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The Role of the Poplar C2H2 Zinc Finger
Transcription Factor PtrZAT11 in Wood Formation

LI Wosen ZHAIRui ZHAO Qing ZHAO Jinfeng
MENG Dekai CHEN Yanjie LI Shuang ZHOU Chenguang

(State Key Laboratory of Tree Genetics and Breeding , Northeast Forestry University , Harbin - 150040)

Abstract This study aimed to investigate the molecular function of the C2H2-type zinc finger transcription
factor PuZAT11 in the process of wood formation in poplar. The expression pattern of PirZAT11 in the xylem at
different stem internodes of Populus trichocarpa was analyzed by RT-qPCR. The subcellular localization of the
PurZAT11-GFP fusion protein was observed using a PEG-mediated protoplast transient transformation system. A
double mutant of PtrZATI11 and its homologous gene PirZAT11h was generated using CRISPR-Cas9 technology.
Growth parameters and stem anatomical structures of the mutant were subsequently analyzed. The results
indicated that PirZATII was significantly highly expressed in stem internodes during the secondary growth
stage, and its protein was localized in the nucleus. Compared with the wild type, the ptrzatll ptrzatl1h double
mutant exhibited an approximately 31.5% increase in plant height and a significant increase in the number of
stem internodes, while no significant differences were observed in ground diameter or internode length. In the
12th internode of the mutant, the width of xylem ring and proportion of xylem cell area were significantly
reduced. Additionally, the number of fiber cells per unit area decreased, whereas the number of vessel cells
increased. As a nuclear-localized transcription factor, PtrZAT11 participates in wood formation in poplar by
influencing the differentiation quantity of xylem cells to regulate xylem tissue organization. It may also
coordinate the balance between primary and secondary growth in poplar.
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AMAE R Bk b B A AR —,
FE AL R RS R G & P A T AR Y
WM o ARMIE R AR AR Y E K & & L
WA — KR KA E IR MR 2 S
O3 Ak, B 2T LR A R T 3 — B2 4% 1) 2 ) 2 45
P o 3K — e FEAS AN B 45 M A 4 B ML S 4% K
Grict MR A IR RN R A
AR Y FZORIE . AT Rz B A st L
EEaE 1B Sy I o L AW B 9 v N
KRB S TMA S o R A FHZ R L

FEARBE TG W0 52 2 4 W 4 o, e SR 7
HE B XEZEMIEMY. CHNACMYB.bHLH
WRKY Fl C2H2 48 8 A5 5005 , il i T2 iU 241
e R T s S VR W N i 51 s D = R
WAREG N, SR TR e R4 R W E
Yy A R RO  A R MR e R I
i, C2H2 BUEES B FRAR Y T i R 5 S K
ez — , HO b 51l ok GRS 9 C2H2 2514 3 5 DNA
FRMSA S E5MYER KT E W
B A N A AR IDD 28 A Y C2H2 B 48 75 ) [H
F PagIDD15A , B iF 5 1 [7] 4% 4 44 (Populus ) IX
AERETNE AR A . KW (Camellia sinen-
sis) A —A> C2H2 KGR 51 CsWIP3 , ik 3Rik iz
o R ERMARRNMRE  ZEXGEPET
C1-2i W. 25 1 ZAT (zine finger of Arabidopsis thali-
ana) ¥ 5 1 ZAT1LAE N B s A =5, fh i 42
B 22 M2 5 R AR RS S 0 4N R
PEFET s 522 MR, SR IT 1 ZAT6 1 K 1E 84
U R R S SAREZ B 1M ZAT10 W & 3
S22 Ui Re T A M L) AR ARAT 5 D) fiE i ok AR
PR35 RE B st R 4 %ot A 0 3 (R TS 37 1, R
ATREAENARAL N F A 2 EGE T, XEifE R
B, B 7R [R]— 7 26 v, C2H2 48 7 s [H T ]
P E AR R 7 | R P A R AR R
AR, LT RR BB T BRI AE e B S
WL 5.

TEARMIE BGE R, ZAT14 3 5 j6E4E H C2H2
RURERS B AR N 78 K T & & R 8
ERE gt — L WoR . %R GE S ZATI4,
ZATS \ZATI4L F ZAT1S VYA [a) Y5 3 ], 2478 $l e
AR S NI A DR SR B o S N i [ e a1 o )
TR, zat 22 575 RS B I A A SR A K TR S R
B ANELE I FA, A A B IE W 25 0 2> FLAR

FF R A S ) B 40, UE X 88 ZATs 7 25 A
FRIE s KB R T HEAE A )2
¢ b ZATs VE T R B3 3 Ak G R+~ VND7 1Y
T E [ B 32 B AR 2 4 A 2 S T PLT2 1
o LRI R B ZAT14 55 H RS B 42
i 2 AP 5k B {2 W (EXPAL L EXPAIO . EX-
PA14) W) 2N T30 FL A 53, 38 4o 18 42 240 B B
st Ao R A B DR A AR A Y IE R ISR ok . SR
T, 12 0 2 B 53 PR An ] 2 SRR AR T il i vp
HEATRE AR AR . HEAR D RE A 2 LIS R —A>
IR ARF R AR 1) T L[]

A5 A 38 X B R (Populus tricho-
carpa) NI & & B BEZE T AL S5 sS4l i, e R
T — AR A A K W B 3 Rk ) C2H2 R
1 % N 7 3 W PuZATIL, N F— 5 8 5
PurZAT11 £ AR IE B b &3 D Be , AR B 5
WAL 5T e R PR SRR B AN E A T
CRISPR-Cas9 £ 4t i JE [H 4 i e R 5347 , RS
58 PorZAT11 L FIRFE AR A7 B AL K AR IE B
2 T II6E , B 16 IR A B A AR TE 1Y
oy Tt PR AL HE S AR MR 7 F
Tofr P LA 2 35 PR RN B AR A

1 MRERZE

1.1 iKmes

IR A B IR T & Nisqually-1, BUH AR
AR B EE SRS RIURR%) . 4
BE v H R T WPM [ A8 3% 58 (B 2.5% 1E A A
0.5% Big , pH=5.8) , 725 “C I 16 h/2ARE 8 h i
PIEE SR AR AR KA S B H
BIREIHRE T AR AERKZM R 25 C OB 16 W
%8 h.
1.2 PrzATUEEFIHTERE

HRAE AT S Al B R 455 D Phytozome 14 X3
(https://phytozome-next. jgi. doe. gov/) T & PtrZATI 1
FE I (Potri.010G209400) ¥ 5% 1751, LA K 45 H ] —
PERTF 60% MR ZILMRIT 5 . T EBRAG ZAT
0 K& IR T 31T 2 7 51 X (Clust-
alW) , R MEGA 12 54 (1) e AR 1 (ML) 44
ARG KB, Bootstrap L& KA 1 000K .

PLE R IR R (WT) 25 T2HZU AR, 1L
SORNA, JF I 3545 cDNA, LA ¢cDNA A H , %
THRE SRS 19 (3 1D Y73 PerZATI1 ) CDS J7 41,
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PCR ¥ 38 7= 4 28 B Hig Al Ve Je P K RS YN J [ i 4
1k, %3 2 pENTR/TOPO #h A v, 1) JH P ok s

1 ZE K G FT T (Escherichia coli) B2 25 M, i 16
FHPE v 8 J 164 10 B0 IE

®1 5IUER

Table 1 Primer sequences information

51 % FIE7/ B2 519741 (5'—3")
Usage of primers Primer name Primer sequences(5—3")
PtrzAT11 3L 7 PtrZAT11-F ATGAAGAGAGGTCTGCACGA
Cloning of PtrZAT11 gene PtrZAT11-R CTAAAAGAAACAATTGACCATAG
RT-18S-F CGAAGACGATCAGATACCGTCCTA
PtrZAT11 Jit K 32 1R 2 A ) RT-18S-R TTTCTCATAAGGTGCTGGCGGAGT
Detection of PtrZAT11 gene expression patterns RT-PtrZAT11-F GCAATAGGCAATTCCCATCG
RT-PtrZAT11-R TCTTCACGACAGGAACTGCT

STV 240 5 {7 28 A pUC19-PUrZAT11-F CTAGTCTAGAATGAAGAGAGGTCTGCACG
Construction of subcellular localization vector pUC19-PtrZAT11-R CTAGCTCGAGAAAGAAACAATTGACCATAGGA
S A P Ay gRNA-PUrZAT11-F GATTGAGAGATTGATAGCATAACCA
Construction of double mutant vector gRNA-PUrZAT11-R AAACTGGTTATGCTATCAATCTCTC
LRSSk Y

Transgenic identification

M13-F

GTAAAACGACGGCCAG

CRISPR-PtrZAT11-F
CRISPR-PtrZAT11-R
CRISPR-PtrZAT11h-F
CRISPR-PtrZAT11h-R

FEDH i 2
Identification of gene editing

CGTATCCATCAAGTACAAGGG
GGCTTTGCTGGCGATTGAGT
CCATCGAGTCAAGGGCACAA
AGCACTCGTGTGTTTTAGGC

1.3 PUZATI1 EERIXFHES T

KoM PrZATIH FE B R ZET LB LR
FEIRFFE , RET I WTEH 1~8 2217 YA B2
241, PEHLS RNA JF S5 5k e DNA, LB R4 18S
YE NS I, BEASRE e 3N R A A
2R E A, FJH RT-qPCR X PorZAT11 (31K
I AT R
1.4 PtrzAT11 E F BBt RIAZ K& K L4 R
ERLSHT

W PrrZATI1 1 CDS J¥ 51 k4 # & pUC19-35S-
GFP# M, SRl G GFP £k . FIHE LA IR 1L &
B R e R R R B VR PR I R A R R Y
JkE o AT A A S D AR BT A I I A Ak A4
212 % pUC19-358-PuZAT11-GFP Fl pUC19-35S-
H2A-mCherry 2 [7] %% A A7 34 I Az o i v 38 4 7 ik A
ik FIAFOCIER L B MEE GFP Al mCherry
PEAT T AN O, LA 2 PuZAT11 8 19 220
i 37 4RI
1.5 XERTEEH

i@ #f CRISPR-P 2.0 ¥ ¥} (http://crispr. hzau.
edu. ecn/CRISPR2/) X} PurZATI1 K H: [a] P& 3
PirZAT11h 4T gRNA JP AT, SRR 2 2 253
PR 5T R 4R — v AR TR 19 20 bp LR 351, BRI

Y02 1 2% gRNA # ] 2 4% [m] 56 ], #4 4 CRISPR-
Cas9 Z A& (pEgP237) . FI B R FE 1L 5 1k
KRG AT HAR AL F AL, TR = #E AT Pk
i o FIHIIE P AL PCR A FH I A AR T A 5 3 I
Kzl o 53 SNAE PerZATI1 R PirZAT11h 1] gRNA [X.
BHT IS 4% 200 bp B4 S 5 14, X e AL N
WT K 20 DNA 7547 PCR 75, %% PCR P= 436 00
Wy 25 J i H EditCo P 3k (https :/ice. editco. bio/
#/) AT B G i AT o
1.6 MRTAERESH

PR 2 4K 90 d AT 120 d B9 WT 5 prrzatl 1
ptrzat] Th RS AE RFE AR SEA TR, I X0 Hopk o 25
TR R B RS R 2R AR AT A
BUR % A 120 d (9 WT FIB 2 A8 PR AK , 4301 %
HEH2.4.6.8 10 F1 12 28 AT HUM , B 19 25 B 3
VI 2 em JBEJE i FH T4 1 FAA [ 2 1] 2 #
it T SEAT K R 8, 2 5 PR T R,
YA TERE A 16 wm , F B 41 [ S el w0l F b 47 e
b P, g f5 iy U R T rh MR RR £ o fid T M8
B W AUSAR R SE (Precipoint, £2[5]) 1 View
Point J 4% A7 85 U] 7 AT SR GE 1t 5347
S A TR R DR bR R 43 0 S B 3 AR 12 255 )
A AR DI R G A B 4 % i B A TR L
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AR BT A AR A REATL G B 3 A 45 TR AILEEY
Geit A T AR (mm?) PS54 200 0 0 2T 48 240 i 1) 4
i A A AL AR AR ()
1.7 SIMERKEERELE
190 (3 1) i PR JE T 3 R RHE A PR
N S8 B, A A E AR S AR R R
GEG

2 FHRESH

2.1 PUZATLIERERESH

h TS5 BRI B S SR A5 A
T, AHIE G F A % B SR A B A R (WT) AN [A] &
B B 25 A TS 010 5 i 2 0 2R A R TR O
PAFT —DERAE A KB B B35 5 R R0 C2H2
UG S 1 PuZAT11, Ry T dk— 0 154
SR FTE BRI ZE T R B A B B 3Rk ke
fE,ARBFGNEE T B4 WT RS 1~8 5 (AR
3 40 21 UE AT RT-qPCR ¥ . 45 51 WK,
PurZATITE55 1~5 2515 EFR AR X AR A 3R 58 0,
MR 6 2515 R BRI AE KRR R, HARA
KFBETE(F 1), LI ESSREM, PrZATIHE
ERIRAERFTE R T ORMIE RO ot B b k55
W EEAEA

.L\\
|

N
W
R

100 a
] [,
g %0 1
d__!.4'.
;;ﬁ
= "
B 60 b
=2 i
o 40f cd
..bfl-g cd .
~«4§ l .
S wld cd
0

1 2 3 + 5 6 7 8
AR ZETT Different stem internodes
B AL bR 1~8 R B H LI N AYEE 1 B8 2577, REL N3
AW A I BR AR s AN TR /NS R SRR 28 B R R 5 22 A B
(ANOVA) B i) 2 T BT 96 I » 7 P<0.05 7K P22 57 1B
The numbers 1 to 8 on the horizontal axis represented stem internodes
1 to 8 from the apex to the base of P. trichocarpa. Error bars indicated
the standard error (SE) calculated from three biological replicates;
different lowercase letters indicated significant differences (P<0.05)
determined by one-way analysis of variance (ANOVA) followed by
multiple comparison tests.
1 PoZATH EERGARETARREBRIEFIES

Fig.1 Expression pattern analysis of PtrZATI11 in xylem

of different stem internodes of P. trichocarpa

T kA UE PuZAT11 B DI REAH 1, 45
B AR GE T 0 B SR A R 4 20 S Al B e
X PirZAT B AR FIRFFE AT T34 45
RN, PurZATI 3L PR AR AR 8 FIAR Hf i 2 187K
T TR LU BUZ B RS i AT
F(E2) . A HIERBER L B E T2 5%
KRR B 2L SR AR I PuZ AT 7%
SRR ] RETE B AR AR I it 78 b R 45— 1)
PR

407 a
30t l

20F b

RAIZ S e o
Normalized transcript level

AR 24 Different tissues

WL 3 EY AT SRR R FNE F R R
IR 25 220 BT (ANOVA) K22 o O REAS 960 ) 22 57 8 % (P<0.05)

Error bars indicated the standard error (SE) calculated from three bio-
logical replicates; different lowercase letters indicated significant dif-
ferences (P<0.05) determined by one-way analysis of variance (ANO-

VA) followed by multiple comparison tests.

B2 PrZATH EERGEARNRIERKSN
Fig.2 Expression pattern analysis of P#ZATI1 in

various tissues of P. trichocarpa

2.2 ERHPtrzAT11 TR E L

R TR PuZAT11 D REHE— 20 43 B, 38 2ok 36 (K]
o B RN Y B, 3R A% T PerZAT11 3K 540 bp 1Y
CDS ¥4 . AT 43 #1 PuZAT11 2 110 I 48 i 2
PLRFAE , F # T 35S I 8h F 3K 8l PuZAT11 546
PEGAE P (GFP) fill 5 22 35 (19 19 I 8 35 48014
pUC19-358-PuZAT11-GFP. FIH PEG /3 B H
W A S5 S A I R I B A R R 4 A OB S R
£ B SR, 15 2 1Y 45 SR R, PuZAT11-GFP
fillA 2 I S SO0 E 5 FE A T4 X
WK 3) . PLEZSR R, PuZATL 8 A0 T4
Ji A, JHL T A0 b S A R AE A A e SR R T — i

Rt o
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ZEIRARSE AW C2H2 TUREFR 7 5% - PuZAT1 1 FEARBHE B P A9 D B 681

PUZATI-GFP H2A-1-mCherry

10 pm

10 pm

10 pm

PuZAT11-GFP A PuZAT11 A9 AL (440D s H2A-1-mCherry A% 041 2R PSR H2AL 1 Je @ BT bRic (L0 60D , A% e AL IR Merged & 1 &

%, %R PuZAT11 5 YL (0 5 1923 [ 56 £

PuZAT11-GFP showed the localization of PwZAT11 (green) ; H2A-1-mCherry, a core histone variant H2A.1 chromatin marker(red) , served as a

nuclear localization control ; Merged image showed the spatial relationship between PtrZAT11 and chromatin.
3 PtrZAT11 AR TE L5347
Fig.3 Subcellular localization analysis of PtrZAT11

2.3 ERGHPUZATUL REFBEEERTHERIRKE

KT 53 HT PuZ AT 76 B A ik A A K A v
) g , A BF 5% F) FH CRISPR-Cas9 Jit [H 4 i R 4¢
Xt PtrZATI PEAT BRI REZR AR B .
PuZATI11 (428 FE 1R PP 9 A7 [R) 5 3L R 4 A, A 3K
2 85 Z P [l — 1 KT 60.0% MY FEH . 40
FAIFI ACZAT 1] — [RIEA T AEAR o AT, 285 SR R B,

PuZAT11 BA — 55 R AR (K 4A) , 7751 [F]
VAT HE— 20 2B, PuZAT11 5% 5L D i 2 L TR
V750 AL Ry 95.4% , — 35 ¥4 0 5 B RD 1) B 4
(zinc finger) 5 14 3, #1255 7 [R] I JE R 4w 44
PirZATIIR (181 4B) o RS AE (DI RETU AR 5
B ARR R BN WL AR BT XS PerZATI R
PtrZAT1 TR 47 T 3R BITH]

A 83 r Potr.010G209400 PtrZATI1
i‘:{— Potri 008G0S1200  PtrZAT11h
AT2G37430h AtZATI1

100 Potri.008G 121200
0.5 —|
—_ 715 Patri, 010G 124200
B . :
AZATII 1 MKREElsDFEES[LKNRD[IE MI
PtrZATI11 ] --MK GLHEREjn;s MF)
PrZATI11h 1 --MEEISLYARE[IDIS

PtuZATI11 L NFQALGGHRASHEKKP)

Potri.008G094500
4',;9 [ Potri001G157700
99 L Potri.003G077200

‘J(}[ Potri.014G 178200
Potri.002G238700

orsMvKQIGLNoETESHTEN. . .BEEEELILRES
SKGRES Y[SIF|P|S FDEIAMSIN TP AR Vi@ SU 0P
VIFS KGRE S Y|SIFlpis F DEIA TN NEP S R ViAo S« RKI3P

AtZATII 59 GEESAEEF IR T VEQKDVKHL NDYKG?{;H IACS ICELVEF M GOALGGHMRRHRE
UAMGGEGSFETQRPAKPK(T|. . GIE[BEelc L EfaA 1[IV S Aelcit:8:8:8:1
PuZAT11h 59 eESHedel bt i SIKMMGGEGSFESQEPAKPK[T|. . GIE[SFSdelG L Ej3A I [cfe).Sqefed:170:3:8:0:1A

AtZATI1I 119 sMTVEPEF[T|sPMIES . - . . . . . MERLERC GEEKE TSR REI L BRBILElY 1 F G K[ K
PuZATI1 117 & *.'DRNQ:.'-;iogzngpsmnoxavHs.:ﬁcYLEKL f =M
PUZAT11h 117 ALNDONQILADIILIS|YP SSDHKQVVIAYVIAKS . NERIFAVIACIHDABRGAN|A ML F K L GNAAIYT
ALZATII 172 IDMKFVL
PtrZATI11 175 VNCFF..
PurZAT1lh 176 ¥S.....

AL Z553 3N RBRIE N Bootstrap SCRFRR (%), SR IT AZATLLVE R 2225 P 5 AN A G307 s B AL EREFOR A

SRR P A o e — B i OO HEN Y

L0 T B RN R BAT ML A B~ BT, P8 T D7 S AL S 2 2 m B S A el

A.Bootstrap support values (%) were indicated at each branch node, with Arabidopsis thaliana AtZAT11 included as a reference sequence in the

analysis; B. Red shading indicated completely identical amino acid residues; red letters within blue boxes indicated amino acids with similar phys-

icochemical properties; the bold black line below the sequence indicated the zinc finger domain.

B4 PrZATI1 REXBRF IS

Fig.4 Phylogenetic and sequence analysis of PtrZAT11
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46 %

F] Fil CRISPR-Cas9 & 4 9k 47 PurZATII F
PurZAT11Th W RGBT, 15 7650 Bixt 2 25 LR i
17 gRNA BT, eI 2 25 B ISR AR 4f T St A A )
()20 bp JL R 751, M pEgP237 8844k . HRFIFHE
Rtk AL AR R RS Tkt ik Gt
TPUF R BERZ DNA A PCRYESE , S5 I, iiahififs
SERFLIERIAR (B S) o E—200 PrrZAT1 1 LRI
SR PerZAT 1 ThERAT 53 00 P 40 25 3R, 25075
4k ptrzat 11 ptrzat] Th WRASKR(E 6) . Horfr, 4458
I L A B4 A S AN TR B R, R B
ptrzatll ptrzatl1Th-1L8 1 19 ¥k R 7E PuZATI1 Fl
PuZAT11h & BRI, Bhg sk 1
C2H2 F G B AVRERE A5 5l L3 A LS Bk R R T
PurZATI R G5, B PurZATT IR AT ER 46K
AT IEH A, Aot RS 278 . R, AR F o e B
ZEARAR P E@ptrzatl 1 pirzat11h-1.9 TG SR

A | erNA

PrrZATH sl—
PtrZAT11h ti—

1 000 bp

500 bp

M. DNA 43R DL1000; 1. ddH,0 Ay ity B X i 2. B
AT A I R DNA A (9 B % B8 3. pEgP237-PuZAT11 %
ATRE B Y BH RS HE 5 4~ 8 HUPERE IR 1 DNA SRR R i o
M. DNA marker DL1000; 1. Negative control using ddH,0 as tem-
plate; 2.Negative control using genomic DNA from wild-type P. tricho-
carpa leaves as template; 3. Positive control using the pEgP237-
PuZATI1 plasmid as template; 4-8. Samples using genomic DNA
from leaves of resistant plants as template.
B5 FHEFEHRPCREE
Fig.5 PCR identification of transgenic plants

Loty e dede g ol
g,
Zine finger domain

—-— Emmss—— 540 bp

. I 534 bp

PirZATII Reference AGAGATTGATAGCATAACCATGGCTAAT

PirZATI 1h Reference AGAGATTGATAGCATAACCATGUCAAAC
ptrzatll ptrzatl Th-1.3 In/Del
PirZATI alleles AGAGATTGATAGC ----- Ibp------- T -1
PtrZAT11h alleles AGAGATTGATA ------ CCA CAAAC -6
ptrzatl ] ptrzat ! th-1L.5
PrrZATI alleles AGAGATTGATAGC - - - - CCATGUGCTAAT -4
PirZATI 1 alleles AGAGATTGATAGCATAA - - - TGGCAAAC -6
pirzatl I ptrzatl 1h-1.8
PuzAT alleles AGAGATTGATAGCATA - CCATGGCTAAT
PirZATT h alleles AGAGATTGATAGCA ----- 13bp------ Cc -3
prrzatl ! pirzatl th-1.9
PrrZATI alleles AGAGATTGATAGCATAAACCATOGCTAAT +1
PirZATI Hh allele | AGAGATTGATAGCATAA ----- IGCAAAC 4

PtrZAT1 1h allele 2 AGAGATTGATAGCATA - - CCATGGCAAAC -1

B WT
PrZATI]
PurZAT11h

prrzatll ptrezat] Hh-1.3

PurZAT1] WM 12 aa

PtrZAT11h

pirzati ] ptrzat] Th-L5
PuZAT]] I 17 aa
PirZAT11h —

prrzat! | pirzatl 1h-18
PtrZAT]] BN 18 aa

179 aa

E—

T |77 i
- _____ EERVAE ]

H———)

176aa

PrZAT11hH I (9 aa

pirzatd ] ptrzat! [h-1.9
PirZAT]] M 16 aa

PtrZAT11h allele | I 72 aa
PtrZATI 1h allele 2 G 75 aa

A. ptrzat11 ptrzar] Th SEEAEAEREIN P 4558 ; B. WA ARAE KK PuZAT11 F1 PuZAT1 Th S350 75 R B4 .

A. Sequencing identification of ptrzatll ptrzatllh double mutant plants; B. Schematic diagram of the amino acid sequences of PtrZAT11 and

PuZATI11h in the double mutant plants.

El6 PoZATII 5EFEEENREFRERILEE
Fig.6 Identification of double mutant plants of PirZAT11 and its homologous gene
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2.4 ptrzatll ptrzatllh S 25 AHE ik 4 < R B W
BoH

KT VAl PerZAT1 1 DIRESR T B AR A A
L AR R B , AR % AR 60 d F1120 d
B WT 5 ptrzat11 ptrzatl Th-19 fE PR 34T T A4 K $5
B A 0 A 2H 2 ) e AT . 5 WT M prrzat ] 1
ptrzat] Th 575 (RAE PR R I HH 1 28 i G 1) 2B 4 P 34

(F70), HEZETHEREHEZ T WT(E D), %
RS WT I OB %2255 (B TE) . X453,
4.8 10 25797 By B ELAR HEA T i, 45 SR R, 58
A AT R T R K S AR S WT TG 3 2
F(ETF.7G) o Ph B ERKIGIRES KW, PrZATI
5 [ 58 PR 2 o5 | R ) AR AR v B, YR 2Ry

B Z .

(I 7A7B) 4 H i i Hobk o5 1 27 38 i 29 31.5%

HEWwWT OLe
D 4 s E ¢
5 30F
-"i ":_" %
20F
g
2
= 10F
90 120 90 120 90 120
R B A R ANl AR
Different growth stages/d Different growth stages/d Different growth stages/d
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A. Growth phenotype of three-month-old wild-type (WT) P. trichocarpa and PtrZATI1 double mutant plants (ptrzatl1 ptrzatl11h-1.9) 5 B. Growth
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Fig.7 Observation and analysis of growth phenotypes in double mutant plants of PtrZATI11 and its homologous gene
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Fig.8 Observation and analysis of stem phenotypes in double mutant plants of PtrZAT11 and its homologous gene
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