904 CTIASHE 3 min—32 AN B (94°C A5k 30 s—56'Cilt K 30
s—72 ‘CHEAfi 1 min) —~72°C/FAEfH 10 min, U5 pL PCR " HIHEAT 1963 HifAE
s R T4 00 F LS, DIl F 0 f B

2.2.3.4.2 TMAIE B I %
PCXSN ZARBEDI VR R R Fros -
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10xK 5L
BSA 14 uL
Xcml 1L
PCXSN 30 pL
AR 50 uL

T 37CKM N 2~3 h, LKA A B, R UIIRIRICE S B

2.2.3.4.3 H I F BOR B SREAR M DL, 1R

I T H R BRI R S A i Dl alifh 3 e IRz SR AR AR (D
AR F AEFA ) AXYGEN i[RI 57 65 1445 FH 15 BH 4 (www.axygenbio. com) ;

U ISINE

I 1 BI04 3% 3208 JT] TaKaRa 2 7] 436X 77 5 Solution T . W
RER T PR:

Solution [ 5uL
PCXSN ‘5 %8 1L
D= “A” v B 4 uL
SRR 10 pL

T PCR X 16°C, 8, R WHACKIIF W DHSa 32 3s, iROIT2
BUBTRE o

2.2.3.4.4 CaCl ¥l 45 KA 18 DH5 a B2 2541 fif

(1) NRNGe P EFRIDOR AT b B v 46 M T 10 mL LB iR Fdtdr, 18
WPEIR 37°C, 200 rpm PR 5714, HE TR 2o BRI

(2) # 1 mL LR TR E RS 50 mL LB KR 72 55(1:50 1 EL ) h gk
T35, 3TCHPRTF=4 0D600 £ 0.3~0.5, & T-vK = 30 min;

(3) HL10mL % 4% AN\ 15 mL Jo B 2508, 4°C, 4100 rpm 5.0 10 min,
e

(4) 210 mL 741 0.1 mol/L CaCl-MgCh AR EE A, HIM K IRAT IR
5], TUK EJSCE 30 min,

(5) 4°C, 4100 rpm, .0 10 min, 3 L5 SR EEIFRIR,

(6) JI 400 pL ¥4 1) 0.1 mol/L CaCl, B4 Wt A A, WA, WK LK
B 12~24h 2N, T HAL B 73 %% 100 L
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(7)) WREA G -TOCLRAT

2.2.3.4.5 F I TR AL KA S 2540 i

(1) ) Bk 4325 r sz 240 J i EP 2 i\ 10-100 ng £51k DNA (AN
o 10pL) , BENEASEICEVK E 30 min,

(2% IRV WAL 2 42 C TR K B R 5T 90 s (N ERE SR E);

(3) VKB H! 1 min;

(D[ NI 800 uL [FJERH i AE 2 1 LB 55559, 485 37 °C, 200 rpm,
= RE R 60~90 min;

(AOHGEFLZ) 200 pl AR BB A0 B & Kan JtE 2= 1 LB [ R4 L,
TG TG EIEmBCE L8, fr s R R e+

(5) FI'E P T 37°CH: 9% 12—16 h,

2.2.3.4.6 FLLEER VA PCR ]

Pk AR B RVE AT S (1~10) , 4 s 5 BRI VAR A
1% cDNA AR, B DA BT 1R A BeAt o B B, 2K BIPEX HEA T PCR Al BH
PEvelE . PCR A B N INAE AR R «

PCR e NAR R [F] H A Boylm B AR R (2 0L 480, BUH P w17 , 37°C , 200 rpm,
PN PSR LS

10xPCR buffer BSA 2.5 UL
25 mmol/L MgCl, 1.5puL
10 mmol/L dNTP 0.5 uL
10 pmol/L F-primer 0.5 UL
10 pmol/L R-primer 0.5 uL
Sample cDNA FLTRTR
rTag DNA polymerase 0.25 pL
ddH,O 19.25 L
SR 50 pL

2.2.3.4.7 JRLHEEL (SDS B AL

Q) BUFHRHMB T L5 mL EP &, B KRR E0 1 omine FA R 2 K.
(2) Jm 200 pL 74 (1) Soultion 1, 7B HESAE LR FTIR AT o
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(3) i 400 pL T4 K Soultion 11 C==4d) , F RS 3~5 IRBAT (ShfE—i&
PR , HE 2 min

(4) 71300 pL ¥4 (1) Soultion 11, | Hitf5] 5~6 IR A) 4 tH BLZLRITIE , 12000
rpm, 250 10 min,

(5) HX I3 800 puL -5t 1.5 mL EP &, FPLIE.

(6) A 400ul (172 R &M, B ZIRE T 250 H . 12000 rpm, 250 1 mins

(7) B L2y 600 uL 5 —#ii 1.5 mL EP & v, In&EAR (600 ubL)
iEE, b REEVES), 12000 rpm, 250 10 min.

(8) T5% L IHEVE, I+ B, 37TCHT

(9) Jn 50ul TE 5% ddH,O %, JE~IHN 1 uL RNase, 37°C & 1 h,

(10) HL¥KASI .

2.2.3.4.8 NP [NV,
TP TAEH L dEiR (nvitrogen) A TREFIRAE (RED WMETE .
2.2.3.5 MW id 315 Progss: PtovNS11
2.2.3.5.1 A IR AT e 1k
2.2.3.5.1.1 ARHT P B2 A A0 B ) ) 5%

B DB

1)HX-80°C AT HI AR J25 R FT 7 EHAL05 T 40 mg/L Rif + 50 mg/ L Kan ] YEP
[ ARSI PR kLR, 28 CREFE 2-3 K, ALK

2) 0 BREURRETE T 5 mL YEP WUfAR IR HE T, 180 rpm, 28°CHikizissE
16-24 h;

3) TE: B2 mL - iE EEER T 100 mL YEP WifAE 7R3, 180 rpm, 28°C
P K5 7% 4 0D600~0.3~0.5;

4K 50 mL B N TIA B TG B B0V, vk 30 min, 5000 rpm, B0 5 min,
2 iEWG

5) A 2 mL A )7 15% H i) 20 pMCaClh #ilil, B aiEd5];

6) AT R EVFI 5> 2 T o Ep B, B 200 L A7 T-70°C 4 H .

2.2.35.1.2 RIFHEBZSUM I EAL GRS
BAE DU
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1) B TR R AL IORIZ) 10 pL, I 200 pL AR AT
WA AN JC R BP 5, BRI

2) UK¥r 5 min;

3) WA 2 min; HEFE 4 37°C/Ki#T 5 min; I 800 pL YEP 485 770k

(+Ri) , WA

4) ¥T 28°C, 180 rpm, HE¥HEFE 4~5 h; =i 4000 rpm, &0 10 min, 2
iE, AT 200 ul B IR A R AR AT

4) 73 5% 200 pL HEE L I AR AT 2] YEP+ 40 mg/L Rif + 50 mg/L Kan
[ A S IR |

5) T 28°CIFFEA PRI E % 2~3 d, K s e Pk vk, T H
(RS IR PTMEAR L BRI A 2 (Hyg) (1) PCR Al

FEAH TR M P RE 5, Sk 2-3 AMFHEME R DL YEP+ Rif (40 mg/L)
+Km (50 mg/L) RS FREEY KB FE, ik 2]— @R E 5 (0D600~0.8) , B 1 mL
ARFF IR T 1.5 mL (G EP &, FRII 15%~20% b AR R TG 1 H il 304
R A) JE i A E R 2~5 min, {RAF1-80°C, Hl T et ik,

2.2.3.5.2 MV EAL T AW

LB R 0T P S SN PR 4 FF A S T 1,

(1) g A B (1) 5 57
¥5-80 C T ARAFE IS AT H IS DR 3 21 23044 R AR T 11 B ik EHAL05 #7021 YEP
AR FE 3L (4 50 mg/L Kan+ 40 mg/L Rif) |, 28 “CK:i3% 48 h, FhHA TR 442
Fh#) 25 mL 54 50 mg/L Kan. 40 mg/L Rif ff) YEP WifAE; 723k, 28 “CHEIR
IR 35374 OD600 4y 0.6~0.8, FHIZAAFILL 1:100 (1) LbAdl % BB EF 1Y) YEP K55
W, ZEAH R4 RS 6 h, OD600 JAE] 0.6~0.8 I B 0olicde, FIVSIN 4% T 2 i
(100 pmol/LAcetosyringone, AS)f{] WPM V41 97 3 5 8 i B mf FH T #414k
(2) RIFRHIZ S
U M 4h T B, AT, B UIE 0.5%0.5 e /B, L
TN B ) R TR S 10~15 min,  HLIR LS R TP B8 I3 52
(3) FgEFR
I HH Y2 3 A R b ICAE T B 1 DB AR W BV K b R P [ Ak s 7 56 I
25°C+2°C, IERiIE 2d.
(4) HEFEREFE
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WL FRIIM G EE B GG SR B, £ 25°C. el
2000~10000 Lux 45 Mik#es59% 2~3 & (w) , Jfalfg 10 d S 4e— ka2t
(5) 3 2EH %

et A E LA AR, KBIEY) NI RS SR b, E25°C. Ot
W84 3000 Lux &/ FRHTIAS 28595, WALk 4~5 F, LA 10 d FHe—k
ik,
(6) AMkEF7

MARFRKEL 2em iy, PRI NEMREE IR T, 10 d 24 RIAER.
(7) FEILRE A IR AR

FRAERRA KA 8 em NI4T, YRR EHE, BB E= R,

2.2.3.5.3 ¥R B AW IR IE

Fl CTAB J7VE$R BT EAS R 42 3L K 20 DNA, BL PCR (177713284 st e 75 2%
PrrEbRic LR Hyg FrBE,  d H BH PR AE AR

2.2.3.6 FILR B AWMU 5 TR 2R = 1) e (o 0 52
2.2.3.6.1 F AL DR MR AL BLAE T D) A

WY A R R B L AR AR A A« B DA R 25, SET U0, JEBCBOE AR
IO L, WA ER MR A B AR min, RN R = EvE R A (, 1~2 min 25
HIBTEE ke DU

2.2.3.6. 25 FE R MY A b A L 5 1)

BATULE 222 0) A9 - 28 A8 S BT A FH AR A s A A L ks

%ﬁ&%ﬁ%@?:
. B

(1) AL BUER3RNHSW I KL a2, DUERIK I P140.5-1cm
KN, TN FAA [EE NS o B DRSS TP T 22, |
PAPRRION R e O, LS B PREAT I [ € o HeBUHTEF ) [ 2 W, iR Ac AT
RPNELE

(2) ML KAk ] 5E W0 3 e B2 70%. 85%. 95%LL X /K &
REUEAT 7K, BRI ZK IS TA] 2 1 h CRRE AR BCGARE FE AR IR R E K %2 1-3 h)
SRR AR B AP IR P R B s e, BRI /K SEER K
1h;

() EW: O, -HZ: 48FE=13 (viv FlA]) , 1h; @, -FZK: 4F=1: 1,
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1h; @, “HZ: 4FE=31, 1h; @, 100% %, 1 h, SRl — R m 0 F 4
INFRIR AR

(4) EEIFEW 100% —FIK 1h;

(5) IO W HAkE (54°C-56°C) =11 (viv FIA) , 56°C4A NiEIR
BRI 2~4 hy @ WK BOAIE=14, 56°C A NEER LS 2~4 h; @Ak, 56°C
ZAF NEIRR I 4~8 hy @FCAE: AE=11 (viv) , 60°CIEESMF MR 4~8
h, ©fAl, 60°CHEIRSM: iR 48 h L F. WIFAERG 6~12 h 5 e —YOg it 44
i

(6) 3-5d Ji7 R AT 58 i A0 AR R FE o 2 5 A B ks R ) 22 41 S0 a8

(7) A7 B EEMEMEIE G E T 4 CRA S

2. Ik

M EE TV AP ) A2 8-10 um JE 1Ak}, K sk i Fi5e H
TR CEER W, B B TR ERIE N 38°C~40°C Mt A WL BT, HBEEYH
(1003 S IRV AE DL I 2SR I3 A (% 1 mL &RE/100 mLH,0) 5 e ML
AL BT o Frit 7800 eV g, n] S B MR DR A 2 fr s LA
TPV AR, GRIFREAMALY A, A &b & T =5 R
HH. D

2.2.3.6.3 ZfREAR TR Gt

X I 2 AR AT A o B ), 758 ORI A S ) AT Mol A 52
7K, LIS B RS LS B e S A T2, D7 AL IR H 1) Bl 5 K i i 2 5 2
WX AT . BARRD IR

(1) Bisf¥s D1 & T 100% — F 2R 1 G A B T IS 10~20 min, b
B 2K, R, 4fF=31(v) ; —HIK: 48E=1:1(vIv) ; To/K LB 2 min;

() FKEDI R E T I 100%JG7K ZGBE P8 B 3% BT H 42 7K 2 min;

(3) 95% L EE5 K 1 min;

(4) 90% £ BEHE 7K 1 min;

(5) 80% L EEA /K 1 min;

(6) 60% Z 57K 1 min;

(7) 30% L EE 7K 1 min;

(8) #ii7KA& /K 1 min;

XTI ARG 22 A R Gty AN G 50 B IE 77 5 G iy Ta) 4n

(1) TEZE=AC 5 LA RD: 1028 =Wk K 25 mg. 100% H i 25 mL. 37%
UKESETR 25 mL;
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(2) 2K =MLy 2(BRCAATRL): SEFELE — A SRR 5% A 2K — %)
VR R G SHER R . /K (Viviv=1:1 1) TR 48

Q)FZRIL AR 7 FREL 0.5 g AR A, H 100 mL 280K R, R
WS AR I ZE I 8] 28 2 min,

2.2.3.6.4 2% s W ¢

A S5 = A MO BB LS 8 OLYMPUS BX53 (O U 1 %
U-HGLGPS, %%k DP73, TOKYO, JAPAN) , HAKMHIDHIF.

(1) FITFE IR, F Wi e as AR A Py B0 wEsd 7L, SR I A B 19
MR RGBT =, R,

(2) K BT EE SR F A R 388 F TE K LB VR ik Bk B b, 2 SR AR
LD =T v P Tl O 5 9 B > S U 23 IS A DU TR 787 Y v S S i RS
PRUFE T S ey 2 %A, HAPR &8 S iss. 25k
MEUBHEEY & by FRRARIE I 803 s

Q) BB Ak 25 i AW EL, e s R AR PRI, B S
[ XA H BE, e sh 40 TR AR R AR E,  EL R UGG I

(4) FTIT5 ST 42 00 R PR AR Y, SR, 8 S B IR A B i S 4
I 0 beg) RS 40 RO AE s

(5) Mgl Ak WA B B i Wt i sh R AR, S LI

2.2.4 PtoVNS11.GFP gt & & B 75 £ 2 3k K 4 i _E BYTF 40 B iE 1L
2.2.4.1 V.4 P e A7 AR g

(D HEEER 5198t
W5 T AP 8 P34 PtoVNS11 JE K1) CDS Fe il 45 R vty S 1 514,
515 L T B A o
(2) H IR 5 P m “A” 5ER
D PR R SRR 25 pL

Premix star 12.5 UL
dd H,0 10.5 pL
cDNA 1.0 L
primer F 0.5 puL

primer R 0.5 UL

Total volume 25.0 L
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PCR 1450 94°C AR TE 3 min—34 PN BEEIR (94°CAEE: 30 s—56°CiB k
30s—72°CIE{H 1 min) —72°CJ5iE{H 10 min, PCR F=#4eid 1% 156 B i Fi vk

JETEIDETIEE R, JF A H B, B BT R AR
2) I “A” HF&R, BAARREL 10pL

Jeml e H i B 7.6 L
MgCh 0.6 puL
10 X PCR buffer 1.0 uL
TagDNA Z 4 1 0.3 uL
dNTP 0.5 pL

Total volume 10.0 uL

JOMFERE R 72°C 50 min—4°C L min, JEIBCI “A” 74,

3) HEALPMT I PCX-DG, %M H LAY GFP Rt FL ], AR R AR

X 10ul
Solution 1 5.0 L
pCX-DG ‘H 21 1.0 uL
BRI Hhn “A” B 4.0 pL
Total volume 10.0 uL

T PCRAXH 16°C, WA, ERWHACKIIT I DHS o K522, TRiiIF3

NGy TN
2.2.4.2 FEDIME 2R ohvE 2036 2 4i Y

2.2.4.2.1 FTIERA AT RS Ab BE

(1)  HU60 moire AN1.5 mLi B0, AL mL70% )k, mieiE~3~5

min.
(2) =i ERE 15 min.
(3)  HHME05s, F Ei.
(4) KL mL, ¥EH1 min,
(5)  EHJFFEL min.
(6) B5s, FrLiE.
(7) EHA~6LH3IK.
(8)  MIAK R 1509 H i1 mb i &9 A 360 mg/mL.
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(9) -20CHAF2HZ NPT H .
2.2.4.2.2 5k T AL

(1) HFTFE K SRR S R AR BB (50 mg/mL)

(2) #7410 min;

(3) 13,0009, 10~20 sec;

(4) LUK LBEEVE 2 W (235000 P SR ) , TR T Bk 2
O EE (R

(5) FINERICK CEE, RIFURIERE Y 20 min, 53%eh 20 pL /&

(6) DATCHRIZKIGVEES Ry 3 Wk, FLMsig e OoicdE, 3¢ g A b2 28 20 pL;

(7D WIRERE Y, AN By CREIAE—IX, 5 1RE % 30 sec, Jo
AR EEREAT)

) 20.0 UL

DNA 2.0 pg/pL
2.5M CaCl, 20.0 pL
0.1M WP K % 8.0 uL
Total volume 50.0 L

(8) k¥ 20 min, [A]E%xjiE. 8000 r, 1 min, 3 _bif;

(9) 1180 L /K LBE, imfiErEd, 13000 r, 20sec, 7 Lif;

(10) i 30ul Jo/K LT, WAKES sec. ZkLINHE/K L4 200 ub, 13000 r,
20 sec;

(11) FEELE 10, I 3~4 Yakvk:

(12) J1140 pL Jork SR, e o 2

(13) Wiy 8~10 pL BB 2 AT, ¥RIKkISS;

(14) AP b E IR o a5 e, AT R F e L — )2 CaS0,
AR TR E A A s TR, i) il — Sk S8 A0 B

(15) KT AT T IS E R & B, TS0, s S WS
Rk, #&H.

2.2.4.2.3 VEAZR LA TiAb B

HWrIDUHT iy AR 2 2 SRR 3 JEBE A T R A, K2 1.5 cmX 1.5
cm, TR TR R ARG T 12MS+30 g/l RERE+7 o/l BRIE R Rk op i o
6~8h s N .

2.2.4.2.4 FERIE TR 2R 40
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HARRAEW T

(1) SEH70% LBENFE MR I A fh = AT . RN, H70% LRk FH
PHRRT A AR, TR A R L v g T E TR A5 minj, JREB YR G L
To AU [EE AR SRR R E AT 70 % SIEREAT R I KB, KT

(2) ORI BN [ AR, HUDNA K 40 BTR 2 Tk 380 dhoty
TH1.0 minZE £

(3) 2z T T HATRE b, A7 B AR sk 28 | .

(4D BB (AR BRI o BELES D0 FE e o B0k 28 B ] A G A6 AR iR T 1)
A, ERE T, WA

(5) EFE SRS =, KT,

(6) FTIFAR MMM, MRUHEF 4 S IR, A SR PR e o o T T
Z4NE K 714.5 MPa.

(7D FTIFREDIAE S A R 2T %

(8) LA EAE, fp EAS S 42 26~2805~F K4t (=88.05~94.82 kPa) I, ift
WA T Hold#, BGHc ROHE, JFORFeASD, HEBIE RN 1.

(9 BT I RAERG, BURAE.

(10) HKHL: R VMPBIFRIEE, 71—, URERIEHHEE,
PRI I T A S s T IR s OQ P DRG0 B AR TR A3 T %

(11) HbMPEAR K T22~25C4AF, 7012 MS+15 of LR B 77 R i 15 5%
16~24 h.

2.2.4.2 5% FERI (P17 2038 5 1A e 395 7 I L 5%

(DB & B 52 5 e A 2 7, B PHT.0 11 PBS %R YE 3 Yk, T\ DAPI
W (L mg/L) 399 10 min, FLL PBS R E 3 U HIVE IR R A
(2) WOt T B XK, #17.

2.2.4.3 WOGIL IR A W W 42

ARSI B A R IO IR AR B A 5 D Leica TCS SP8, 0¥k 4l i #E 477
0T (F SE ISR oA BEXS I A0 ML« AHZHEAT LA M REAR 45 G (F 5. X T4
TEN WSS TP B -

(1) TR0 IR A BT e 5 12 W BT JE F2 F HL J HL J, T9UAR20 min;

(2) WROCICRE MBI A, (WS H B BGE B

(3) 3P EERE AT B B MAE T AR T b, AP R D> RR K
wi BB, BRI . mRBOR . MR R
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(4) K ERMBUSHERD G L, AR Lf

(5) FTIFZAIMCIOA IR, S RAEBENEE, TRLR AR e, S8t
FETAP, OURVERL B8, AR a0 A ER R e, LR RIE

(6) FTITHHOCIIREE B BHER N N - (A, ASInidiE, W H%Z
B BB UG A R ORAT

(7) MEEHR)G, SR MBS, M5S0,

225 BEHEBERT
2.2.5.1 FEBREELAAT IR HARN 2

(L §HHK B
T FH I B PR AT PR 7 3230 E G DR PR e S e T Ik o ANTREBR PR AE RGP
(¥ )5k pGBKT7 15 BD (DNA 254858380 ghkik, K H ML Rl 7E BD 4544
W2 5, R H I R A S WO I I ) 2 5 B R A SR R I Rk . S5 S
PGBKT7 AR [ il B A7 st LA S AR S5 Bl 73 B H IR 25 K] PtoVNSLL 1) CDS J#41, 4>
SN T AN EEEYIAL S (EcoRI AT BamHD 51405741, LL pCXSN-PtoVNS11
SR AR, FH S R ILHE PrimSTAR HE4T PCR ™4, 344 4F ) o BRI H 1
B
(2) FgY). ERRN
F EcoRI #1 BamHI XU YIRS H ) B A 8044, T NS48 44 1 SR AN BR i Al
PEAR w1 H B HREY) 2 5 RN pGBKT7 #iff i 48 LA & PtoVNS1L H) 9™
BB, 16°CRl %Rz .
(3) FZH JBTRL I P e
W IER P AL KIFF B DHS o, FRRRITE K Z G #ik . B,
D 25— ZR P 93 22 e i € (B B A 5ORE, 20 SR BBOE R B F A BoRE. (B2
EW 2.2.34.7) H TR ASEAL .

2.2.5.2 WERERIRATHAL
2.2.5.2.1 ERERAZ 2540 B il 2%

(1) $EI 3~6 > EHAL A 2~3 mm HFFEE AHL109 HpEi% T 1.5 mL BL.OE
(W 1 mLYPDA RS FEIE) , WAl

(2) Kt 1 mLEBREANE 50 mL YPDA WAKR: =5 =M,
30°C, 250 rpm¥ki% 4577 16-18 h, H%E OD600=>1.5;

(31 50 mL B 7 HGE -5\ 300 mLYPDA ;7% , {ff 0D600=0.2-0.3,
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30°C, 230-270rpm k&R FRZ 3 h, {f OD600 £)°% 0.4~0.6 /ifi;
(4) B N 200, 5000 rpm =3 S 5.0 5-8 min, FF L3, AR R Ak
(5) FHEERECHIA 1.5 mL BB 1X TE/LIAc B FA, &4 703 100 pL,
B 2A ] S22 4t

2.2.5.2.2 PRI RS S 41 D

(1) Fuh/K &84k DNA (20 pg/ul) 20 min, Tk ERCE 10 min;

(2) H{ 10 pL fEfaKs DNA 2 5 ub FE41 ikl pGBK T7- ptoVNS11, A
100 pL BEREESZAAM M, 7805, 5k pGBKTT7 2 HARE by % s

(3) [AEEANE L RN 600 Pl 1 X PEG/LIAC, 3liE, 7670 iR%);

(4) 30°C, 200 rpm #& % 157F 30 min;

(5) [EANELE I 70 L DMSO, {81 AR~ ;

(6) 42°C/AAIR 15 min, YK 1-2 min;

(7> 5000 rpm Z i T EL 3 min;

(8) F ¥, oA 500yl 1XTE A4,

(9) ¥ 100 pL B EMRIRAT T8 FRok A0k |, 30 CRIE R FF 2~4 d,
JEEN M-I

2.25.3 B -F-FUBHTT IS R0 A

(1) KKk LIS 4GR I AE AT 5 mL Z-buffer/X-gal ¥R IT 15 IR ML

(2) 35RO AR B R LR 7 KA T BETRVR IR P b, AR AT
TEAE TR S A, JRERRA LA ARig, DR AR B IR A A
XY

(3) MBS RPN, A BT 015 b, RABRE P AL 10 s;

(4) PBARGEAVRES ol U, B TIRRR IR, S T EdR; B85
PR3 4 =TIk, ALRERRAN M ¢ 42 2214

(5) R B B V5 DEAC— T L, B FINRMMEA L CER 1, @5
PEARZ ANET I = A

(6) FFIE4ELE 30°C F5CE 30 min-8 h, &M B aE it % . &
B WO @R 30 min-8 h 2 fH); # KT 8h, mlags =AML S, O

2.2.6 {HE B tit L
2.2.6.1 MR R

ReE 77 E KGR LU, JEAEM SRl 2 S0 B AE b, sglie, AT
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BTE MW PtoVNS11 B SR 6 R AR B T R ) R
BRLAAL, A M R A K 7 d AR, . ARE A K AT
20 d B TR AR BN T, EAN TSR . KA IR 25°C
¥ 70%; eI 2000 pmol-m2s™t ; J6JE 16 h (36)/8 h ().

2.2.6.2 RIS LAk HH B

(1) Pt W i -

LA (500 mL): AS 50 pmol CAS £ i Hs K # 5 F51) ; MES 0.978 g;
MgCh.6H,0 1.0163 g; Ml dH,O E 7 % 500 mL, 5 PH5.6.
(2) FLIEHFIA R o JE DR PR A I o
SRR D IR

1) MHFEEFE 8~10 JH HILh MU 5, 47 8-10 Jy 158 2 TIT

2) RITTHE 35 5 ERH A % 0D600=0.6~0.8(52 5 I 44 B AL XS [ 5E)

3) =AM, 5000 x g &0 5 min, WAERFT

4) FHH B AL R 5 A AT 1T 1) OD600 42 0.7

5) = BCE K 2~4 h;

6) M 1 mU5 mL 0B S Ee s s it fr I ERRId . BEASTATREARTE
WD 3 AN

7D WA, NRE IR PR R, 3 d JEEUH A GUS B (00 g2 ak g B
k.

2.2.6.3 GUS % )t 5E Aol v 1 I vk

2 Jefferson (117 7E BT GUS 9652 401 GUS R A4k 4- FH AL TS il
Iik- B -D-Fi 4 FHIR 1 (4-MUG) /KfF A 4- LA TE (4-MU) 5 B -D-Hi A FEBA TR ,
4-MU 731 H B FR LA 25 )5 B 365 nm [RDGIUR ™ A 455 nm 1%, AR SEG
H AT 26 v e . R AR U - R GUS & E, RH
Bradford il s $2 B0 P GUS 2 A i 193,

(1) R A R R LI

1) B 100 mg FEPIAE AR AT OB R, N 3 AR GUS $2 2%
M, TR 2 min, CBORYREEN 1.5mL B0, #£55 5 min, 12,000 rpm, 4°C
L 10 min, HY L3 4 CLRAFAH

2) EARAEM L HIE: BUERCHI 1 mg/mLBSA BE, % 0 pL. 160 uL.
200 pL. 240 pL. 280 pL. 320 pL. 360 pL, fH7K#h% 400 ub, F7% 5 H2iE G250
WIBOE S 10 mL, HEAT BSA BREEMRE; Jo7E OD595 nm &bl i Y W fE 25 il b
S
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3) FEMVEASEN . B A BiE 250 pL, bk 100 uL, b 9.65 mL %
%%ﬁﬁ%@,@ﬁ FEURACE 5 min, W5E 595 nm DGR, M 8 A bR
th& T EAE B R B S =
(2) GUS JUH‘QUFU

1) HIE 4-MU FrifE

P ] 4-MU B 2 B2 CER BN 286 13RS D < 1.0 pmol/L, 2.5umol/L, 10pmol/L,
500 umol/L, 100 umol/L, 10 pmolL. 7K 365 nm, A6 455 nm, Bk4E
2.5 nm SAET, ME S FES I OGE, xbilbrdE 2.

2) S PRI

(DHL 200 pL 7 GUS [1_iE  Crp R4 e 1) 8 A b AT 30 2 I R AR R
R Z] 800 pL 7& 37°C AN GUS $e B Z M, 1 1 mLMUG Ji&4) (2 mmol/L
MUG 0D » 15 37 COKIE A 557 RERS TN SN o I AR 7S], JF 7 215 50ul
BINE 950 pL SN 28 3R, B AR A B SOV ) O R s

@4 5IfE 0. 5. 10, 15, 20 min 43 UHCH 400 pL 1 N, A 1.6 mL 1)
RV (0.2 molL NaxCO3) , ZEM G IRA7

@A TR K 365 nmy KK 455 nm R, Bl E AN
() AR G A s

(@ FH B IS TR] () 5 i BE AR AL BR A2 I S NV IS B T A, SR SR ot 8 1) 2
1 BT N TR P R 28 R B AR A

2.2.7 Kﬁ% = EID“JIE

R N e DR R Ao 5 56 BB AR PR - = 25 2o 7, SRS 3 1) 1.2 74 ) 3 42 11
T TR T E . MK SObR v AR JURE R 3R A e )
(GB2677.8-81) [l 5 JyvAHHAT AR 2 B, BRI Klason J7 ikt
I 5 P T PR 3R

(1) Iz mME TS R AN G, 1 40 H s

FREL 0.50 g 1075 M ARA 8 B W1 (24505 g, FAMRER=AES), H
SEMEPEARL LT, JRONR RS P - 205 (67:33, viv) Tl K im it il 4 h,
PRI ST B IR AR AT 38 AU T

(2) T IEARAL, B AT J5 30RO N 250 mL = fffih, JiA 10 mL 72%
PIABiR, 30°C 120 rppm #E3% 1.5 h, ZRJ5MA 200 mL 287K, 120°C/Kf# 1 h.
W /KA G3 Uik JE AL 98, I ZIB/K YL =M 3 K, /Kffsk FH 7%
WKvER M, 2YEHMH 10% BaCl Wi AN, 14 pH R 4UR & g4t
NG RIRIE N 1L, BRI IR 5E 4 0E 25, WIERUE A4 250 mL, BEITHRERIR & N
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2.88%.
(3) Wi B BB AP i S — & T (80°C) RfEHE, fETEaseH
FEEG, FRES W2 GRB+id s,
(4) FaFR 5 (A T PRI S [Geh, 75 200°CH%E 30 min, 2RJ57E
575+ 25°C KAk 4 h, B JETds th 241 30 min, FREETG W3 CK7r+1d JE7% ).
(5) fFHIBEANEARTRE SRR
%AIL = (W2- W3)*100/W1;
(6) BULIR 3 frfs V=250 mL (I3 1 mL, #R)5 ] 2.88%I i B Fii B¢ 10 1%
CRLRE AT 5 ), ARUEIROGEAE 0.2-0.7 2 00), BB fs$iid b D, ekl 205 nm.
LL 2.88% 1) 2 A 4
(7 PR TR= I & &R
%ASL=(A*D*V/1000*K*W1)*100;
ARoR: W, D EoR: MRAEEL Ve JEIME AR
K RoR: BRI IR S, B 110, WL FoR: P4 T i
(8) FEMmARTR I & &N
Lignin (%) =AIL (%) +ASL (%);
(9) FERP KB (W3-W4) *100/W1, i T w54 W4,
BAFEESR 3K, BUFIME.
2.3 LWHERS SR
2.3.1 PtoVNS11 E K #9521 & BRI 5 47
2.3.1.1 PtoVNS11 3 [K F¢ 51 {1 e
AL VIR AWM R IR, % Invitrogen AR $24LH) TRIzol® Reagent i
RIS RNA, 23R T E BT E S RNA, WL 2.3-1.
AR B [F] YR AL K] PtrwNDLB AT AtSNDL ¥ 8 55 7 41 X 3 vk 514, - DL e %45
FI1¥) cONA MR, it RT-PCR e VAF B IR K gt 41 . e o™
SR F BN A 1257 bp (LK 2.3-2) , TN 4wt 416 R HER . BLAST

T FAT T R A B, M B A PtoVNSIL(NCBI &% ID
KU049786) -
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B =288 RNA
W 4= 18S RNA

W @& 55 RNA

K 2.3-1 #H 5 RNA $EECE bk &

Figure 2.3-1 Agrose gel electrophoresis analysis of the total RNA isolated from P. tomentosa Carr.

a b

k- 1693bp. ]

Marker

n
— . —
PloVNST1 /
\ 2000bp-

/ 1000bp - - ProvNS1t

S'UTR FUTR

1287bp

K 2.3-2 PtoVNS11 (1) CDS /741454 & RT-PCR Hivk Jv L
Figure 2.3-2 Gene structure and agrose gel electrophoresis analysis of PtoVNS11 CDS fragment by RT-PCR

(a) USND1

PYWND18
PloVNS11

AISND1
PYWND18
PtoVNS11

AISND1 \hx RAPHCCKSOVIIWVHE Y RL COULRESRTG PR NN BRI £ £ CVVVCRVE RKKNY CrJRR SERER E
PrwWNDIB NS m HCGC VIIVHE YRL COSIERS AN RARS (RIS EEGVVVCRVF RKKNY CHUER SRR
PtoVNS 11 VIIVHEYRL CCARENS TR RS NE R l EGVYW uwi RKKNY CHER SR

—b—

AISND1 ) TLSEPCCTEEE nrw | CNPESCTTTCHO 241
PYWND18 SSCRECSKAHCI L Cl c cxumn NI SNNNSSLRFL 240
PloVNS1 SSI§E  AHCIL ("] CKNENET YEEIVNI SNNNSSLRFL 238
AISND1 VL ESPVOCERLTPSKLE. - FSPV xu v 288
PYWND18B NS! SOCLHE | PLSSPRIJOCORSF KSCYHCSY 302
PloVNS11 NSI SOCLHE 1 Pl SSPRJOCORSFKSCYHGS 300

AISND1 BRI CRLVA NG m HRK [CEEE 317
PUWND1B | GNCTFONI SSSVI HCSKSCGCUNDG VT RN CHEALT FTTGPN GLSP 364
PloVNS11 | CNCTFONI SSSVI HESKSCOLNDGV T RRSRZLS CHEAET FTTCPN, GLSP 362

AISND1 ENGCTIWNGRVDLIVNNC [RINOL VS 13 L [ 357
PWNDIB  COONCLSHLCNSIRSSSNI CART SHVYTNE PSS 497
PloVNS11 COONCLSHL CNSERSSSNI CANT SHVYTNE? 3 P 415

46



B3 M PtoVNS11 B S IR T R AEBE T i A i

98 rr P'WND1B
100 I—— PtoVNS 11

(b)

68 PIAWNDIA
33 AtSND1
B OsSWN2
63 77 — PUSND1-L-1
100 L— ptrSND1-L-2
AINST1
96 = —  MINSTY
76 _{— PIrWND2A
85 PIWND28
AINST2
BASWN5
— AtVND?
05

] 2.3-3 PtoVNS11 FIILAl NAC SR E LR 741 Lxt M /3. (a) PtoVNSLL A HiAl NAC £k

(122 T A LT s A 0B SO IR N ARDLE L 8096 1% B, Xl 2R ik O 1 5 o 8 P A S ) AN S LR P 41

(A-E) (b BWAIRI TP NAC $ X bt 73 it s b R MEGAB.0,  RIFETERS
% bootstrap {E & 2 1000 Y #5711,

Figure 2.3-3 Phylogenetic analyses and comparison of the putative a mino acid sequence of PtoVNS11 with that of
the other NAC domain proteins. (a) Multiple sequence alignment of PtoVNS11and the other NAC domain proteins.
Identical amino acids are shaded in gray. The locations of the five highly conserved amino acid motifs (A-E) are
underlined. (b) Poplar NAC homologs of Arabidopsis SND1 were analyzed for their phylogenetic relationship with
SND1, PtoVNS11 using the DNAM ANT7.0 with 1000 replicates of the neighbor-joining algorithm, and the

phylogenetic tree was displayed using the MEGAS.0 1391,

2.3.1.2 PtoVNS11 /341 [R] Y54 1 HL

FIFH NCBI ¥ & 14 PtoVNS1L 5 H AR A ¥ NAC ST IR B AT 1 IR
FEHI L RIVEA TR B B s R, FIH MEGAS.0 x>k B AR 4R
NAC FKIKIMEIEIR T KL, PtoVNSL1 et & 3L 751 5 B A AL B 5T 1
AR BE 43 50 4 97.9%H1 59.6%, KW BAT T [ PEIR 1. JUHAE NAC DhREs N
(MR P HI T AR (WLE] 2.3-3)
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(a) R, ISIIYLIOL PEX B

(b

N

1.2 4

1.0 4

0.8 1

0.6 4

0.4-

0.2+

Relative expression level

R S YL OL P X B

Kl 2.3-4 PtoVNSL1 /1325 i AN 9O PCRAGIN. R, HUHZAZL: S, 2BAHSL: YL, 4hnt (5 1~2 15D .
OL, &M (5 5~6 1ila) 5 P, MHN; X, AJFiil; B, #WEZ. 185 N SHRIEIEN .
Figure 2.3-4 Expression analysis of PtoVNS11 using quantitative real-time PCR. R, root apices; S, stem; YL, young
leaf (1 ~ 2 internodes); OL, old leaf (5 ~ 6 internodes); P, petiole; X, xylem; B, bark. 18S is the interal standard

gene.The bars are standard deviations (SD) of three technical repeats.
2.3.2 PtoVNS11 FERE AL RIEFFH LS

TN PtoVNS11 ES AN g E P A RIEA, 7 alde R, 25, 4h
s 2y R R R R IR RNA, I RS cDNA, #4758 s AT
SFE A, S5HREKM, BEY PtovNSLL SERIZERIARIMIR . 250 mhy mHR. K
JRER AN W B AT 3K, ABAE 2RI T i A R v T A 23 . 3K
TN LA AR AT RELE ML) (A o8 i AR A e R ke o A A ]

2.3.3 PtoVNS11 T {ARE ERL S 4T

W1 e s DA R A A 9 A S DAL T Rk N A 1 T R IR
o ALEARK/NL N 50~80 nm, SuiFor 1Ry 40~60 ku (&R A Huld, H
WFFCR I, e PR Pl A AL I i e 2 52 3 U f AR 1 R A el

R 7 N R IR 5 AR B 5 IR E AL 5 X (NLS) DR,
W %055 KOG SIHI E A 45 5, ARSI SRR S Roe A e 41 e ik
KAEAER], ZRBUE S A dI R A, NLS ALkt Bt A AL .
RN 7 BE AN BUAZ I RERR T 32 22 15 HAT NLS XU 36 mwiiR i &1 . /)
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T IAREAR RS 2 b, A i DAL AR B 5500 e 41 1 R R A0 R i e PR A 1
s PR TR N0 A ) F 2207 2 AN AT NILS X A s PR - M o B FLAth s NILS
DL s AP AT AR FTBE AN A% . 272U TNAS 50, {E PoVNS11 s IR 741
K3 N AR S A1 C iy S AEAFAE T RE A% E ALY 815 AL IR AT RE A R E AL IR T e

CaMV35S

() sss:povnsticrP -

Predicted NLS

DAPI +UV White Light Merge

GFP
353'Pto VNS 1 1::GFP - - 3 :

I4 2.3-5 PtoVNS11:GFP fili &85 FAE VAR N A L WA i e 20 T. - (@) 35S:PtoVNS11-GFP 740 il i

(b)

AR (b) 35S:PtoVNS11-GFP fili 82 J¢ 35S: GFP X it 2 (1 71V 2040 M Hh A ik Iy A2 T A 00 o
Figure 2.3-5 Subcellular localization of PtoVNS11::GFP fusions in onion epidermal cell.(a) Construetion of
PtoVNS11 fusion GFP expression vector in onion epidermal cell.(b)Subcellular localization analysis of

PtoVNS11::GFP fusions and 35S::GFP control in onion epidermal cell.

hSEBUESE PtoVNSLL 8 F VA0 i Efir, FRATTHs 35S:PtoVNS11-GFP fili&
FOR RS RS LR AR A, RILAE 488 nm 3K R BRI 4R
{075 BT 5 DAPI et 5 40 i i 46 360 nm i KR & i (058 0%, H 5 1E 488 nm
WA BRSO B 52 W) 5. Ik4h, 35S:GFP [RIxf M sk R4 iR R, 4
ANVE R S 0 B TR 4 BAZ AR W R 2k a9t . DAL PtoVNS11 B % E A fe T
FLPRA R AE g ok h WoR SR 9 0A5 5, DRI mT DUA) e i 55 D8 ) 2k s SR 1
%N RIE
234 BEBRATHERHIESR

1993 4, Wang Fl1 Reed 7E[ERERUZAT S50 Hemty b i S 1 W90 1 5
DNA F AR 05256 44 22137, 30 3k 3 55 6 DA 10 4 S8 R0 B A% 2E W 40 o 1 ik (R
Sy (e,
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M-terminal region C-terminal region
4 NC : N
A B C D E M1 M2 THMM
- Predicted Transmembrane
Subdomains Jl motifs motif )
DNA binding Transcriptional regulation

& 2.3-6 NAC & [ 45 #4139

Figure 2.3-6 Structures of NAC protein domains**®

PtoVNSL1 ¥ 35% PR 7 [ 5 S G X A7 T NAC 25 #4457 C % ( C-terminal region)
(K 2.3-6) , & THE PtoVNSLL 15 s Re /1, Bl 1k FHRERE R AR AT S5 K
WIS IR R, My pGBTKT B AT GALA () DNA 4ifr4 (DNA binding
domain) , WA G RESL, PRI AN RE SR BE0E R 2 BE R R IA o FRATTHE: PtoVNSLL
Pzt 3 PGBK T7 3R AA IR I BF 12 AHL109, ) TR 15 Ji R4 35 72 B e 28 P b L 1)
A RAB BURTIN PtoVNSLL 1 sk i RetE (B 2.3-7)

SD/Trp SD/-3(X-o-gal)

GALBD

GALBD
+PtoVNS11

2.3-7PtoVNS11 ] ORF HEGlA7E GALA-BD _Fil i % REAN i FL ) Trp A1 o-Gal it HER] fibos 2L s i 1k
Figure 2.3-7 Transcriptional activation analysis of PtoVNS11 ORF fused with the GAL4 DNA-binding domain

(GAL4BD) showing its ability to activate the expression of the Trp and a-Gal reporter genes in yeast.
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N A, R PtoVNS1L HAG Sl vl P 6 mT LGS His. Ade M LacZ i
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Figure 2.3-8 GUSactivity of transgenic Arabidopsis carrying the proPtoVNS11:GUSvector. GUS activity was detected in

2-week-old seedings (a) and root tip region (b) and the vascular region (c) of roots. GUS expression patterns in the flower

(d), silique (e) , stem(f), and mature leave (g) during the development of the reproductive organs.

B NARFF I EHALOS 1)) 8)) 7 41 B ol ok 46 3733 Y idiAz Je By AR R4 e
Iro LNEPA R S A BIEXT I, BAE 4 CaMV 35S )3 3111 pCAMBIA1305:-
GUS A BH XS
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AR EXRIE RRE N B AE K BER, RIIZ)E B0 FAEREAR AL (d) « £
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Kl 2.3-9 RFKEE 58K 8) T INRIATEE . CK hLL CaMV 35S Ja 8 LIS 3 A (A R
[FHCRE 5 8RR 3 Tl (B) AFHKCSE 5 8RR 3 73R U F I+ GUS ZO6IRME /ATl . R e ik
bpdERRZE, A =N .

Figure 2.3-9 The promoter fragments with different lengths were inserted into pCXGUS-P vector. Plants were
also transformed with the promoterless GUS gene (CK, as a negative control) or the GUS gene under the control of
the CaMV 35S promoter (35S, as a positive control). (A) Schematic representation of constructs carrying different

PtoVNS11 promoters. (B) GUS activity in transgenic plants was measured by fluorometric analysis. Error bars

represent standard error (n=3).
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SEIEILE AT HAT T sndinstl XUGSARARKE KR, FHK5 PtoVNS11 FEA 5 A XSS AR A h
Lk, SRIUFIZIER AW ThRE .
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B SEI 405 SALK_120377C F1 SALK_015495C (K48, B T+ 1 Rl J5 42
IS DNA JFHEAT PCR 471, SR A RAKR, A0 N LA IR AR
BEA . 43 IBEALEEL 8 #R SR T I R 5 (K] 2.3-10) , 45 EKW,
FITARAF 40, B 13480 Ry 4l B S AR A

> 910 bp
> 879 bp

> 792 bp
> 601 bp

2.3-10 nstl fil snd1 Fo58AR A SE AR L 2

Figureure 2.3-10 Genotype of nstl and snd1 single mutation plants
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AWZ5 W) Actin [3ERE L, Y34 sndl A1 nstl BANFEA . sndl FERK R
792 bp, nst1 JE K F 4 910 bp. 2058 =4 PCRAL &3 14, Hi45 R 7R 7 5 ) PCR1.
PCR3 ARy MY &ty AT B 3G 4 alr, U0 BHIXPR T R A2 4l 5 X5 AR
(K 2.3-10) 5 AR NG T B % RIS A R PR, I
AR T wRIE IR, 34T HCR 12K =y geth, WL8E B0 5 AR 1A 28 rp 445 o)
MMIBAT IR AERESE R, AREE R . Jf HEM I HhEE4 10~15 cm &, fE
BRITUA R BLER A K% . 2218 2.3-12 W RELR S AR K5 8 w A2 A7 UL R I+ 25
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Figure 2.3-11 Genotyping of nst1/snd1 double- mutation plants

2.3-12 nstlsndl 4li & XU AR AR

Figure 2.3-12 Genotyping of nstlsndl double-mutation plants
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2.3.6.3 7E sndinstl XN AR A Rk PtoVNS11 JE[A

B PtoVNS11 FEN ([R5 5848 sndinstl S¥ARAAR, i Fikkk R A5 EF AR
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R YE R H SR B R A 2T 4E R G G Ol MU, AR [R]E  e BE DR PR 2R
R IR 2T R i i B R IR B LR 8l Ok, MRRRE ARG, A 3 B
AR A KOIRS (B 2.3-13)

snd1nst1 o WT snd1nst1+

" & ProgPtoVNS11

K 2.3-13 &L PoVNSLL HE I sndlnstl SEAZ PAFEL R 7 H i [l 52 4

Figure 2.3-13 The phenotype of complementations compared with WT and snd1nstl mutants.
LI A T PtoVNS1L 2 NAC S h S AR 7 ) 5 2 AT AT
[F B B T PtoVNS11 AR I NAC S e S B 1 1 Th B R A (R~
H1F SND1 I NST1 Sl ot A TR A B 1 “IFoc” Held, Ak,
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] 2.3-14 #EILIREE KL PtoVNSLL FUU g 774 T4 Hr

Figure 2.3-14 Phenotype analysis of transgenic plants over-expressing PtoVNS11 (WT, A, B; OE, C,D)
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I, PtoVNS11 Bel 0 s 7 ) B, semfEy) e w Ak E s JF B ol
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DB AR 0 AR AR I E R G R AL F5 EAEARA MY AN AE . Bk, &
IR PtoVNS11 JE A AT g T ShRE S AL, 7321 7 SEvHERA 10 S B 4 2R

2.3.8.1 E AWML Ak S i BE DR R R 1) 345

A AR AR R K A I, I (k& B T 1R B A2 RGP iy AT AR AL
K A4 Prosss:PtoVNS11 #% AN E 4 (P.tomentosa Carr.) 1. £ @fh4
2UES . o, MR IRZ )G, FRiE KA 10 em A AR AN, iR
HA TGN E . ol W& 2.3-15,
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2.3-15 Progss:PtoVNS11 (L H AL i . A Wil St 418U BB Be, B fittk@ds, C Afithi, D M
ARk, ENTRIR ALK 2 A2 G MRk,
Figure 2.3-15 The genetic transformation process of PtoVNS11 in Chinese White poplar. A.Transgenic callus
aggregated; B. transgenic shoots regenerated from a callus; C. Regenerated transgenic whole plants on the rooting

medium; D 2-month-old transgenic plants grown in a greenhouse.

2.3.8.2 HLFLDRIRAR BRI 5 i e

KA CTAB VAL BT P AE R AR SE R 41 DNA VERA, 4371 A Prosss: PtoVNS11
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Uk FE D Hpto 3739 1 LUK 45 S LI 2.3-16 B, 7F PtoVNS11 %% 3 R R 28 70
PEXT B SR AT — 4 5 TUH RN 801 7 81(562 bp)» 1T BAPEXT R IE Ik 477 o 35 I 465
W PtoVNS11 LRI ZMR T-DNA E I IE4 2B A ML A I

I+ -1 2 3 45 67 8 9 10 11 12«

2.3-16 #LILRFEAK I PCR KAIE

Figure 2.3-16 Confirmation of transgene integration using PCR
2.3.8.3 HILDIRIAR ZA AR 5 I AN 2 23 73 #r

I3 ILL Progss:PtoVNSLL [ % 3 DRI 28 0[] sy 39 ) B A 78 28 (4 oA S 30 R
PAMERKZI3AN D, WU 3. 4. 5T IZEEL, B AEFFa ey b,
Iy AT R 2R =y M R Ol e 10, 45 R NIE] 2.3-17 Jo: ARJUE A1 4 2k R AR
SEAFA TG (ORI 8 T AR Y (1K 2.3-17a,b,c,d e, ), PRBILAE AR LT 4E R 545 41
i e 45 ) B TN (K 2.3-17g,h) , 1 PtoVNSLL F 3k 52 A 6 A I 0 41 A R ) A
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57



FTE MM PtoVNS11 Hesk R T R AR BE T R TR

2.3-17 3B5S:PtoVNSL1 % H MR PR DI AT 2R 2208 . BP0 (a)b,c,g,i) » JLH R (def hj) , a~f
A=W g0, g h O HIRIEG O, L B xy, ABUES; ph, BIRHS, ve, AT fi, AREF4E.
Figure 2.3-17 Transverse histological sections were observed in PtoVNS11 transgenic plants.The different
internodes in stems of 3-month-old wild-type (a, b, ¢, g) and transgenic lines (d, e, f, h) were sectioned and stained
for lignin with phloroglucinol-HCI or Toluidine Blue. Transverse sections were observed by scanning electron
microscope (SEM) from the 4th internodes of the stems of WT (i) and transgenic plants(j).xy, xylem; ph, phloem; ve,

xy lem vessel; fi, xylem fiber. Bars =200 p mina-f; 50uming, h; 17.5umini, j.
2.3.8.4 LRI IR 11 A2 2 22 TR0 0

NAC ¥t 125 TN 2 AN, mAKER . RBha 24 i
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J5 G BERLRR (1 02 B Rk 2R (s, BB 10 Fg 7T 1) 255 ok 2T 4 A A S
TRAT RN ML R A AR IR AE AR A R AR AR 1 ol s B AL, AT 52 )
MM AERRE .

LIS PtoVNSLY BRI LB A K AR AR AL i 2 il S5 JERRAE
MG 78 PtoVNSLL A B LR ak Al B i AE ) (1) A (18] 2.3-18)

BA I I LM s i A K A R AR, kA Bk, TR TE, O
T VEA I GEvh o KK 3 A A I B AR AR SE R R AR AT B, R Rk
PtoVNS11 fafkIH 2%k (& 2.3-18a) , FF H 451 M B B 2 T P AR bk R
(K 2.3-18d) o 1t W] =5 4L A 2R sl Tt 23 AR A2 R IR R B 2 3 T 500

58



B3 M PtoVNS11 B S IR T R AEBE T i A i

(a)

12
0.84
0.44

Relative expressionlevel

04 —milm

WT

[&] 2.3-18 ##4 FilE%k PtoVNSL11 JE PR [ RS04

T3 T5

By (o) mARIAERAR N E B A

T8

Plant height (cm)

Internode length (cm)

N
L]

N
o

-
4]

lk
o

(4]

o
+

50
45
40
35
30
25
20
15
10
05

(@) KL 12 B g,

T3 T5 T8

— WT T3 T5 T8

Py

0
3th 4th 5th 6th 7th 8th 9th 10th

(b =i

(d) RARIAPR AR 5 B A R AR D5 T RS T

Figure 2.3-18 Phenotypic analysis of transgenic plants of overexpression PtoVNS11 in Populus. (a) Phenotypes of

12-week-old Progsss:PtoVNS11 transgenic plants compared with WT. Plant heights (b) and stem internode lengths

(20-week-old plants) (d) of transgenic Prosss:PtoVNS11 and wild-type plants. (c) gRT-PCR analysis showing the

expression of PtoVNSL1 in the seedlings of three representative transgenic lines (T3, T5 and T8). The expression of

the 18S rRNA gene was used as an internal control. Results are presented as means and standard deviations (n = 10).

Data are means + SE from at least 10 plants in different lines. ** , *indicate significant differences in comparison

2.3.8.5 IR LR S m e

with WT at P <0.01, P <0.05 respectively (Student’s t-test).
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Figure 2.3-19 The content of Klason lignin of WT and transgenic line. The datas are means+SD of three

independent expriements.
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2.3-20 HFRIL PtoVNS1L LR A BT3RSt A PRSI A1 by 256 PRI 5 1 R~ s F A
PAL: Phenylalanine ammonia-lyase, =42 IRZL1#NE; CAH:cinnamate 4-hydroxy lase, A H:FR-4-F2 3L AL i
C3H:4-coum arate 3-hydroxylase, 7 & i2-3-}4k/; COMT:cinnamate O-methyltrasferase, WIHERR/5- 2 LR 22 O-
FH L5 # [g; F5H:Ferulate 5-hy droxy lase, FiI B [R2-5- 72 25 AL H; 4CL: 4-coumarate-CoA ligase, 4-7 S IS A &
it CCoOAOM T:caffeovl-CoA O-methyltransferase I HFR: il A O- FJL4# ll; CCR:cinnamyl-CoA reductase, A%
fit CoA i£ J5 filf;CAD:cinnamy| alcohol dehydrogenase, PAA: i &L, PO:peroxidase, it S AL i o
Figure 2.3-20 Lignin biosynthetic genes expression in in PtoVNS11 overexpressor plants by semi-quantitative
RT-PCR analysis.PAL (pheny lalanine ammonialyase), C4H (cinnamate-4-hydroxy lase), 4CL (4-coumarate:
CoAligase), HCT (p-hydroxycinnamoy|-CoA: quinate shikimate p-hydroxy cinnamoy Itransferase), C3H
(4-coumarate 3-hydroxylase), CCOAOMT (caffeoyl-CoA O-methyltransferase), CCR (cinnamoy|-CoA reductase),
CAId5H (conifery| aldehyde5-hydroxy lase), COMT (caffeic acid/5-hydroxy coniferaldehyde O-methy Itransferase).
Error bars represent SE of three independent biological replicates. *, ** indicate significant differences in

comparison with WT at P < 0.05, P < 0.01, respectively (Student’s t-test).
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Figure 2.3-21 gRT-PCR and semiRT-PCR analysis of transcription factors in P.tomentosa Carr. caused by the

presence of the PtoVNS11 overexpression.
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e SR DR R IR A BEACI R DR 2 TR A AR SR AR O R, B T e IE ) NAC K
Wk R T2 b, 45 MYBLWRKY . KNOX 28 H & 5 ekt St IR 71k 12 (11 5 5147
BT T L, AR A BE R T S A 52 22 P S DR T ) R PR B2 2 A 42 X 4% s 1 )
BRE. Jiah, 2R R AL U T R W, S NAC FRIER &
SR B LR AR AR R R ST O, i, & EE (Physcomitrella
patens) FHIFEAT LY (KR AR BEGE R, (H 2 B B PpVNS # sk H i REE 2 A
s AtSNDL. AINSTL (1) RUFAERE A, Wl AtMYB46 . MYB83. MYB103 F1 AtMYB85
I ) I A £ 7 T0 iR NAC SRR IR T AR AR 2 Sh g iRy, 78
PP b, W DR U A S as R, e P R AR BT, R
RS R B S S A R, DL VNS-MYB 55 PRl 1~ 535 kg Rtk 60 200 e e 16
SRR RPN AL IR R

H AT A RESE, A7 e ¢ Rl ik U 45 M R PR I g d ooy, &5
B U A BETE B P45 M 4 . KAE RS (Pinus taeda L) HHiH) MYBL Rl f
(Eucalyptus grandis) H'[) MYB2, LL&EH#T 1) PoMYB092, #Re4si& T
JRFEEY G RIER G FIX AC TTrF, F sl oA B vh 32 BEgh h il oy (1) A
WA NI SEmI R AEBER K B ¥ (Eucalyptus gunnii) EgMYB1 A1 EgMYB2
HERERF 7455 T EQCCR F EQCAD2 IR B IX,  J3 AT A8 s i D] e g
OG- DIRE. SR, HidERIA EgMYB2 I, JEANEE G | 3 PRI - 5 AR it
FINE AR, (A SIG LLAEIG I o X T-4b T 5% 5 M 4% B3 I 5 R, Zhong
F1 Pyo SENEIEIFFT VNS B R0 NSRRI 25 & 500, RINPIAS EZL 1 &5
4 JC M TERE(Tracheary Element-regulating Cis-elements) 7¢ - ™Y fI  SNBE
(Secondary Wall NAC-binding Elements) Jof152, JIf L &4 840 7512 i
TRFEREEAST . EAVEALT I KL AtVNDs FI ASNDL/NST3 i (1) 2R AE
LR 87 DX LR 81, R AZ L — T i S IR T I o X LR
FEAEIRIEZR T 1y AR e 53 DR 6o Uk A B T e 1) 18 42 =X LA 3 KA AL
Peo 2. AHIRIP T b AN 5] (1) 3 s DR 16 AR BE T R i AT 2500 o 3+ R4 T 4%
0 26 -3 P A s DR 0 — 4 3 s DRI (1) IR 43 AR DR A 35 R 5 ) P R~ A
FE, B B A HAT AR (1 25 G oA e M B s DR 2 R) R AR T A FH R 2 4%
fFo BRI, AR BRI EATT B S T RS R R b ? T
G P R A [F] () e s DR, W —28AE DhRgdk b @ Ry ) 2

Z PRI EE R A s, BAT R PtoVNSLL [IZhAeHEAT T 4 8UImroe,
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B3 M PtoVNS11 B S IR T R AEBE T i A i

RIE SRR AtSNDL. AINSTL DIREXT R, fEh “TFCIER” 58D
MR A BETE e X PtoVNS1L BTN FRATE AR A Y rh 42498 50 2 e b OCIRIY
e et TG T NAC KGNS TR AR BE S s R P A A4 22 ki
PG, Bk, JRUSLEREL PtoyNS11L Wt & B, PtoC4H, PtoHCT,
PtoCCOAOMT &5 X 2B AR T A5 AR D I & M JE R Rl R 2B T W2 (|
2.3-20) , AR, XA AEEE I PtoVNSLL {875 R HoAh B S N 1 () % S 20k 1 A
B AR (B 2.3-21) o T IRAERETE A S ML, B T30S 2L
FeskR7Ah, 30— eI SR I e s R, LRI 2 AR BT 40 B ok AR BE () 434k
BRI, X AT e T DARRR A0 6 15 PtoVNSLL IR A I 21 NAC 575 i 5 0 A
T NAC124. NAC150. NAC156. NAC105 #i47 w3% i1k, 1 PtoMYB75
50 PtoNAC122 547 i 508 1 ) s 3R 08 S B T B IR AN [R] kA 0 . 4R
PtoVNS11 & 45X b s R 115 5 102 5 M DGR 3 s IR 1R I A BE T
R b ) B D) BE SR SRR E ?

FATHRE T 5T AMY B4 [R5 IR 4% s K1 PtoMY B156 3E47 4% s /K14
DRI, A%FE R I ZRIE KT Ly 0 B A R E S FRIA 1 43%, R TIT 1.3 f5. M4
FLHT AMYBA B FTHGE, VR0 T N E (1) [R] I 5 e AR B 3 AU A B
B AR ) G B S R -, ATMY B4 gl Ik 00 2R T Be A R A i (1) AtCAH J
PRI, 0 NUEAR TR A O R . XAE R R, PtoMYB156 5%
DA n] e B A AR & g e, B T B AP IR R B IR
W, T —EmARY, TAIHSE PloMYB156 21452 5 T MM BE X —
AR RITT 2RI
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$E=E B PtoMYB156 EE R TEFEFNIThEES #F

= &

E[I

i

MY B s R 1 552 FH) v i B e KN R F RX ke —, 2%
HHEMAEKKE, MY4EETERZRE, TN IRSEINE(FE 5 5 2 R AR it i
(1531, 75 2013 4F 23 A [ RS TR 36 e DR 7 808 12 b, %85 JF s’ T 58 Rl i3t 2296
AN SRR, A MYB KR Bt 265 4~ (MY B #3%[K 7 168 />, MY B-Related
97 ), AR T RN 11.5% (P T IR 5 P, 2013,
http //planttfdb.cbi.pku.edu.cn/index.php?sp=Ath) . 7E#H, 4288 NS A 1 MYB
Hox W 4 N 111m% (oW o o7 ol E . 2013,
http //planttfdb.cbi.pku.edu.cr/index.php?sp=Pth) . R AN [FI LA L MYB &5 Fy ta 5 /7>
HEEMEAEEW AR MYB KGR R 508 = A 2250 R1-MYB,
R2R3-MYB. R1R2R3-MYB =AM 151, Heh, R2OR3-MYB $455 [H 14 e
LT,

AR, WL RNA T &KL K 5 MYB JEEILEMT . b R A5 AR A
TV JTEES s e T U2 Th R ik, I xS DR ] B 5 AR M TR i A (1561581
AL, MYB ¥ xRl nl ge R A3 2R A5 Dike, i, SESRH ) MdMYB3
B [N S M 775 A &k B8, R TRl PAPL HHA M T AR %, 18
HHE, BeHER, Sl mm Rt b T AMYB4 ikiES S5 T
XN B IS CAH B BT, s T NIRRT KRl & &
S, RATRFSUR L, I PtoVNSLL kM, AMYB4 1 [AlvE B
PtoMY B156 {14 Rk A8 03 iR Dk, H#ED PtoMYB156 ZEAgA H ml g
W2 5K NG ERAR . AT HS60X — 8T T

3.1 KIMmel. w&
3.1.1 Y
45— 211
3.1.2 EHRFIF K
[l 26 — %% 2.1.3
313 R RINERE
45 % 2.1.4

3.2 LWTE
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321 EMIEEESN

Az A 35 Lynnon Biosoft 24 @ 7T & ) DNAMANS.O 34T,
BRIy A Mg V)47 R 45 4 A 4 NEBcutter V2.0 1R £ 4 i LA
( http7//tools.neb.com/NEBcutter2/ ), & i ] 2% Ae Y A B
( http://www.phytozome.com/ ) F1 & SEAEWERAG B R0 NCBL W 3
Chttp://www.ncbi.nlm.nih.gov/) 31 BLAST Frisii 2755, Fl MEGAS.0 #
PF 58 BT 7 5V EAT 2 LN R S8 R AE W A . 3 Bl 45 R Jo AR o A
PlantCARE!® 1611 p| ACEI®2],

3.2.2 PtoMYB156 2B 40 3k & 3465
3.2.2.1 FEERM (semiRT-PCR)

EHRE KA RGN EME A BRI 5~6 H) Mk, % 2.2.3 J5vk
PAIMM - ZHEU RNA, DL 5K HE 18S rRNA 4 NS & RE By RNA WK)E, R
H 2 281 RT-PCR 5T PtoMY B156 7EA7 A [RIZH 23 (1) 314 1%« RT-PCR [H#%
J¥: 94°C3 min, 26 MEI(94°C30 sec, 58°C 30 sec, 72°C40 sec). 10 uL [/~
YIFES EB 1) 1%[FI e b Ry o

3.2.2.2 FX O E BRI (RT-PCR)

DUIMB %5 A 23 1) cDNA A 154, % B SY BR Premix Ex TaqTM 11 4% i3 B 13
ATSEIN 3E & PCR, #ffi € AH KR AR R IE &
RN ZA195°C, 30 sec; 40 Ml (95°C, 5sec; 60°C 30 sec)
K 27°4Ct Fiiv 4
FE b RONVARZR AN T P

SYBR Premix ExTaqTM 11(2X) 12.5 L
10 ymol/L  F-primer 0.5 L
10 ymol/L R-primer 0.5 L
cDNA 1.0 L
ddH,0 10.5 pL
SRR 25 UL

3.2.3 JB3F Propomye1seGUS IR I L RIIR & ik

W T2 AR R dk AL 16 d AHRIE ORI/ i 10 £k, K 2 BEATT
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TEAEKB B mEZT0h 20 em B 5L R0 RS T OGP 3~6 ARAE N SEIR A KE. HL)
SRS SR PR N T AR S SRR AR . 250 L B S TR 418 Jefferson 25 A
JPEEAT GUS A4k 2 s A2 g R () A= K I S s 4 4 A 1 AR N
X-Gluc i, 37°CLRL 2~4 h, £ TO%IRG I, 7EARS] RIEE L% GUS &
PSR S -

3.2.3.1 Propiomys156:GUS ?%Ji?ﬁﬂ:*@@

¥ H B A 3h T (-1423 bp 2 #H 85 ATG A £i+12 bp [X 1] D344 5] p)CXGUS-P
Bk b, M Promoter-GUS fil &Rk Hfk, kS WA 5. B dt i u an
B TR :

-1423 bp +12 bp

RB Le

BamHI BamHI

P 3.2-1 PtoM YB156 JE 3 F#iMAnE K. LB AT RB: ZA730 5 ; TNOS: MWk & st K2 175 Hptll:
W R RN GUS: ATREMERRME TG, BB K HpE k.
Fig 3.2-1 Schematic representation of Propomys1s6:GUS construct . LB and RB, left and right T-DNA borders,
respectively; TNOS, nopaline synthase ter minator; Hptll, hygromycin phosphotransferase 11; GUS,

S-dlucuronidase.The diagram is not drawn to scale.
3.2.3.2 Propiomye1s6:GUS AL AU FI 7T
A TR 3 7 2.2.2
3.2.33 GUS i iR AL F il

HAFHFEL K Propomye1se:GUS FULrE I+ 5 Wt VAR 36 3 2.2.2.
3.2.4 R E3RIE PtoMYB156

3.2.4.1 Progss:PtoMYBL56 AH 48 &5 2 Ak
fR Ik H AR pCXSN, Ryt ik [F) 28 5. BTl 51PN & .
3.242 HREHMAEOW
K24 Prosss:PtoMYBL56 # AN B Fr b, J7ikIA 2.2.3,
3.2.4.3 HRNFTAMY AL A5Gt
3.2.4.3.1 B DAEMRBT SE A4 RE TV 1
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WU PR R e B DR RR I ARy BRI 2, BT O R . DR -

1. VIR, AERFRI R DUG K, RSB T MR

2. VIATTHZE TR =0 EM R, RS T Toe2 B, T8I TR
JI 1 A S WA T, SRS B Z2H05 e T AT U R . VR H AUE T I
77

3. MEFRUIY, ELEENE, U RV A NIRRT AR SR
(GUEE

4, PRIEFE MY — KV, BHESBIOT LBl e LA [ 3 0 7 ik HEA T
0, JRIBHECA BT F .

3.2.4.3.2 B SEL MR A R I D) e S Gt
JiVEE s R 2.2.3
3.2.4.4 ¥EILNE A A KIRbR R

FRmem): MEEAH A ERKE . h T RN 2, ITE MR R
TFUR B B HY = 25 T 25 0 5 v il o o

ERBEAR: AR5 H RN 251 ] EH AR
3.2.45 HELEAM AR RS =R

JiR S 2.2.7
3.2.4.6 AT EE R WA S SR DR 36 DR e si 7K ST
3.2.4.6.1 52 & PCR (Semi-quantitative reverse transcription PCR) il

1) B E A A KOR S BT 1 R S A B R B L A i, $EE RNA;

2) cDNA skt i, SBIFS Tk

3) MK PCR ¥ WAk ZH cDNA ik &, £k PCR W, HEHL
EriE IR KR JE R AR S HOG SN S BE R 18S RIA KRB 8, #E S 41pT
BN cDNA iR & ;

4) FTHIER cDNA BRI PCR JeMAKZE T, XN B o143
WHM B, N SAE RS rh ks

5) #ERSHIKATI, AT B AR RN SR IA PtoMYBL156 FE A H AN [l iR &R 1] —
FRAN G S R 7 B O B B IR ) R ik
3.2.4.6.2 AHX} 9 7 F PCR Kol

DL cDNA Jy i it i [A HE4T semiRT-PCR, qRT-PCR (Realtime RT-PCR)E
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SYBR Premix Ex TaqTM 1 7] & (TaKaRa) . BiH cDNA (1764 2 WL 55— #%2.2.3.
ENIVEPSEY (A S
1) FEaIRE SRAR AR

SYBR Premix ExTaqTM 11(2 X) 12.5 L
10 ymol/L F-primer 0.5 L
10 ymol/L R-primer 0.5 L
cDNA 1.0 L
ddH,0 10.5pL
SRR 25 UL

FEAFE A=A PAT T, DUAS ISR (1) B S A4 28 Ok B AHE 6T FRL

2) FCLFAY S VAR RN Takara TP800 R-1613%¢5%:7E fit PCR {X(Takara 24 7)
HEAT PV PCR N FRT

3) HH b3 AR P4 U, A FH AR 2 T AR W7 =4 5 — 1k DL s AR
FHAR & ST, Jesrmliise 8 H SRR 2 LU BER] 18S ik &, fif sk tHAH
XF TN SRR ) H R R ARG SRk &, B e EAT A ot (R AHDRE ik B (R LU R
vk 2704 cted],

4) MArEE PRSP R IR, KIS EE AT MR

3.2.4.7 WEREEIRAE
3.2.4.7.1 F#REPAIRAT E AR

T B A TP BT S R B AR R 519, LB AR cDNA O B AR E 4T
PtoMYBL1S6JE K 1, P & i iahiitie DNA gifbroalFlaaitb)s, S5
PR IN (0 R R il O) JF 2R B 34K pGBKT7 MEATHER . JESR A K
FFB DH5 o B2 400, W PCR FIIF %En, ¥ a4k Ml
PGBKT7-PtoMYB156, {77 & f & i .

3.2.4.7.2 [EBERIAT AL

AT LA —%2.2.5
3.2.4.8 HyilE 55 PtoMYB156 AH T AF FH I 4t K4y ik A1 i3 2l 8 pAckty it
3.2.4.8.1 KRFEFFF A Mg R b OCHERE S5/ SE N (¥ 5 3 17 51 o i

I A FE o T S A PlantCARE (http ://bioinformaties.psb. ugent.be/webtools/
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Plantcare/htmL/)™*%?!, PLACE(http:/WWW.dna.affrc.go.jp/PLACE/signalscan. htm)[64,
NSITE-PL A ScanWM-P #¢/3+(softbe, http://linux1.softberry.convberry.phtmL).

3.2.4.8.2 AR5 G g e FOCHERE 45 M BE A 1) )5 8l 1 28y st

PLE A7 DNA Rk, FH PrimeSTARTMHS (Premix) DNA Polymerase =
R E P % C4H, C3H. CCOAOMT. CCR. CESA JLR a5 ATG 7N 1 i
JAET (Z15kb) o 1455 L.

3.2.4.8.3 MHEBEIAR YAl
JiR S 5 2.2.6
3.2.5 F|F CRISPR/CASY #i R7E##t Fh &y fk PtoMYB156 £ &

CRISPR/Cas9 # %t & H Wy B N Y 5 )iz I BE I A dm e AR, fEid £ W
SEAERE T SCIENE T U Ir KFE LA S N SR R R A . H AT A R T
HORARFF B A S IEAET, AR 24 b o SR 1R A P AR AT B e e i
AN R T X P A A S PtoMYB156 [ bR IA

3.2.5.1 YK KL
[ 5 2.1.1,
3.2.5.2 RFRAIZ A

KW A8 (Escherichia coli) DH5 a , f&4f &% EHA105 (Agrobacterium
tumefaciens) M ALK FEIRAT . ASZL T 21 CRISPR/GRNA RFNZE AL R
ARMP R 2 X GE IS B0 == P it , MR IS BAA pCXSN, Ay il g Al K 27 K ik
DRI 2H 2 = F R R A A, VRAN ORI 2 2% SRl

3.2.5.3 Wl M A AR e
[l % 2.1.4
3.2.5.4 ¥y CRISPR/Cas9-PtoMYB156 #; {4
3.2.5.4.1 JElE PtoMYB156 HLPE I 58 sl 5
A% =%, PTG R.
3.2.5.4.2 CRISPR/Cas9 #I s 1% £

W e 43 2 ¥ PtoMYB156 J7 41 I AN M it ZIFIT Targeter Version 4.2
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(http://zifit.partners.org/ZiFiT/Introduction.aspx)™®%, $kik/551th NGG L4 20 B
Feit AL G T, PLoCid NP4 o 185 Gz X375 GC & & 1 At
e = AN BE A AP Targetl: CGCACCCTTGTTTGTATGGG; Target? :
GTTGCTTACATTAGAGCTCA; Target3: AACTCTTGCCACATCTAAGA. (I
3.2-2)

PtoMYB156

— O T ———

-,
~a.
“we
_ Y
e
Sua
N

ATGL+18 " PAM Target 1

5t CT([;':’GA/i\A/i\?Cl;?C??TACAAACAAGGGTG(I:GTGGACCAAGGAGG/I\II\?II\
| 1111 | LEEEELEER L EEL LT Lk LR
3‘- GACACTTTTTCGGGTATGTTTGTTCCCACGCACCTGGTTCCTCCTTCT

PAM Target 2
‘-(l:cl;ﬂc[<|;<I:(l:'n'cl;ﬂcCTTAcATTAch;cTCATGGTGAAGGTTGCTGGCGT
I T U U I I O
'-GCTAGCGGAACAACGAATGTAATCTCGAGTACCACTTCCAACGACCGCA

9159 0 N 0 0 A o 0 O A o 1 0 T 1 o
‘- AGTGAAGGATTTCGGCGACCGGAAGAAGCTACACCGTTCTCAACGT »==+

Target 3

5
3
5°- TCACTTCCTAAAGCCGCTGGCCTTCTTCGATGTGGCAAGAGTTGCA sese
3

PAM
3.2-2 PtoM YB156 HUAL 1741 fRF AR RARSR L) (PAM) PAM BoR20th, HE/PH1 FhrkilZ.
Figure 3.2-2 Target sequences in the PtoMYB156 gene. The PAM (protospacer-adjacent motif) sequence is shown

in red and targeted sequences are marked by line.
3.2.5.4.3 ¥ PtoMYB156 Jk[K%e i A\ Cas9/sgRNA Hifk R 45

ARG R I AtU3h, AtU6-1 FI AtUB-29 I &1, 4 MIEKE)
PtoMY B156 % [X 7471 (1l =AM - B, L Golden Gate Cloning J7 %34T Cas9
WARRIZ A gRNA KIE G B KIE B A 58 e KR URLVE B 3 N R T
EHA105 11671,

3.2.5.4.4 JH M BV EE L B A R 0 08 R 1l B e Bk DRI AE AR

FIFZE =% 2.2.2 PR B I T B DNA R, CLAL& 519077 X9 8 Y
U5t PtoMYB156 IR F 41 BN AT 1y B, #5432 i) PCR W15 3% B ekt e o v
W, AR HIT. 51 AH X h: PtoMYB156-F, CCTCCGTCTCT
AGTCCTACC; PtoMYB156-Cas9-R, GGAGGCTATGGAGTTTGATA. &% H Y
FBUR/IN 340 bp. P4y B545 2111 DNA Fr BrdbAT I % #%4 2 pMD-19 4k
Hl e, F DNAMANT.0 340 Lt 5 L 2% 7 51, 53 FT N5 PtoMYB156 &
PRI e 3 A7 1 o

3.2.6.4.5 CRISP/Cas-PtoMYB156 5K T (A1) i 42Uk 24 ge {h
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¥

LE 8 2.2.3.6 7k

g
3.2.6.4.6 AJTTE B AH OGS A HE R ARSI (QRT-PCRO
W 2.2.3.3 ik SIMILINE.
3.2.6 KRFZLEAKZEWKRN (HPLC)

AR ol 1 Y D AR A T 00 2 A R 25 B A i LO8 1000 Lk i R R

LRI CIERR LGS, W2, mIds PR, Jek 2544l fuREY) Ji: FREC 0.1000
g KRR GE40HT) , HIBARE TGS AR/ L (67 © 33, VIV) ¥l
R AFEHACT ke 6 h, BOH, W RWE T TR EE, AR R E Y
(CWR)

2. FKHL 50.0 mg CWR RN EHATANEEAN OG22 (1) 2R DU G £ % il b (25 mLD
I 5.0 mL 2.0 mol/L NaOH W, 0.50 mL AYFEARIIANEE 1, Wbl g %
SR, B TIT0CEE MG A TR N 3.5 h, FEEE 15 ff mine KMV IEHE S, K
B R A

3N BB HED e MRS 4100 mL B O =Sfrh, B EEE2.0 mol/L
NaOH ML T- 1o 17 =AM I — R WY, W CHREF 25, K
JERCE 4 mg/mL (2.0 molL NaOH it &).

AFR: H30.0 mL —E /AR CERIREW (111, VIV) ZEUVIRA K
3 W, HIETH BRAR R Y 58 IR S AT A o OREEZKAH . (D R B ARG
S RS A RS IRAT A YD ¥ KA HI6.0 mol/L #hFERI pH {H%3-4 5 (i
YISIRAEY , FAMRAT. FERHB0.0 ML A H 208 LEERAW (101, VD
I3 o MP ORI T2

S5.EEA N, TEZE, 1934 .

6.4 5k FH 5.0 mL e il 4l (1 FF I SRV )5 400,22 umiE B 98, B 20.0 LA
HPLCHM .

KR E BAKHPLC A 464

(1) AE72RAY. universal C18 JeAHK:, 4.6 mmXx250 mm.

(2) ishH: WEEDKIWKETR (2507401, VNI

(3) JiiE: 1.1 mL/ min

(4) Ky K. 280 nm. HE28°C.

(5) #EFFE: 20.0 pL

b, NARMEERCE A 4 mg/mL (2.0 mol/L NaOH it &), 2 v ), ¥
FES ARG OUINAS FIARR P AR, T8 &0 200 L. B TFES A, A i
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7%, A 5 mL s R AR, BRI EAUE P BRI B /& 0.16 mg/mL. FCAR Hh
IR N BRI F2 0.16 mg/mL FiC &

B i 2 e i -
1) Fic'® 200 mL kR, HIFK 320 mg LIEFHFLZEEET 200 mL {4 3% FH 1 (0.16
mg/mL).

2) FRUEMZER 5 NS )% 0. 100, 200, 500, 1000 pg/mL.
327 REEEEE=WN

KR BOCHH LR A B HERARRT UR B, BENLEEL 60 M40 s h— 213
3, FUH A% B (imaged software ) 9 5 22 28 ¥4 45 5 (http://rsbweb.nih. go /i),
KM SPSS Geit F At AT A 7 Be it

33 LWHERS5 9
331 EMEEEnh
3.3.1.1 PtoMYB156 & [K] e [ A G FE R 17 51 43 it

A AT AW R M RIS RNA, DL A3 3011 cDNA ik, R4k
CREHERY PrMYBL56 4K Py Bt R et 519, RT-PCR KNV AF 3% AE
PRI e i e 1) o U St 7 g 3945 21 () v BOR /N 810 bp (LI 2.3-2) , Tl
Hgmfd 269 MR IR . fF GeneBank Chttp://blast.ncbi.nlm.nih.gov/Blast.cgi) Al
phytozome Chttp://phytozome.jgi.doe.gov/pz/portal.htmL#!search?show=BLAST)
AT Blast [FJYE MM, LA MEGAB.0 (1) £ 741 Xt &I PtoMYB156 i
fit RRR3IMY B Y, sk A A B m R, H A WAL R2R2MYB s A1 (1) Fy
fE: FELRSFI N 3t & K4 ) ok 53 Fl 47 ANEFER 1) R2/R3 Thfgik, C uify[X I,
A ARSI S RETEER X (14 3.3-1b) . #F PtoMYB156 (1) C i [X 5 2.4 Py 4>
B[ MY B 2R DUV SR 1 £ 11 45 #4 e (81 3.3-1a): CL G, LisrGIDPxT/ SHRxI
/L; C2Juff, pdLNLD/ELXiG/S; B4t Icff, CX1—2CX—12CX,C ; LK
C4 45#7etl, FLGLX4-7V/LLDGE/YRSX1LEMK® 01721 Jh - C2 juffrhfy
—~ EAR (ethylene-responsive factor [ERF]-associated amphiphilic repression) %
HICrE. EAR oM 2 B4 TER ], PtoMYB156 J& T4 4% L1 LXLXL 2
M, RSERTRORESUIE L, C1 o (R GIDP Joff) , HA s EE™, c2
o K g A AR S i ) G 0L, FE MR R PUMY B4 s Kgdslrh C4 Ju b i
I TH HE). %A AR A A 9 T AN ST TN, AT R SRR
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A PtoMYB156
PrMYB221
EgMYB1
AMYB4

PtoMYB156
PtrMYB221
EgMYB1
AtMYB4

C1 motif

PtoMYB156 EA..QEATT......... SETTTTTS -VBEESRGSIIKEEIKEKLI 169
PirMYB221 :g P.A.QEAST........ S.TTTSVHKEE . SLSSVKEESNKEKII 166
EgMYB1 Lx EAQDHHDEP. . ....... EAANSKEIKEM. .. ...... KNNAELN 161
AtMYB4 SSASQDSKPTQLEPVTS NESFTSAPKVRT. . FHESISFPGKSEKI 177

LIerIDPX[TIS]HRX[I/L]

PtoMYB156 SATAFVCTEAK.TQON R NI SQNQPDHHQPFK . TfEGS . R L 225
PtrMYB221 SARAFICKEEK. § CONQPDRHCAFK . TIRGS . TSK L 222
EgMYB1 FMCNLEESADVA SHQLHQPEPLLRETERK. S X L 217
AtMYB4 SMLTEKEEKDE.CP LN IS 1 T <30 - DDVDRLQGHEKSTTER 231

C2 motif
pdLNL[D/E]LXI[G/S]

PtoMYB156 NVE . vs-rv s 269
PtrMYB221 % 335\11 VG'” 268
EgMYB1 .. VGVIE 255
AtMYB4 I GRMR CDVVG 1 201

Zlng finger motif C4 motif

cx c)(7 £X,..C GYDFLG[L/M]X4.7 LX[Y/F][R/S]IXLEMK
B Structure of PtoMYB156 protein domains and motifs
N-terminal region C-terminal region
K14 Kes L11e P177 C219 Gas3

1 I R2 R3 C1 87 ZF Cc4 269
Re7 R113 l129 P1ss C23s K269

Kl 3.3-1 PtoM YB156 HIIL'E R2R3-MYB SXHe sk X 1IN Z KR P A i 7. (A) PtoMYB156 AIILE
R2R3-MYB F K e s A 7 I 2 FE IR e S G5 R0 TR, DR SF ISR AR IR, (B) PtoM YB156 #%¢ ]
THEEREEH R ERE, BN FEEEgMoHA Cl, C2, ZF JuffM C4 iff.
Figure 3.3-1 Comparison of PtoM YB156 with other R2R3 M YB amino acid sequences. (A) Multiple sequence
alignment between PtoM YB156 and the other R2R3-M YB subfamily 4 proteins. Identical amino acids are shaded in
gray. The potential functional motifs and conserved M YB domain are underlined. (B) Structure of PtoM YB156

protein domains and potential motifs. The boxed sequences are C1, C2, Zf and C4 motifs.

3.3.1.2 PtoMYB156 [t 4454

T 50 A PtoMY B156 {E 2 ¥ M a4 4 (1) R2R3-MYB F % s A1 i 1Ak
WRIE, ASCKILE . S, M. Bite & oK TS A R E A oA R
MYB # SR iy i 1 b (] 3.3-2) 45 SR B W], A S 7+ 5 PtoM YB156
R R EFIE N E AMY B4, [FE, A F PR ] R2R3-MYB Z LR 41 1
[FUEPES T, L& MEGAS.0 BT 2 H 7 41 LL 45 501 PtoMYB156 FHH & A5 2= AH
K R2R3-MYB sk H AR mAHE, JUHZEE LM EM K PdMYB221
(Populus deltoides cv. nanling895) [F] 21k %1 97% (L] 3.3-2) . PtoMYB156 5
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AmMMYB308. EjMY B2 “5fgt 1t ] Pl 2 L4 X Az B B3 B s DR 772 7 4 L v JE )
Ui, WERE 1N A D) RE BT RE 2 TR AT 1

&6 EjMYB2 (KF767454)
61 AmMYB308 (P81393)
a7 PdMYB221(POPTR_0004s18020)
97 m PtoMYB156 (KT990214)

EgMYB1 (CAE09058.1)
LIMYB1 (GU901209)
PVMYB4a (JF299185)
TaMYB4 (JF746995)
I ZmMYB42 (NP_001106009)
ﬁ‘mwsm (NP_001105949)
AtMYB4(AAS10085.1)
AMYB3 (AT1G22640)
AmMYB330 (P81395)
PtrMYB182 (XP_002305872)
GbMYBF2 (JQO68807)
EjMYB1 (KF767453.1)

% AtMYB63 (AT1G79180)
—ml:mmvasa (AT1G16490)
GhMYBL1 (KF430216)
EgMYB2 (AJ576023)

100 { PtrMYB3 (X M_002299908)
100 PtrMYB20 (XM_002313267)

Kl 3.3-2 PtoM YB156 5 & A A4l R2R3M YB 285 35 Al 1 [ A 4 LE XS o
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94
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Figure 3.3-2 Phylogenetic relationship of PtoM YB156 and other R2R3M YB transeription factors from different

plant species.

3.3.2 PtoMYB156 RiAER 1

h T HIZERAEARALR, RAFRE B RIERE, AR
PtrMY B156 /341 Wit T 15 8 (1) i JE 31 X B RE e k5 19 (LD, BAnt
A DNA Jgfsi, wolEf3s) T Ko 1435 bp M BL. B, Biznsh FEAN
PCXGUS-P #fk, fifi 2 #54H] GUS 45 HRMRIE, FHEAE MR T, R34
VB R DU IR 1) P AR AR . R Hpt 514 % e e SE DR AR R o

TERN R IR K I 2 AN 11, I X-gluc ZH 2004k 25 G (0 0 54 15 Ji PR 1) 2 i 1
O, RIMHEPT B CEKHE 15d) hET, R 250 7 3 ik Ak #8
AR ErE TR EE ) 25 3R B FITE BUZ X I GUS JE PR 1 308 20 A1 W
[, FEZE H AR b GUS BRIAFE o 1Ak, IS BI7E ARG (iR %
I ATAEE . AehE . JESSh . IX3R I, GUS i JEDR e 8 pd - (1 384N & B I
WA Rk (K3.3-3)
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3.3-3 PtoM YB156 3K 5 ) FHIR AN . 7 Kol 1435 bp K830 T 1 BOERAE pCXGUS-P #i4krh, #
PR T 5 SN [ I IR 755 R ) i 1 10
Figure 3.3-3. Promoter of PtoMYB156 gene expression pattern. The 1435 bp promoter inserted upstream of the
GUS sequence in the expression vector pCXGUS-P. Transgenic Arabidopsis plants were exa mined for GUS

activity during different stages.
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R S YL OL Pe Xy B

3.3-4 PtoMYB156 Jik [| A% 1 1 ) 21 2 IR 2 #T o
Figure 3.3-4 Expression patterns of PtoMYB156 in different tissues of poplar.

TR PtoVNSLL 75 % A 2328 7 b ARG 2 IA R, i 20 il B B 4 25
HRREE I mRNA, I S5 cDNA, il 52 & PCR Kl PtoMYB156 J:[X]
MRk, g5 R7EKW, B PtoMYBL56 LRI ERIFR IR . 25, Iy AR, AR
M) Brh A F 8 A, ARy AR 4l 23 ik ik m THAmA R (&
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3.3-4) o GEATERMIFRINNET GUS FiRsh §, X FURAF %IRRT A
Z5THAVEKR IS AR, JEo S AL R e

3.3.3 PtoMYB156 B4 20 Rt E fL 45 Hr

T s DRI 2 i R 3R AR (R Th e, 7 BEAE 20 A% N 58 1 AR AR A 2 2 i
RIL PtoMYB156 & H 2 AP HIH N s A& EMfE 5. RAMMWE T
PtoMYB156 Fll GFP [{Jfli& ik %4k 35S:PtoMYB156-GFP, Jf4: LK% BY-2 41
Mo FRBOGIR AL WSS, RN GFP 25 S &, 5 DAPI
GO E P ES, RUIEG E ORI E e k%N . W8 3.3-5A. H
T PtoMYB156-GFP fili#5 £ 11 1) 4> 7 felik 50 kDa, #ig FARELL B By #i 7
KA B, ZSEAE] TH A+ PtoMYB156 Rl (8 3 8)) e A 1 40 MU A%
WKL .

A
White light
GrP §°
"‘.~

PtoMYB:GFP
B Relative activity (8-Gal)

— 20

-w>> a80 0 20 40 60 80 1001

- CK
i ———

I GAL4BD-VP16
-pmq?"_‘/»z 080 | PIOMYB1SE

GAL4BD-PtoMYB156
- ’i"’“\'\ I
sany > om0 | prouverse [E— GAL4BD-PtoMYB156:VP16

3.3-5 PtoM YB156 F) VAN (7 S S sk i TS d. - (A) 355-PioMYB156:GFP il il HAATENHE BY-2
VRN M bR k. AEGENIZId DAP Rl R, (B) PoMYBI56 1k & VP16 s sl i A%
SIEENESI . GBD, GAL4ADNA-binding Zi#ylsl; VP16, W16 FE [ iiH ol GALBs, GAL4A A48T S,
Figure 3.3-5 Subcellular localization and transactivation assays of PtoM YB156. (A) Transient expression of

35S:PtoMYB156-GFP fusionproteins in tobacco BY-2 cells. The position of nucleus was ensured by DAPI staining. A
tobacco BY-2 cell expressing PtoM YB156:GFP or GFP alone shows its localization in the nucleus or in the cytoplasm,
respectively. Fused GFP-protein highlight and bright-field images were compared. 35S-GFP was used as control. (B)
Transcriptional activationanalysis of PtoM YB156 analyzed by thechimeric reporter/effector assay in yeast. GBD, GAL4
DNA bindingdomain; VP16, activation motif of the VP16 protein; GALBs, GAL4 protein bindingsites. Data represent mean
of three biological repeats + SD. GAL4DB null vector was usedas a negative control and GAL4BD fused with VP16 was

used a positive control.
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3.3.4 PtoMYB156 BY%E F 455 L6 IE

FRE T TN PtoMYB156 C- S 4l iz BE R U 04T, RIZ P41 354 EAR
TCA, TG T BERE WA SR 1 (R SRR, —FROR DA A A s il BRI BTk A T
45K o A T HE—DAUESE PoMYB156C S &5 R IR, oA TRy 7 =AMRlG ik
sk, —/MUFS Gald 1) DNA 45 A AR a2 e 85 (Herpes Simplex Virus
Protein) VP16 [HIFEEIOTIER (#1442 GAL4BD-VP16) 51, A& GaUBD #i
PtoMYB156 [l &4 15kl (GALABD-PtoMYB156) , LLACK: Gald F1 PoMYB156
K VP16 JL i Ela okl (GALABD-PtoMYB156:VP16) . .+ GALABD-VP16 il C
iig ASEFE v BT GALABD AR 53 A E A BEE X IR X B 45 R R PRI
Rl R TR RETE AR S L RE T, £E SD/His- (—#) , FI SD/-Trp, -His, -Ade

(=) IR AR IR A IR AR, I HLRERG A X-gal o g (. (HaxXFp g e
#% PtoMYB156 JIT i, GAL4ABD-PtoMYB156 2 GAL4BD-PtoMYB156:VP16 7F —
SRR IE P K BE KA LS, FLAS I Laz M vi% M AR URI6) AR LG, 7% 1k
FZ BT (UK 3.3-5B) . Uil PtoMYB156 F2& AN s il A 1.

3.3.5 #BFi% PtoMYB156 BYFE R E#FH 2 7S R

KLY 4 A F 1) PtoMYBL56 b 1 e KL DR 7 44 F0 B A2 R R AR UL, 704 A )
WINZESE. OE-PtoMYBL156 %Ik R b A ACARRRAR /N, FEAR T A 125 B4R,
A S 7 IR D g it BACR. B sk H R IR R R
b (LK 3.3-6A) o LA ERIAMKR: L-3. L4 T Ea g RN, #
FEDIRE R AE s LB AR A R B 60% 4547, ELAR TR T 29 30%. [FII 2511 2B 4 &
B EPEC. 4R IE 3.3-6B. LL R4 IREN], HKIA PtoMYB156 4714 I AE 1<
AL RIAE .

WL, 5 PtoMYB156 |78 T R2R3-MYB 453K T-55 4 W05 (K i k¢
B EgMYBL KA FEHEMEE L ) EigEh 2 “ARIR” (Cup-shaped leaves)
571, 3 H. EgMYBL J& AN A 5t S UUARIN 2 S MR A 70 5 IR 7, SR A B R
B FEATRS AN R T e . N RIRIG WL 4 ok, PtoMYBL56 (1B R IE M
P I — RPVRAUFAE: SR IR B, SEREMRAR R BEIG. HIER
A AR S AN EgMYBL ZhAEZRALL, I HIX 5 PtoMYB156 A (1) 41 i 77 e IA A X
JEFVIG (B3.3-3, 3.3-4) , Wiz sk R FAEm i 1 A K k& B Bk 47
WEER, JEHRA RS THEERNEEASR T IR,
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Figure 3.3-6 Phenotype of overexpressing (OE)-PtoMYB156 transgenic poplar compared with WT. A. WT and
OE-PtoMYB156 poplar plants after4-month growth in greenhouse. Leaf sizesat 7 leaf p lastochron index(LP1)™*78! and root
sizes, photos detail of cup-shaped leaves of PtoMYB156 transgenic pop lar plants. B. Overexpressing PtoMYB156 caused
retarded growthin transgenic p lants. Plant heights, biomass of stem and root and stem diameters of basal parts of 4-month-old
plantsgrown in the greenhouse. Results are presented as means and standard deviations (n=10). Single asterisk, double

asterisk indicate significant differences in comparison with WT at P<0.05, P<0.01, respectively (Student’s t test).

3.3.6 B3k PtoMYB156 MBI RKREZESENE

L EPAERA LG, R IA PtoMYBL56 (1445 55 PR Az A 1 A 4 5 W Wl R (18] 3.3-6)
TTAEA I AR B3 AT SR AR AW L S 3 L K RIEHL IR/ is i it E S g et ), g
WY R A NI E R 5), GIS AT AR S LUAE 2 Yo e RATE A VI
TSR Bk, BT AL 4-5 H 108 A 1 K& % 5K PtoMYB156 & I HK & (1)
ZEFFHBALER 4 F T LA R (380 HEAT 7 Klason AS i 25 i b B3 R 1R 00 5E ﬁﬂ?%
3, FHEFARIGTHAHLL, L-3 & L-4 BERIEIE R GAR TR S B R EmD, &
BEAR T 20 14.3%; Ti4eidt HPLC Krlif¥y G/IH/S —FhA i 2 Sk & & LT %A ﬁﬂc

(£ .
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R 1 A EAHBOR R0 e B A T AN L R o SIGIH FARAR BT AL U], R A b
Table 1. Syringy|, guaiacy|, and p-hydroxyphenyl monomer composition, and total monomer yield of WT and
PtoMYB156-transformed poplar (% dry matter), as determined by high performance liquid chromatography (HPLC).
Each data point is the mean + SE of three replicates. " indicate significant differences (t test at P < 0.05) when compared

with the wild type (n = 3).

Klason lignin

Sample H % G % S % SIG
(mg/g)
WT 245x8.7 0.24+0.02 42.32+£2.33 57.44+2.71 1.36+£0.01
L-3 203.4+9.8" 0.84+0.10 46.58+3.60 52.59+1.97 1.10+0.04
L-4 211.9+10.1° 0.85+0.09 42.34+2.88 56.81+4.20 1.35+£0.01

3.3.7 B3 % PtoMYB156 71 B /K R ERLH i B 1 5 M W 52

R B AR RIE R R -3, L-4 ZAET- VI Ja, XARBERA AT T H0EH
PR WO EE, IR ST el xS EE BN, RIS R (L3, L4 F1Hy
AR W) R AN BB AR BN, AT B FR AL SRR T S B D T B LG 451
WA A FIRE L A BEAG, BB R s R i /MR T B AR R s M 2 e (LR 2)
AR RIS, ARTUERI S . ARLT YR 1 40 BE 5 BEAH 511 A2 20 0 B
KT 13%, 28%. W% 3.

A2 W REDURIAT A A B R gt ) 2 i
Table 2 Anatomical properties of wild-type and transgenic poplar. Data are means+SE. ~ indicate significant

differences (t test at P < 0.05) when compared with the wild type .

Line Area of Xv Area of Xf Area of X Ratio of X Area of P Ratio of P
(/nm?) (/nm?) (um?) area/STS f(nm?) area/STS

WT  1248.92+89.02 298.72+22.70  61412.10+£7014.53  31.94+2.23%  3778.50+12.22  5.17+0.76%
L-3 1189.59+40.48 247.18+18.86 54396.65+236.70 26.55+4.65%  2306.21+15.28"  4.23+0.01%

L-4 1200.29£55.21  254.20+21.10  52276.30+118.30 27.34+5.37%  2128.32+17.36"  3.99+0.86%

Xv, xylem vessel cell; Xf, xylem fiber; X, xylem; STS, stem transverse section area; P, phloem.

AR 3 L DRI ET A B R R T A B I B A

Table 3. Measurements of secondary cell wall thicknessin the xy lem of wild type andtransgenic p oplar. Data are means+SE.

Sample Xylem vessel/pm Xylem fiber/pm
WT 3.78+0.618 4.18x0.50
L-3 3.2+0.73 3.531+0.42
L-4 3.53+£0.89 2.93+0.69
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I, BCEK R — IR S 4 5, 78 UV UK 96 B 4 T
A TR TR AT M52, I 3R] Prosss:PtoVNSLL A - ik FH =25 oh A i
EEEY BAC TR (K 3.3-7TA, D, C, F) o H4 B A B0 KL PR R RR 25 B A )
H, JELL0.01%01 R k5 (Calcofluor White) Jeft REFel4i o, W ARG
HEFYE R AT AR T BT A BRI . HC I TR) 2R = 19 B A e W 0 A T 40 L P e S
BRI, IR AR TR A M2 s b, B AR Y AR T S )
fE (ALK 3.3-7G, H, K, L) . EH] PtoMYB156 % ik A= A K 5] 7 ]
EH.

s iy
o8 iR

S0/ Ve

& 3.3-7 OE-PtoMYB156 A1 A= R0 I 22 AT U1 R A EE. A, D A1 C, F b it ik sl 2R Ui A i 25
JOCHE. B, EARIMS (Calcofluor White) B, WML PLFUEREE: 1, J, G, H A =M
IR PR RO 0L, BPAETL(, G), BRI (3, H) o« K (WT) 1 L(OE-PtoMYB156) 4 == 1] /1
T H ORIl o g . XF, ATRer4E; Ve, 5%,

Fig. 3.3-7 Microscopic analyses of stems from control and OE-PtoMYB156 poplar plants.Lignin auto-fluorescence
(A, D, C, F) images of awild-type leaf (A) or stem (C) shown the less lignified secondary wall thickening in veins
(ve) or cross-sections. Secondary wall cellulose staining observation by incubating sections with Calcofluor White
(B,WT; E, OE). (G-J) General view of stem vascular tissues stained by phloroglucinol-HCI in transverse sections of
stem. (K, L)General view of stem vascu lar tissues stained by Toluidine blue-O in stem transverse sections of WT (K)
and OE-PtoMYB156 (L) plants. Xf, xylary fiber; Ve, vessel; Scale Bars: 100 um in B, C, E, F, G, H; 50 um in K, L;

20 um in A, D, 1, J.
3.3.8 Prozss:PtoMYB156 &5 (& ##x A £ F F-iA 463

VPR, MYB Bk N 7 EY) I ERERR T, R BEBRAE T 8
LERAEVE T . AT 14 Nkl qRT-PCR 5%, R0 T 5 I AEREh 4743 . AR
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ZRUAR SR 2 R G I 1) 2w AT 55 ERTZE PtoMYBL56 8 i 3 i R Rk o i e 1k 7K (&
3.3-8) o iR EIR, fEERIAHERT AR TR S BB FSH. CCoAOMT,
CAHIE 1791 o of 22 25 il g HE K] CesA17. CesAl8, M ARZEWE G L GT43B!E
(12215 B3 PR, XU PtoMYB156 stk A ie & ik,  Sma 1 Al
MR AERE IR, SRR AR S &L (GRH% 3.5-Table 3) o {HA 5 AR M,
TEAR L ARG e, F5H & CCoAOMT & i = A itk GIH/S (B Z ke
K7, SR, FRATR DB RIEMARS FSH. CCoAOMT JE[K )2 1A 7K T 1f) I8 25 %
%, (HEAAGHEA R E ARS8 GIS bl kA B (L% 3) , IXnlfE
& BT AR G M 48 A7 A 20 90 S A5 3 (14 Js PR 380

Zhong % NAE R SGIIRFIT 45 RAEW], NAC K MYB Pk 5 I 3 5 R 1 B A
TEVHFAU R T B KA 0 25 £ et Rt 1) 7 3 3 i s U P2/ FH T ONAC 2 37
Wi AR BEA B B3 “TTO07 s MYB B SR PR AN TE R IR E, S 5
RAERER DG . BRI 53 I+ SNDLNSTL [ Y5 O & 55 AT (1)
PtoVNS11 ], 5 AR BT 2R il A2 OGS L DR A /K B3 BT, e
OE-PtoMYB156 #£ & 1 [y ix S JL DA R BT i i ¥4 DRk, Ak — 20 Wy
PtoMYB156 {EAHY) X AL BE R B i R 2 T SO APE R
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Fig.3.3-8 Gene expression analysis of several genes associated with secondary wall biosythesis of wild-type and

PtoMYB156 overexpression plants.
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3.3.9 PtoMYB156 A] LUB iS4 & i B A B e T iz & F p RiE

h T Bk PtoM YBL56 X AR BE & il oS B g L RS 3011 MY B YU 21 ) 45
Ay AT R ARAT B S 7 208 PtoMY B156 614 3514 K CesA17. C4H. GT43B
FERA BN TRlS GUS i JE IR BRI R A R St s IR A7 28 kL i 3k
BRAR BRI R 2 AR AR LA A A R . S5 R, JLRik PtoMYB156 fig5 it
15 PtoCesAl7. PtoC4H2. PtoGT43B Ji 8 F ¥l GUS 3f I i MR (P<
0.05) . JLIE 3.3-9. ULUIZEREIANINL, PtoMYBL56 figfs HH:45 & PtrCesAl7,
PtrC4H2 J PtrGT43 (M3, JFMI e AT IZIk . 7 PrMYB156 54 1 4%
RI7, BBV 8 AR BE A SR DG OB R L DL 1) )5 30 1o, F IR BRI 3k M
BEARIZIG ) & &, HEMT M BIAR TR . 2PYEFR SR BPE 5

.. 160 1
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Fig. 3.3-9 Repression of the secondary cell wall biosynthetic gene promoters by PtoM YB156.
A, Diagrams of the effector and reporter constructs used for transcription activity analysis. B, Transcription activity
analy sis showingthat PtoM YB156 repressesthe promoter-driven expression (C4H2, CESAL7, and GT43B) of the GUS
reporter gene. The GUSexpression in tobacco leaf transfected with no effector was used as a control and was set to 1.

Error bars represent + SD of three biological replicates. (Statistical significance, * P < 0.05; ** P < 0.01)
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3.3.10 PtoMYB156 £ FE B &7 H B KR E N E

CRISPR/Cas9 £{ A —Ffigle )" V2 W FH T WFBE L 41 S 504 B D5 20 2 5 1D T 2%
AR T BB A 3% i e Sz 5 5 R P A T AR b K 2 ) R ' 2 O S 6 4 5 R T
CRISPR/Cas9 Z#I i #Ak RGE, CAEM R S T 6 U )\ 7 A 21 2 i U
(Phytoene dehydrogenase, PDS)3 [ 5 i i b0 182, Oy T 359 PtoMYB156
TEMR D RE, BATR AR T & A8 YR PtoMYB156 LA, 3R7F T
PtoMYB156 Iy figdik 2k (A MK 5

3.3.10.1 ik FRoS ARk

10 ok H2 B B A= BRI 2 O\ CRISPR/Cas9-PtoMYB156 i B3 2 4 1) A7 B ik R 41
DNA, DLW 514), XFNJREK PtoMYB156 H BGEATY H )5, Mk Bos
gERNK 3.3-10. A7 DNA BRI ZE 141 (CK-) J& PCR P 341 [HPEXT I WT
s LT AR DNA BRI s 2 k& L-5, L-7 55 (UL 3.3-10A) =&
DU LRI FE R DNA BB ) Se 30 2. LIRSS R BT DL 2, L5 & L-7 A&
vk LT /N AN 47, E B AR PtoMYBL56 JE R 41)7 41 ke Az e s

A

L5 L7 L11 12 L13 114116 L17L20 L21L22 L25 CK"WT M

=500 bp

=340 bp
=250 bp

- TCATGGTGAAGGTTGCTGGCGTTCACTTC
TTCATGGTGAAGGTTGCTGGCGTTCACTTC
e, TCATGGTGAAGGTTGCTGGCGTTCACTTC
ATCATGGTGAAGGTTGCTGGCGTTCACTTC
x(\:’(l';CATGGT GAAGGTTGCTGGCGTTCACTTC

CTAAAGCCGCTGGCCTTCTTTAC
CTAAAGCCGCTGGCCCTCTTC ¢

Target 3

K 3.3-10 ikt R R AR A (A) PCR I RN AR M DNA 525, (B) AR¥E HIVK i K/ oe
e 4 v ) 3 P 5 56 1F CRISPR/Cas9 i PtoMYBL56 JE K s Dh )7 41 . WT: BFZEM; 5~25: #:3E[H
Wt kark; M: Maker DL2000
Figure 3.3-10 Screening for CRISPR/Cas9-mediated mutagenesis of poplar. (A).DNA samples from independent
transgenic poplar were analyzed for mutations by PCR assays.(B) The PCR products from poplar plant were
separated by their size and cloned and sequenced to validate the deletion directed by CRISPR/Cas9 in the

PtoMYB156 gene. WT: Wild type poplar; 5~25: Transgenic poplar; M: Maker DL2000.
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T MR PtoMYB156 3 BRI T R T e 43 BT

¥ L-5. L7 JkaE M BEUIRR I, 8 pMD19-T #4L KT B, PRI 1A
T o 000 4 SR 5 1 A 7R Y5 PtoMYBA56 5 [R5 e 41 3R 4T EE ), B L-5.
L-7 (0434 5 Beh B0 T 3 B R B s S8R (1 O, ARRIX AR RIER 41 1
PR PtoMYB156 JE[A 2k T 58748 . WL 3.3-10B. B AR M #r i A L 1 1y 471
FOh AR B (37~48 bp) AT BL/MIGE A SR MG DL 7F L-7 BRR
WP gt h, SABRMEARIAE] T 58%.

3.3.10.2 X} iR SARAR L L) Fr Ye i 2k St

Ha 37 AR TR PtoMYBL56 it 5k S AR AR 8 2L BEAT ATV b s 3 I 0 (A AN gk
1T HC IR =My e th, TR/ BAlEE PSS . RIMAIEF A= R AR L, SRR I
(AT 5 LT A 40 M o A B L, L3900 e S RH A 0 o 10 (1 T 23 DXk Y
HEL T R AR A DO IS (K 3.3-11) . JiE Ik 4h 3, Fedi 140 PtoM YB156
GO AR BE I R A . 24 PtoMYB156 JE D]t b4k i, 1235 DR (1) 9001 o s o
filel, AR TUR G BOSIEI 2 AN S IE D I, KRBT G TR e, S
R BE T JE P 2 TR AE

3.3-11 ¥4 (WT) A CRISPR/Cas9-PtoMYB156 SAF A (125 Fr 445 Hr

Figure 3.3-11 Microscopic analyses of stems section from WT (A, C) and CRISPR/Cas9-PtoMYB156(B, D) poplarplants.
3.3.10.3 Xk bR AR R AR EAT QRT-PCR 4347

h T2 HE PtoMYB156 PN 5 ik A REAE W) & i ae i 2 5 AR FH ) 450
FEDRI PS5, AT T RN X L B AL R B AT T e A (K] 3.3-12)
W9 PCR R4 AL, PtoMYB156 S AR AR v b Yk Af B B AH 56
() CAD. CCR. GT43B. CESA2B “FAL MR A R BT, I PtoMYB156 %K
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E=2 MR PtoMYB156 JEPHE () T FI T B4 BT
ISAE IR PARSIE BUAH 5 7 1% PR AR A IR A B B e e s - ) DhRg . B
REEHHIEY] PtoMYB156 HE2 5 0 R N Z IR AR AR Y, FFsgm 7R 40 e
IRAERE 6 B o

)

AN
=
=

%

B WT
(] PtoMYB156-KO

*

2]
o

| RN PR TS T [ S (VS T v TS [ M
AN)

H
o

*%

*k

sk *k

Relative expression level
N
o

O =2 NWH

—

A 500 0l ol AN (Tl O AN D 00 9
I\ ST ek adee CRr o0, 0" L ¥ 00% X o3
eP AV A ¢S ot ¢ cc,;& & Tutesr

] 3.3-12 QRT-PCR ¥iilll WT 11 CRISPR/Cas9-PtoMYB156 744 H1 7k 25 B 45 Riade 422 mh Sl il 5 X 1) 22 3 7K~
Firgure 3.3-12 QRT-PCR analysis of genes associated with secondary wall biosythesis of wild-type and

CRISPR/Cas9-PtoMYB156 transgenic plants.
+ =t A
3.4 INE 5L

W24 Jy ik, AEARAAY)H AT I REIRIE Y MY B #5812 S5 h 7 A g 78 108
1810 PRI 7 80k R P F ST R L, 24 PtrMYB152., PtMYBL il EgMYB2
FEPL P I B B o SRR I, BB AR I 370 VAR 40 I BE (1) e A DU, eI
Bk T2 5 T RMIE BN UZ A B . A TEAIE PtoMYB156 #45%
R FAEAR T Z A BGg 2 iR Ih e, FATERL R IF R 08T T PtoMYB156
A3 R (R A AR R IA R S ks B MR S 40 R P B v 06 UE T W 40 s 7 R e S
PE; 75 PtoMYBL56 i 31k Bl SR 58 AR ARG B TR BT T 1% 1 (R A 9022 e, il
T O RAEREAL P AR Z . £F4EZ . ARZRNHA WA G 5 1) JRE DR 3T 7T R 5 1
T I R I R B AE T R I B I DR B 1 (R 4 A R 4 O 5

AT R LY], PtoMYBL56 JERIAEAR . HELZA B HIAREmRE, U
HAeE b & REAER, UMM E P RE. bRk
PtoMBY156, 5lCAEpREIfR. ) aids HESRA; PEUT IR SRR AERE T
FUGMAR TR R S N, BATE S ERK T4 14.3%; [FEHH T PAL, C4H,
LAC40, CesAl7, GT43B ALK IEK-. Tk N PtoMBY156 JIERE T ¢
A BE T AN B 4l i R BT 3R (TR 3 PAL, GT43B, LAC40 [KIA R
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MR PtoMYBL56 Rl T R T BE 4 BT

# bJt. Bb4h, PtoMYBL156 H sk A1 nl LL45 & CESALT. C4H2 J GT43B 15 3))
F ERSCHE IO, I RS )RR Z5 EPTIR, PtoMYB156 sk A%t
AR RE R E I A4 TR AR nT fe R R A2 BE R B A DGR 25 A SE R (1) Rk ok
S o

X— ARSI RN E VIEH T PtoMYB156 &84 A A T+ 31 I e 3 4]
PtrVNSs I FUFAHOCHEIE R 2 0], R A RE S I R 7o IR, R R BAT ]
JVER T —AACZ WA RS, R T B8 1) 4 20 2R I AR 4 S R () A
V)& R P HL IR A AR A 2 R DR
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HPUTE  PtoMYB156 7E:% M pd 7+ 19T UV-B 4R35 M 77 TH I B RERIT T

FME PtoMYB156 FEFMEEIETT AT UV-B S@5HEN 45
R Th BE R 5=

il

4.1 Al

M E R & S N A AR A, e AR KR B ESLRAE. Bk, BHOG
A T 4 R AE 25 B 5 K% M e AT 1A AR T T AN mT sl (R A BE R 7. R0 5L
AUREE, KSR #0835 290 nm G R RA IR T, SR AR
X APIASR] G #RRe g I v, AN SE D 280 nme315 nm ) UV-B )4k
A /EG BE I . HFFTUED], UV-B REBR DNA k. MDeaER . FHE
A Mo Ak RO T MR [ K O R A, A A T R A2
RANG A F RIS LA

FAE 1978 45, W Biggs S5 NEXTELFEILAE . Mide. KF255 70 ZFRAIEY T
AT UV-B 5 55 Ab B 0 S2 56, 7550 AS [ AR S Rt UV-B 5 6 o o 22 i i gt 12860
Teramura A4, UV-B &4 B2 makE P 0 I A K AR 7 1= &, LR eh
VEF I BT B B v (i P 3401087, id 60% (K VE P i AR ] k2> . B RS
RN, AT iSRG 2 Rl N UV-B SRS N 7 A b, R
AR /AN TIAR, AN R SO R R L AR IS Y UV-B s fEAEE RS, M
Yyn] LI I R BT NS, 90 o BRI ORAE Y e Yu N IR UV-B R A
PR FE T, I 2Rl A5 P e PR AIC SR A2k 2 3B R I 3 1 (1) i
MM SRS RE )« 25, UV-B RS T 4023 5 3 i, DNA #5345 11 1E 2 AL
IS, Dk, UV-B A B U R IR B A 1, SRR S 1k
ST . 452 2] UV-B S A K RE R, S2o6 TR s R 7 5 451
HEWEB 4G, LFEmmPMGES, WS mER L, EAMENEN Fs
BRSNS RN R, DR UV-B ARGt Reltet, g T
WFSE LS B WA P00 UV-B a8 5 T, BF0 N 524 5848 B4 v T 2 i
75 UV-B G, 06X Se s {iib S i T DI Re 2 AT, R S e AT AR A A a5 TR Y
UV-B I PE 00, 1993 458, Li 2 AR 8 I 2 Bl ok B DR 11y ol 2k 58 A 4
tt4 (CHS, chalcone synthase) , tt5 (CHI, chalcone isomerase)X} UV-B #& i 45 45 % 55
BUBRE . DRI, CHS JEPRI 1) 2R B A RS A 03 Y. UV-B DG a5 F (1651
2 N9 e mybd R R SEAS R T RERIE T K B, MYB4 JE DK fiE 11 % C4H,
H I FAAIG, T AR ARONT UV-B O I i 52 112590

76 E—%X PtoMYB156 FIHl 7+ H1 (1) MY B4 [/ FFI 45/ i A5, Pis B
A 8w [FJETE . PtoMY B156 fE4m X (HRFAE o M 4G M REAE, LR Fti 2
[ C 2ty b, 5 AMYB4 JEH FIBL.  H A28 T [R5 1 R2R3 K% 4
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HVUTE  PtoMYB156 TE5% MUl B T HIPT UV-B SRS IV 1t J7 TH Y D BERHF AL
VKK T, BUHERT PoMYB156 LA HU# I T I0B X 5 5 T JH 2N
e AR AR T B R IR A S G . AEARTENZE T, FRATTRI S8
PtoMYB156 T2 3 i A6 4 (1) 5 R RN 52 i FR A LB R T 75T
4.2 KR 5L
4.2.1 HEYRR

ARSI T (R 14 (P. tomentosa Carr.) A ACSZEG 3 (P4 R K22 % U5 AS T
FET) W = AIARIEE R AR A, T e Ak AR+ (Arabidopsis thaliana
Columbia) AASZIG S ARAF A, H T EHEFAk.

422 FERFIFNZ S

Z L 2.1.3,
4.2.3 FLIGL S

[ 26 — 7% 2.1.4,
4.3 RIEFH*E
431 HBERAFHH P HEEETSEMHES BN E

KH O VEAT W BT g A R SR E, VAT

1) I 0.5 g ¥ FE R B A AR [R) A=A I S A ik 1 8 R IR B

2) I 5 mL FEBUR (KB A 70%, VIV=T3,854 0.1%[W/IV]IHTIRLR),
AL B 1 h, F i RS 24 hy

3) 10000 r/ min £5.0r 10 min B E3E T 5 vE @ s 08 S, 75 LG A NaCl
{EARAFNN B 43 )2, W BN B AH,  FE/KAH

4) TH 2, 34,

5) BHEHGEA T, H 2 mL FEE(S A 0.1% [WIVIIIHUR IR %, 1T
JEARAT 5

6) FEVEIFRE P IS F 0.5 mL 2R IOK,3 mL HFER (&S Eh 3%,
FHEE), 1.5 mL KRR KN 15 min, SN AR T8 8 4640 %,

7) DE SN AT 550 nm S BRI, X BEbRIE T H T v s A ey

A~ Bl

»

32 HBFEZS=EWNE

KA Eh - PR VLA BN A 75 2,y ik 1Sl
1) B 0.5 g M4 ERB M 5

o~
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HPUTE  PtoMYB156 7E:% M pd 7+ 19T UV-B 4R35 M 77 TH I B RERIT T

2) I 5 mLRILIKFFEE (60% VIV FEESF 0.1% wiV PURImR) , s
AR 1 h;

3) 120 r/min, MEWG&MF T REIKE D 24 h;

4) 2500 r/min, 250> 10 min, 2 iX;

5 W 1mL B3ES 1 mL/KIES, REMA 1 mL & 0% At sm)a, ek
IV Y AE 530 nm 4 iR I AR

6) M R4 Rm A bR R AT R 2.

433 SEEERNE

B B LB At 5 AR AR I L (ke A T 104

1) Bl 4023 100 mg 7& 1mL [¥) 80% i R 42X, 4° BEOLHFH 2 h;
2) BOEUIHE. RN, B 3 mL ZE K &L

3) X 0.5mL AEAREHRF] (11 KD , KA 2 mLNa;COz (20%) ;

4) FEWAE 45°CoKI N 15 min;

5) BHAEIZRE W, A 650 nm &b W HAE .

S FRUE I EE DL B IO ARG ST, AR bR i B S

434 #lETERE (LRBMAHKE SENNE

KA AR gL (HPLC) YEIEAT LR T b v Ll 23 M FA R 22 5 =)
e N W RO R I

D R8T 1U2MS Bi etk b, 4K 14d J5, B0

2) WARMEE, % 0.1gfFFE N 1000 ub A 1IN E A S ER , (EARIEL AL 2T S
Bl LL 65 HZ, 60 s 414 Nk,

3) BRSNS, BB 2 min, 12000 rpm &0 10 min;

4) BLEE, IMNSARRUG 2M 518, 70°C /K 40 min;

5) MMANEEARRAN LR LB, WieAw#eiz, 12000 rpm 250 10 min;

6) P EEEHAH, 40°CHR I BT, 2 mL FEEE 4 HPLC 1l
JE ;

7) 360 nm ALA I L £y (Kaempferol) FifitEz 2% (Quercetin)

435 HEFTMFHRAAMHESRETRILFZZZIEMNNE (HPLC)

LT EREL:

1) HL 05 g i 4Ur IRl 1, AU S Ok AR 5

2) AN 5 mL REE (70% VIV INETH &4 0.1% WV HURIIIR ) ;
3) MEAM TR 24 h;
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HPUTE  PtoMYB156 7E:% M pd 7+ 19T UV-B 4R35 M 77 TH I B RERIT T

4) I NaCHEZKAR 5 N8 4> 25, A AUAR LR BE KA 5 H T NaC ) A i A5
B

5) &I A HUH AT

6) [T 750 uL 60%M) HEE (5 0.1%HTIA MR ) ¥fi#, 12000 g &5
10 min;

7Y B AR A VR ORAT

HPLC ALK 4145 2% Scikltoel,

4.3.6 #IEITHHF DMACA &

A=K A1, 1 30%I1 2 (VIV, IRIHEE) i (a4 3 12 h )5, F 75%
() L E =%, F DMACA 494 6 1 min, 7E 50T N gL (055 0 4 .

4.3.7 UV-B i2 514018
4.3.7.1 FAFFTTHIH NI UV-B $E i A2

28 Ryan 25 UV-B i) ab #7007, UV-B #a5 kb BRI FG R4t (B K
28, 4 EM) , LI UV-B RS, ARSI 40 pw e cm P, ELEALFE T hE,
BN EAD 3ANELE ., UV-B AF 5 Al G gL 71

4.3.7.2 R I I EE LR Propomye1se:GUS $0LFd 7 UV-B 4 5 AL 2

TR 20 d ZEARLRE ST, BRECK H 4-5 SR, AR RIFRSEE 4. B
AR —BUO BT A, X AN H, AR EE T UV-B 55 4
f4°F 4-5h.

4.3.7.3 XM AN [E] i ] S UV-B AL EE

WA AR, KRR RIZ) 3 RIS AR p, iDL UV-B $EM, 4
SR 40 pw e cm 2, FELEARFE 48 h FFAEAN [N A B A, BRE RNA JE TR
B SRR 3 AN EH . UV-B AFE 48 h 52 /G 48— BHEAT I RNA
Bk cDNA, #E 54211 RT-PCR X M.

4.3.8 7EflFE T H B FRIE PtoMYB156 £ A
TES R 222 WK
4.3.9 YRERFRT I RIAEIS

Z W —ESL T 2.2.6
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HPUTE  PtoMYB156 7E:% M pd 7+ 19T UV-B 4R35 M 77 TH I B RERIT T
44 LWERS S

4.4.1 ¥H Y PtoMYB156 [13R& NN UV-B 4858t

TS PtoMYB156 fEAN A4 IS A Py (0~48 h) X UV-B IR IA I, &
AR 3 AN ALAAME AR EEAT T 0. 6. 12, 24, 36+ 48 h /NI
UV-B $a 5 525 .

A 0 6 12 24 36 48/h

ey - K

w

Relative expression level

/UV-B treatment
- +
£R |
Foaw :
) s \ " /f,
\ {

[ 4.3-1 PtoMYB156 %t K % 5 21 B UV-B FR i i 218 15 B0 0 20 A

= =2 NN WWHBDLAOO
oo oo uouoo m
PPN P P P BPE P A SRR BN P

0 6 12 24 36 48 /h

Figure 4.3-1 Analysis of PtoMYB156 gene and promoter expression in poplar or Arabidopsis leaves after exposure
to UV-B light.

R AR UV-B ARBS K IH F, 20 il 5e B RNA J5 S ek 45 B cDNA,
5 A PoMYB156 5% /KF. W1l 4.3.1 Fi7s, PtoMYB156 [k i
UV-B 5 b P [A] R 88 D i v, 76 12 hak S)0E4E, ) 7E 48 h I a] v
A, FIRACF SCEWIFFAR. [, 5P PtoMYB156 SRR SN 1B il
GUS A G M IFH£RIE; RIL UV-B fAH G, SEREM B GUS Je g
XTHEER 28 (8 4.3-1 B) . IXEEERBIY] PtoMYB156 25 T Rt UV-B %
SRS N AE S L, AE 5 PRI ) v Bl G UV-B -SRI BB . A 2R3 i
WEYIFEREY) H BATHURSMES IIAE A, s PtoMYB156 e 1 il RE iR 4% 1
I A A A L R

4.4.2 PtoMYB156 it &AW W Hh A< I e A 0 & e
BB 6 A H IR B AE R, Aot e BRI A A e A Qi
AN —R Wy EHE R S SR T S . AR 4.3-2 KPR,
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FIUE  PtoMYB156 7ESZWIHLEG IR AUHT UV-B 4R 5HE B M 5 T i Th REWE 57
FNH AR LG, LRI i ey 2. BV A ]t T i S B
W R (P<<0.05) . W] PtoMYB156 7EM# HhiE R IA, MR REACERE T
W2 AR B A A HIE - .

B

>

6 6
54 _ 51 * .
fﬂ§ c
g8 4] £EY
c g *% 89
23 34 **% o 8 3
Qo ©° 3
T8 2. 52 2]
o -
14 TR
0- 0
Wr L3 L4 WT L3 L4
C
| D 4o0]
c
£ 40 £ 3504 . *
2% §Z 300
Cs * O%
£330 * £3 250
® 5 §
8% 20/ 52 200
£3 Qag:,150-
<510 35100-
2 o 50
0. = 04
WT L3 L4 WT L3 L4

P 4.3-2 B ERURERIE M h 2 ORI S B E . (A s BRI BT A R i PRl A A o S
By o s (B XGRS B S A S S ORI (C) S BE LRI W A1 2 B A o
THBZDTEIAN:; (D) e RPN A= B b T o 7 1 8 o AT
Figure 4.3-2 Deter mination of secondary metabolites of phenylpropanoid pathway in overexpressional and
wild-type poplar. CA) Quantification of phenlic compounds from WT and transgenic plants; (B) Quantification of
favonols content in leaves of WT and transgenic plants; (C) Quanification of anthocyanins compounds from WT
and transgenic plants; (D) The souble tannin content in WT and transgenic plants. The datas are means &= SD of
three independent expriements. ** , *indicate significant differences in comparison with WT at P < 0.01, P < 0.05

respectively (Student’s t-test).

4.4.3 #BFRiE 355:PtoMYB156 &5 R 74 o Bl & A HE < BERY R IZ K FERI T4k

R ORI, R G AR A 4 M I R R KT 1 e
I H g B R s ) R AR & & BRI, BRI T PAL, CHS %52
AN BN S B 3 5K (LA 4.3-3)

PtoMYB156 i & E M4 1, CAH 1R 2R IN BRI & AE LI, RE E R m A
WA I 2 e AR A5 07 B 1) G B i DRI 98, s S = P 1 B AR T (181 4.3-3)
CAH [RIE TAEMIRIA AL BERE 2 DA S0, [R) i th f 2 P e A Qi g 4 rp 2k
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SPUTE PtoMYB156 7E5% WALl T ST HIHT UV-B 4 S M U5 T i) D) RERI 72

Wil B OGN, e I RIA AR T o XA A PTER, ST
SCHRH I F ()R R AR B R B R PR — U . kAR, PtoMYBL56 KA
I LAR. ANS. ANR — AL S G E N R IA N, thSHYIEE RS
WD ARSI 25 3%, [N, FLS. DFR 1E & s EaE & ol Zi i g R, 70 it
IR AR T 2605 K N IR TR 2 PtoMYB156 IR 2618 1] A 516 7 AR 4 J 26 3 il
B SR L. IR R, PtoMYB156 n] Agil i3] C4H. CHS. LAR 245
R BEPRIIE , M AR ) A oA 2 TR e A R i A v ) 2R ) AR T 32, i)
R RBE . PTETERRT EE RIS . AU, IR
E SN Y Y/ DO EIE | HE S/ IS N B2 S R e VA G AN 0o G e e il A O
JE AT P 234

WT L-3L-4L-14
l-— l'"l'-"lt‘-l‘ PAL1

[ | a2

| s s s | 4CL5

| | cHs

|- s s o | CHI

[ - | F3H

| [ o
| [== | ANS
L[]
l"‘ L LAR
| e B FLs

| e e e | MYB156

| s - —— 185

4.3-3 A RURIEE A 1A A TR B 2 A AR S L IR ) i
Figure 4.3-3 Gene expression analysis of flavonoids metabolism related genes of wild-type and PtoMYB156

overexpression in poplar plants.
4.4.4 REFBFRIE PtoMYB156 BRIl R TT RELFNA S 4R
4.4.4.0 BRI IT 0 TR A2
75 b, W R IR IE PtoMYBL156 JE K R85 A I A 1) i il A
RAAHT 5, 2R MR . 4 T 3k W%E PtoMYB156 K& PG AR AN A2 1G]
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SPUTE PtoMYB156 7E5% WALl T ST HIHT UV-B 4 S M U5 T i) D) RERI 72

SRR A R, FRAT TR PtoMYBL56 K DR i N4 T
A

Col L-2 L-3 B

Fresh weight (mg)
CanNWAROION O

Col L-2 L-3

Root length (cm)
CaNhwWwhouno~y ®©©

Col L-2 L-3

(g/Dry weight)

Comparison of the biomass in
transgenic plants and control

Col L-2 L-3

K 4.3-4 fE3RIE PtoMYB156 5 |3 N T+ 28 KR A 4 i 1 sz 24061

Figure 4.3-4 Transgenic Arabidopsis show inhibition of growth and biomass.

W R AN, ST R E A RIEE NS ZETTAE R, R R R AR A
K EI RS TEAR, X SEATEM DGR 25 AL R, 0 A I
S AR BRI SR DR AR, M= AR (R 7d, ¥ 4.3-4C) , 4t
AR CEL Ay SR 1) 1Ay E CEKIEGE 9w o 455 R, PtoMYB156
(1) F5 IR IR R 5 | RS B T IR0 R ds B AR KOR B G ARV AR e BRI (&
43-4B,CE) . LiR4i K], PtoMYB156 HAHHIAEIE A K & & HI1EH

4.4.4.2 BRI R T A0l B2 B S A2 AL

B T 8 B I DI R T AE R AR B2 R 2 b, A e R DR A
PtoMYB156 fE W] i SR It R B MBS (K 4.3-5a, b) o fEIEH UL F,
E ARG R T AR AR SRR BRI _E R R 7 Ah s Bt S R . (1
4.3-5¢) , MASZRATE] B R IR 7R BN R (0 (K 4.3-5d)
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ﬂ%l}_LlE PtoMYB156 7 5% ML B I (KT UV-B 55 538 N 7 1 i S RERIT 57

d])

Kl 4.3-5 R IT F2 AXFP 73R B A e 2% WAt ™ M2

Figure 4.3-5 The seed color of the F2 progeny was exa mined by light microscope

4.4.4.3 PIEITRIT DMACA 4Lt

AR AT A UL R T S (2% 5 BT SEIRIE ,  TE (40U Il B (2% SN
R 2 R DI U B S R R IR AR R
Py kB B bl OLR EAR LR Z) B SR OR Rt RZ R G
Bt P R e (R e Al e, Freeid %5§J§%4£B3/\Eiﬁfﬂ2521<ﬁ1

WHIRAY, ZEKEVSPT W Zh RSB, (et 1155 s ERh K e
i [202,203]

\
l

0 sl
.\‘ gi.

Scale

0990

2mm

] 4.3-6 Zott AL EERE (DMACA) FLth i fe 3k N Koo IR TF PR . A, Col SURIFFRI T B,
PtoMYB156-OE LRI 7+l 1.
Figure 4.3-6 Seed coat phenotypes of WT and transgenic Arabidopsis stained with dimethyla minocinnamaldehyde
(DMACA). A, Wild-type seed; B, Transgenic Arabidopsis seed.

FAT SO0 BRFAE (SRl B P AR 2 U 4 5 P 3 AR, AReRe 2 Bt
R N B (DMACA) JE G (L it AL, 24 3IATT I RE = R U DA e 1
(DMACA) %t E iy A R e Bk D UL v 1 op B R e e (8 5 AL, AR
HIH IS, ERIE PtoMYB156 (1AL AU g I i (0 (W) W AR 1 (&1 4.3.6). 1
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SPUTE PtoMYB156 7E5% WALl T ST HIHT UV-B 4 S M U5 T i) D) RERI 72

TR O MR ) S WA AR AR TR R R AE AR PR, RIE . m) BT
PtoMYB156 #3155 T HWIFh 7 €63 T8 B IR 2R 35 i & L 2

4.45 SRR FPIFTHF P ETSEMNEN

Marles 1 Gruber 38 73 #r =i j (LR (I BFFTUESE, B TR0 R B il fE v op
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Figure 4.3-7 (A) HPLC—diode array detection (DAD) analysis of epicatechin content in seeds of WT and transgenic
Arabidopsis. (B) Relative content of epicatechin in the mature seeds of OE-PtoMYB156 and WT lines. The

epicatechin content of WT was set to 1. Data represent means +SD from three biological repeats.
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Figure 4.3-8 Phenotype and statistical analysis of survival rate of 14-day-old WT and transgenic plantlets submitted
to UV-B irradiation. Error bars represent SE of three independent biological replicates. * indicate significant
differences in comparison with WT at P < 0.05 (Student’s t-test).
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Figure 4.3-9 Overexpression of PtoMYB156 repressed kaempferol and quercetin biosynthesis in Arabidopsis. (A)
The flavonoids metabolism biosynthetic pathway . (B)(C) HPLC—diode array detection (DAD) chromatograms of
quercetin and kaempferol content in WT and transgenic Arabidopsis (Line-2). (D) Kaempferol and quercetin were
quantified in WT and transgenic Arabidopsis. Error bars represent the SE from three biological replicates. **

indicate significant differences in comparison with WT at P < 0.01. (Student’s t-test).
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Figure 4.3-10 Transcript level of flavonoids metabolism related genes of wild-type and PtoMYB156 overexpression

Arabidopsis plantlets.
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Figure 4.3-11 Repression of the promoters of poplar flavonoids metabolism biosynthetic genes by PtoM YB156. A,
Diagrams of the effector and reporter constructs used for the expression analysis. B, co-expression analysis of the
PtoM YB156 and GUS reporter gene driven by the promoter of PtrFLS and PtrLAR. GUS activity in tobacco leaves
transfected with the reporter construct alone was used as a control.The activity of control was set to 1. Error bars

represent SE of three biological replicates.
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1. 5%
514 44 Fx 751 (5'-3) i B
PtoM YB156-F CCTCCGTCTCTAGTCCTACC Primers for plant

overexpress ion vector

PtoMYB156-R TCCCTTTCTCCTTTCTCTCC .
construction
PtoM YB156-F CCTCCGTCTCTAGTCCTACC Primers for detecting
PtoM YB156-Cas9-R GGAGGCTATGGAGTTTGATA mutation
Hyg-F CTTCTACACAGCCATCGGTCCAGA Primers for detecting

HygR

GATGTAGGAGGGCGTGGATATGTC

transgenic plants

PtoM YB156-T1-F

ATTGCCCATACAAACAAGGGTGCG

PtoM YB156-T1-R

AAACCGCACCCTTGTTTGTATGGG

PtoM YB156-T2-F

GTCAACTCTTGCCACATCTAAGA

PtoM YB156-T2-R

AAACTCTTAGATGTGGCAAGAGT

PtoM YB156-T 3-F

ATTGTTGCTTACATTAGAGCTCA

PtoMYB156-T3-R

AAACTGAGCTCTAATGTAAGCAA

Multiple assembled
Cas9/sgRNA construct

QPto18S-F CGAAGACGATCAGATACCGTCCTA L
guantitative PCR

QPt018S-R TTTCTCATAAGGTGCTGGCGGAGT

QPtoPALIL-F CCATCCAGGTCAAATTGAGGCTGCT L
guantitative PCR

QPtoPAL1-R ACTTCTTAGCTGCCTTCATGTAAGCT

QPtoC4H2-F GAAATGTGCAATTGATCATATTTTG o
quantitative PCR

QPtoC4H2-R ATTGCAGCAACATTGATGTTCTCC

QPto4CL5-F ATTCTGTGCGTGCTGCCTATGTTC L
guantitative PCR

QPto4CL5-R AATTGCAGCACCAACTCTCAACCC

QPtoHCT1-F ATCAGCATGTAAGGCACGCGG o
quantitative PCR

QPtoHCT1-R TGCCAAAGTAACCAGGTGGAAGCGT

QPtoC3H3-F TCTACGCTTCAAGCTCCCACCA o
guantitative PCR

QPtoC3H3-R GGAACCTCACAGGCTTGACG

QPtoCCoAOMT1-F

CAGTAATTCAGAAAGCTGGTGTTGC

QPtoCCoAOMT1-R

GCATCCACAAAGATGAAATCAAAAC

guantitative PCR

QPtoCCR2-F CGGTGATTCAGAAAGCTGGTCTGGA o
guantitative PCR

QPtoCCR2-R GCATCCACAAAGATGAAGTCATAAG

QPtoF5H2-F TCTGCGTCATGAAGCTATTTAGCC o
quantitative PCR

QPtoF5H2-R TGTCTTAAGCATTGAGTCCACCTCA

QPtoCOMT2-F

TCTTGAAGAATTGCTATGACGCCT

QPtoCOMT2-R

GAATGCACTCAACAAGTATCACCTTG

guantitative PCR

guantitative PCR

guantitative PCR

QPtoCAD1-F AAGTTTGTGGTGAGAATTCCTGATG
QPtoCAD1-R AAACTGTCAATCCAGCGCACAATAG
PtoLAC40-F AAGGCGGTTTCACTTTGCCAGTCC
PtoLAC40-R TAGGTGGCATCAACTTCCACGACA
PtoPOG6-F CTACTGTTATTGCTGGAGGTCC

guantitative PCR
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PtoPO6-R TGTGGCTCCCAGATAGTGCTAC
PtoGT43B-F TTGAGGTGTTTGGAACATGGC L
quantitative PCR
PtoGT43B-R AGTTCTGTGAGGTTTGCTGGAC

PtoCesAl7-F

CCCCTCTAGTCACGGGCAACACAC

PtoCesAl17-R

AAGGTGCACATTGAAGCACCATCG

guantitative PCR

PtoCesA18-F

GTTGGCCTCTGTCTTCTCTCTTGTT

PtoCesA18-R

CAATCAATGGAAATGCAGGTCTCCG

guantitative PCR

PtrCesA2B-F AGGTTAAGATGGAGCGG o
guantitative PCR
PtrCesA2B-R ACGAGGTTGATGATCAAGCC
SubPtoM YB156-F ACACCGCACACCCTTCTAAG Primers for Subcellular
SubPtoM YB156-R TCCCTTTCTCCTTTCTCTCC Localization

ProPtrGT43B-F

ATATTCTCAACACTATAGTCATTG

ProPtrGT43B-R

GCTAAACCCCTCAAAAACGTG

Primers for GUS activity
assay (Promoters)

pro-ptrC4H2-F2

GGGGTACCAGATGGGCATGCAGGAGTTG

pro-ptrC4H2-R2

ACTGCAGCCAAAGGAGTACTGAAAGAG

Primers for GUS activity
assay (Promoters)

pro-ptrC3H3-F2

GGGGTACCACTTGGTGGATTTGAGACCAC

pro-ptrC3H3-R2

ACTGCAGTCTGAAGGGCCTTGGCAGAAT

Primers for GUS activity
assay (Promoters)

ProPtrCesA-F

GGAGAGGCTACACTGTCCAGATGGAG

ProPtrCesA-R

CTGGCTTCCATGTTGAGCAATGG

Primers for GUS activity
assay (Promoters)

PtoVNS11-F

ATGCCTGAGGATATGATGAA

PtoVNS11-R

TGTTATACCGATAAGTGG

Primers for plant
overexpression vector
construction
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2. 451

My H 3L X PR

PAL PNSERNE LS A Phenylalanine ammonia- lyase

C4H LR -4- R AL il Cinnamate 4-hydroxylase

4ClI FE S WEak I A EHR 4-counaroyl:CoA ligase

C3H O IR-3-F AL p-coumarate 3-hydroxylase

CCR PRI AT i A I ) il Cinnamoyl CoA rductase

CAD DA 1k £ e I Cinnamy! alcohol dehydrogenase

CCOAOMT  WiHEME4 I A-3-O- FHEL L4 Caffeoyl CoA o-methyl transferase

COMT S-FRILIAMIEE O-H L FEME  5-hydroxyferulic acid
o-methyltransferase

CHS PR g Chalcone synthase

CHI AR S ) g Chalcone isomerase

F3H TREHR 3-F2 1L Flavanone 3-hydroxylase

FLS T A Flavonol synthase

F3'H hil 3°- R b Flavanone 3’-hydroxylase

F3’5’H TR 3°5 - F2 AL Flavanone 3°5’-hydroxylase

DFR AT 4-18 )5 Dihydroflavonol 4-reductase

ANS PIAEN NN Anthocyanidin synthase

bp TR X} Base pair

Cef LR R Cefotaxime sodium

CTAB Nk = F 3L RA IE Cetyltrimethylammonium bromide

cDNA HAM AL IR Complementary deoxyribonucleic acid

Hyg WEE R Hygromycin

Kan RIEER Kanamycin

kDa T /KT Kilo doltion

PVP T LG A i Polyvinylpyrrolidone

Rif A~ Riferpin

RT-PCR I S5 SR A i 2 s B Reverse transcription polymerase
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UTR
SND1

NST1

DMACA

DHK

DHQ

MYB

NAC

GT

JEB P

4 NAM-ATAF-CUC 45 #y15%
MEH 1

NAC Z g 5 kS X AE BE R 51
HE 1

X PR G A R

- WIIE S

AR R

NAM (No Apical Meristem) &
KL 25 NAM 5 (1)
ATAF1/2 #sBT, N CUC2
(Cup-shaped cotyledon) #%3%
AT~ 5 DAL )

Bl B AL Iy

chain reaction

Untranslated region
NAM-ATAF-CUC [NAC] domain
protein 1

NAC secondary wall thickening
promoting factor 1

Dimethyla minocinnamaldehyde
Dihydrokaempferol

Dihydroquercetin

V-myb myeloblastosis viral oncogene
homolog (MYB)

no apical meristem

(NAM), Arabidopsis transcription
activation factor

(ATAF1/2), and cup-shaped cotyledon
(CUC)

Glycosyl transferase
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