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PagTIPI1;3 Regulates Photosynthetic Physiological
Characteristics of 84K Poplar in Response to Salt Stress

HU Yongqi'> ZHANG Rui'? ZHANG Yisen'? SONG Yuepeng'*

(1. College of Biological Sciences and Biotechnology , Beijing Forestry University, Beijing 100083 ; 2. State Key Laboratory of Efficient Produc-

tion of Forest Resources , Beijing Forestry University , Beijing  100083)

Abstract Tonoplast intrinsic proteins (TIPs) , as important members of the aquaporin family, play crucial
roles in plant water balance and stress responses. In this study, the function and molecular mechanism of the
PagTIP1 ;3 gene in response to salt stress were investigated in the leaves of wild-type 84K poplar( Populus albax
P. glandulosa) and PagTIP1 ;3 knockout lines. The results showed that under normal conditions, knockout of
the PagTIP1 ;3 gene led to decreases in chlorophyll content, net photosynthetic rate, and plant height. Under
salt stress, the knockout lines exhibited aggravated wilting and yellowing, significantly reduced plant height,
and marked decreases in photosynthetic physiological parameters, including maximum photochemical
efficiency, electron transport rate, and relative chlorophyll content, compared with the wild type.
Transcriptome analysis revealed that the expression patterns of key genes involved in the photosynthetic pathway
(including PagLHCB7, PagGAPCP-2, PagPSY, and PagRCA) were significantly altered in the PagTIPI; 3
knockout lines in response to salt stress. In summary, it is speculated that PagTIPI ; 3 deficiency disrupted
the transcriptional response of photosynthesis-related genes in poplar under salt stress, thereby impairing
photosynthetic electron transport and photoprotection capacity, disturbing growth and photosynthetic
physiological homeostasis, and ultimately significantly reducing salt tolerance in poplar.
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TR B Y R A S AL, B U R
Tl ALY 73 A1 9 ] KR i Al AR 7 A A AR W)
W R R TR, A T AR R ik
R 7 A AR OC DI ) A A A5 R I Il A
SRGREERIBIL . hesihin o S B Yl 2
B R TR YU i T AT
BTG A S5 5 A ol i, e AR AR A KR
5 BRI R A D BIL ) R S %
fip L3R RTT o MR AR LR R 2R i e
Bl S AT PR AN TR AUE S Y, LR
A AR o BN, 2R (Leymus chinensis)
R ZR T i VAR S AT R O, B R R
IR A 2 . B RO R RE R
A 5B I E B AZ e T e, e
BUEERL M a0 A A KR G R Bt
fifp BT L 400 W 7 6 IR B D' DR A ML AR 42 40 O
PR LA, o0 £k e A= 2518 52 5 i R A st A% ok
REATE A PSS SR S TR RN
g, 7K 38 25 1 (aquaporin, AQP) 1E A4 57K 43
55Ny Wy J5T 1 A i 1) G BRE AR 1 AR L FE K O3
s B T E SO G R R E AR
T AE R e e AL A DA T A
EEA (tonoplast intrinsic proteins, TIPs )& AQP K
TG Y2, FEE A TN, 2 SR K
BB 5 kAR AR SEIESE , TIP
DR ) Tt 8 BT 57 25 1R A W e o 7 B A T
FRPEINRE . VrTIPIL ;15 335 L i i 1 5 K 7
FRRE ) A v R & i Lol D S e i, g R
T 2% 7 (Vigna radiata) 76T 5 X E W0 T #O6CH
BCRE K 2R FAME (Betula platyphylla) BpTIP1 ;3
TET WA T RIK B3 A, 8 3 S T M4 Cre-
active oxygen species, ROS)IEBRAEJ1 , ZfE A &R
GERiOst o FhMA T K E A Y 22 SR A T
TV K R SR R DG 5 A B, 1 —
APUESE TIP KL DA AE G5 55 P30 by [a] 9 25 o Y i 2
YERIM ., BB, T ARAKE ) b TIP J 5 7E £ i
BRI E A T HLATS A 1 TRA ST

BT AW 1 /K 18 8 A 7 H AR R
i TRe (R XTI R R . BT,
AAEFE VA PagTIPI ; 3 5K R %4, F] H CRISPR/
Cas9 £ RTE 84K 4% (Populus albaxP. glandulosa)
ARAT T RERIR AR (KO) o DLEFAE T (WT) Sy X
DN 2 AR RRAE IE B 25 1F SR e R A AR AR AR

SO A B R, I AE A R SR LI PP s, E A
Ha 6 A O R TN B 2B, AT PagTIPI ;3
B[R pi R ER 8 T e & R B R R B oy T
PRSI . BFTEE R, PagTIP1 ;3 54 3 T
R T RO A A B R PR R AR AT AR
T £ 1 A Bl R A TR A, TR R R T
AQP FIGEFHE AT T RERIBIEST .

1 HRSHE

1.1 REHRSERES

I B FE 2 F . — 2 DL 84K 45 R A2 44, A
JH CRISPR/Cas9 % [H gt 4 £ R 3k 15 1 PagTIPI ;3
FE IR R B PR 2R (K025 \KO035) ; 87 4E AU 84K 17
BT A AR R R AN B SR B . IR T
20254 6 A 24 H 7Edb st polk K2E M Y BF 2= v
AT,
1.2 EFERBRIBEHERGMEERN

F| H CRISPOR 7E £ 1. H (https : //crispr. dbcls.
ip/) BT RE S sgRNA . 3% A 99 % F] CRISPR/
Cas9 A (5 2K PHsbdcas9i, #2 9% FL il VI v 5 & 1l
XTIV sgRNA ZEAZ AT fR % , 38 o 43 F e BB R A
fei i N T R N S U LY L (N R R
(Escherichia coli) DHS5o J& 32 25 40 0 , 242 PCR i i
T P 560 I, B BOE A 2 R O 5 A Z AR AT
B (Agrobacterium tumefaciens) GV3101 J& 3% 75 4H
Jf 39k Bk B G0 1) 84K g 4H 85 1 4 o A
DIR R St . 1E s 35 A AR AR A AT
W, R A AR L TR o B SR AR 8 LR
gy B 5 2 AR AR 5L 1E 25 'C Ot 16 bR
i 8 h W 55 MRS AR HEAE 2R b, REAE 3
AR BIE AN, 1 B AR R A SR, O
I FH 28 AR 48 190 07 3 s 1 58 DR 7 35 O 4 2 ik PR A
¥k HREBCBHPERIRR DNA, 38 i PCR § B4 K6 I A A
R, T IPF AN L 1,
1.3 EHEMELERIE R A SIERNE

B2 H S 0 B A2 R K PagTIPI ; 3 FE R B ik
FMNA R R 2 5 Hoagland B 35 197K H5 46
HOIERE SR NS R SR 2 H o B AR
FE(25+2)°C, Y IR 16 h G IE/S h BRI | ol i 5
J&E 2] h 200 wmol *m+s™ i W B 7 45 R A UEAT
EhWrag Ab PR 5% 41 7F Hoagland 5 2 W H A
NaCl, ffi & ¥ 5 35 3] 100 mmol - L5 X BB 28 fifi F A
% NaCl (%) Hoagland & 25 9% . $h Wi ab PRAFEE
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Table 1 Primers sequence

GBS LG (5—3") TG 1H(5—3")
Primer name Upstream primer(5—3") Downstream primer(5—3")
PagTIPI ;3-KO ACAGCAACAACAGAGCTCCTC CGAAGGTCACAGCCGGATTC
PagLHCB7-qPCR TCTTTCTTGCAGCGACCGAT GGGTCAATGGACAGACCCAG
PagGAPCP-2-qPCR TCTTGTTGAAGCTTCCCGCT CCTGCTGGAATTGAAGTGCC
PagPSY-qPCR TCTCGGATGTCATAGCAGGA ATTGCCCAGACAGCTCTTCG
PagRCA-qPCR GACAATGTTCCCGAGGACGA GCTCAAAAGTTGGGGGTCCT
Actin ACACGGGGAGGTAGTGACAA CCTCCAATGGATCCTCGTTA

7 d, HEPRE AR A RS . b FREE RS, ST RISk
ERFE AT R IR AR E o A P4 R AL (SPAD-
502PLUS, H 7<)l Ag kb3R5 3~5 58 2 eIt
D Rent, & it BEALZEE 3 4 S0 i TR
RFARTE A M HEEEADEEIE RS
(LI-6800, 3 [=] ) 1t fiH 4% =X ) 1l it 4t 3R 2 64X
(MINI-PAM-II, 7 [ )l 7 A8 bk 9O & M 262
o W I IR PR S 3~5 B 58 A R IT I D fig
M, BRI E 3 i AR
1.4 HRANFREVERZSHT

71 R 2 PagTIPI ;3 FE DR BB bR 2 AR 25
W2 2 R e b 8 A B 3 R A o
2o FEACREE IS L B R EGE VR OF TR AR TR 7K
A 91-80 CI-7F . R BGISEQ-500 I - &5 A7
PE150 X3 i) 5, 5 W ot o ) 4l o )
FastQC (v0.11.9) (http://www. bioinformatics. babra-
ham.ac.uk/projects/fastqc)iﬁ{#%}ﬁﬁ%}ﬁ%ﬂz{ﬁ "
FHIBOA S BOHAT I B & GC & M ek i5 e
S3AT X8 LA I BCHE AT AR B . SR HI-
SAT2 2.2.0 FHF ¥ 455 #1302 it reads L XS 22
84K W% B 20 , 5 UT H E L o I ] feature-
Counts 2.0.1 3R e X 1) R 8 2675 3 PR K SF-
€, BCE BOA U SIS G B A
R B8, R F DESeq2 1.62.0 84" % 5 pin
T A2 (KO vs WT) HEAT HE PR 2R 3K & 22 53 0 AT
i 3% 2 2H (8] 1Y 22 S5 3% 35 2 ] (differentially ex-
pressed genes, DEGs) , §ifi 6 |5 {BL 15 & S 22 57 15 4
261 %} {i | log, Fold Change | > 1,FDR P<0.05.
1.5 WAEEEPCRIXE

% H FastPure Plant Total RNA Isolation Kit
7 & Cop M A= IR AT BRA WD, R ) 23 531) 2 B
TEH A0 B R Wil 5 B AR YR Pag TIPI ; 3 R
SBE A B RNA. R A HiSeript I Q Select RT

SuperMix for qPCR 12 7] & (i MEBE 4= ¥ BL 4 A R
A D Fi B A R AR AT W SR RO . R
H Real Master Mix PCR i 7 & (5 H BEAE Y F A
ABRA R, HED#ET PCRIAE , BAR LR S H U
B . AP R B BE R R R 58 DGR 2 A
1A % H B7 (light-harvesting complex protein B7) #&
(LHCB7) . J\ & & il 2L & 5 B (phytoene syn-
thase) 3£ [A (PSY) | Rubisco i 1t B (Rubisco acti-
vase) & K| (RCA) Ko H I 1 -3- 1l 12 it & g CP-2
(glyceraldehyde-3-phosphate dehydrogenase of plas-
tid 2) 2 W (GAPCP-2) G WA 1. BEAAEHE
WEIMEY)FEE . BE M2 kLS
FHOCHE PR AR 2R 5 6
1.6 #iEabiE

{#iF Microsoft Excel 2019 %54 74) 203401 |
H GraphPad Prism 9.0 BAEIAT G T B FE IR
AT Ik I WUH R T5 22 0 W, 2 10 35 PR R
I Dunnett 2 # [LER: . *.P<0.055 %%, P<0.01; #5%,
P<0.001;**** P<0.000 1;ns.P>0.05, BTG E %5

2 HR59H

2.1 PagTIPI;3EFRIRKRETELER
UG B 50T, TE PagTIPI ;3 3L 56
L2408 2 N RE S #E AL 2 a b
(I 1A) . HIIE CRISPR/Cas9 415 1 5L K g i 2k
HOGHRAEHEAL G 1S 2B 2 R R PagTIPI ;3 3& K
B S XSG AT Y, O 5 B AR R 9 R AT R 43
Mr, 45 BANE 1B s . DNAJFHI FEXT s, 2 bk
RILE HAROL a RAA S, BARR I e
205 (7 Y93 A 1A BRI A, A RS I S AR B 2R 1
Jo RIS AT 22 1k s 78 HARGL 8 b |, KO25 Bk RAFAE
3MHIEGRIS ,KO35 Bk R AFLE 6 MG (K 1B) .
25 LTI , R L DR R RS2 A T PR A E R R
RIS T PagTIPI ;3 3 I e bk 525k
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A ATG a b
v v
PagTIP1;3

B

198 205 220
WT: CCA CCCAGATGCACTTAGGGCTG

KO25: CCA CCCAAGATGCACTTAGGGCTG +1 bp

KO35: CCA CCCAAGATGCACTTAGGGCTG +1 bp

624 634 641 646
WT: GACTCCTTCTGGTCTAGTAG CGG
KO25: GACTCCTTCTGGTCTAG--- CGG -3 bp

KO35: GACTCCTTCT --T-TAG--- CGG -6bp

A. PagTIP1 ; 335K 454 N2 sgRNA B g 60 8 Canb) s R TTHE L 5" AR BRI 8 37 AEHIEDC SR 5 HE . AP 75 R Zk . W& 7 /NS 520k
sgRNA LG A Cab) s B B B AR A U0 £ (AU —AURBIIE BRI s W P2 B 5 5 KO DI RRBR IR 2R
A.Gene structure of PagTIP1I ;3 and sgRNA target sites(a,b) ; gray boxes indicated 5" untranslated region (UTR) and 3’ UTR; black boxes indi-

cated exons; black horizontal lines indicated introns; lowercase letters indicated sgRNA target sites (a, b) ; B.Base mutations at the target sites;

red letters indicated base insertions ; — indicated base deletions; WT.Wild-type line; KO.Gene knockout line.
1 PagTIPI;3EFRBRIAMEEEER
Fig.1 Identification of positive KO-PagTIP]I ;3 plants

2.2 PagTIPI;3 EERIBRI 4K FEKERS
KA LB ENZME

FEIEH AR ST W& IF 4 b 7 B AR
(WT) 5 H m B AR R 09 A K RO A M A8 b5 , 45
R 2 Frs . ARIER B, PagTIPI ;3 3 H
B bR 2R 100 B R WT 8 3 A, B 29 0 17%~
18% , W PagTIP1 ; 3 & K BRI ] T AR () Sl
BEIRAEK(EI2B) . SCEA BRI W, 2 R R
PR R B 6 A 3R (P) 1 % B %, 5 WT R
37%~43% , Y6 e 1 Z 2P0 (& 2C) . BfAERY
SEPR AR R 2R I B KOG RCR (FUF,) TC i 35 25
5, R BB AR R WT ALK Z) 19%~3% (& 2D) .
FE DR R PR R R AR A 2K RN, S TF1%
R (R, 5 WTAH L TC B 3 2 5 (K 2E.26) .
BEAR , W i R () i 25 A6 B o 38 o 1 ik PR
BRER R, 5 &8 WT K2 9%~15% , 1% 5 KO35 #k
R R R UL B R A — B (&1 2A .2F) .

g5 BTk TR IR JRAE T, PagTIP1 ;3 B i
PR BObR R A R & B RO S AR TR,
A AR ol 35 PR A R ik R R B AR AR 3/ S
MR, SR, BB SRR IO CSE(F IF,
Ny Rip) To i 254k, W PagTIPI ;3 5K BB IF
HXEFR S 18 I B4
2.3 PagTIPI;3 BB R 84K #5 Eh BB T ¢
BIERKF T

TEEH SAE T, PagTIP1 ; 3 Bk R A4k
A AE AT bR 2 20 . i — L kY
T 58 B 38 X PagTIPI ; 3 @ bR Ak F 06 A VB 3%

M), A APF 5 X6 B A AR 35 R e B vk R AT T R
AR, 25T ER A SR B A A S S
g SRR R I A K 56 G T g 34 32 20 WA L
w3 P o ik 2R X R 6 ) TR 27 BE R B
W WAL TET dJF AR R R A i R
W22 5 WTAUA #0508 Fr i 4
ARG AL, TR O B ek Lyt B R S S R
B M ELZ T, 6wl B ik 2R 22 26 3 52 i 5y
PR MR R BN B i BB S, i dek
oI R B I N S U A B T B NI A
fE(E2A) o A KA br s, EhMhaa 5, 56 N a bR
PR ZR bR B LT 25 T R 24 229%0~27% , b 3
T WT B (8% ) (& 2B) o JeA AL B4R hr i
AN SN v N 7 R L T N A
KO35 [T B 35 70% LA E (1 2C) o FE Rk
WA N B WT 2% Tk, B B THIE R T & T WT
(FE2D) o WT I F A i 2R 2 2 1 5 i T3
PR PR AR 2 s 3R Wil T, FE DR R B AR AR A 2K
il 323K 67%~T17% , .35 15 T WT B IS 3R [ il 5
(49%) , 3% 55 = ARUVLEE rf 5L H e B ik &R 0 7™
WAL IR M ST, 6B PagTIPI ; 3 56 9 i B i 3%
P T ERAIE SRR R R (EI2E) . WTIH
F/FF B0 BE 29K 22% , i 45 R I ik 22 19 F I
i BT K, B PagTIP1 ; 3 5 PRl % {1 A Ak 7 48
R8T 22 00 R S AR T e (I 2F) .
Ab, AR 0N B AR AR R R B AR TR
29 30% , [ 0 25 5 T WT, R HOE A Pk
R AZ A (K12G) o
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KO35

KO25

WT KO25

HhAb 7
NaCl treatment

KO35

20 cm

B 5o, C s, D 5.
-WT -WT -WT .
K025 § K025 . K025 = T
o KO35 s 20 KO35 =5 KO35 L
o © o3 = o i=]
2 RET 10 $zf l
s g N=E
kS #25 T SES 1T
2 o= P NE &S
5 05 *Z 3
z s =
0 0
E 40 -WT F 0.8F -WT G 10} -WT
K025 = ns K025 - . = K025
_ L DS K035 .8 s K035 i3] - K035
= 30r @ T 5 *:(E 0.61 wEo 8
XE AP = ?&_ @ |
ZE 220t €3 04f DEE
oS R s I 2SS4
E%.Z Hokk -K g o T EE_‘ g g
Vo B
== ot T e IEE 2F 5=
~ T % — 2
g M
0
XTHECK  #h4bFENaCl XTHECK  #h4bFINaCl XTRECK  #h4bFENaCl
AbIR Tk A FRTTS: AbFRT7 IS

Treatment method

Treatment method

ALBFPAE TS CWT) S LR B BR AR 2R (KOO TEZE 7 R IEH 2514 (CKD B2 NaCl Bkl R A9 7 5 B

/SIS ey

SLENE | SRS LDEL NS i h0)
0.01,##% P<0.001, *#+* P<0.000 1,ns.P>0.05.

A~ EL L

B

TR T4 18

B~G.1F
K

Treatment method

F A Bk 3 i M A T DR R R R Y

S EFgﬂ(-}qu“qZﬁj{Eﬂm{#ﬁ ”73%.P<0.05, %% P<

A.Phenotypes of wild type(WT) and knockout lines(KO) under normal conditions(CK) and NaCl stress on the 7th day ; B-G.Plant height, net pho-
tosynthetic rate , non-photochemical quenching coefficient, relative chlorophyll content, maximum photochemical efficiency, and electron transport
rate of wild-type and knockout lines under normal conditions and salt stress ; data in the figures were presented as “meanzstandard deviation” ;
*, P<0.05,**.P<0.01,*** P<0.001, **** P<0.000 1,ns. P>0.05.

B2 FHLAS5EFRMBRKREERSZFERRME THRER EEIER

Fig.2 Phenotypes and physiological indicators of WT and KO lines under normal conditions and salt stress

IR G B, PagTIP1 ; 3 3& K ik e 2 A WG B 5 07 1k 0 1k 25 57 3R ik BE X (DEGs) o

HBR TR R T oA ) BB | S SO T B PR
RAEER A T AR Z I A ThRe E AR, wE
7N PagTIP1 ;3 55 PR AT 158 W3 it 22 1 1) 1 ) 98
#HTF
2.4 HMETERMBRGKRSHFERENESRA
SR

K PagTIPI ; 3 SR AR RAESL 0 T A5
PRI SR A AL, X7 6 B 38 Ak B R ) WT S KO-
PagTIP1 ;3 KR 25 -4 SUgRA 3 s 2 il i, FE R

W 2 fR , AR ZH 2 DEGs R A 25 7 % .
AR 16114 LI FE A2 321 4~ F A 3L A
ZEFRAL Y 4307 LR R RN 350 AT AR it
AR 2 27 A4~ B FER A2 A TR . K3 5
/N, TE LR DEGs i, i 5 28305 33 4> M 3t
A 34, 525G 34, 10 3 Rl UL R 1R B %
O Jilp e N JE RACAT 24~ 76 F I DEGs ', il
ZEHH 1194, M 7 5 HAZH 200 e ) R L
H 3R RIAAEAE L[] R I p SE A
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x2 HMETERABBRKRSHFLEAKRNERRIEE
[ 43 %0
Table2 Distribution of DEGs between KO and WT plants

under salt stress

SRR N4 A Number of DEGs
DEGs ) = I
Root Stem Leaf
|94 Up-regulated 1611 430 27
T4 Down-regulated 2321 350 2
S8 Total number 3932 780 29
A - B n
Leaf Leaf
ES HE E it
Stem Root Stem Root

A BRI B 1A 25 S AR AR
A.Up-regulated DEGs; B.Down-regulated DEGs.
E3 #HETARARAKFEHFLANTHERRE
EE® S
Fig.3 Shared and unique distributions of up-regulated
and down-regulated genes in different tissues under

salt stress

ERE T, 2R KRR T GO B HE T
(K3) R, EAYFid FRET , X e R % 2
5 DNA Bt AL 5% 7R+ (GO : 0006355) AUk I 5
2 (GO :0055114) K /K AL A Pt i 72 (GO -
0005975) 4 . Ah, BRI R (GO: 0006412 ) 7K i
FE A PR B RTE R A A b R
EH . e FOiRe i, AN B E L TF
HIJFE 5 DNA 256 1 5 154 (G0 : 0003700)
AR RIS PE (GO :0016491) FLAAIEYE(GO:
0016209) X [HE 72454 (GO:0043169) 25 TiBE . 4Hl
R4S T 2 IO S P o AV 7% 4 NN G A
R I TCRE A g . [RIES, NRSEE Y GO & 0 Hr
(F4) /R, XU 2 AR TR A N T
1 PE(GO:0001071) KBk 7K Ak A WA AH 56 i 72
(GO: 0005984, GO: 0016052, G0:0009311) , 7E43
FIIREJ I, PRI B B E TRAZLEAR R
FRIERR G 1 (GO :0004722) , H. 35 5 o7 T4 o e
KA 5y 28 BTk, FRSE F2m 4E T S
¥ BUAE LB A Bk K A AT S 5 R 1 A sk
T3 1 VAL 3 S A TR S B L R
b Ji KA A A SR o6 ORI S R . 3
PRI L SEAN ] A5 508055 B IERB AR B RHIE
] R TR R R AR AR R R A SR

®3 HMETEEMBRKREFELR FRAZESREERN GONEEEEDT

Table 3 GO enrichment analysis of up-regulated differentially expressed genes between knockout line and wild type un-

der salt stress

GO % GOTEFE P R
GO ID GO description Gene number
7 SV DNA 25 6 5 5 R T i 1k -5
G0:0003700 Transcription factor activity , sequence-specific DNA binding 32 8.92x10
DNA BB A5 s 4% -7
GO:0006355 Regulation of transcription, DNA - templated 4 6.75x10
AT R
GO:0016491 _ﬂﬂ_’,ﬂlﬁiﬁ@(u ﬁ: . 28 3.14x10°
Oxidoreductase activity
o Al A T R
GO:0055114 LSRR 51 1.89x10°°
Oxidation-reduction process
y TS
GO:0005975 Bokfes %ﬁlﬂj.ﬁ& 36 4.27x107°
Carbohydrate metabolic process
A TA AL ]
GO:0019752 f&@gﬂlﬁh@&_ 29 7.53x107°
Carboxylic acid metabolic process
GO:0055085 E5 iRtz 38 9.16x107°
Transmembrane transport
B e
GO:0043169 ARG 41 1.24x107
Cation binding
AT -
G0:0016209 Antioxidant activity 18 2.68x10
i
GO:0006412 iz 25 3.95x107*

Translation
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Table 4 GO enrichment analysis of down-regulated differentially expressed genes between knockout line and wild type

under salt stress

GO %5

GO

L Bt

GO ID GO description Gene number P
% R 25 T i TR Tl
GO:0001071 | EmaonRE TR - 43 7.84x10°
Nucleic acid binding transcription factor activity
DNA BN A% 4% s
GO:0006355 Regulation of transcription, DNA-templated 62 3.77x10
14 Sk ZEL TS N TG T _
GO:0003700 . .’?ﬂ o &.DNA/E' - %%%{ﬁ& L 43 7.84x1078
Transcription factor activity, sequence-specific DNA binding
U B A T T T T
GO:0004722 SREERFRMBRRGE 14 5.23x10°
Protein serine/threonine phosphatase activity
GO:0006470 EI R LRI . 15 2.74x107°
Protein dephosphorylation
g
GO:0005984 . f*%ﬁlgjﬁfi 10 6.35x107
Disaccharide metabolic process
N NPT
GO:0016052 WOk %%ﬁ’%ﬁﬁfﬂﬁ 11 2.39x10°7°
Carbohydrate catabolic process
=2 > ) N
GO:0009311 . %*Eﬁ‘ﬁjdh. 10 3.25%10°°
Oligosaccharide metabolic process
N A g .
GO:0044723 . ﬁﬂi%%ﬁﬁ%ﬁ% i %ﬁlﬁh—l& 23 1.08%107
Single-organism carbohydrate metabolic process
4] A L
GO:2000112 MMIR Sy LE W) L T2 62 7 83x10°°

Regulation of cellular macromolecule biosynthetic process

2.5 XEERAEXEENEFREEERX

RUHIG G A A hR G I 25 SR % B, PagTIP1 ;3
SE PR i ok T BORE R AR AR 38 25 1R IR 43 6 A T
REE 2. DR, AR E— 2 REDSL A
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The bar chart represented the expression levels (FPKM)obtained from transcriptome analysis ; the line chart represented the relative expression lev-

els determined by qRT-PCR. The samples were all derived from the same lines collected at the same time.
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Fig.4 Analysis of expression trends and relative expression levels of photosynthesis-related genes under normal

conditions and salt stress
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