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Abstract

Objective: Cotton (Gossypium hirsutum) is a major cash crop in Xinjiang and improving its yield is of great
significance for sustainable agricultural development. Approximately 95% of the crop yield comes from
photosynthesis, and the core pathway of photosynthetic carbon assimilation is the Calvin cycle.
Fructose-1,6-bisphosphate aldolase (FBA) is a key regulator of the Calvin cycle, which catalyzes the
formation of dihydroxyacetone phosphate (DAP) and glyceraldehyde-3-phosphate (G-3-phosphate) from
fructose-1,6-bisphosphate and can be used as a reversible reaction for the formation of
fructose-3-phosphate and G-3-phosphate. phosphate, which could be an important target for improving
photosynthesis. In our previous study, we found that the SiFBA4 gene of Tianshan snow lotus (Saussurea
involucrata) could significantly accelerate plant growth in tobacco and tomato; however, its function in
cotton has not been clarified. In this study, the SiFBA4 gene was overexpressed using an
Agrobacterium-mediated cotton genetic transformation system, and agronomic traits and physiological and
biochemical indices were investigated and measured to analyze the photosynthetic efficiency, growth, and
developmental characteristics of cotton with the trans-SiFBA4 gene. Further, through joint transcriptome
and metabolome analysis, we will analyze the possible regulatory mechanism of the SiFBA4 gene in cotton
photosynthetic efficiency and yield formation, which will provide an important theoretical basis and

genetic resources for cotton breeding.

Methods: In this study, we used an Agrobacterium-mediated genetic transformation system to transfer the
SiFBA4 gene into cotton, and utilized molecular biology techniques, such as PCR, RT-PCR, and Western
blotting, to identify and analyze stably expressed genes. Transgenic cotton lines were analyzed using
molecular biology techniques, such as PCR, RT-PCR and Western blotting. The effects of SiFBA4
overexpression on the photosynthetic physiology, agronomic traits, yield, and fiber quality of cotton were
also determined by two consecutive generations of field experiments. The possible regulatory mechanisms

of the SiFBA4 gene in cotton were further analyzed using transcriptional and metabolic network analyses.

Results: (1) Fourteen cotton-positive transformants were obtained in this study and were identified by
RT-PCR and Western blotting to reveal that SiFBA4-OE-4, SiFBA4-OE-14 and SiFBA4 -OE-17 had
significantly higher expression levels of the SiFBA4 gene than the other strains, with the OE-4 strain having

the highest protein expression level, which was selected for subsequent studies.

(2) The photosynthetic capacity of the transgenic strains was significantly enhanced, in which the OE-4 line
showed a net photosynthetic rate of 34.22 pmol/m?/s, which was increased by 17.47% compared with that
of the WT; and the chlorophyll content increased by 0.3 mg/g. The results indicated that the overexpression
of SiFBA4 gene could effectively increase the photosynthetic rate of cotton. The biomass of transgenic

lines OE-4 and OE-17 was significantly higher than that of WT at all growth and development stages



(p<0.002). The average biomass of a single plant at the seedling, bud, and boll stages was 1.27, 32.95 and
115.63 g, which increased by 23.30%, 49.75%, and 42.40%, respectively, compared with that of the WT.
These results indicated that overexpression of the SiFBA4 gene promoted the accumulation of cotton

biomass.

(3) By determining the agronomic traits of the three strains, the indicators of plant height, number of
internodes, number of fruiting shoots, number of buds and bolls and leaf area index of cotton transfected
with the SiFBA4 gene were significantly increased compared with that of WT, and the average values of
the number of fruiting shoots and bolls of the three strains The average values of the number of fruiting
branches and the number of cotton bolls of the three lines reached 10.61 and 15.27, respectively, which
were 20.58% and 69.00% higher than that of WT; the traits of hypocotyl length, internode length and the
angle of fruiting branches were significantly reduced. Yield and fiber analyses showed that the seed cotton
yields of transgenic lines OE-4, OE-14, and OE-17 were 5.78, 5.60, and 5.68 x 10% kg/ha, respectively,
which were significantly higher (19.22%) than that of WT (4.77 = 10° kg/ha), but there was no significant
difference in boll weight. The fiber length and strength were reduced by 6.67% and 4.86%, respectively
(p<0.05), and the fiber grade decreased from A to C2. The results indicated that the SiFBA4 gene achieved

a higher yield by increasing the number of fruiting branches and bolls, while reducing fiber quality.

(4) Transcriptome analysis of the OE-4 line revealed that overexpression of the SiFBA4 gene in cotton
significantly upregulated the expression of the key enzymes of the Calvin cycle, FBP, TKL, PGK, and
GAPDH; enhanced the expression of photosynthesis PSI and PSII complex subunits PSA/PSBs and
chlorophyll a/b light-trapping complex subunits LHCAS/LHCB genes; promoted the upregulated
expression of chlorophyll synthesis pathway-related genes PROA, CHLs, and NOL/NYC1; and significantly
increased the enzyme activities of the key enzymes of the Calvin cycle FBA and FBP. These results
indicate that the SiFBA4 gene could provide more ATP and NADPH for CO, fixation by enhancing the

processes of light and dark reactions of cotton photosynthesis, which in turn promotes photosynthesis.

(5) OE-4 line metabolome analysis revealed that the soluble sugar and starch contents in the leaves of the
transgenic SiFBA4 strain were reduced, the accumulation of the Calvin cycle intermediates
fructose-6-phosphate, erythrose-4-phosphate, nectarine heptulose-7-phosphate, and ribulose-5-phosphate
were significantly reduced, and the root system sugars such as glucopyranose, nectarine heptulose,
glucurono-dicarboxylic acid-1-phosphate, and nectarine heptulose-7-phosphate content increased and
starch content decreased. Combined with the generally up-regulated expression of sugar transport-related
genes SWEETS, SUCs and STPs in the transcriptome data, it was hypothesized that the SiFBA4 gene might
promote the directional transport of photosynthesis products from the “source” to the “sink” by regulating

the expression of cotton sugar transport-related genes. The SiFBA4 gene may regulate the expression of



genes related to marshmallow transport by promoting the targeted transport of photosynthetic products

from “source” to “sink”.

Conclusion: This study conducted a preliminary analysis of the heterologous expression of SiFBA4 in
relation to cotton growth and development, as well as its potential mechanisms of action. Key enzyme
activity and light-response-related gene expression to improve photosynthetic efficiency. By promoting the
expression of sugar transporter protein genes, it can optimize the distribution of photosynthetic products
from the source to the reservoir, and ultimately achieve the simultaneous enhancement of biomass and
yield. These studies reveal the key role of the SiFBA4 gene in cotton growth and development through the

Calvin cycle and provide new genetic resources and a theoretical basis for cotton breeding.

Key words: Gossypium hirsutum; SiFBA4; photosynthetic efficiency; sugar transport; yield
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BRI g EAR A s T EOR L, R TR E RN TR B R B
DA R e 452 AR AZ O () 20 F- IV B mT USRS B B R0, SEA PR i 5o A B i B
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FIVERIF B, Ry SEBURE T B AR AL T R BR T 8P4, 2017 48, SRR FIBAK: GhCLAL
A VAE R, B CRISPR/Cas9 R4t AT M, AAMERE AR, nEE
Hi1¢ CRISPRICas9 #ift RGTEESL, MEEMIEAS T RITEMINEP. S8, 1Z2H]
BAF T A HE M i G 4 2% (CBES) AMBRMEMS AL i 2% (ABES), JF4ie HY Ffi i 2
5 22 G0 6 R AL 1 35 DR 2 G A R 1 L B A A 4 291,

W5 A BHA AT RS B2 MR R, ORI (R AR (A & 25 52T 1 e P 1
PR PG LR IR G RS R N TR E RO BE AR T AR+
FRBR+ N LHERE” RN, BB RTHRIE & R R MAER I

L13RIENAWERMRIER

e Ve AL = EIE R S AE L 7R, e A BCR B MR AE I A R
FERFIAFYE S . BEE AERSAE RS PR IRA AR, T E R D BCNIRIEE
Tt 5 ARG BRI B TT ). IR, MOGEAFENUR . BL R . FREEm N L&
SEIEREZ T, W TAEEE RGN ISR R

EEER A LKW, WA 2 A0 EERME SRR KR (1 PR00421 .
PF02392) S EF dk 4L, A02 Al A08 Ui fofkh: 7 HBI A AE F M, LM
Ghi_D06G01951 FE K| F i ifdda [X 1) Fp Bk 2k, AT e ok 1 428 ' o 39 el 82 AH S JE R (1) R ik
2%, AR W 38 N PR R AL AR, 7B 2R BRI T T, B4R R
L5 A PG RER FIAEE 2 7, S AE SRR & AN AL 3 B 2 I T e (R 175
OUTF, I E AR N R R K (NPQ) . JErPIR AR FAFERLL PSI
TE TR Z R RS, AW CbE s 1 R WA s B PSI B i1
TAEHE ATP &R, der e aae B Wb R &AM T, B AR A R A
T I i A S AR AR YD RO PR o, H O G 30 B B I TR Mo AR T B A A
Yl 2 A AL FE B AR S T P AR B S A (R B[R dE AL, fSF COLfEM A R EERR, 1X 7]
BE AR MR A ML SR TH I S B L RS, FE AL o AT AT 5 T, IR R
CBFEFEZm Rt L SRS E) fvGmMREREEE (Pn) M SEE,
RIFZEM Pn 5RAL AR ECE B8 IS, AR Pn 5 R E G k. @t
A CE W) AR Can A F 38 B L Je g ) 50m By i &k e 240 (I wEo/¢Eo Lt
{8, ASZHL RS AR R I F R TEEOL, SR R T R GO A TR K 1
AL, s TR K BT RDGEE R, v AR A B BORIATL A s A it
TR,

KT B AE A SRR I 7, e AR 7, 8 A iR AE 2 0 8
A S IEH RO R G REERER, R SGR ST IEFHHEg, BEEFER
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AR P Ee 4k, H SGR. CAO Fil ZEP 4tk [N ik B R0, S ThfgiAr Jy i, i@
i VIGS BRI AE M4 A i) GGPS R 5 Bl 72 Gohir A13G151300, 411
SFRTEDERIK, RWUZERTTRSE TP CEORNER, ZERKTTER TR
et RGN FEHF AR A KA R, GhsBPase ik 54 EK 95 H
RIEASE, K8 GhSBPase ik BILIER SiAEI A BB E P b HAA AR I IS A 1%
(01 2 e SRR 7 0 T 303 LR A4 A2 M H318 Je FLa AR XU T ) o £ A FH i 2
DAI FERERIVERD B2 &, H318 Ja & E M AAHN T HIAEAR R, HEIEH TR CH
Rubisco %l  (RCA). &% 11 WIE X (PSBX). Jo &% | W L (PSAL) AlfRz
EHEEG (PRK) BERPFREES GG EESE 8, R H318 KA M T H
SEAS AR X BRI RO AR AT RRAE ' B R R R RS e R R R T S e
WIS T E M.

1.2 Y E1ER A

1.2.1 B E1ERE XTIz

HYIDCEIER, RIS ORI T, K Litb 268, FFRIAHL
FHeR A ALEK (COp) MIZK (H0) FANMEMA KK BT Ge = A VLA, RN R
TR SRR AR A A A2 B S A1 AR Bk AR S A L ERTANR R AR AR R,
se A RN, I8 M FH AR 5 A 1A% L )

e ERAE iR B AW HIAZ 0 R, MR YR 2 1 75 ZOG R 7 ' S B RIS S B
BB, RS A SRR ) B S Th B B I O SR R AR A A 2 e Ak
B E, BFEFEYIRN . BB E B IRA =ABB, BRIy, R T,
EYE RGN (PSID @it SRR & R RIOERE, FE H0 7 F 6= A ke
HLF, RIS R AT (PSD), PSIFRIG L F1EIB 45 LT 524k, TR T 15088, % NADP?
A BGE JE A NADPH; [R5 —#840 B 4ot 1 B RS B A L 5y 21 71 JiE, {248 ADP
RAGERWIE L ATP. 5 S N F B CBIRRSCIERN) 2 EER T CO B N E WL
GBI R, KA TIHERARIE T T, EE5 R IEJE AN AR =N B FERR AP B,
CO, 5 ML EANE (RUBP) 256 A AR E /SR &Y, Bl S 43 fif o =R H I R
(PGA); & JR B BUF] ) [ B AR AL ATP I NADPH, % PGA b5y =mekE (i
TMEE-3-MEER ), [ NADPH #% v NADP*, ATP /Kfi# A ADP 1 Pi; )5 A
BoEd — RVIEGE N, K50 = bl B AN RuBP DAERF BN R LT, Hp =
T B DU FH T 1 T B S ok A & . HoA 2 I BN AT 845 9: NADPH. H. ATP 5 CO;



1 Sxhkek BATAEEEHMRY
TER AL T £ B K L & (CH 0D, FE£EBE NADP+. Pi il ADP 84, S48
e R B TS 9. FEJGRE S SRR L RIIREN R, HO 5 CO, il i [ BRI 2 8
I FEIVER, &AL O, S BL CHO NRE AN Candi&ipE . Hrr, BRI
W JFE B BAE N RN S S R DB B A, Il YRR I B AE I ATP A NADPH,
¥ CO, HH IR LR [ B A WL, SEBGRE AL F RERIFEAL o X — I FRAMY 58 Bk (1 5
Pk, i8S 4 ADP. Pi il NADP AU R B RF AL REFR (L J5R), TR RLRE BT IEFE
L0133 b S S TS B 7 W R 2 Rt R RE S 45 e & R GUAE A R BE 461 R I m 3L
ik, Hor LRI oS mEY L Re R A 2 B A BB 3 3

1.2.2 S 1ERBIHLE

FeA1ER SR FR R AR — RAIRE ARG IR ), AR 2 75 75 B I
Iy RO R S ANEE R B AN B, B =KD, ENE IR, B AR B IR AL
WFE = A5 58

JR A [ . (Primary photochemistry) & Y6 & 1E H WIS BE 10 R, WA H B R T
WBOR IR, HEIGIEE — L RBONIEIERE, BRI, S
U, e SRR R GRS TIT UG, 1% R G0B SR IO BE BAL 45 PSI A1 PSII,
ENRZEEOR-EORESY, & 5H RN H G (Reaction Center, RC)
et X35 SR O ] R AR IR B G TE (R A IR IOR e, XS R P AT R
AR, TR AN IE L2 TR — AN G IR 20 T, ATTDER G RERE AL A e g,
X R R SEY A RN R 2B FOIERETER, kN5 miEYt
AERMETENMERR, TTRERKIISEEEIREER8EE, NEY &GS Fig s
(IR 577 1

Heh B FAEIEEE MO e A e, RIEEMIEEER E, FZ M PSIIL Cytbef Fl PSI
SAHEFAEIE RGN, AP ALB R R AR IS RS . BRI IE I S
ARG B A R A K HES, B P680—P680*. P700—P700%, LS “Z27 7, i)
NFRN “z7 B, i 11, IR T AR ER (FD) 28 D ERESRE, %
B AL N M AR R A AR R IO bk AR AR BT
H,O /1 M PSII. Cyth6f il PSI, #| NADP'[JH F{Liigse, AR R T B R s T
R AT RS A i ATPPY . SR 71536 PSTFR BT 1E545 Fd, T3 Cytbef, SRJ5
% PC (FHEROAEIER) R PSIFMEIEISFE. ML IR 2 W RIS AAAE Fd
B Cythef, BRAEEEEH-NADP IEJERE (FNR) fL# 45 iR, o4 NADP %
B TRAARE (PQ), Je— kMG EEK. HIh, EAFE—FRIF X T4, B H0 i)
HLF- 1 PSILS PSIL4: Fd 5 FifE4h O, ML AR R, & T iiEs. X —idE
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TEMIEIRGS T, WA 2881 NADPHER 1B L T k4B, b E gl LB E &S
R R R0, gt b, JER R AL EE & S AP O E TR R,
B0 PSIL, F1PSI =N TFA&08 RGACE FEYE, MU IR sG-S AW IR I E
F, g RBHET A GRIBR, Mgt E LR &8RP, ik, 1E9
G RE Bl A (1) SIS DA W AR I B 2E A R S I R BRI A K

JeA R R AR (SR B AR TR 0T 716 52, 42 ADP 1 Pi & il ATP ISR, FRK
FA B, A BRI BT AR R AR AR I, IR b e th AR 0 R AR 3 O A
WERR AL IE3R & BB AL A 3 20t & B IR b = R 25 A 01 R4 B0 & B R 1k 2
T HO J6f =17 &6 KRG MAE R o0 fl— R B 712 38 40K 1L s 45
NADP*, JER NADPH, JF4:pk O, Ml ATP, ‘B ta LM 8RN, tREs%
TEYR N R N =R R . TR A R R 8 T/ — RV BT
FE AR AL R, A PSIFSR, 52 A3 PSI— AP & [ AL e i 72, 1X AN F
H T ATP, WA HoO IIYGAERFT O, BRI o H, ATP SRS FE TR 2 ATP &2 5,
ATP SEERENS R PSI [ B Oy 435 P700 IEALIE RS,  FEHIHDG &1 I 2
F1 PSI 1 ROS [ A0, gk mr WL, MG A BEIRAL AR R, IR EDE R N FE ATP A
NADPH {14 BUE R, o LA K e e & AE M R BRI 208, MR & 491
A KRB SRR e R AN R ORI

H* H*

|

-Ve
STROMA

T
dilil

LUMEN PS ||

+Ve
Weter

1-1 JeEERAOGR NN “Z7 BO6E oL = K
Figure 1-1 Schematic diagram of the “Z” type photosynthetic electron transport chain of the light reaction
in photosynthesis

CO, [Flfk, W ABKIFELL, & ¥ YA FH 6 R S A R [Fl4E /) CATP A1 NADPH)
¥ CO, [l 2 AIE iR, A il /KA E 90, I TE BR AL 2 R e AR AR e 22 R it A2
S ST AEAE = 2% CO, [l @ it 2, BU-RIRSCHEIA . Cy i B A 5 REHRAHT (CAM)
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OU,  JR SCAFFR AL R R SO I BUR PE R SR B AU A 402 T a5 ik, T2 10
SEM ARG T, 78 20 t2d 50 032 H, BT CO, 52442 —Fh bl CRZ B BE R,
WO I8 R R R 242 (Reductive pentose phosphate pathway, RPPP). X[ NixANi&
e COL Bk ] 8 T B B P2 2 — Fh =B &4, WX FR N Coigft. Coidft iRk
ey EFER A = AN B, 7 20 14D 60 4EAC, RELANHBE. T KA TG Bk
Y, B 7 BARIKSHEA IS, IEAFAE— 2k [E5E CO, AT . B [El5E CO, IR HI =72
EVUANBRI) —RIER, WFRN Cu- RIRIZTE (Cy-dicarboxylic acid pathway), f&iFK Cyif
o CoIRIEAR R0 AL . B JF B E . R AR A DU A B0, AR R e
TER Co- —RBRIIFI R LK AR IR N2 5 IR, XT3 Ca i fe Moy =Fpili A, —
Fe i NADP-3E 5L 8 (Malic enzyme) FJSFRERA! (NADP-ME A): — 24K NAD-
SRR R A2 R (NAD-ME ) =& H A PEP Rl (PEP carboxy kinase, PCK)
HIRZAZIERA . NADP-ME RV 23 1 (MALD, 1fi NAD-ME #4f1 PCK #Y
IR e R AR IR0 1, CAM 238 N SRR BI 1 —Fioe 268, —BAILERR
KW, TERNAHATSAARSE e, FE[FM CO, 1R Be % ik F /K /it BE ok . B[l E CO,
FRIAL 2 P B R s i X N R (PEPC) FIAL A #E-1,5- — T B P2 AL B/ N %A B§  (Rubisco)
AR, 23 AE AR BT B ) B 53 55 AT, AL e o Xy 7K 4
F R AT T AR K I3 e 0, MG S5 N7 3o A A 6 VA 1 g R RIT 7 £ 2848 W %t Rt 3
B K R 7 S T L AR R AT, R R E RO A R A R AT R4
T ZHKIE

JEREI (Photorespiration) 1F @A) AR I HE B BGHR 7r, FiR 1 Cs HTE
S TR CO, R O, it R A S AR I 3 B T 26 3 2-W R 2. B IR 5. (2PG),
TN EMET, K COL/0, LLEAEE T, Rubisco BEAT INEEEEI N, SIHAE 2-BiR 2
BERRITE . X — I FEESCEE, [KA 2PG ™ I A% [FI 46 AR FH 12 1 oS B, fnk
IRSCAEFR . BRI, BRIk, JePIGE R, B 2PG FEMRINER, )
B ERBRENIET, REREVCHIER. ERMAEEY a2 1. shah, Jerpixtam
PR A JFE RS . RILSENA B, TR MRy ROREIER . Bk, Ot
I A PR 6 AR 7 % 5 o BB A 4 e i e 5 4 L7,

1.3 F/REE K B AR R BRI SR R

RIRAEAFE T2 20 124EHT, MR FIFEMS, Btk biEFEE W EYL S
%%, It BAE R E IR h e 5 £ SV P SRR AR = A R BB AR
-1,5- B2 (RuBP) 1L, 3-BiRE H MR IIE JR A CO, %24k RuBP Y FFA:, kRS



1 Sxhkek BATAEEEHMRY
TEIRA G AAE 6 SR P24 ATP A1 NADPH, K kS i) CO, 8 5E R R 22,
PR T UM A EERE A A Bl X AMEIR 11 MR R IR R, (AL 13 AN (e
1-2 fr7R),  FHAXEARE-1,5- BRI &R (Rubisco) JE3l, %Ml CO, 2k 5
T RuBP [#R1L. SRJERIFZ ) N A BRI 3- IR H M ER S (3-PGA) L H#E ATP 1
NADPH RPN B AE i lie =, BOBERR H e (G-3P) MIWENZ — ¥ N EH (DHAP).
TEAHIFEAERY B e — R B, B BERR = HEFE 1L CO, %2446 4> F RuBP. R/RICEHR
o 7 A K 23 B R = BT B AR A 3R T DA AR RuBPPBY, R IXAMIEFR i 77 AR (AL S
ST AR R G DA, BEEE = H R & B AE R . R/RSIEIRIE N
+%%¢%~%ﬂﬁmk Rt A, QIR AR R DA TR RIE AL

SR (A B A B AR IR T R A B B R AR I R R R SCUE R
EP@EI‘JHFJLI%% Rubisco. =R PERNE 1,7- RN (SBPase) FIANE 1,6- —WEFERNY

(FBPase), 1% = AMMEXT /R SO PR 3l s 2 5590,

~ N

Erythrose-4-phosphate Fructose-6-phosphate
y phosp TKL phosp

FBA
FBP

Sedoheptulose-1,7-bisphosphate
FBA Fructose-1,6-bisphosphate

SBP

Sedoheptulost-7-phosphate Dihydroxyacetone phosphate

FBA

TKL
Ribose-5-phosphate TP

RPI

Ribulose-5-bisphosphate

Xylulose-5-phosphate Glyceraldehyde-3-phosphate

ATP NAD*
C@ ATP ADP GAPDH

ADP bis PGK NADPH
1,3-Bisphosphoglycerate

1-2 SEEHRRE R ER

Figure 1-2 Schematic diagram of Calvin cycle of photosynthesis

1.3.1 #HaHE-1,5- — BER ¥ LBR/INE B8 (Rubisco)

Rubisco /& ¥4 CO, [f 52 2| £E 4 Bl v () 3= 2155, [F]IN Rubisco fE 4k 5 O HH 5% (1 [ 87
5 CO, R4, SBOGE I E ki 647 B 881, Rubisco #% )2 Hiih & —
PSR AL 77009 #9), Rubisco M5 #1218 N KEHR: (RbeL) 18 AN/MIEEE (RbeS)
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MR+ 7N AR, Rbel 194 &~ 50~55 kDa, HiM4RiARE N gmis, HA ALK IhEE,
ifi RbeS (14 78~ 12~18 kDa, MM %, HA R HZhEEPY. RbcL & N, C
PEANGERYI, N SERIEN N-AK ST aG, B 137 NRIERIRIEAL R, A 514 B-Iissii,
C 453 Eh 8 A o-ME e 8 AN B-#T &, 1M B L& 8 ANIR. M # 8 NI
/B HREEHI (/P barrel domain) 51 #ERNEFAT 12 H kP,

W TR AR B3 Rubisco 7 &4 o (1 Bk R A0 AE FH U 538 98 B T 3R A
B 41 Rubisco H/NIFREmAG R A RbeS T ANMHE 2044k, 15 3IEMEFRIE, (HERIEM
JINSIE FHE H S B 500 B A B (KT R 4H 3 B Rubisco 4. 7E/KRgrhid %1% RbeS 1#9n
7 Rubisco %, R Rubisco & & i 21N 30%, {HLILEE K CO KB AW
SR A E R, X T Al e Rubisco 4140 K/NTEJE (358 I A RE
A RIS . KRG OsrbeS2-5 FRAFTE H A1 55 F FRILH A K52 4] S A AE iR
AP~ EFK, Rubisco & BANGIEMAL, PARIEE AR BE RS AR, 5kt
TRAK B T E T Rubisco 2H 2 A4 1 4235 BT 75 B S48 : Cpn60al. CPS212,
BSD2.Raf1 fll Raf2l** 1 i3t — B HF 55 & B, Rafl BEMS 15471 32 22 2 4 CemM A5 ) Rubisco
HERA S MRS AR, 31T 2 584 Rubisco IHEFRFNREGAR N AZ 9% %8, gk ar L, 4%
R Cs M+ 2 5 Rubisco W)k A FIEERLIR ¥, BEW NG A T 2 1 el 1y ok 1 38T i) 98l
M. ZZTEE I Rubisco HUR R AR A B2 44+ Rubisco, 7E 1% CO, WK T L 7 AN AR
B 1% (RAIE e 3 DR 1) 1 5 4 K 5 8 A TR R (U8, 2 e o v 222 T g vk
0B Rubisco, mIUATERR. B RS Rubisco Ak, ML ERICHEIAHES1EY
SeEE A E

1.3.2 SR ETFHE-1,7- —f5E508 (SBPase)

SBPase HIIZH:KI i, A&, £ N e m kg 515 N M-4%
. SBPase NI[FIR Ak, WAWEEIEM —MEIHRERE A ~J K. BNIEHM
7>y 35~38 kDa, R IIK o- MR HEAT B-3 Z il i Jo MU A H I R AE kS, WY
TEVEAL SE PR EE ) 43 2k BT, SBPase TER R SUHRIA I P AL BURAE A, 7EIX A0
SCrs WRMEHIBREE A REAN AR BL R F 774 COp 2248731 RuBP, 24 WA
g, F T RN ECR I PR VE R AR G B SR AR G RGE SR A AL T S R g
J B, XA B S T SBPase 7E /R SCHE PR I BRI R A B

SBPase &t & EMIRFAT 19, 'E ML R BB IE-1, 7- W IR 25 BEIR 1L 21 5K P - 7-
W2 . SBPase #E1EZ pHy Mg* 5 Z FhIN Z IR BT . A, 5HARR/R IR —
¢, SBPase i ik Sk 2 19/B UL B (1 RGEEOGIOME A P st whe ke, i
fEMMR L RIL SBPase 2K, R LASREDEERCR, g ns . EME Rk
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P+ SBPase JE[N, KINFEEFIMEMRIDG SRR R ER R, EEREKUEEYE
REPL g5 A RKAS SBPase HiIE SATRT B B FRER, B ALGE R,
A R RIUKF R 2 R (1 R S AR S R0, A A SBPase S XUFEJE PR R B SREGIESE T, 24
IR RIE BN, BRI ERBCR M BRI, JER SR, AR IR, &
K SBPase i [A GG 52 P4 77 T B 7T K B, SBPase DA AEAIR I 52 14 E 2I/E
FEF A IS RIS FEIT SBPase K ILT R FIEMRAE ARG, JeB R, KMERNZ
V5 T A R 4 HE 0. GhsBPase E MR T Ty 2540 i A IR it () R A A 5 UAR
Ao HFEBEHHERFNCSEH LMK, KW GhSBPase F£ik KA AEF w6 &L
SR B R R BT VB AR IS P RO, sl U AT BT AR SBPase S AR A I
Tieie LLAAEAIO S 8 & RV, AR SRAEYI B & B A ik B 2 ) B RS 2.

1.3.3 R¥E-1 6- —#ifLES (FBPase)

FBPase 1k GLbE-1,6- IR /3 i N SR VE-6-BE R AN TC LR IR, 7ERR[E B g E
SR EEEVE . XA RS R 8 AR L, X e AT, fE m Ak
1, FBPase 2= /A ] T %5 58 » 20 BIAEAE TG A5 o 110, e S 4,
VTP MR IR, LA, PR FBPase [F) L EEAER A LA e SR
Jfi)5i FBPase J& BENE Y& B e i 2 —, mH 44k FBPase #& %2 )t s ifIE M &
iz —M% AMP FNSBE-1,6- B2 (FBP) AN[FIFEE M #4444 FBPase F1M/R
FBPase (IEEIEIEI®, MWIRLEHIKE, Ui FBPases HIFIETEZI A 80%, MM 4¢ik
FBPases I [F] 5 PE =i 80% ~90% .. ERAR i 5 Al - Z44 FBPases - [A] i) [A] P ANk i 50%,
M HEATZ sk = G258 X B, HENTHE A ALY =458 . PPk FBPase %Y
#P A= 2 340~360 NEIEFL M [FIBLPU SR Ak, /N EIER) 7>+l 208 40 kDa. B4~

(#] 150~200 ML) 1 N 3 SCHF 5 4> o BREA 8 4> B 4T, /& AMP 454 il
fryfor i 110,

WA R, 15 CpFBPase &KL 2| - G X s kA RIE, HRER T
ZHP AR+ G HEEA L CpFBPase MIERIE R, B ZE A& s ve i & =318
U, S0t e o A 00 v R R R AR AL T — S8 R A A0 5925 SR I cfbp AT cpfbop-cfbpl
RAZARZEIN BN P EARHD G EEFE R, IF B 2 ET N & 25K iR
KBS AR (SOD) JEME T, cpfbp FRAZRAE M-S A b 2 I H A = R U
g, RELZ cpFBPase 2 SEUEYI K B KA/, 1M cFBPase HHk K23 InjE
B R AR, cFBPase & TR/RSCIEHR, FOLA A B R & g2 %
BB, IR R IR B I — AN AL RORSUIEIA R AR 1 =R P — T B
R o ik SR AR B N T, 2 5 RS 1T, cFBPase 4L IRNE-1,6- IR 7 i A

EE

N
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SE-6-BRER A Pi, PR RERE S OSSR 2 T R AR U, FBPase SN X AT A A%
RORICAEI S HEIOAE ™ 8 DA S A% COy [ E AR ST 3R 70 BT R 1 — 268 I8 A2

1.4 R¥E-1,6-_AESEE 4588 (FBA I FBPA) HIfAZR

FBA, thF A 4EREE(ALD), H 1934 4 Meyerhof A1 Lohmann 1 X &3 FBA 14,
BHE TAEFE X FBA MIIRZE W FLIEEZ P RN . FBA Z U B T A+, FF
PGB A (0 R ST R AR I A s 5 A P 080, e SR -1,6- R (FBP) &
JRER RN (DHAP) FIHiRE-3- R (G3P) ymlg R, FBA FiH & B
HlE-H R (GDC-H) LR S oA AT ks e & E A iy g 10,

1.4.1 R¥E-1,6- BB R ARERRY 4y SERNLEH 451

WRHE FBA HIMEALHLHIANLEYI RN BEAL o 1) AL SE, FBAs W] RE/ NIMIFE. 1
K FBA JEE ANUTRAR, LURYI Y AT B i, IFH I iR i 2 I DHAP A i
PRIZIN MG, A5 EDTA I BLE 2 1 AO52 T . 1158 FBA M2 R — R4k, &HE 4
FHE TR IR 7ok A2 e 2 5 BER 4 & NI DHAP J5 2 T 8] 44, -4 EDTA i,
J&T (a/p) 8-TIM ISR IERIRIE HESEIR P 51000 “A” A “B” AT, AR
W A g B OB 1, 25 5 BB I AR AR A2, T B YR i g B AN AL — A< R i A 1
ARUHE IR 5 1k . 12K FBAS fAAE T — 54l . ShAEYH, 1IEE FBAS f71E
TREZEAME BRI YK FBA 2 J& T | 25, 0 A BUiARL FBA FILBT A FBA
B AN ik FBA SR AR SCOR PR o i ST T, FCRE P A R A B
HACE, X FBA Ml 2 BO6 S /E A RH] . A, MBiA FBA S REREEY)
B AR AR IR 0 — 30 4y, FESkI AR Ak FBP [y A0,

1.4.2 RHE-1,6- —FABL R e Be B F K ki A R

FBA R SR A R B A A AEA R AR Y i 4 e AR, H AT FBA B[R 5Kk
RGP NI S N L N 1 Y el 7 e ¥ e LSS VR LSS S gl
I HEER SR T K

WL, ERETTH A 8 > FBA KA (AtFBAL-8). XUt PR LA 1 B IR 57
[ Aa A2 TIM AR 2583 C otk HEA RIS N sk, JE T 1 FIF 4614 FBA
HHEFIIRRGKE T, K AFBA ZKX 15738 2 DR, Hodt 3 M E AT (AtFBAL-3)
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R AETEr Sk B FBAs =i AL, 5 /N IEZK % (AtFBA4-8) 5 kK A 7E 41 i Jii 1) FBAS
B AR, 75 /N gk e 21 AN TaFBA BB, Hoob 12 FBA £:[F 18 4N, 11 2% FBA
BRI 3N, BEELAE 4 NEVESEEER 12 &4 tfh |, K24 TaFBA ERIf7 5 3 M5
UL, I3AGE/NEER 3 AL DR AL, KRS 5 DR 4 A 5 55 /0 DG S s 24 I 1) 1 g )
AL, Hodr, BE4ERE P (ALPP) JEIRZ gmiD - SRR RS AR i A% L R, 32 AR K AE I
I A, fE R AR N AL AL % 8 MR T SIFBA KIRHU G . BT
() SIFBA [N Zmfig 8 A M 136 4~ (SIFBAS) | 397 /™ (SIFBAL) &FEMZ, Z5H M

(P1) M 5.01 (SIFBA3) %I 5.26 (SIFBA5), 4rf M 33.8 kDa (SIFBA5) #I| 99.5kDa

(SIFBAL). fskfutafk 1) SIFBA ZER%EH 0~2 4. 10 S4ffk A 2 4 SIFBA
B, 2 SY ik 1A 2/ SIFBA A, 15.55.7 519 Stk % FH 11 SIFBA
R, MR RIS 4 SIFBAs (SIFBAL. 2. 3. 4 fl15); SIFBAG6. 7 Al 8 &N T4
A5 A S, R A % 17 4 GhFBAs J:[H . HEIRIDIAEE. REGKR B X RMEH
LRI AT, ¥ GhFBAs B:[K 0 NP AN EAE. 9 4 GhFBAs i T4k, 8 AN T2
R AR, Ak % 9 A FBA KIRIEER, FHIKEZEREK, HofK 3482 bp

(PtFBA5), Tfifx % 1842 bp (PtFBA3), PI il 6.62~8.78. A 5/~ PtFBAs (2. 4.
5 F16) # € NAEM 4K L, 4 /4> PtFBAs (1. 3. 8 A1 9) #E M AEAMFE H, 94 PtFBAs
SER TR A 7E 9 S et fk BB, ik mr L, FBAs JER KRR B Ak, #E4R
AN BT IR R D e A DL SR T 41 B AR T T B E B B AN E R B
F A&

1.4.3 R¥E-1,6- L EE Aa BB AU ThRERA 33

FBA J& 2 SRR I AL AR /R SCHE A I BB, S 5. 5106, T2, &l
i e A A A Ay i 7 109 1200260 oo, [ s, ]I AR AR KR T S B AL R

WK, ¥ SIFBAT 2K 1) RNA T3t (RNAD HAkEAbE i, 584 R
EL, RNAI-SIFBA7 KA A H A . RUBP. FIVAMERI& &, M. AWENF TN
BIH R N . RNAI-SIFBA7 FIA[1) NEFE FBA FIHAD 3= BERG AL < /R SCHHHE 3% 14
FAIK. RNAI-SIFBA7 HEARIRIF AN T & 2P R 5B AT EL, R FEIC. 7 BAE(KR
BT, SR EEENE TS EWS TEARMNg. SIFBA7T fERER MY HE A
KR A 7 T B B AR, I FBA 16 R R ST R Hh A HE AL P o 1L s ], 1
Vii SpFBA FHI7EIE/KFN NaCl Wil 261 N 3R B, A=) 7Ei /KA NaCl fia
12 h BFiA 2UEE . PEG A4 ABA X 5 U5 il R A0 EE, &I SpFBA ££ 0.5 h i i,
HEEFAR RERE I, 24 PEG-8000 <5y 20%H}, SpFBA JE[AITE 2 h B 7EAR H5iE
Flik, 12 h WA TP TCIERIE], 24 h IR BT X IR KT, #KpNa T



21 ik BATAEEEHMRY
fRZ& SpFBA FKikA{kYE NaCl WriE FHR&R SpFBA KIATALEVIM K. JFZRIAEA
SpFBA #2751 B BEXT -5 A1 EL AT 32 1, SpFBA 781 N £ il K AH S A AE Ml 3%
I Y AE s S AT R A T AR A B8 007 T R P AR Y, B RAE AN . i
FALE IR A G 2~8 h W] 512 CIAIC (2% S . 76 NaCl. 5. 6. K5PUFh
hia N LT FIEH . CIAIC X 3 FhEEA DRl AR N B, #2K CIAIDC 7 fE
BT HRA SR (IR A AL S S R a2 . NaCl 4bFE 3 h M16 h 5, FE4ERIARAN
IH-rh ANFBA Rk Efe . SXTIRARLL, L ANFBA K I AT B i 25 1 FNA7 35 56 B 5 12
o WL ELT £k ARFBA R 5, MEFAEREE, JEMUESE. BEER, B
MO EIRC, JLAME. LG HEE, M EKE. EREMEAR S 25 AhFBA 1]
B e e 58 PRSI AL, R T R B R KT 6 i 52 1 1,
TR A I 3Rk AtFBA 25 IR, R BE DR R S e i v VR L P AR T 1.4~1.9 fi%, H CO,
[E 5 fe AR T 15 5, KRR B = S A yodI-1 7R R DL R i AR
R, b h kG 7w RIUNER T E ST, HEMAE MRS ERK, Chl
alb LLEIE . FH 0 & B, —B T-DNA #i N OsFBA £ [K 5 3l 1 X 45 5 $0i% 3L [ 5%
1 Tl N P T - AW 7/ A T N N N 1 W RY SO RSB SS == o [
T 360 26 2 B 5 A TR R AR ) - 2 B OSFBA I B MA /K R I 1) ' ol SR ApE AR 1,
S 5K SRR R, WAL FMREKE K, K Co, 38T, HIEEHTOLAE
. RS EREEFfRIrRY, Csp-CALl. Csp-CA4. CsSBP Fl CsFBA 1E &bk Ak
BHA BB, X 4 DNHEFFERIA W DN Rubisco FIRAEYE, (21 RuBP HIFAE,
R MR R I RS s A R &, R T IEd RS S 5 A kAR IEE
[ DR SR 855 vt e A R A B IR T D2,

Zi LR, FBA FEMEYDGEEH R AR T A KK E IR, H 50
YV EERNF TR BT, KRR H TR E R, s &0 s e ey &
HRp AR R A B R

15 R EMEX. MEABTRRARELEL

1.5.1 fimEHIENX

MAEF N E I RIRT YY), RS M —, MEREHF ARG HEY
Wi SRTM, BEE N DECERNEI, MRS oF G st . HrasiE oy E 2
FEPIX, 32 C =R OB, EE MM mARE IR . Bk, e
PR B AR B3R i AE ™ R LU A 2 TR, BONHAIE BRI EE AR —. B



%1 BEXREGRIA BAFRFHELTFMIR
TCRAEY B M-SR LR, O W 28 UM -R AR SCIEHAR SR 2 (R R 6 12 = i A 119
CERE, HEHEMER BN BN LR EATF AR, RILE%E SiFBA4
Sk DAL ] 8 g A B R R AR A B IR A RN R AR TR AR AT T A 3 g A
btk z&, KRS FE SiIFBAA SEA R & [l As R16 JLA A+, JF@Ed AR, KE.
e MR N Z 0 T, H1125 P i Y R AE Pl S A et 1) 2 BEA LA o

152 IRAR

(1) % SiFBA4 J:[RM ALK RIS 5 7 T 5k
AHFE AR R R15 5 R ZARM B, SRR B SRR G AR R R 1L 5
SIFBA4 JEPR AL BIRRAE o RHE R e R S, $2HUH - DNA 47 PCR %5E,
75 306 P # BE R PR &, IF3 3 RT-PCR 1 Western Blot 3 AR 34T 4> T-501F . 46485555,
R AR e B I EAR (= Ty) MK R
(2) %% SiFBA4 JE R MEAE H [R5
D J2 DR RN B A AR AE T 7ok, 78 FH TR Rl 3 3 7 i 3000 5 A H A Ak FR B AT
SALSH, RN CEAIENR, FIREE (A4 BRI I 3 e &
SYERFE PR . TEARAEE B E =, FEXP AR AT A o FEF4E f R U E , 4 AT SIFBA4
LR MR AL GG RN 7 8 T U 5200
(3) % SIFBA4 B[R M AL 4% s AR 24 70 #fr
AP S B DR R B A B R AE L, R R IE =AM EM P EE, B 5 T-80C
TRAF, F TS 200 e A A I o 25 & Sk AR 4 380, WIob ik SiFBA4 2
DRI A A6 1 R0 3 ™ B 1) A BT
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1.5.3 HIARE&RZL

. . | 1 1
RAFBSACTES I [~ SRR bR T8 B R ——
] i RT-PCRAIE ()5 % 5 FiC i
e m—————— L - Immmmmm————— e = : :
| mwfemmnxn i werwasse || :
i I ! ! !
! Bk A KA P A :
R N L N I B 7L i i I
i L IR IRE P o TERE R T e ! I I
1 1|£H r,11|:||1~/ - : 1 FLTFRE 25 R K : _.= | :
! Fo A 25 4 e : ! ; : ER :
| P ! o RIA BB |1
i A B s R R ] I ;wmﬁww ﬁﬁﬁm ;
! y I il =T 78 A
i % ILAL:%%, H i L i i R AWt (DEGs) %E-. |
Rk a1 S [ . it g |1
| Mok, A [} ] : SR DEGSZE 77 :
! 1! I I = i
1 1
| Pl ot th I AR i b [~ '
| MEERREER |1 RrooEEmEE |
{ e AT AR Ko g TESIFB A R R
! P | HAR 6 & R A= B RIS AL H)
| d b 4

| i

K 1-3 BORBREIA
Figure 1-3 The technoLogy roadmap
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05 % 5iFBAd REIR LR

2135|5

e DR BOARAE i S5 A B BT BN G o BT TR 1 Rl &SR IR S %
SREBGHE N ——FLhE-1,6- —BERRREAERG (FBA) JEDN KRR SIFBA4, MY RIEEH
A, IR AT B/ AR JeFli AT R15 BN R4, FFRRAEE AL e AL ik R A0 MS 251
PR R QIR R R AR . SRS HAL RS, JFE IR BT B,
W R R IR ST, PR R T R . M RT-PCR Al Western blot ££4) 1
R E 1 SIFBA4 kP8 2 gt i I RIB PR &, B AL AR IR IR 2l & =
R 3 AR 2 R AR

2.2 W #R

2.2.1 FENEE

e TAES (FE SW-CJ-1FD, #iiT). PCR{X (Bio-RAD icycler, Z[E). [HiR#E
PR(ZWY-A211D, i), Ik (DYY-8B, Lifd). &% 24 (Bio-RAD, EE).
SEI 5% %€ B PCR X (Bio-Rad iQ5, £ ) %%,

2.2.2 FEMR K KIE

Fi R RISCEAR 750, SRUE T LL G 48 AV B =B M AE 0T 7T BT - Kz #AT 1 E.coli DHS5a
RN LBAA40A R JE AT T bR R R T A SR == R A7
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2.3 5k

2.3.1 SiIFBA4 EEFRIAF A E

2.3.1.1 AR EE

MABCIR VKA (-80°C) HHLH AR A7) pMD-19T-SiFBA4 3R TGk (RIZR2D,
i PCR %€ [HYEBE IR, P FF ik AT 75 B BN BHE R A R A = AT I . il
FE AT RS, %1 Fast Pure® Gel DNA Extraction Mini Kit 17 &: R 1E 5 123 B
kL, FEHATREY) S E .

2.3.1.2 EgtJ1 B pCAMBIA2300 1 pMD-19T-SiFBA4

43 %F pPCAMBIA2300 Jii i 5 pMD-19T-SiFBA4 20 Fi kit 47 Kpn | A1 Sal | XU )
RN, BEUIR RN 2-1 Fras,  BEUD a8l 3 IRl e FRL VK iR AT 3R

2.3.1.3 R BRI R EE AR E A

R AR R i e A H B 5%, VIR IEAS8 FH B B B Sl [l Wi iam) & (el e 385 7240
[] it 25 B 42 R, Fast Pure® Gel DNA Extraction Mini Kit 37 & ) ud Bl E4T , BB U .
(D 4%?55*)% HXEF'EI’J H& W N, BT 15 mL BO8E T,
(2) IINSERSEARFAR Buffer GDP, 55°C/K¥4 8~10 min, B & BHIL 58 4 iE
(3) Jﬁ‘/ﬁﬁﬁwﬁ%&@&ﬁﬁﬁ‘sqﬂ, 12,000 rpm .0 60's, FF R
(4) JIA 300 puL Buffer GDP, &t 2 min, 12,000 rpm &> 60's, FFKW;
(5) M 600 pL Buffer GW, 12,000 rpm &> 60's, F & . EE PG, 12,000
rpm &0 2 min, BREFRE L0
(6) WM PHHEE T 1.5 mL KB ELEH, JIA 30 pL Elution Buffer, & 2 min,
12,000 rpm .0 2 min, Y DNA &, RA7FT-20°C#H
H [\ ) pCAMBIA2300 A1 pMD-19T-SiFBA4 J BXH T, DNA &4 ERE, HdE
Mk, AR RIER 2-2 s
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* 2-1 BeUA#
Table 2-1 Enzyme digestion system

U)K 2R AR (ul)
ddH,0 8.0
Ji kL 8.0
Buffer 2.0
Kpn | 1.0
Sal | 1.0
SRR 20.0

Vi WIS OR R T BAE 37°CHET .
% 2-2 pPCAMBIA2300-SiFBA4 541 Jifi fii i F5 44 &
Table 2-2 The ligation system of pCAMBIA2300-SiFBA4 recombinant vector

ANALER AR (ul)
pMD-19T-SiFBA4 (/) ED) 6.0
pCAMBIA2300 (K FBO 2.0
T, DNA &2 Buffer 1.0
T, DNA &1 1.0
SRR 10.0

T ERRNAR R T EAE 4°CRER

2.3.1.4 KA E RS2 S Mpas &

JERSZ A A PR ) % A58 K AT i DHS o0 B iR, BAARDIRINT

(D W RIRIKFE (-80°C) 1) DHSa Hil A, #Ph2] 20 mL LB AR I3,
37°C, 200 rpm }55% 6~8 h iH L E Pk

(2)H 0.1~0.2 puL K5 3= 5103 A £E 20 mL LB [E A5 353, 37°CH; 7% 6~8 h;

(3) PRELPA B AR 2 mL Bt LB Wik RE 2k, 37°CH;5% 2~3 h;

(4) KB FEWHA 3] 50 mL B LB iiAkRE 7L, 37°C, 200 rpm K53% 4~5 h,
Fa I ODsgo fHIEE] 0.3~0.4;

(5) W RE IR £ T I 50 mL G 208 1, UK 10 min, 4°C, 5,000 rpm
200 5 min;

(6) 7+ L3, H 0.1 mol/L CaCl, i B 240 iiE, 4°C, 5,000 rpm 50> 5 min;

(7)) EELEG6, WEMBITIE;

(8) 1 2~3mL 0.1 mol/L i 10%H i CaCl, 7l FE &, LL 100 pL/& 433, -80°CHx
1745 H o
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2.3.1.5 EEFRREENXKZITE

(1) MWECIRIKFE (-80°C) HHLH DHSo B2 A0, B TIK b

(2) TEEHEEMET, 5 uL EEY5 100 L KT # sz SRS, Kig
20 min;

(3) 42°C/KI#E 90's, IRIEVKHE 3 min;

(4) N 800 uL LB JRfA: 753, 37°C, 200 rpm {EIEEEARRFE 1 h;

(5) 5,000 rpm B0 2 min, F EiE, REE 50~100 pL b iE =i wifh

(6) WM LIRAfE S 50 mg Lt RAFER (Kan) [ LB [EfkE; 7% E, 37°C
£:9% 6~8 h.,

2.3.1.6 FHM =L E

K H PCR 43 751k %5 52 B v e -
(1) PRECA AR 800 uL & Kan [ LB ifAkRs 73k d, 37°C, 200 rpm 155%
3~4 h;
(2) DABEFEY NI HEAT PCR, [ NAR RUNFE 2-3 FTR;
(3) 0.8%%5 g Hi ki FEL K ATl PCR 7747
(4) FERFAYER BRI PR, &R T B F RV E AR PR A =T

(5) PRAF DU P IE A B TR T-80°CUKAR £ H o
% 2-3 Wil PCR X Mifk &
Table 2-3 PCR reaction system of bacteria liquid

DAis RER (ul)
ddH,0 8.0
Mix (TM. dNTP. ATP) 10.0
514 1.0
[ 1.0
SRR 20.0

TE: DLREEAH) KT EE NN IR, 2555 cDNA NREYEXT IR o
2.3.2 ERFHMAEENKITE
2.3.2.1 RITFHEkE LBA4404 B ZASLMBaHY &%

222314 B, BIRIEE N 28°C.

20
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2.3.2.2 FRWEFE U RITEE K LBA4404

(1) 7£ 100 uL PR ESZ SR In 5 ul, 7K¥# 30 min;

(2) WEHEA 5 min, 37°C/KIE 5 min, ¥K# 5 min;

(3) S 800 pL ¥tk LB Kr 74k, 28°C, 200 rpm ¥455% 4 h;

(4) 5,000 rpm, E§Lr5min, F_EiE, 100~200 pL b3 207 B A

(5) B HMBIRATAE Z AR (Rif) M-RAPFE RN LB A7, 28°CHi % 1~2
d.

2.3.2.3 [HM = IEMLEERFFINE
%% 2.3.1.6 LW, BIRESE N 28°C.
2.3.3 X EFIERRIIRE

K RIS AL H AR RFEAT 525, R 7RI W% A
2.3.3.1 #4038 R SME TR B IS FE

Pt T35 e UETC A FIA -, F 75% RS IR I 30~45's, LB Kk 2~3 IR, 15%
(it B AL S A B 2~3 h, TCRE/KMYE 3~5 K. BRI BT LE/KT, 28°CIEEEE
H, FEFh R, EALE 12MS 55553 |, 28°C 5 1% 9% 2 d J5 6 B 59 6 I i 15 9% 4~5 d.

2.3.3.2 tRIEIMEMR R FR BN R R REE 1L

Pt A KR ICHEH, H5A SIFBA4 ERPARFHEBE L, WAUIES
12MS ARG FRESR ] o 4 T IREIDIN 7~10 mm 228, BRIEAER Gl T #% 5% 7~10 min,
WA e BT IR IR R A |, 28°CRRIRE 7% 2 d.

2.3.3.3 pLIEFH

R Z BRI S A AR @ E R IRk b, 28°CHE 7R 34 H, 5125 d 484K — 1R
PR st KRDIRERTE IR A% BRI 5 S RE IR HE T, 4k B 9% 20 Al e BEra Ik

21
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2.3.3.4 £ IRIEZFFE S

R R B IROL BRI A e 5 i RIS TR, SR B 25 B, 3T,
T % & M. 3~5 d

2.3.3.5 R R IR

KB BL G, BRI AR AGARYI T, e B TRk,
BB R E . 3d 5T IIESR, 7d EREHE, FHEwRRE e ERREHE, UG
To AT

2.3.4 L EFERIGUE 1T

2.3.4.1 #FEFEEEELH DNA HIEZEL

i DNA secure Fr A fEY) % K 2H DNA $2HGAF & (DNA secure Plant Kit) $2HL
DNA, HARZIRIT:
(1) HX 100 mg Hréfnt fr, WA FE A 400 uL 22K LP1 1 6 L RNAase,
PR 1 min, =EHCE 10 min;
(2) N 130 pL ZE 03 LP2, #E% 1 min, 12,000 rpm &0 5 min, HEiEW;
(3) I 1.5 ARk LP3, #R¥% 15s, MIAWLFFE CB3, 12,000 rpm &0 30

(4) NN 600 pL =L PW, 12,000 rpm 20> 30 s, HE HIK;
(5) 12,000 rpm, &5 2 min, EWFA: CB3 B T IR, I 50 uL e ZE
W TE, JHUE 2~5min, 12,000 rpm &0 2 min, Y5 DNA, -20°CUKAHRAF

2.3.4.2 PCR #&M5E B A HE 1k

AR H R FE A58 (8 2-4). PCR MK R UNFE 2-5 Fix, RNFEFINE
2-6 flT7x . PCR FEi ik 25 i Wi Fig v A ASE N 5 5 40 P 1A 2 2 R PR &R o
* 2-4 HIRRMIEEE T

Table 2-4 Primers for identification of transgenic cotton

5194 % 513 (5°—-3)
SiIFBA4-F ATGGCCTCAACATTTCTCTTC

SiFBA4-R CTTAGTAGACATAGCCCTTAACG

22
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* 2-5 WEHEFMIER PCR A&
Table 2-5 PCR system for identifying transgenic cotton

) PR (ul)
MIX 10
ddH,O 8
3 S 51 0.5
5 S 51 ) 0.5
DNA 1
it 20
# 2-6 PCR ¥ 1 R MR ¥
Table 2-6 PCR amplification reaction procedure
PR EaT (EELS
FAE 95°C, 5min 1
A 95°C, 30's
SEP 58°C, 455 } 35
JEA{H 72°C, 1mini5s
SR 72°C, 7 min 1
TR AT 4°C 1

2.3.4.3 RT-PCR #&3

(1) AL S RNA [FHEHEL
1) B SiFBA4 ¥ ALARARAEM /v 50 mg, AN S 1 mLTRIzol, #&% 155, K
F#E;
2) B EIEMN 200 uL (&7, 8% 15s, 8% 3 Ik, =iF#E 10 min;
3) 12,000 rpm .0 15 min, HCRJEFEIIANSEARL (500 pL) KIS AEE, TR, #
B 10 min;
4) 4°C, 12,000 rpm &0 15 min, ¥ L
5) 4rAIIIA 1 mL 75%7F1 100%01) Z.BE ¥, 4°C, 7,500 rpm 250> 5 min;
6) T-/&J5 I 50 pl DEPC 7K, -80°C{RA7-
(2) cDNA 114
cDNA 4% )& B ] BIOGENE /A %) BIOGOLD gRT Super-Mix for gPCR (+gDNA
wiper) ik, Te Ul AT R R R

23
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DA DNA Z:Fx: B 1.5 mL oo RNA B EP &, 20 Al i\ 4 pL 1 4>gDNA wiper
Mix 1 1 pg BRI RNA, JF H7%I0 RNase-free ddH,0 % 16 pL, BHWITIRS], 42°C
K 2 min;

2) KIEER G, £ LR EP &N 4 uL i) 5>Biogold g-RT Super-Mix 11, 52k
IR R AT W S OBE (IRNEZRATA: 50°C/KTS 15 min, 85°C/Kif 55D,

(3) RT-PCR ¥
LL cDNA NH#R, SiFBA4 fil GhUBQ7 [4F 5+ 51 Ik TH 1 (3R 2-7), Nk R

* 2-8 fion, JRMNFEFUNER 2-9 iR
7 2-7 BHEFMIE RT-PCR %5 5|4

Table 2-7 RT-PCR primers for identification of transgenic cotton

EIRZEZR SIMFA (5°—37)
q-SiFBA4-F CCAACAGGGTGCTCGTTTTG
g-SiFBA4-R TCAGGCTCGACAATTGGGAC
GhUBQ7-F CGTCAAAACCCTAACGGGGA
GhUBQ7-R CATCTTCGAGTTGCTTGCCG

* 2-8 WEHEFMAER PCR A&
Table 2-8 PCR system for identifying transgenic cotton

T PR (ul)
MIX 10
ddH,0 8
3 Ui 51 0.5
5 % 514 0.5
cDNA 1
it 20

% 2-9 PCR 41 ;e N AR P
Table 2-9 PCR amplification reaction procedure

G (=R (EE
AR 95°C, 5min 1
B 95°C, 30s
1Bk 58°C, 45s } 35
SEAH 72°C, 20s
JEAH 72°C, 7 min 1

PRAT 4°C 1

24
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2.3.4.4 Western blot #5NBRYZER

(1) FHEHRE

HUG EREMA LSRR TS, MAGERREAR SIS, K250 R
KPR, F RSP AR BUE ST B I R R IR 2, N 5 5 T 2 SUARR i 2 B $2 BGR 7 (ff
FHRT B0 NI B B EGHI 5D, $k3%7 , TUE 4°CREE A . 4°C, 12,000 rpm 50> 5 min,
W i

(2) EHKEEE

f8TFH BCA 5 o i B I k1) 26 0 v A o B R FEE

(3) SDS-PAGE Hijk

1 FEamab

OMAEFE SR B e 75 2SR &, PRIERAM S B B A SRR AR (LR D
20 pug)s;

QFER EFEM PTG &1 5><E FAE MR, 95~100°CHi7K i 5 min.

2) Hls B

OBCH > e (IS B), I\ TEMED Ja rEIRES) G TR . AR _F 2218
IIGE B K DR IR, 25 45 min J5 {5258 27K FF IR K 4036 52 /KR

QO HIkAERE (IS B), M TEMED Ja rEIFES] o FERS . 1490 4% 2 IR E ik
WA R I WA N e i

O AT, B ARIKEBEBON B IKAE T, IO FEIKGZ M, KRR SN R LA

@FZWHGERE 80 V. 73 B IR 120 V #EATIE R FLIK, 2 IR M) i BIE IR NI

(4) FEJp

1) #ERJEANH PVDF i, PVDF JEAEAS A 2 1 Yo F R BEIEAL, WAL TR) 3 min;

2) IR TT AR IIEESR . 3 JZUEAR. PVDF JE. K. 3 JZUE4R. 4%,
TERC “ ZWE " FER SR EAT SE 6L, 4RO A% T BB R & 2 A,

3) 1% 300 mA fEE AL, B RARYE H & A 0 T2/,

(5 i E

1) ZERERIE, B PVDF N W = I3 A 1 h;

2) BREHE, I PO R L (1T 4°Cid

3) [ R, H TBST ¥E=ik, %X 5 min;

4) N FHIGURE B B AT (T, SR E 30 min, F TBST 7R IR NHIK bk
DU, K5 mins

(6) f K ekl
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1) eI ECL JBAVAW (A:B=1:1) ¥ PVDF & MM, e g
I
2) WRIEAFFCRE BRI, B, T,
(7)) g1
¥ 2 A BEATFIHE RS, Alpha Ease FC 34 HE R Ge o0 Hr H AR B 535 BEAH

24 ERE D

2.4.1 SiFBA4 EREMIEFLLIFRIRT SRR

I ARAF A T AL AR R, DR LS % SIFBA4 2[R 3 A BT HiAR R15 &
[RIZH

gl 2-1 fos, TCEFME TR IEM T2 LM EA T 12MS Btk (&
2-1A), TESH FAK 5~6 d Jaks FIRGHYIE (7~10 mm), &3t 5 R Bk =A@
HEFETE (2-1B-C). il e A 40 04 S RAA 15 5 (K] 2-1D-F), 43R 15
IR (K 2-1G) R B NFBEMk (B 2-1H). BB IR AI4 T BOE A% B A 5
wEKEIRE, U RHGEEE RIS (D 5ARKEHBIREAR (R15 52
) gia (F 2-1D.

n# 2-10 fiw, PP HAREAR (SO IR BGERRE S T ——»0 (S FW
H—» (S2) HrBt (p<0.05). SO fliA [ I 215 80.95% (17/21), 11 S1 F1.S2 B
Byl 61.11% (11/18) 1 50.00% (17/34), AT HRN A BE & T 4EREHef 0 2 21
TEPE S 4EE RIERRCR

2 2-10 ANJFI R B W Bl A U542 P 6 PO

Table 2-10 Survival rate of grafted seedlings with rootstocks at different developmental stages

AR F B B A (HO FR T3 (O B E (%)
S 21 17 80.95a
s1 18 11 61.11b
S2 34 17 50.00 ¢

H: AFTFRFRORARZER R (p<0.05).
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—

] 2-1 HifE R15 5 Rt f bl k2

Figure 2-1 Genetic transformation system of cotton R15 line
W A FEMICE R15 ARERN T B. MATE FIMBGZERHTERMALAES: C AL D-E. BELARB T
SRR FoIRIRIEE S EIER: G BB, H. 2 | B
Note: A. Sowing of sterile R15 cotton seeds; B. Healing tissue induction in stem segments of cotton hypocotyls; C. Healing
tissues; D-E. Dedifferentiation of healing tissues to induce embryos; F. Induction of ichthyogenic embryos from embryos; G.

Fish embryos; H. Seedlings; I. Grafting.

2.4.2 BEFER RN S FIIIE

LR R 2] DNA (gDNA)D. cDNA K HKFRISIE, HL3R1E 14 4> SiFBA4 LA
FEVERAL AR . anE 2-2A-B o, T8GR B T IR AE G AL B A AR R 3L 3RS 22 A
TEFEAL A, PCR 31 RT-PCR A&l 43751 7 gDNA 11 cDNA /KFESEAMNEE R 34 5
5k  HoH, OE-4. OE-14 Fl1 OE-17 =Mk R T B H L = (1 5 /K P (18] 2-2B) . SDS-PAGE
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LK S AR AR A e ETiE. (Western blot) 204k — 2B 564E T SIFBA4 SR AKIER L (K
2-2D-E). SDS-PAGE HiJkli7~, OE-4. OE-14 il OE-17 £k & A& il 8] 73 154 40 kDa
eSSt (B 2-2D), 5 RILE % FBA4 B AT KN —3. KE/SHrEE, OE-4
PRAK FBA4 AN EKIAE (KEL 0.776) =T OE-14 (0.320) #1 OE-17 (0.416)
(Bl 2-2B). {EREFEERE, WT EERPRNEIRHMSES O 0.014), nlaesS NIk
FBA & H 38 X N B AR 45 6 H K

A M12 34 56 78 910111213 141516171819 202122 + —

2000bp -
1200bp
500bp
200bp -
B 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22
SiFBA4 SR — -—
c 1 2 3 4 56 7 8 9 10 11 12 1314 15 16 17 18 19 20 21 22
GAPDH R
D M WI OE-4 OE-14 OE-17 M WI OE-4 OE-14 OE-17 E 08 —
0.7
150KD g 150kD Y
0KD g 90kD %0‘5
60kD- 60kD ?§'0.4
- éo.s
D GED GND e  0LD - — - o2
40KD — 0.1
Plant-Actin SiFBA4 0 ‘ﬁl OE-4 OE-14 OE-17

K 2-2 FIEDIARAE) 70 T4 €

Figure 2-2 Molecular characterization of cotton
7E: A gDNA /K PCR I, M: DNA fric; +: BHEEXTRE; -0 BIMEXSIE; 1-14: %%{kfk; B. cDNA /K RT-PCR £
M, C. AZHEE GhUBQ7/GAPDH ) RT-PCR B:iF; D. SDS-PSGE k&, M. SDS-PAGE [ Western blot 4%,
M: EAFRC; WT. Bf4:%; OE-4/OE-14/0E-17: #ILPIFRR; Actin: WS EM; E. Western blot K {EEE /T
Note: A. gDNA level PCR detection, M: DNA marker; +: positive control; WT: wild type; 1-14: transformant; B. cDNA
level RT-PCR detection; C. RT-PCR verification of internal reference gene GhUBQ7/GAPDH; D. SDS-PSGE
electrophoresis, M. SDS-PAGE and Western blot results, M: protein label; WT: wild type; OE-4/OE-14/OE-17: transgenic

strain; Actin: internal reference protein; E. Western blot quantitative analysis of gray value.
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2.5 1118

AHF FE I AT R A F AR B AL AR R AT SIFBA4 4 BRI AE TR BT AR 41
o HRAE T IRHh 25 S AU 4L U 5 MBS, FER Rk R FE R, 324k 4t
Bl (R15 SR IIRHK G, MEREREIE 2 d 5, BREFEEME TR 4~5 d 3REH
N R T AR AT AR A A R 5 R, T L RE A R S ME AR R A A 2R B R
FERE . X — Bl 538 & 4h i EE BLAE 0~1500 Lux JEREERE N @45 S % (92%) A
WA AT 2000~4000 Lux (#5256 45 FARAO, 4y 1 353 5 d (7 FR G H A R AL,
FLA G433 5 Rk . MAT T JUR Ak 014 1) 25 O 3 A 44U s 36 - BDAIE 73X — 30,
G H AR AR IRAE, R A5 H 2350 T s DR PR (R i 2D ok i 7 2L 2R R AT LA 42473
FIE Ja I A VA T 5P SR R E R — BN R IR, 2 IR
B (50 ) RS B EG S S, AUTIRESEHRRN M, FFEK
77 b AR AT B v 32 B )35 G o AR PR AT NG00, TR R AR T e e 4R 1T & e 155 5
B (et R i FE I BRAR S T IR B B AL B S (0 2 £ 3 i DUIRAR 5, eI i 7%
BAEMREERE (12MS) H, BBRHRRKE, JFREYHE KBTS E.

I HEH AR R R AL I EE AR R IR S A KNS B 5. 71
FAREE W . N X — R, AR TR B T A R IR R B A R . I
VERN—MAL G AN R, FESR A E A ™ /) 3G i PR i aa Bt 77 1 A5 302 WA
(133135 5 3ot S [ I B B 5 O 05RO P 0 P 4 A A Sy 1 I 2 1) s 2
(80.95%) &3 & T —mF— ORIt — O g EE (55.55%), IR ATREE FN
Tt K B MR R R SRR RIS i g 7 R SRR 2 i
W, BN T R BGE . NI R IR E R B R R PR T EE ORI,
FAR T ARV B A A it T 5% .

WA AL F AL B R ), S NFER R BRI AL . AMER R RAT R AR 5555
B WE. PR LRI BEIRATIE . SRR T SRR DL R AR R 55 H
HACSE R E T, SRR A S E RIS, SR SR BT, AR 255
THEYETB, 7€ DNA (PCR). RNA (RT-PCR) MIZEH/F (Western blot) =7k
BEATIRAE, IR 3 MR IEH ik B F/KP RIB 25w 17 SIFBA4 JERIMRTERE & .

2.6 IhE5

(1) AT EA 3 B AR RIRAT 14 DEALIE.
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(2) T RIEAFER, WA E R GEEIR AAAE F, DL 7 57 mUO Ak
AREFGE S T EAEYE I GE A (80.95%) .

(3) Xf 14 DEALARZEAT DNAL RNA RV F KT 17> T485E, ik ®) 3 MR R
T AW T
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B I3F ¥ SiIFBAMERMUHERAEREEST

3.1 81

][l

WA A E B ATAEY), FHAKK G R A BRAR AR B s e 7= s AN AR 4 T
T e E AR S VR R IR SR IE = R I E B08 R —. ANGEARTHIRF AR, Kl
F 3% SIFBAS FE A r 5w in T& A Q0> 87-5) MIMKIEM 321, Hi: SiFBA4 FEH &
AN AR AE KRR IS, (AR M Re e mip e/ & R B . AZER| A 23k
BB R AR L IR R, 0 T3 fl To UL AR AR, RS, PR,
2FYE i 5T o FBA AH KBS EREAT T RGE1E 70 b .

3.2 ¥

3.2.1 FE{UEE
Li-6400TX {# 4 64 521 (LI-COR Biosciences, ZE[E ). 24T W46 G E 1T
(UV-5100, ). SiE: (OLYMPUS-CX21, HA). {KEE.OHL (M1324R, Hiik
)L BT RSP (FRFAE T FA224, _FifE) (HVI 1000 214k 5 52 il 52 1 CUSTER TechnoLogies,
it
3.2.2 iR}

FEHIAR R15 5 2 (WT); Ta Fl T, AL %% SIFBA4 LRI ki fE vk 2 (OE-4.0E-14 f1 OE-17).
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3.3 5%

3.3.1 i I T K i B Hb 4k 5

AHIEFE T B BB AT AT - R AR 0 il e 5 TR AR ) 22 A VR 156 FH (45°19'N, 86°03'E)
TFRe. I EA TR ILACE B, JE iR KRG %, 2023-2024 Fi5e AR, IR
£ 537128 9.10°CH1 8.97°C, 4FE /K= 472 128.90 F1 265.40 mm (fff% C). H[aIFiE
KA RS (B 3-D), RAMHLIX 411311 (Randomized Complete Block Design,
RCBD), W& 5 MEM¥EE, /NXATK 5m, MR 10 m?, 47FH 76 cm, FkEE 10 cm,
FEHERD 2 00, IR E AR, WA . REAE. R ERR) MRS S
FH ) A b A 7 A B

7& ’k = ,?9\, = ’79\.
) N 1 Y%
| 7
7/
TR
- R
@ ook

/1 10cm 1 //| 10cm, | 76cm /1 10em 7|

P 3-1 HH ) AR s
Figure 3-1 Plot of planting pattern in the field

3.3.2 MFERA K5 B HAAL
3.3.21 ERAFEIE

VU AERY (WT) 53R DI bR AR Vi Feh -1 4% 300 i (341 100 Ri>8 LD, 28 75%
ORI G, RPP MR TR B . R4 e N RS AN ] B AR RAE YR 1 56
R R A% (GB/T3543.4-1995), Riff—+ 35 5178 E T A IE 4RI R 2 &, 25~28°C
WG TR, AT A 3 RS 7 Rt R 55, AR RS ik A (3-0 A

(3-2) {5 K% (Germination Rate, GR) & %% (Germination Potential, GP):
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GR) = 2T 00 (3-1)
¥ HE

GP(%) = BRI FHE « 100 (3 -2
MrHE

3.3.22 HEEEIE

16 FRUL 3 J6 05 35 BO AR AE A T-7E AR D (N T RUMD, /X L R4k 600 Kifh
(2KL/70, THEE 7d A 14d geik %, #%A0 (3-1) M (3-2) TR EA 7 K&
SRR EFH

3.3.2.3 & BHIMM

OB, M (50% ). IR (50%ME S — B, IT
13 (B0%IEAREE — RATFAE) K2 (50%M8 5T, THHE &4 B BRrsim
6] (Days After Sowing, DAS).

333 NEEIESHNE

TR WK K 10:00~12:00, KFH Li-6400TX {4 ROGA 00 & 12508 4 - GGTTS
5 3 M) EBH: HEEERE (Pn, umol/m?/s). SILSE (Gs, mol/m?/s). Juld]
CO, W% (Ci, pmol/mol) M ZEMEIHZ (Tr, mmol/m?/s). {XEESHE: Yk 1,200
umol/m?/s, CO, W& 400 ppm, M-3R 2542°C, HIXEE 60+£5%. Hk R IIE 10
R, BH R ES 3R, BUES

334MHFEESSE

KH CEFEE- e e vk BV AThREM (322548 4 1) M4 (d=10 mm, 20 mg)
BT 25 mL95% LAY, BEIRHE 48 h BHLAM M. FiFER T 066 E il 2 663 nm Al
645 nm OGME, WIEGBCCER TR AR (3-3) - (3-6) iFEHGESE.

Cenit = Cchia + Cenin (3-5)
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tBREE(mg/g) =CxV+W (3-6)

A, CERMBEIRE (mg/L), V FRBRIRAAR (mL), W Rk i 8 (mg).
3.3.5 It EFRMNE
PERH RS (LAD: T, RN, S/NXiEE 1 m2 BT, Siit sk

UG BENLIEEL 10 &, KA Image J G #1124 (NIH, USA) 5 SRk TN, %A
(3-7) fI (3-8) itH:

PRI TR = R TR AR E x BRI T AR (3-7)
LAl = FHARTTTIEL (3-8
|- Hh
336 £ BB

BT TR BRI, HE LN
A %& % (LAD, Leaf Area Duration):

1

PERVR R4 2 (NAR, Net Assimilation Rate):
MZ - Ml 1HLA2 - 1HLA1

NAR = T,—T, X LA, LA, (3—-10)
YEYIHE K& (CGR, Crop Growth Rate):
CGR = M2 — My (3—11)
- TZ - Tl

Horf Ty A1 T RS A LA AT LA, RoR Ti To B AYMHTEHAR; My A1 M 233 %R
Tiv T BT .

3.3.7 £MENE
T (AR BRI, SR 10 Bk, 4B, 2., L R,

105°CA 7 30 min 5 80°CHt T2 fHE, FREXHSE TE BT 0.01 g9), srirkEREA
X A=) e 3 T ) 5
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338 REZMNKREAFERFTR
3.3.8.1 FEFSIEHR

BEAE B WIbRIC 10 PR, I PRy i 22284 0« 258 Gl = RAE 7351 1 em
REEAR) IR SRR A REENE R B 2R DRI 50 #2900 5E F et
=, FUAEE TR SR

3382 FrE5FHRRKR

A /NXWCERTE =, FFAR = B3R BN kg/hae BEATLIEEN 15 kB A Sl ook B m A B B i
ety KA HVI 1000 JELFAEKE . G, BFFE. MRR LD wEE, SRER
MRAEAHERRHE (ICC) AT

3.3.9 ML SFLHFAE

HY 5~6 I HAT e, i H T 3R K2l Fr, 7E AR N T 4RIE M <AL ES - fr e 5%,
RGBT H 5% (10918) MBS 4 (10 £5), Image J AT B SALE
AN/mm® . K (um)s 55 (um) BIFE (um). HA 70K S R L 40 P52
[ FRIPE B, AL T8 BNk A ) kB B, AL AN OR P4« mE48 Ay
Hdh 2 ALK TF I EE B, SALE N — A e B N &8 1AL E ST AR B b
fH.

3.3.10 e & 1E A < HEER MM E

A FH S BB M 5 5 F 25 N s B SR AR R R FR A J B 44 AR5 £ (Cat. No.
GO0517F, GO0518W, G0520T), 484Ny G EIEN B, EMIEAEK S 5~6 v JrH i
BURERI . AT BTG € SO REn 212370 8046 1 nmol 1) NADH JE SCN— Mg
J1E#A47 (nmol/min/g) .

3.3.10.1 BR#E-1,6- — IAEREL MR EE SE MM E

(1) FEAH %
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FREL 0.1 g IRBAERT K HORE N A AR e, FRINNSREGR 1 AT VKB 2
W, N 15mL B LE T, EAE 1mL, 4°C, 13,000 rpm &0 5 min, HETE WG
17 5E

(2) BAL 6L A

R 20 G BE T 30 min J5, ARVUCKREAR GG GAEY 1 em B S tb
M, 2R, 2 min M7 340 nm K N EIROGEE, 108 Ag, 15 min I KR
BUROGEEAE, E Age B PETHENTR IR AN FP 4236 3-1 Bl -

(3) MgiEit5 (fFE)

U :AAxV2x109><V><T: 156.5 X AA
FBA (exd) X WxV, w

A H Uppa %78 FBA B (HAZ: nmol/min/g); AA FRoR Ax-Ars Vo FKon R NAE
AR (0.73 mL): V ZRMARPGEAFR (1 mL): T RoRRMATE (15 min); €
7~ NADH BRI e 2% (6.22x10° L/mol/cm); d FoRELEBILYERE (1 em); W RoR
FEATTR (905 Vi RaRIMAREAAR (0.05 mL).

2 3-1 A PRI NG R P
Table 3-1 Adding sequence and dosage of test reagents

(3-12)

A AR Eefam (pl)
FEA 50
i 1 40
B 2 40
il 3 40
Rt 4 480
) 5 80

3.3.10.2 B¥E-1,6- — BEBAEE T M E

(1) FEAH%: [ 3.3.9.1
(2) BHMr LTI
PR AN BT 30 min J5, ARUCKFEARFNRGRIEER 3-2 WAMALRE A 1
cm A TEEL A, 2RIEAT, 1 min IE 340 nm iR K FEEEUROGEE, idA A, 20
min J5 RO CEEE, N Ags
(3) F@IE T (ffED
’ =AAx%x1WxVxT=ZMAxAA
FBP (exd)xWxV, w

(3-13)
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X Upgp %78 FBP Bl iE 1 CBA4A7: nmol/min/g); Vi R IMAREA AT (0.08 mL);

HAh 2% 3.3.9.1.
2% 3-2 KPR g i

Table 3-2 Adding sequence and dosage of test reagents

AR Eefam (pl)
FEA 80
) 1 40
) 2 40
il 3 460
IINEF 3 JE RS, EEIFMTIE 10 min.
il 4 80

3.3.10.3 #Z%HaHE-1,5- — MEER R (L BB/ 1LEE (Rubisco) EMEMNIE

(1) FEAHI#%

PUEFRE 0.1 g pIARAEI IR TA R, R0 A SR BGREEAT VKR
A1, N 15 mL ELEFH, BAZE 1mL, 4°C, 12,000 rpm &0 10 min, HU_EiEHR
HEAT I E

(2) Ay BT I

PRI G EETHTIHA 30 min J5, KUCHFEARFNRGHZ R R 3-3 AN 1
om KA BEEL LA, 2425, 10 s BFAE 340 nm K T iEtBUR 6 EAE, i A, 10 min
JE RO EAE, 10 Age

(3) Wgidit&E ()
- =AA><V2><109><V><T=92.44><AA
Rubtsco (exd) x WxV, w

' Urubisco 2671 Rubisco BEF I (BAA7: nmol/min/g); AA For A-Ay; Vo Fon k.
ik 2 SAEFR (0.69 mL); V R MASEEBAATR (1 mL); T RR I E (20 min);
¢ %7% NADPH PE/RIEGZ %L (6.22x10° L/mol/cm); d /R GBILERE (Lem); W %
RFEARE () Vi RRMAFEARER (0.03mL).

(3-14)
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2% 3-3 RPN A

Table 3-3 Adding sequence and dosage of test reagents

T 44 PR Ebalm (ul)
[EFN 30
) 1 40
B 2 40
il 3 40
) 4 500, JRAJJEEE 15 min.
il 5 40

3.3.11 ;M =ME

EAT 5 B E A FH IR MRS B B AE VIR PR A w32 4L 10 & (Cat. No. GO551F,
B, AN IR IIE -

3.3.11.1 HARFIE

FRER D B = RRARAET F AR &R, S0°CHETZfHE, W 60 HIf, 530454

W) 5k RFEA o

(1) Bfg: 2 BIFREL 10 mg MK FEARE 2 mL B0EH, FEIAN 500 uL A7 i,
WSS 9%, 50°C7K i 30 min (4 3 min &% —X), 12,000 rpm 50> 5 min, 7 HiF,
UUVE

(2) Br¥E: M 1 mL 80% g, BIFULIE, 50°C/KIE 20 min (& 3 min #&3%— XD,
AEE, 12,000 rpm B0 5 min, F G, BUTE. WOBEE IR

(3) A 500 uL DMSO, &7FULHE, BKIBEFEARZE DS BUAIRS (B 3 min #k
2o

(4) AEEMAIMA 1 mL K LEE, SCRVERIRS, TEMA 500 uL Jo/K LR
%], #1E5min, 5,000 rpm B0 5min, # FiE, BUTIE, WTFHEIS R

(5) A 1 mLDMSO, &¥FUTiE, WK 15 min (& 3 min #ikz—%), #H G,
3,000 rpm B.0» 5 min, B &R

3.3.11.2 I ER

R LA OCEETHTIER 30 min J&, KUCKFEA AL R 3-4 WA I
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2R 3-4 KGR AN AN B B

Table 3-4 Adding sequence and dosage of test reagents

44 R MEE (Ul TAE () FRAERET (ul)
Rl 40 16
it 2 300 160 144
7 3 50
TBAW, 40°C/KIA 30 min,

RETW 160 160 160
il 4 80 80 80
it 5 560 560 560

40°CHEEE/KIE 20 min, DAZRME/KIAZE, T 510 nm A EEEUROBE A

33113 &8=1tHE

IR AL 3-15 THEMAEH AR R EER &2 (mg/g):

%\/g%:C><V1><V2x(Al—AO)Vx(AZ—AO)xWx2.18 (3-15)
U C FRoRPRAE IR IE s Vi ZORTFRIITER AR (40 pl): Vo Rt OB H AR

AEGARAR (160 pL): Ao Ron s HAE WO : Ay R IE EBOGEA: A RonbriEsE

WEIEE; W RRFEATRE (mg); V R (1mL).

>
v

I3
)

3.3.12 it o4

{81 SPSS 26 Al Excel 2010 #fFxt 8w #k 4T G vt 404, RSB ER T 250 i XS
ZHEILE (p<0.05), FrafiEE/bE 3 M EYZEELE . i1 Origin 2021pro #4544t
THER AT 2 B, s IR E R R . H Adobe Photoshop 2021. Adobe
llustrator 2021 1 Image J #AFHEAT MG AL BE

34 ERD

T 34 SiFBA4 FaEFKiAME AR (OE-4. OE-14. OE-17), AW ARG 4HT 1 i3t
RN FAEEHMAEER R, A SR Z R 4R TR SIFBA4 o RiA X}
MAE K R E B BCR = Bk R B P2 A ARG ), {H A S5 32 BRI T MR 41 4 ol T
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341 FY)=EFRE

PR RAEY P BT R R . R, ARBF AU SIFBAA JERIARAL A 75 A
BRI AV E’AT 0.

3411 EXFRTEEHPEY=E

IR A BT BIE EoR (K 3-2), 2023 IRk RS YRR LI
HNAE SRR, R R OE-4 (1.274+0.058 g) 5 OE-17 (1.38+0.061 g) %
WT (0.97+0.014 g) 737 @8N 31.20% (p=0.002) 5 42.56% (p<0.001), OE-14

(1.0040.083 g) #4911 3.72% (/& 3-2A, p=0.672). OE-17 A= (0.13+£0.007 @)

# WT (0.084+0.005 g) f&#Hn 59.52% (p<0.001), OE-4 (0.11+0.007 g) HilEXKZ
(35.71%, p<0.05), OE-14 (0.09+0.010 g) #4410 9.52% (& 3-2B, p=0.508). OE-4 =%
A=W (0.41+0.021 g) % WT(0.32+0.009 g)## i 27.27%(p=0.013), OE-17(0.44+0.020
g) 1N 36.67% (p=0.002), OE-14 (0.31+0.032 g) /> 4.07% (& 3-2C, p>0.05).

OE-4 (0.75+0.033g) 5 OE-17 (0.81+0.038 g) M-AM&EK WT (0.56+0.014 ¢) &%
14 32.98%#1 43.62%( p<0.001), OE-14(0.61+0.043 g)34 /i 7.45%( %] 3-2D, p=0.386) .

MRIE LR & L R A R TR 22 57 (p>0.05), R A S R K B AR 4% B W)
SyECbsl (& 3-2ED.

2024 FiIHHR SR Bon (B 3-2), AR RSV E B SR AR 7
Pz, BEBR R OE-4 (1.424+0.047 g) 5 OE-17 (1.34+0.019 g) % WT (1.08+0.010
9) ol N 30.81% 5 23.62% (p<0.001), OE-14 (1.1840.022 g) #4/i1 9.23% (|
3-2A, p=0.023). {1 3-2B-D iz, OE-4 iRA=Y)= (0.1410.005 g) % WT (0.11+0.008
g) ZFHNN 19.30% (p=0.028), OE-14 (0.13+0.007 g, 12.28%) 5 OE-17 (0.13+0.005
g, 14.04%) & 5 A2 (p>0.05) . WT 22458 0.35+0.012 g, M A454 0.62+0.020
g, OE-4 ZE4:¥)& (0.46+0.017 g) 1N 28.81% (p<0.001), M-A#& (0.83+0.032 g)
1871 34.09% (p<0.001); OE-17 W& (0.4340.016 g) #411 20.90% (p=0.003), M
AW (0.78+0.010 g) #9011 26.95% (p<0.001); OE-14 ZE4:¥H&E (0.37+£0.014 g) 1
I 3.39% (p>0.05), MA#&E (0.69+0.018 g) 411 12.01% (p<0.05), OE-4 Al OE-17
5 WT 2 J8] 2 57 . 3 o iRl U AE % 2 R PR & b 56 2% 1 51 (OE-4: 24.42%, p<0.001; OE-14:
40.70%, p=0.012; OE-17: 24.42%, p=0.015), TR RAEVEFR R ELBHIAIXT I, 2
5024 0.086 (WT). 0.107. 0.121 F10.107 (¥ 3-2E).

LRE PRI 4 R R, SIFBAA L BRI vk AR e A M 2 AR 88 S Bl 7 T 22 . 25
5 WT #tt, OE-4 fil OE-17 #k R M AW AE 2023 4 I8 35 19111 31.20%~42.56%( p<0.002),
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2024 fEHE N 23.62%~30.81% (p<0.001), OE-14 MEIFRHAK (3.72%~9.23%). Z=AH-4:4)
L OE-4 Fll OE-17 #k R4 8 T+ (2023 42X 27.27%~36.67%, M : 32.98%~43.62%;
2024 25 20.90%~28.81%, M: 26.95%~34.09%), AV EMIELAAEEZ S (2023
4F 35.71%~59.52%, 2024 4F OE-4 141l 19.30%) . #R jif EL 7 2023 4F 76 2. % 454k (p>0.05),
1M 2024 FHEFLRRR R B E T (24.42%~40.70%, p<0.015), FHIH &AW E LLFIFR
Wahn. BEsrHTRA SiIFBA4 it KA AN ER R ERE AR, HHESRERE
Yy R3] GE S HE R ISR E K.
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Figure 3-2 Seedling biomass of transgenic cotton in 2023 and 2024

W AL BRAEYE; B BRHRIRAEYR: C BHREAENE: D BHRMHAYE: E RE. BdERHRERITZS
PRI 2 |, HPRME S hrE23oR, REMZERM av b Ml c %K, p<0.05.

Note: A. Biomass per plant; B. Root biomass per plant; C. Stem biomass per plant; D. Leaf biomass per plant; E. root-shoot
ratio. Data were analyzed by one-way ANOVA and Duncan's multiple comparisons, expressed as mean =standard deviation,

and significant differences are expressed as a, b, and ¢, p<0.05.
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3412 HEFREEHEY=

2023 4 H AR R BoR , Fe R RAE R RS R EAEME ST EMEEE R,
WK 3-3 . BEFERIRE &R OE-4 Hifk e EWa (37.59+2.163 ¢) % WT (19.6541.359
g) BN 91.30% (p<0.001), OE-17 (31.21+2.233 g, 58.83%) 5 OE-14 (29.19+2.226
g, 48.55%) Mg 2 2 (& 3-3A, p<0.01). 41& 3-3B-E A7, OE-4 M4 )& (3.1440.166
g) 11 50.24% (p=0.001), OE-14 (2.76+0.202 g, 32.06%, p<0.05) # 7 E#, OE-17

(2.48+0.175 g, 18.66%, p=0.130). OE-4 ZEAWY)&= (12.861+0.934 g) 1&j1n 87.19%
(p<0.001), OE-14 (10.12+0.732g, 47.31%) 5 OE-17 (10.67+0.833 g, 55.31%) %
FE#F (p<0.05). OE-4 HAY& (20.63+1.112 ¢) 4 102.85% (p<0.001), OE-14
(15.70£1.392 g, 54.38%) 5 OE-17 (17.27+1.332 g, 69.81%) Z=F& % (p<0.05).
OE-4 FEAEW)&E (0.96+0.064 g) % WT (0.52+0.072 g) EE$E7F 84.62% (p<0.001),
OE-17(0.80+0.095 g)# i1 53.85%(p<0.05), OE-14(0.61+0.030 g* )31 17.31%( p>0.05).
OE-4 (0.083) 5 OE-17 (0.090) #i¥ji b & &K T WT (0.107, p<0.05), OE-4 (0.095)

TEEZESR (p=0.077).

2024 4= H AR EGEHE s (K 3-3), B IERIPE R OE-4 Mtk a4 4= (38.48+0.362
g) # WT (24.35+0.515 g) & &0 58.03% (/& 3-3A, p<0.001), OE-14 (30.14+0.363
g, 23.78%) L OE-17 (31.08+0.606 g, 23.53%) #lEK (p<0.001). OE-4 R AEW &

(3.5440.242 g) 1)1 52.59% (p<0.001), OE-17 (2.87+0.179 g) 5 OE-14 (2.63+0.117
0) WRAYER N 23.71% (p<0.05) A1 13.36% (p=0.229). OE-4 ZA:¥& (13.06+0.279
g) 01 34.09% (p<0.001), OE-17 (11.5440.500 g0 5 OE-14 (10.65+0.196 g) 25/
Y EH N 18.48% (p=0.001) A1 9.34% (p=0.057), OE-4 MH-4¥)& (20.85+0.476g)
i 81.30% (p<0.001), OE-17 (15.81+0.514¢g) 5 OE-14 (16.02+0.381 g) M-A=¥y&= 1Y
Jin 37.48%#1 39.30% (p<0.001), R &E#. OE-4 FEAYE (1.02+0.038 g) & WT

(0.79+0.050 g) & F T+ 29.11% (p=0.001). OE-17 (0.86+0.030 g) 5 OE-14

(0.84+0.030 g) AW E N 8.86%F1 6.33%, ZEFAEE (p>0.05). HjHbbE &%
R A2 2 7 (p>0.05),

2023 i1 2024 4 H [R50 504 K B, OE-4 Pk R S AW =R WT 31k 58.03~91.30%

(p<0.001), OE-17 (23.53~58.83%) #1 OE-14 (23.78~48.55%) X2 . %28 B AWM=
RERDE, OE-4 . 25, M EEAY R 2023 537511 i1 50.24% . 87.19%. 102.85%
F1 84.62% (p<0.001), 2024 FE38 i1 52.59% - 34.09%- 81.30%F1 29.11% (p<0.001); OE-17
5 OE-14 2. MAYEMIEL % (9.34~69.81%), {HHRFIE L4 & 08 1776 S FE IR )

(p=0.057~0.229),2023 4 OE-4 Hl OE-17 #idjef L WT {2 2 [#{IK.(15.89~24.30%, p<0.05),
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Figure 3-3 Transgenic cotton biomass at bud stage in 2023 and 2024

W AL BRBRAEYR: B, BHIRAEME; C BMEAYE, D BHHAEYE;, E BHREEYE: FORER. R
KRR Z A ZEIR, AFE R R, BEER ac b ¢ %R, p<0.05.

Note: A. Biomass per plant; B. Root biomass per plant; C. Stem biomass per plant; D. Leaf biomass per plant; E. Biomass
per bud; F. Root-shoot ratio. Data were analyzed by one-way ANOVA and Duncan's multiple comparisons, expressed as

mean =+standard deviation, and significant differences are expressed as a, b, and c, p<0.05.

3413 HERRERIENE

K 3-4 iR, AR ARG EN T iEHRKIE SIFBAS LG ARIL 4 A2 R TI5
Wi, J T 2023 4F H ARSI HAE 4, AL IR RAE PR R &S B AR 2R
ERNUFREER. FERKR OE-4 HRAMMKAEYRE (135.90+3.966 g) & WT
(86.87+1.766 ) &/ 56.47% (p<0.001), OE-17 ¥k% (128.82+3.667 g) MIFEiA
48.32% (p<0.001), OE-14 ¥k% (104.51+2.413 g) Hh1 20.33% (& 3-4A, p=0.001).
OE-4 ll OE-17 #R &R, 2. MR KAEDERZE T WT (& 3-4B-E), WT R, =,
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$3E 4% SiFpA BRERIEE KR B RERSH BATFAEELEART
AT A &5 ) 5.094+0.322., 18.82+0.643. 17.52+0.525 f1 45.42+2.032 g. 1§
YR WT & 60.62% (8.18+0.299 g) A1 57.05% (8.004+0.229 g), OE-14
(6.80%0.187 @) #4h1 33.45% (p<0.001). ZEEMER WT 5 52.36% (26.55+1.429 ¢)
A1 25.24% (23.62+0.966 g, p<0.01), OE-14 (21.22+0.640 g) 311 12.77% (p=0.101).
A=) B WT 51 52.36% (26.70+1.837 g) £ 48.22% (25.97+1.117 g, p<0.01), OE-14
(20.65+0.782 g) H4hn 17.83% (p=0.078). OE-4 ¥4M&E (74.47+£1.932 @) B WT
(45.4242.031 9) B E$2T 63.96%, OE-17 (63.23+1.782 g) 1 39.20% (p<0.001),
OE-14(55.85+1.424 g 3 11 22.95%(p=0.001) . 1 7tk b 7F 5% 35 R 7Y 8] T6 5 2% 22 573 (p>0.05) .
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Figure 3-4 Transgenic cotton biomass at boll stage in 2023 and 2024

E: A BMRAEYE: B BHRMAEYE; C BMREAEME: D BRI AEYE, E RHRERAEYE;: FOHEL. 3
PR R T5 Z AN 2 b, AP EheE e oR, REMEZERM av b Al c &R, p<0.05.

Note: A. Biomass per plant; B. Root biomass per plant; C. Stem biomass per plant; D. Leaf biomass per plant; E. Flower-boll
biomass per plant; F. Root-shoot ratio. Data were analyzed by one-way ANOVA and Duncan's multiple comparisons,
expressed as mean +standard deviation, and significant differences are expressed as a, b, and ¢, p<0.05.

2024 G307 R B o (B 3-4), OE-4 bk & bk Y& (120.93+2.420 9)

# WT (75.55+2.234 ) 2101 60.07% (p<0.001); OE-17 Bk& (111.32+2.139 @)
B4l 47.36% (p<0.001), OE-14 ¥k % (92.30+£1.770 g) N 22.17% (p<0.001). #3t
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Rk RS REEMERE ST WT (& 3-4B-E), OE-4 AR (7.691+0.244 g) #
WT (4.69+0.135 g) &1 63.97% (p<0.001), OE-17 #411 40.51% (p<0.001), OE-14
W E 26.65% (p=0.002). OE-4 W& (245940543 g) /0 52.54%, OE-14
(21.41+0.484 g) )0 32.82%, OE-17 (21.73+0.539 ¢) #4/1 34.80% (p<0.001), WT
4 16.12+0.860 g. OE-4 M4 ¥ (23.62+0.843 g) )i 57.68%, OE-17 (22.37+1.235
g) 110 49.33%, OE-14 (20.28+0.543 g) i1 35.38% (p<0.001), WT }y 14.98+0.598
g. OE-4 B4 W& (65.03+1.462 g) % WT(39.76+1.211 g) & Z T 63.56% (p<0.001),
OE-17 (60.64+1.775 g) 1411 52.46% (p<0.001), OE-14 (44.67+0.985g) #41 12.35%
(p<0.05). R LAESFEF M A LR 22 (B 3-4F, p>0.05).
KA TS T I RAL SIFBAS JE R0 R AR 28 A A= 1) AR 2 (1) 520 . 2023-2024 4F- H (7]

RIGK M, HERKR OE-4 BHRSAMERE AN (WT) EEHIN 56.47~60.07%
(p<0.001), OE-17 (47.36~48.32%) #11 OE-14 (20.33~22.17%) XX . e E LAY E R
FERIRVRE SR T OE-4 AR, 25, m RBR AV E AR 2023 4253738 0 60.62%. 52.36%.
52.36%7#1 63.96%(p<0.001), 2024 F-3E1F N 63.97%.52.54%.57.68%F/1 63.56%(p<0.001);
OE-17 Z5. M KAV B IEL 25.24%~52.46% (p<0.001); OE-14 #. ZEAYEIEIE
9 26.65%~33.45%(p<0.002) . 1 7 LU 7 &k R (8] TG . 3 7% 5 (p>0.05) . 5 K #, SiFBA4
i RIA T B R AR R AR

342 EETE

N T fift SIFBAA BE3L AR 22 ALV BRI IN B A, BE— 2D X 4% ) e SIFBAA LRI AE
ISR S Bt AT T ot

3421 EEFERERAEZHREH

2023 “EG A R (B 3-5), i Al R (PnOTERL BRI Mk &R 2 48 v (] 3-5A),
WT ) Pn 34 29.03+1.018 pmol/m?/s, OE-4. OE-14 Fl OE-17 4} flik F 34.22+0.411,
32.55+0.399 1 33.65+0.439 pmol/m?/s, # WT &3 j1 17.88%. 12.13%#1 15.92%
(p<0.001). [FALFHE (Gs) MEXHRARNMERALE (p=0.148), HELFFKR Gs
(0.114:0.008~0.14+0.008 mol/m?/s) =T WT (0.100.005 mol/m?/s, &l 3-5B). WT

(121.254+11.910 pmol/mol) FFfIE] CO, WFE (Ci) BE & THIERM R (p<0.01),
Hrp OE-4 f1 OE-17 5 WT ZR7 %%, 77alP#{K 35.22%7H1 33.44% (& 3-5C). zZ&M5iH
# (Tr) 4328 (& 3-5D), OE-17 #k £ (5.4240.210 mmol/m?/s) # WT (4.0540.177
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mmol/m?/s) 7 33.80% (p=0.032), ifii OE-4 Al OE-14 ¥k Z&M Tr (4.71+0.239
A1 4.4740.125 mmol/m?/s) 5 WT [l L4 i3 %7 (p>0.05).
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Figure 3-5 Gas exchange parameters of transgenic cotton in 2023 and 2024
E: A EOLEER; B AL Co R UL BRIRE; D, A A B R SR R 07 E AR E 2 L,
P i Z LR, REMEZERM a. bl c &R, p<0.05.
Note: A. Net photosynthetic rate; B. Stomatal conductance; C. Intercellular carbon dioxide concentration; D. Transpiration
rate. Data were analyzed by one-way ANOVA and Duncan's multiple comparisons, expressed as mean +standard deviation,

and significant differences are expressed as a, b, and ¢, p<0.05.
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BT 2024 ARG S, WK 3-5A Fur, Pn fERE SRRV R h 2R E T,
OE-4. OE-14. OE-17 4} 7}i5 # 33.24+0.816. 30.55+0.947 A1 30.49+1.058 pmol/m*/s,
B WT (26.1140.479 pmol/m?/s) 11 27.31%. 17.01%7#1 16.78% (p<0.001). Gs 7E &
BRI TS24 2 57 (p=0.203), {HEFEE AR R Gs {f (0.10~0.11 mol/m?/s) % WT (0.09
mol/m?/s) 4 AT i (1 3-5B). Ci %itdfs i (B 3-5C), WT (142.76+10.747 umol/mol)
EEETHERKR (p<0.01), HF OE-4 #k A1 Ci FFIEIA 33.32% (p<0.001). Tr 73
Hr#e 8 (& 3-5D), OE-4 (6.7240.287 mmol/m?/s) 1 OE-14 (6.384-0.348 mmol/m?/s)
HRARE WT (5.06+0.247 mmol/m?/s) & E L 32.76%F1 26.18% (p<0.05), Tfj OE-17
P& (5.46+0.348 mmol/m?/s) 5 WT Al LREER (p=0.124).,

SEEMAEEHE T B (2023-2024), FEEERIBR R Pn fEHEC WT H9/n 4.88
umol/m?/s (p<0.001). Z5EFH, SiIFBA4 H:[H i Fik vl BB E e &R, ik
FIA Pn 2 TS5 Ci P

3422 HEERUAABREIETN

MR FEAE AR, IR KIS GRS D RE, 5 KPR BE I R R R
MRS IR B T B A B S B AR BRI, BB T IR RIS R SRR
2023 4F, BRI E Bon (E 3-6), R R A AR R GH R -
BT EFHNAE (p<0.05), HEIREERKHSGEE a (Chl a) SEHN 1.224+0.032.
1.2940.022 F1 1.06+0.028 mg/g, # WT (0.94+0.033 mg/g) &1 0 30.19%. 37.30%
il 13.05% () 3-6A). H4E3 b (Chl b) &% WT (0.26+0.015 mg g &2
9.60%~27.33% (& 3-6B). LAk R4 E & & (1.34+0.031~1.61+0.014 mg/g)
B WT (1.19+0.048 mg/g) &% 24.45%. OE-4 (4.32+0.137) f#) Chl a/b &= T
WT (3.65+0.114), OE-14 1 OE-17 f] Chl a/b 4354 3.94+0.168 1 3.77+0.182, %# &%
ENTEN
2024 FM SRR T EHIE Bon (K] 3-6), F ALKk & 1) Chl a & &4 704 1.24£0.032,
1.33+0.068 Al 1.46+0.025 mg/g, WT [ Chla }y 1.05+0.507 mg/g, B4R B #ETH
18.10~38.09% (p<0.05), HH' OE-17 ¥k &R K (& 3-6A). &HRAR Chl b R ZER
RIEEEKF, WT Jy0.26+0.015 mg/g, ¥ HFEKARN 0.2840.028~0.32+0.033 mg/g
(] 3-6B, p>0.05).WT [ Chl T 24 1.31+0.054 mg/qg, # 3L kk 22 70 5% WT #2755 19.15%
(1.56+0.015 mg/g)~ 24.76% (1.63+0.053 mg/g) 1 33.04% (1.74+0.053 mg/g), OE-17
AR EERE (K 3-6C). &AM Chl a/b itz %y 3.36+0.305. 4.12+0.333,
4.05+0.122 1 4.324+0.136, OE-17 tkREE =T WT (28.77%, p<0.05),
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HEEL A S IR HE PR, OE-17 BR & Chl a IR IRFF/E 13.05~39.03%, Chl T 3§iEIA
12.30~35.15% (p<0.01). Chl a/b HL{EIXFE OE-4 1 OE-17 HfaE =T WT (p<0.05),
RIMH RN RIEENZ TN, Chlb &ELEELI (p>0.05),
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Figure 3-6 Pigment content of transgenic cotton at bud stage in 2023 and 2024

H: A SR a S E; B MR b S E; C MRS E; D WEEK /MR b, Bl RASRRE KT 20X
ZEIE, HPWEIREERR, REEZRH a b M cER, p<0.05.

Note: A. Chlorophyll a content; B. Chlorophyll b content; C. Chlorophyll content; D. Chlorophyll a/b. Data were analyzed by
one-way ANOVA and Duncan's multiple comparisons, expressed as mean =standard deviation, and significant differences

are expressed as a, b, and ¢, p<0.05.
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Figure 3-7 Photosynthetic key enzyme activities and starch content in transgenic cotton
E: A BUHE-1,6- “EERRIEARRGTEVE: B. AZHHE-1,5- B INER RS C. RbE-1,6- —BERREGIEE; D. )y
AR E RREMN SR BUERHA SRR Z 0N E 2 B0, HFEEREERR, REEZRH a
b fl ¢ 7R, p<0.05.
Note: A. Fructose-1, 6-diphosphate aldolase activity; B. Ribulose-1, 5-diphosphate oxygenase/carboxylase activity; C.
Fructose-1, 6-biphosphatase activity; D. Leaf starch content; E. Root starch content. Data were analyzed by one-way
ANOVA and Duncan's multiple comparisons, expressed as mean = standard deviation, and significant differences are
expressed as a, b, and ¢, p<0.05.
BEETEIE (B 3-7) R]W], HAEDIFRARN FBA BEETE 48 578.03+14.301.

438.55127.098 #l 458.07 +-30.343 nmol/min/g, 1 WT ¥4 308.20+12.780 nmol/min/g

(K 3-7TA), FBA Fgid PE7E 56 B[R bk R 2 5 42.23~87.55% (p<0.05). OE-4 #% & FBP
it 7% 1 ¢ =y (430.86+11.267 nmol/min/g), OE-17 Yk (382.97 +13.120 nmol/min/g).
EHERIPE R OE-4 Fl OE-17 H FBP B 44 WT (300.00+5.721 nmol/min/g) &3¢ &
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27.66~43.62% (p<0.05), ] OE-14 # FBP figiE M (318.55+9.829 nmol/min/g) 5 WT
TGt ¥ ER (K 3-7C, p>0.05). ¥ H K #% & Rubisco B v§ % H 4 F
30.00+1.217~31.11+2.743 nmol/min/g &, # WT (29.41+0.951 nmol/min/g) &5
2.03~5.81%, fHZE R RKIEEZEKFE (H 3-7B, p>0.05).

EMETESNER (B 3-71D-BE), HERKANF AR RER &8 ().
62.42+4.240~116.27+12.054 mg/g; HR%&: 44.06+2.120~130.95+4.413 mg/g) & FEHK
F WT (#ffr: 159.124+4.900 mg/g; #R%H: 150.5442.120 mg/g), OE-4 ¥k R %iE & K
(p<0.005). Z5HFKH, SIFBA4 X LM 5E | FBA A FBP i&ME, M 1A R, %
K TR E = AR &R ek & & .

3.4.2.4 S EE R E B T

NT 43 HT SIFBA4 JERIXHRAEAE ALY A= M, AWl S AE KR BB
TR AEVEFE AT T RERERRDEEH (LAD). fEMEKE (CGR) K
HFEEER (NAR). Giit it B (K 3-8), IRk KL T HEERT WT.

2023 SFHHRE R, MIAEE I (S-b BB OE-4 fil OE-17 #£ &) LAD (6.18+0.256
115.54+0.330 m?*/d)#; WT(3.58+0.148 m?/d) i 72.92% 71 54.87%( &1 3-8A, p<0.05).
CGR 7 Hr £ B (14 3-8B), WT(0.29+0.209 g/m* ) % 5L PR ¥k £ A% 32.81~48.92%( OE-4:
0.57+0.033 g/m?; OE-14: 0.43+0.035 g/m?; OE-17: 0.46+0.035 g/m?). NAR {{{E
OE-4 # %(9.00£0.920 g/m?/d) 5 WT(5.3140.562 g/m?/d) [ £ 75 5. 3 2= 5 (& 3-8C,
p<0.05). BMIZEW (S-BIE) BERMA LAD (7.9240.356~11.4040.613 m?/d)
B WT (6.58+0.232 m?/d) #Z7 16.84~42.25% (& 3-8D, p<0.05). CGR #i#i i~ (&
3-8E) , WT (0.95+0.020 g/m?) & E (X T # 3£ K Hk & (OE-4: 1.50+0.044 g/m*; OE-14:
1.15+0.026 g/m?; OE-17: 1.42+0.040 g/m?). OE-4 #k %) NAR(16.15+0.313 g/m?/d)
B WT (11.98+0.877 g/m?/d) #215 25.84%, 2 53k B#E/KF (K 3-8F, p<0.05).

2024 AR S 2023 i —5, AR RIE LAD. CGR K& NAR SESHHr4K
P ERH (p<005). WM EEW (Sb M) ¥%ERFKRMNW LAD

(4.5340.245~5.45+0.156 m?/d) # WT (3.56+0.141 m?/d) #&& 27.00~53.00% (&
3-8A).WT ] CGR &Ik T 3E A ¥k &, Hrh OE-4 #k &1 CGR 1 0.57+0.005 g/m?,
WT. OE-14 1 OE-17 ¥k & HJ CGR 4374 0.36 £0.008. 0.440.006 1 0.46+0.009 g/m?

(& 3-8B) . 1Y OE-4 ¥k & 1] NAR % WT(6.594-0.403 g/m?/d) i & 11111 20.93%(p<0.05),
FEREPRIRR 243 ) h 8.3340.441. 5.78+0.220 F15.46+0.193 g/m?/d (& 3-8C). HHIHZE
I (S-B BB #EIEFRI LAD % WT 23415 26.21~49.28%, WT FIFE R R ¥k &
ff] LAD k7N 5.814-0.208 (WT). 11.45+0.712. 7.87+0.299 FI 8.50+0.383 m?/d (&
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3-8D). WT fJ CGR (0.83%0.025 m?/d) EFH L THILEk R, #HEILEPL A CGR K
YA 1.3340.027.1.01£0.020 F1 1.22+0.024 g/m?( & 3-8E).OE-4(13.01£0.439 g/m?/d)
A1 OE-17 (12.8640.425 g/m?/d) ] NAR &3 =T WT (10.61+0.717 g/m?/d, p<0.05),
Il OE-14 (11.64+0.483g/m*/d) 5 WT LR &% % (& 3-8F).
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Figure 3-8 Leaf area duration, crop growth rate, and net assimilation rate of transgenic cotton in 2023 and
2024

e A BB GE S B WBIEEMINERAE KR, C WMREIINERE, D HRRINLE %
E. IR IAMIEMAEKEE, F SRR IS R EE; Sb RoRHMBIE N, S-B R izIR. ok ®
BRI EZ A 2 B, HFEEEER R, BEEERM a. b cRR, p<0.05.
Note: A. Leaf area duration from seedling to bud stage; B. Crop growth rate from seedling to bud stage; C. Net assimilation
rate from seedling to bud stage; D. Leaf area duration from seedling to boll stage; E. Crop growth rate from seedling to boll
stage; F. Net assimilation rate from seedling to boll stage; S-b represents seedling to bud stage, and S-B represents seedling to
boll stage. Data were analyzed by one-way ANOVA and Duncan's multiple comparisons, expressed as mean = standard
deviation, and significant differences are expressed as a, b, and ¢, p<0.05.

PIAEEE B & T R, L BERIbE R7E LAD. CGR J¢ NAR 25 CH 3 S50 2L
ARG S (p<0.05) . I 235 1] (S-b BirBO Fe R PIbk 211 LAD 8 WT 25 43.9%.
CGR % WT #i1 51.02%, NAR % WT #2 8.02%. Hi £ (S-BBrBo LAD 1E4%
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FERRR R WT #2755 49.87%. CGR 5 NAR 43 HIl%: WT #1557 42.64%F1 16.48%., 459K
B, SiFBA4 JE[R RIAFFERT WA =R R, A E R A FEELA,
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B ORI R (B4 . BEARIARAA 2R (e, 2. E
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Figure 3-9 Stomatal characteristics of transgenic cotton leaves
H: A WT S4l: B.OE-4K4l: C.OE-14 S4l: D.OE-17 Kfl; E. ALK F. SRIL%EE: G [ALEE: H K
FUITFEE . Bt R R R 77 22 0 W A 1 2 S LU, TP IME R AsE 2R, B ME2 R a. b Al ¢ %R, p<0.05;
LIt R IR K E N 180pum.
Note: A. Stomata of WT; B. Stomata of OE-4; C. Stomata of OE-14; D. Stomata of OE-17; E. Stomatal length; F. Stomatal
width; G. Stomatal density; H. Stomatal aperture. Data were analyzed by one-way ANOVA and Duncan's multiple
comparisons, expressed as mean =standard deviation, and significant differences are expressed as a, b, and ¢, p<0.05; Red

bar indicates length of 180um.
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WKl 3-9A-D s, M RASILEMTEE, KEIEE. AR 2R, FAERK
25 WT #ESFLKE (p=0.314) MTEE (p=0.465) HHI LS it¥#%E% (K 3-9E-F) .
{HAE S FL3 7T (B 3-9G ), OE-4.OE-14 1 OE-17 43 514 ¥ 18.54 +0.409.17.57 +0.497
M117.7240.502 4 /mm?, % WT (14.85+0.517 ~/mm?) S3E1 T 24.87%. 18.25%71
19.31% (p<0.01) . KL EHHER (K 3-9H) , OE-4 (25.40+0.520 um) F1 OE-17
(25.90+0.500 um) FFFJE 22 =T WT (21.60+0.490 um, p<0.05) , 43541 17.59%
A119.91%. 1fj OE-14 ¥k % (22.30+0.540 um) 5 WT B RFHER (p=0.236) . 45
K, BN RETRESILEE CPBM 20.81%) MASFLIFE, wlREM &R A
TSRS HAE ST SALRHE R SR 500 & AR (B 3-5A) HA 8, #nA
FLSHE A AT e A2 5 e ik [F) A R R SR R 22—

3432 HERFRLIAL 5% B HHHE

TR R DRIR SR I R RS NS A B I ARSI 8], 23 0l 76 25 P R FE R 4 o Fof
TR FANKEFER, R N IRARC FE AT H 8] A2 & AT 1 30 .

il 3-10 ffi7n, SiIFBA4 Job 3Rk X i L DR bk 2R A AR S AR B B P AR IR 2 R
(p<0.05). =N ALIHHE TR (K 3-10B-C), I Kk % OE-4. OE-14 1 OE-17
R ZE 35 WT R % 8.66~31.33% (p<0.05), K ZFHRFAK 3.67~6.00%. HAAME, WT
[ ZE AR R 2 353 51y 93.3341.2029%411 98.00+0.577%, ifj OE-4. OE-14. OE-17 f{]
RFEHMWIRN 8467+£1.202% . 82.67+1.764% . 62.00+1.528% , K F 5 4K
93.33+1.764%. 94.67+0.333%. 92.00+1.155%. MARAEKZEENER (K 3-10F),
HIRPIN (38 1 R KREEBAMEARKE LRI ER (p>0.05), HEH 3 K, it
Rl Bk R AR K i (3.55 4+0.242~3.86 £ 0.295 cm )% WT(4.1440.334 cm)ii /b 7.27~16.58%
(p<0.05)., WERRFEEHKE 7 K, WT IERKEN 582+0.296 cm, # OE-4
(4.91£0.205cm). OE-14 (5.124+0.196 cm). OE-17 (5.00£0.278 cm) 2354 0.91.
0.70. 0.82cm.

M H B TR (B 3-10D-E), WT HIAIKZEH (71.97+1.017%) BEEFHE R
Z 151 24.58~25.14%, K 5. (97.57 £0.567% )% % 72 [K 1k 2 (88.67 £1.571~89.64 +1.765%)
i 7.93~8.90% (p<0.05). £ H M MR (K 3-10G) Wox, Ik R MR 2 H
BT TR WT 284K 2.3~3.1d, 24 F MK 5.8~7.2d, HILE MR A EA K
BB WT %% 1.5~2.3 d.
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Figure 3-10 Germination status and growth period characteristics of transgenic cotton
W A HIERZFIRE: B, ERRFR: C. EAKFH: D. HEKFR, C. HEIKRFH: F. A1 =mKF R
WEKESR; G AF G SRR E R Z4 TR E 2 B, ATPWEEMEERR, REERESH a
b fl ¢ %7~, p<0.05.
Note: A. Field germination status; B. Indoor germination rate; C. Indoor germination potential; D. Field germination rate; C.
field germination potential; F. Radicle length statistics during germination in seed chamber; G. growth period statistics. Data

were analyzed by one-way ANOVA and Duncan's multiple comparisons, expressed as mean =+ standard deviation, and

significant differences are expressed as a, b, and c, p<0.05.
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3433 HERAMIELBEHREMRK

W 3-11 fis, DR RELENEER G NIRAL TR AR AR 4R L
Sfabr LRIE BEMLHE (p<0.05).

2023 FHiitHdE B, 30 HkHEFIML R OE-4 thim (27.16£0.671 cm) B WT
(20.95+0.455 cm) &N 29.64% (p<0.001), OE-17 (25.43+0.631 cm, 21.38%,
p<0.001) X, OE-14 (20.414+0.264 cm) 5 WT LR #E %R (p=0.476) (}& 3-11B).
FEREDAR R R IR K FE A WT (12.57+0.190 cm) & #4i% (OE-4: 10.31+0.396 cm,
17.98%; OE-14: 8.93+0.364 cm, 28.96%; OE-17: 9.62+0.256 cm, 23.47%, p<0.001,
] 3-11C). OE-4 (2.91+0.145 mm). OE-17 (3.104+0.062 mm) 5 OE-14 (2.66+0.039
MmO ZE R AL WT(2.3540.073 mm) 43 i) d2 2 14 /i 23.85%. 13.25% 11 31.81%( & 3-11D,
p<0.05). OE-4 (4.60+0.163 ) 5 OE-17 (4.7+0.2130 /) 8 %% WT (3.20+0.133
AN BN 43.75%411 46.88%, OE-14 (4.0040.000 1) H#iE 25.00%, %R &% (A
3-11E, p<0.01). M- 7H (& 3-11F-G), OE-4 BAkkmH[EAN (178.51+9.497 cm?®) %%
WT (125.87+5.183 cm?) 3590 41.81% (p<0.001), OE-17 (168.7647.431 cm?) 1
& (34.07%) Xz, OE-14 (155.5848.478 cm?) liE 23.60%, #= 7 i3 (p<0.05).
OE-4 FEARM ARG % (0.69+£0.025) % WT (0.5040.009) #EF+ 39.82% (p<0.001),
OE-17(0.65+0.012) 5 OE-14(0.5940.019) 4 i 19.45%1 30.51%, % 5 & % (p<0.01).

2024 AR H R Bon (B 3-11), Itk RAEMRA S E0h 2 00 E R Ay R
#5%., OE-4 (25.65+0.336 cm) 5 OE-17 (25.5740.382 cm) #ki WT (20.11+0.434
cm) RN 27.55% 5 27.15% (p<0.001), OE-14 #k& (21.37+0.576 cm) 5 WT
AL R EKY (F 3-11B, p=0.051). IR T IMAHKER WT (13.7140.348
cm) & F 455 (OE-4: 25.31%; OE-14: 29.83%; OE-17: 28.67%, p<0.001, /& 3-11C).
IR ME R A ZER B WT (2.71£0.069 mm) )0 7.38% (2.91+0.054 mm). 3.32%
(2.80£0.100 mm) A1 10.33% (2.9940.040 mm), 1X OE-17 ¥k & & & (A 3-11D,
p<0.05). OE-4 (4.40+0.163 ) 5 OE-17 (4.50+0.224 /) i [R)%%% WT (3.50+0.167
AN BE N 25.71%#1 28.57% (p<0.001), OE-14 (3.70+0.153 /) H4iE 5.71%, %5
AR (E 3-6E, p=0.434) . BT A Rk R SR THAR B35 = T WT (OE-4: 38.39%;
OE-14: 21.23%; OE-17: 33.91%, p<0.001). WT AHl%E 3L KAk ) B KR T AR K VN
134.90+4.358. 186.68+7.239. 163.53+4.173 #1180.64+2.356 cm’ (¥ 3-11F). OE-4
FEAM AR TR % (0.76+£0.029) % WT (0.52+0.008) #27F 45.17% (p<0.001), OE-17
(0.66+0.024) L OE-14 (0.63+0.009) 41 20.44%7F1 26.05%, %7 &% (& 3-11G,
p<0.01).
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Figure 3-11 Agronomic traits of transgenic cotton at seedling stage in 2023 and 2024

W ACEKERAE: B P C0 NIRENKCE; D ZEf; B WIEMEGE: FOBRMRMEA: G BHATEA . BdERHA
PRI TT Z TS 2 B ELAL, P BME R s RO, BETEZERM a. b Al c oK, p<0.05.

Note: A. Growth phenotypes; B. Plant height; C. Hypocotyl length; D. Stem diameter; E. number of internodes; F. Leaf area
per plant; G. Population leaf area. Data were analyzed by one-way ANOVA and Duncan's multiple comparisons, expressed
as mean =standard deviation, and significant differences are expressed as a, b, and ¢, p<0.05.

SZEmEIRL TR, SIFBA4 FALDIMK AR VIR 2R F R A% 7

5 WT #HLL, OE-4 Fl OE-17 ¥k AR MRE(E 2023 A 2024 4F43 744 1 21.38~29.64%F!1
20.75~27.55% (p<0.001), OE-14 ¥k EZMN (p>0.05). HLH:PEIPR &R T Ml 2L
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WT 4% 17.98~29.96%( p<0.001), ZKH 7E & 73 ik 22 A 4 B[R] 52 Y6 25 38 00 (i /=34 31.81%) o
BRI T AR AR AR T AR R B8 B A5 IR T, OE-4 M FUFE HU% gL 39.82~45.17%, i
(B G 0 5.71~46.87% . FUd3R 0 SIFBA4 It SRk vl M4 T IR L 240, STHEMRIERS
AR EERRIEM.

3434 HEEMRALFHRZMER

&l 3-12 o, 5T 2023 A H AR, RN REK R . M AE SO
R ZR Y. IRV R OE-14 £k (43.18+0.996 cm) # WT (35.76+0.511 cm)
AN 20.73% (p<0.001), OE-4 (39.26+0.455cm, 9.79%) 5 OE-17 (38.60+0.617
cm, 7.94%) ) HaTiE 1k 2 (& 3-12B, p<0.05) . OE-4 Z£#H(7.53£0.245 mm)#; WT(5.80£0.156
mm) ZF NN 29.83% (p<0.001), OE-17 (22.41%) 5 OE-14 (16.55%) Z=R# & # (A
3-12C, p<0.01), OE-4 5 OE-17 A% (4.304+0.213 1 0.158 4~) B WT (2.90+0.180
A BEWIN 38.71% (& 3-12D, p<0.001). OE-17 #E#( (5.70£0.260 4~) #i WT

(3.40+0.163 4~) ZEWIN 67.65% (p<0.001), OE-4 (550+0.342 4>, 61.76%) 5
OE-14(5.10%0.277 4™, 50.00% ) 1 i 3% (/& 3-12E, p<0.01). OE-4 i [A] % (5.6040.221
AN B WT (4.40+0.267 ) BEHN 21.60% (p=0.003), OE-17 (5.4+0.221 >) 1
11 19.20%, OE-14(5.4+ 221 )11 10.40%( /] 3-12F) . T A M R B (B 3-12 G-HD,
FERLPRIRE 2 OE-4 Bk AY (2081.15474.060 cm?) %% WT (1226.19+41.531 cm?®) &
FEHhN 69.70% (p<0.001), OE-17 (1,872.774101.725 cm?, 52.73%, p=0.014) #73&
¥, OE-14 (1,433.26+77.579 cm?, 16.89%, p=0.527) Z R AEZE. OE-4 BAAMH AR
F4(13.67+0.992) % WT (7.5540.252) $&5 81.00% (p<0.001), OE-17(11.10+0.977)
L 46.94% (p=0.008), OE-14 (8.79+0.263) #Zf 16.37% (p=0.259).

BT 2024 FHEAI A (K 3-12), Wikl 3-12B Fiw, HIEEFK R OE-4 i
(43.67+0.653 cm) # WT (37.34+0.729 cm) &N 16.94% (p<0.001), OE-17
(40.20£0.440 cm, 7.65%) 5 OE-14 (39.44+0.912 cm, 5.62%) MIEKZ (p<0.05).

OE-4 Z#H (7.92+0.112 mm) # WT (6.63+£0.178 mm) &I 19.46% (p=0.002),
OE-14(6.98+0.182 mm) 5 OE-17(6.98+0.210 mm) 254 2 7 A .2 (18] 3-12C, p>0.05).
I AR R BB # (5.30+£0.193~5.60+0.210 4~) % WT (3.70+0.164 4>)
43.24%~51.35% (p<0.01), HHrf OE-4 Mg 2= (J& 3-12D, p<0.001). OE-4 EHH

(7.3540.196 M)¥ WT(4.20£0.200 /M) i 2 14 i 75.00%(p<0.001), OE-14(6.70+0.291
A, 59.52%) 5 OE-17 (6.40+0.234 4>, 52.38%) =R E¥ (& 3-12E, p<0.01). #
S RIPR #2779 (A1 45(6.50 +0.224~6.7540.250 >4 WT(5.304-0.193 M3 il 22.64~27.36%

(A 3-12F, p<0.05). MR G itsr X (& 3-12G-H), OE-4 H ki [ R

57



B3B8 SiFpA BRI KRB REBSH BATAEEEHMRY
(1864.33+54.395 cm?) # WT (1231.424+42.196 cm®) &E i1 59.21% (p<0.001),

OE-14 (1556.09475.576 cm?) 11 37.00% (p=0.02), OE-17 (1720.76 :£47.725 cm?)

i 47.63% (p<0.05). OE-4 F{AMTHARFEEL (12.48+1.243) % WT (6.66+0.280)

P 87.44% (p<0.001), OE-14 (9.08+0.233) #&r5 36.39%, OE-17 (9.58+0.193) %
71 43.93% (p<0.05).

A / = B 507 5 am3
WT SiFBA4 = 2024 a a
” -
b _I_hc p B
- 40 ¢ ] = +—I—
T
3
=
= 30
e
=
=
20
2 20
-
=
=2
10
0

WT OE-4  OE-14 OE-17

a
£
&
-]

0

202: a4 a a
=3 2024 a 0 2024 —I— a —I— 3 2024 _I_ ab
8 a i ab ‘I— 74 —I— b
=~ ] b b > ER
= 7 b _ki_—l— —’: a a ~6] a a
§6 ¢ ] E 4 b H a E 5 H T —I_
[=5 - 54
e ([ 5| ma By £51 H
Es b b »:«
s =3 Z4{ |
2 S =
z“ . :
S 3<
23 ; 2 s
<
£, z i
] 1
1 H
0 0 0 +
WT  OE-4 OE-14 OE-17 WT  OE-4 OE-14 OE-17 WT  OE-4 OE-14 OE-17
F 87 5 20 G 25007 5 H 167 5 5
3 2024 a = 2024 = a
71 4 a a 141 _I_ a
- ‘I‘ _I_ Ed 2000 _I_ a a b
o, 61 b 8 a a = B _I_ ab 121
g HH | H| b
25| [ ] b 10 b
= % 21500 ER be B L2
Z 4l E b ¢ Z gl
%4 T - 584 ¢
£5] = 1000 6
= F
Z 2] = 4
500
1 24
0 0 0 ! !
WT  OE-4 OE-14 OE-17 WT OE-4  OE-14  OE-17 WT OE-4 OE-14 OE-17
% e i EINSIANEN
5] 3-12 2023 4 A1 2024 FEHEFEFIMRAETE HIAR Z 1R

Figure 3-12 Agronomic traits of transgenic cotton at bud stage in 2023 and 2024
d ACERERE; Btk CoFEM: D Rbd: EEHG FOWREG GBI HOREATIAR . Bk
HEEZR T ZA AR E 2 B, RFHEEhmEERR, BEMERH a. b flc #7R, p<0.05.
Note: A. Growth phenotypes; B. Plant height; C. Stem diameter; D. Number of fruit branches; E. Number of buds; F.
Number of internodes; G. Leaf area per plant; H. Leaf area index. Data were analyzed by one-way ANOVA and Duncan's
multiple comparisons, expressed as mean = standard deviation, and significant differences are expressed as a, b, and c,

p<0.05.
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2023 1 2024 FHEAIEKH, HEFKR OE-4 Al OE-17 fEMESH (e
9.79~29.83%. 254 19.46~29.83%) & A= B HE A ( S A% %k 38.71~51.35%. 75 %k 52.38~75.00%)
R WT B3E$52T (p<0.05). FAPRMARIGIEIS 16.89%~69.70% (OE-4 &% &E3%,
p<0.001), FEAAMMATEE I KIRTT 87.44% (p<0.001). OE-14 #k R{EZEH (16.55%)
S TR (16.37~37.00%) HEHREUN . KRR TR, SiFBA4 It Rk Al (2 ki 4L 5
FWEHEHBERE, H OE-4 PkARM K UM A5 .

3.4.3.5 HEEMALLIKRZMER

W 3-13 fioR, AW FRAEE S RIS AR H IR A T g RiA SiFBA4 JEF X R L8

WS BVRFAE I R 45 2508, T 2023 4 H (R 38 20048 234, ¥R = 2 70l 9 86.99+1.012(WT ),
87.51+1.966 (OE-4). 83.75+1.459 (OE-14) #1182.08+0.919 cm (OE-17), ¥ OE-17
PR WT 5 F#IK 5.64%(p=0.016), H Atk 5 WT o i 2 2 7 (& 3-13A, p>0.05).
BEHE DRI R 2R I 25 ML 2 T WT (& 3-13B), 23518 9.204+0.229 (WT). 11.97+0.461

(OE-4). 9.96+0.261 (OE-14) #110.62+0.421 mm (OE-17), OE-4 %k R# WT &%
49 30.11% (p<0.001), OE-14 (8.26%, p=0.136) 5 OE-17 (15.43%, p<0.05) 1
W2 o BEFEIR R RA R A (44.54+0.593246.70+0.178°) % WT (55.60+0.498°) i
F /N 15.97%~20.00%(p<0.001), #i Y 57 5422 (&) 3-13C) . [A] I WT(79.48+3.994 mm)
WK AR FE bR R B E 27.32%. 24.29%A11 24.12%, p<0.01 (P 3-13D). OE-4
F1OE-17 Bk R IR A5 7124 10.5340.424 4~F1 10.3340.444 A, B WT B E £ 21.28%

(1.834~)(p<0.001), 1ij OE-14 #; WT £ 0.40 N A% (p=0.431), Z A B2 (K 3-13E).
LR R R BITE R H4) i) v 18.80 4~ 13.40 A1 15.00 4>, WT 4 9.87 4>, OE-4 il OE-17
PR BINIEILS 90.54% (OE-4) #1152.03% (OE-17) (p<0.001). Br 4B EFH =T
WT, WT.OE-4.,0E-14 Hl OE-17 5% (X8 22 73 71l 9 15.73%..43.28%.. 24.92%7H1 40.45%,
OE-4 F11 OE-17 Y44 K WT & 2% = 1 175.07%A1 157.10%(p<0.001), OE-14 #4115 (58.42%)
K REKY (B 3-13F-G, p=0.010) . fEFFIAJ I (& 3-13H-D), XKtk #R OE-4
BRI THI R WIT S22 35 18 111 70.64%(p<0.001), B - THI AR 43 71 o 1,588.68 +-53.494(WT)
2,711.59+141.573 (OE-4). 2,060.85+71.234 (OE-14) 1 1,927.86 +86.143 cm? (OE-17),
R (p<0.05). OE-4 AT TAITE% (11.9140.590) % WT (6.43+£0.275) 45
85.21% (p<0.001), OE-14 (8.6940.090) #Z = 35.09% (p=0.001), OE-17 (8.98+0.590)
P 39.62% (p=0.001).
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Figure 3-13 Agronomic traits of transgenic cotton at boll stage in 2023 and 2024
W A FRE: B 2 COREIEEZERM: D WEKE: E EREE: FOREEE: G OXURFE; H B
A 1 BRI AR Bl R RRER T 20 A 2 B, HPPIME S haE o, REMERM av b
Fl ¢ 8, p<0.05.
Note: A. Plant height; B. stem dimeter; C. Angle between fruit branch and main stem; D. Internode length; E. number of
flowers and bolls; F. number of fruit branches; G. double boll rate; H. Leaf area per plant; I. Population leaf area index. Data
were analyzed by one-way ANOVA and Duncan's multiple comparisons, expressed as mean = standard deviation, and

significant differences are expressed as a, b, and ¢, p<0.05.
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2024 W ANA s o, FAERIMR RIS 5 RS HER I 5 2023 424
UL . WT B¥EE N 79.304+0.828 cm, OE-4 #kim (90.28+0.852 cm) # WT &%
1471 13.85% (p<0.001), OE-17 #k &4 10.74% (p<0.001), OE-14 5 WT Z 7 5.3 (K
3-13A, p=0.004). HEFRKFERZMEB WT (8.124+0.066 mm) #h1 22.67%~27.83%

(p<0.001), #5FE R Fk R MK 9.984+0.231.9.96 +0.075 F1 10.38 £0.271 mm( /& 3-13B).
Bk R F M (42.43+£0.78648.39+0.616°) % WT (54.54+0.497°) &2/
11.27%~22.19% ([ 3-13C, p<0.01). ¥ 3Lk KT (64.8441.108~66.89+3.319
mm) ¥ WT (75.47+£3.836 mm) /) 12.82%~16.40% ([&] 3-13D, p<0.05). AHX}
F 2023 4E, 2024 S RAECE B 2, OE-4 FE# (12.204+0.374 > % WT (9.00
+0.316 ) #£ 7} 35.56% (p<0.001), OE-17 1} 17.78% (p<0.001), OE-14 /i1l 22.22%

(K 3-13E, p<0.01). HHEFPR OE-4 K% (16.60+0.678 4~) % WT (8.20+0.374
AN HlEIE 102.44%, OE-14 (82.93%) 5 OE-17 (56.10%) (p<0.001), ZFEE.
WT. OE-4. OE-14 H1 OE-17 AKX H 7171y 9.8%. 28.28%. 17.87%41 23.73%,
OE-4 1 OE-17 && & T WT (&l 3-13F-G, p<0.01). ZEMEIATHE (& 3-13H-1), #
Rk R OE-4 Bk A WT BN 70.64% (p<0.001), FFRI-THFR 4 5N
1,425.36+43.375 (WT). 1,912.42 +67.890 (OE-4). 2,069.36 +87.468 (OE-14) #l1 2,730.72
+152.775 cm? (OE-17), #5%38% (p<0.01). OE-4 &M HAFER (10.29+0.662)
B WT (5.85) #i5 76.06% (p<0.001), OE-14 (8.2940.071) #& 41.73% (p=0.001),
OE-17 (8.534+0.076) #27 45.83% (p=0.001).

2023-2024 - H[EAIE R, HIEKIPR R OE-4 Al OE-17 ZERK WT EEH N
15.43~30.11%( p<0.05), F-4% e M /s 11.27~22.19%(p<0.01), 74 8] B & /)s 12.82~27.32%

(p<0.05).0E-4 H i #s WT B8 Jin 21.28~35.56%(p<0.001), 1£44 HiiE % 51.98~102.44%

(p<0.001) , X F L FHE 157.10~175.07% (p<0.01) . FRRH A KRR A TR
B WIARETE 70.64~85.21% (OE-4 ft i3, p<0.001) . 45H% ], SiFBA4 it FikfE
i AR AR AL S5 ) I e AR T AR KRR

3.4.4 AT ESAHE R

N T FERRAE T B ANETHE G R N ASAL, ASHIE O I BEVEIR (A EL . PR EE
MRERHL. o) MEFER i CIRBEE, 9. BESFRE . i, Soake) 347 1 geit .
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3441 BEFARIEEENH

Wl 3-14 frox, HT 2023 EH A, AT 1 SIFBA4 H Rl ik )
RRAEr= B R T I s2 M . R BE DR bk RN THAR P2 R = T WT (& 3-14B), OE-4.
OE-14. OE-17 43#lix %] 5.8140.234, 5.72+0.142 F1 5.69+0.374x10° kg/ha, # WT

(4.80+£0.167x10° kg/ha) #27} 20.99%. 19.16%7H1 18.58% (p<0.001). OE-4 ¥ & Fitk
FRE4 % (10.01+0.429 1) % WT (7.954+0.266 /™) 3510 25.91% (p<0.01), 1fj OE-14
(8.9040.261 4~ A1 OE-17(9.05+0.336 MOk R -5 WT 8] 2 7 Ak 3 /KT (] 3-14C,
p=0.067~0.083). HFRAFHEEEIN OE-4 #R R (58.27+2.411 ¢) K WT (46.31+1.522 @)
WEHRTF 25.83% (p<0.05), OE-14 (51.37+1.574 g) F1 OE-17 (51.42+1.351 ¢) ¥k &
5 WT BB Gi2: % 7 (K 3-14D, p>0.05) . %-#k R 44475 2 (5.68 +0.134~5.83+0.085

90 5 WT (5.83£0.0859) L& ZER (& 3-14E, p=0.456).
BT 2024 4 H AR EE (B 3-14), F R bk R A AR 7 & R B AR e M (B
3-14B), OE-4 (5.76+0.145x10° kg/ha) 1 OE-17 (5.6740.324x10° kg/ha) % WT
(4.7740.124x10° kg/ha) 4> %42 TF 20.75%F1 18.87% (p<0.001), ifi OE-14 #k %
(5.49+0.267x10° kg/ha) 5 WT [ FRiEGH# B E KT (p=0.052). HERKR
MR E & T WT (13.48~16.85%), H.{Y OE-4 #k% (10.40£0.373 1) 5 WT
(8.90+0.280 /™) Z 77 i (p=0.007), OE-14 (10.10+0.422 /™) 1 OE-17 (10.10+0.497
AN ¥RFRE WT 8] p 643514 0.061 F1 0.058 (&l 3-14C). %% 3 Kk £ 1 B KT B4V
OE-4 ¥k % (60.36+2.224 g) % WT (50.52+1.832 ¢) .35 )11 23.55% (p=0.013), OE-14
(58.20+2.613 g) Al OE-17(57.47+2.870 g) tk R E5 WT Z 57 K1k . % /KF (&l 3-14D,
p=0.089 Il p=0.076) . %tk & B4 FFH B (5.69+0.140~5.86 +0.174 gD 5 WT(5.69+0.140
9 LRFHEZER (p=0.354).

2023 1 2024 FH A5 R, OE-4 bk R P B AR (WT) BZE5RTt
20.75~20.99% (p<0.001), OE-17 (18.58~18.87%) {X 2 . OE-4 FARRHEELHT I 2 1 (2023
F 25.91%, p<0.01; 2024 4 16.85%, p=0.007), OE-14 f1 OE-17 1#41% (13.48~14.04%)
KIEEZE KT (p>0.058). OE-4 FAFRIFHE I 3 $7 5 23.55~25.83% (p<0.013), HAh#k
ARG FER (p>0.076). SHRRPRIFHES WT LREZER (p>0.354). 4iR%E
], SiFBA4 i KA T B E LR A &, HMREBEINEE, MHRREAR
N, MR T SIFBAA FE KT R IAREIR MM LS & .
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Figure 3-14 Yield traits of transgenic cotton at maturity stage in 2023 and 2024

E: ACERKRAE; B B E; Co AR ZMEEE, D. BAMER; E PRARER; Foh R
R, BRI RRE R AR E 2 EHLILEL, P HE e ERoR, BEMERM av b Ml c %&oR, p<0.05.

Note: A. Growth phenotypes; B. Yield per unit area; C. Number of bolls per plant; D. Seed cotton weight per plant; E. Seed
cotton weight of single boll; F. Boll spilling completes the phenotype. Data were analyzed by one-way ANOVA and
Duncan's multiple comparisons, expressed as mean =*standard deviation, and significant differences are expressed as a, b,

and c, p<0.05.

3.4.42 B EERTEAERR D

WK 3-15 s, AW T SiIFBAA FE R 3215 GHRR A6 2T 4 i i 52 . 2023
SF A IS B R B, BRIk R AT 24K B E KT WT (8] 3-15B), OE-4. OE-14,
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Figure 3-15 Fiber quality of transgenic cotton in 2023 and 2024

e A LPYERTY: B. L4 BRI, C ZP4EIRAE; D. 4B B A4Sl FOAA4EHKE; G ¥
i H. AR o Bl R BRI ER TT 22 70 M AN 1 22 3 LA, P B E AR HEZE30R, B 72 57 1 ab Al ¢ %7, p<0.05.
Note: A. Fiber phenotypes; B. Fiber Length; C. Fiber Strength; D. Fiber Uniformity; E. Fiber Microneme; F. Fiber
Elongation; G. Seed Index; H. Lint Score. Data were analyzed by one-way ANOVA and Duncan's multiple comparisons,
expressed as mean =standard deviation, and significant differences are expressed as a, b, and ¢, p<0.05.

OE-17 735114 28.96 +0.186.28.64 +-0.158 #1 28.66 +-0.199 mm, 3 WT(31.03£0.172 mm)
F#AK 6.68%. 7.70%F1 7.64% (p<0.001). £F4EsRfEntrin (K 3-15C), #HIER KR
(24.524+0.219~24.76 £0.201 CN/tex) &3k T~ WT (25.46+0.152 CN/tex, p=0.003).
Y OB R P IRE RS PR R BT (p<0.01), Hrt OE-14 FRAM
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A (4.43+0.093) FIfHKF (12.734+0.181%) HiEA A, B WT 4> BlH e 14.18%
F119.42% (& 3-15E-F). a7 (K&l 3-15G), OE-17 #k% (10.1940.164 g0 K WT
(9.471+0.043 g) 141 7.60% (p<0.001). ZF4E#EFF/E (p=0.541) 544> (p=0.396) 7£
SRR EEZR (& 3-15D, H).

2024 FRI AR Bon (B 3-15), L RIbR R A 4K B E KT WT (& 3-15B),
OE-4. OE-14. OE-17 434 29.53+0.207. 29.04+0.238 1 28.97+0.219 mm, % WT
(31.18£0.251 mm) %k 5.29%. 6.86%7F1 7.09% (p<0.001). £F4EsRFE iR (&
3-15C), #FE Kk & (27.50+0.317~27.90+0.285 CN/tex) 4 WT(29.63+0.557 CN/tex)
PR 6.22%~7.19% (p<0.001) . £] 4 B e [ E 7 4 2 DX bk & b i 25 T v (1] 3-15E),
OE-4 #h& (5.00+0.142) £t WT (3.91:+0.047) Hifiik 30.18% (p<0.001). £F4iffii
FE R FIFE 2R % 25, OE-4 Mk R MK % (14.25+0.324% )% WT(11.31+0.180%)
P21 26.00% (/& 3-15F), OE-17 ¥k #&KFHE (10.1740.094 g0 % WT (9.474+0.057 ¢) 14
I 7.39% (K] 3-15G, p<0.01). £F4EHE5E (p=0.476) 54K (p=0.442) {fEXAHIAT
iR E =R,

CEWEARENTSH, HEEKRTHKEESHTFEEKT WT (p<0.001),
I IEIRE 6.37% (2023) A1 6.41% (2024). ZI4ERFEELE WT th SR EHE R EHK
(16.38%), I 4% Jik R #k 2R B R A 11K (11.95~13.09% ), S H 5 WT ({58 FF 2 #EH K (2023:
2.83~3.22%; 2024: 6.21~7.76%). iafE{EIEFENMR R REZT R, OE-4 #R R
T HIEIE 30.18% (2023: 9.79%; 2024: 19.48%). LF4EfHK KL/, OE-4 bkR
2024 fEfHKF (14.25%) % 2023 4E (12.58%) EEFLTF 13.27% (p=0.008). _Eiksh i
KU, dFRik SIFBAL JER SR 4K E . RESSIR M BUOCE SRR AN, R
I 5 e A AN FR SN TS T 1

3.5 7118

FERRAE B R AR, PR 4E 5 T2 EERMIR H bR, R0, X iRk 2]
PR At S DA R 1 S A VIR TR R o 23K AR MR A AR DA I
= HEXARAEH A= Jr 5 AR R, dEm S AR e i)~ EAN LT 4 dh it (A, SEmniinder”
EAEFYES A% L B R E AR, T EE UIOEM AR SRR, BOY BT SAE
Wt B 2 A AR I A P K0 M9 e IR SCIR PR SR [ i R A R B SR R A K e
A COp [l AR A RNR, IR g = gl 102 122 184 399 oot 5 i i 4
TH AT To M T RELRERIRR RAE R, FE ). R BG4 F R AR
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SRR, KDL SIFBAA Jk PR 1 i R R SCIR A R B 2 SR T HE R AR R 57 B I
G, RN SEETAE BT T R X RIS E B R R A TR AR

3.5.1 SiFBA4 EF{RiHBILE =T E

WRAE ARV EAE = AL 4R 5 0 Y O ) A, A R ML AR S5
IR P R A P 2 T8, R A L N . . R IR S R
W), FRAFRANL Y S BRS2 AR YR B (R, O I A e R s e 4,
KW FENS %K E I AR BRI R AR BT R A, RIVEREFR R S KM B AEY) &
PR S T WT. Hdr, . BRI k- A& 0 o8 1.27, 32.95 1 115.63
g, B WT EEHN 23.30%. 49.75%F 42.40%. iEidxt 5 R4 2 5 B M it
AT 4T B R AL S 0T 6 B, LHCs. PsAs. RbclL ZE3E A F st 1 = i s &1
F, FE88n T AR 21, C, B AR NADP-3F . i S ML | SMNADP-mdh
i RIABE S IG TR Co RN A F AN AE KDL, 10l R I b 3A TPT AT cFBPase 0 T
R DR R R 1 A B0 S e £/ P M S DR I Sh BE B0 AR T SiFBA4 JE PRI i
AV ER RN R, RN RPEE TR SIS — Bl l, SiFBA4 JE
REAY R BT TR, W E AT oM KB, HHREERR. 2. H25E
FRaEAE . REATEEENAEYEFRDIM, EREH4ER e . KUY SiFBA4 K]
Al RETEIR- RS B R B RIEME R, o FRIA T RRAT R AL il b “ s 55~ 5%
“ V7 55 7 IR AR I PR RIS 1920, X i RGA SIFBAG SEIR e IR AR LR R AR R,

SEFERRAE T B AN 4F 4t 5 SR Ak b B2 A

3.5.2 SiIFBA4 EF T RIXIESIRIENLEER

HEYEERAR RA LR TS ER R &R AR, B SRt &M
WIRIERE A 90~959% LA_F 3 it e Ak R kiR 2 SR EUE. AR A A A
B, HOLARES LT R T RAME R A 4,

FEELPRIRE 2 OE-4 (1) Pn i% 3 34.22 umol/m?/s, # WT Z#32TF 17.47% (p<0.01),
X —HUEHE Cy MY KA £ (35~40pmol/m?/s) B4, YR N4 R I, SiFBA4
DR A 38 28 SONUE T S ST S 2P P[RR 4%, DG IRBIR TR 2R 3R alb LUfE H WT
1) 3.65 2T+ 2 4.32 (p<0.05), FF4¢&iaE (1.48mg/g) # WT (1.16 mg/g) FsEHm
27.59% (p<0.05), FHPLRZ Il (PSID LB AHREGHKAEN; BRMNZET FBA

(42.23~87.55%, p<0.05) . FBP (6.18~43.62%, p<0.05) 1 Rubisco ( 2.03~5.81%, p>0.05)
BTG T, Rk AL TR CO, Rl &R o 1% P 2 4 52 36 RO LRI A i e 20 8 A it 18T
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RE S, E BRE SRR, HERRRSALEE (17.94 A~/mm?) 8 WT
(14.85 /mm?) T E 1N 20.81% (p<0.01), SALIFEH K 18.75% (WT: 21.60 um),
SALITFEE N AT B Sy e A 2 e, XA R ALE S BN SBURILSE (Gs)
I, Rt CO ¥ 8. {HA P/Tr MILLAEMR T WT, RN RAK IR S . @il

ZMRAKIEE R T SIFBAS LK MR L& R G TR L IS

LR RIEM S BRI (1 26.92~60.77%, R % 13.01~70.73%), {HAY &1
I 38.48%, JtEHEFSE R, KIME “MCH-mAK” K. CHFRMA, ERENEK
TR TR, VSR B0 & B2 e 2 o0, JRas i 404l () & B e
IR RN IE, R RSE AL . ZERFRIZ) SRS R g B, e A
CrPBAL i LIk WFE T MR, (R3E 7 e Mg IR B, T & B RRI A
FEER, 5K FBAS Bk SBUNTEN & B inU8gt— B EIE 1 SiFBA4 £ [Kid K ik i
RIEM S B OIS . Kk, SiIFBA4 J: AT R IA v] AL IE L F RN 1 ety oo
KL EMREAN, WTIEFE TG, AR TR e ek &5, MmiHFE
(RI6G = AR AT e F SR it B R A2 B PR AR

3.5.3 SIFBA4 B [ET FiX UMLK B

A ENER VP VEY P B R SERE Y, AHIE 7T 5 20T SIFBA4 3 PRI i 2 3 6] 1
TERRBL R B IREIR, R IR B 45 K 2 L R AR T 545 1) ek JE 4504

FEREDRIMR RAE T AR A2 B ERE IR (1) B R AR, Ta A T ARRR R W A1 55000
A WT B4 1.23 1 0.7 4~ (p<0.01), HEZEPUM— Qi [A4a% 2.3~3.1 d. B HAE 5
Rk 2 RS B WT 4% 17.98%. 28.96%F1 23.47% (p<0.01), £ IR K EE R
WT %% 12.82~27.32% (p<0.05). FMI%IEDE ] fEidid ok g 25050 1600 gy 43 220 ge2od
A E PRI SRR, IR K 5028, AT SEm T R4 AT 25 (K,
NVEEEDI AR B 5L TR R . TEARTHAE K B, R EEDRIR R R O 3 R 2
BCRRRAE, A RN ST SRS B N 20.58%F1 44.44% (p<0.05), A% 5 32253 A
9.43S TERUAHX B 7 24540 . PREER R TR i, B, SN S e R DR R R
AR E = 30.24%. 52.01%M11 53.92%, 15 BH#EIERIME R Ak 2 508 N 69.00% A1
65.09% (p<0.01), H#E SIFBA4 FE AT R AN 5E YR B A MR E 2R B R 55

ok
He o
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3.5.4 SiFBA4 EE I RIABHIBRZ=RRK

FERIERIN R TR, BRI RSB S 19.22%, SR FHL S IR T 20.49%
(p<0.01), TMHLFELLEZER. I Hid&RiL GDC-H. SBPase il FBA 214k
FIF CO, IRk B 7 A My B AR 17~ B (I 7L %)y SIFBAG B L PRI 277 B2 () 189 2
M7 AR KT 7 BERAE A 6635 H R I~ /R LG SBPase JE A C iz R Gly-364
RAZN Asp, HAEFAREEL, KBRS SR BERK, SRR TR, HE2IL rbeS.
FBAase #1 PRKase %:[F (kK T 5% B, X 54074 5 H R, Hall SBPase 3
R HE R ) R AT e 5 A B A R, SRR IE SRR, dimBeg 7 H AL EE
FARHSCIE R M e Rk . T btivh ] SU3RIE cpFBPase, F#iK T FBP EEMIIE 1, SECF
¥ L s 5 B PRAR 20960, B SIFBAA SEIKK R FBP BRE TR (6.18~43.62%), =&
I, BB IR T SIFBA4 ZIKH I ) FBP RS M EEM - BIL P I EZEH . Lid
45 BAL[R %% SIFBAS BEDA R AL ™ & B 3G In$e it 1T 2 Ak, 0 SiFBA4 JL X n] fgid it
WY FBP BERITEPE, (R AET " =R R

FE PR TE A B8 2T 2 o 5 R ) S5 O, AR R R 3 Tl B 6.67% 11 4.86%
(p<0.05), 74k S A 1% 2 C2 2, iX — RIS MAE AT 4k & M ST 78 = — 5
FRAE LT 4 IR A 52 22 AN SE DR P 1) B2 2 O MR, A2 LB 2 13 40 B i 2R AN A0 Al 4L i
T AR BT A K, SR A I Aok 56 o R 008 187] o ko i g bk
180 5 B RR A (RO A R SR TR, R T 4 % A R R RO A R AL
AU SERR B 42, XEARTELT 4Efh K AN p i P D B e SR L 7R REME S AR A
B AR R AT PR R T W S 2T 4 2K R R A0, S A e A PR S S
FERTA WP LB B TR, N AT RN R S SR A 0h 75 B AK IR T O By AR ALK 27 4
D= AR AR T 1 ™ 388 R 2 4 4 i R 1A AR 3R 2 TR W R Sh REAR AR o AL
SZERRE, SIFBA4 R Rk (R & R =Y R PR 48 B I 2r e, REIE T
LR BT RO AT RS, AT AE PR 4k B S I RERE S A AN s £F
YR A BURYE D s DU AN e FAR, e 3L R S8R 4R R TR . o SRR
B R 5 5P E) R B ) R i T BRARAKHE o AR AT B ROV AT i i
R PR BEARUNE R, 7ERIE ™ & (1 [ 4E R 2048 5 8 B s (BRI AL 5o

AW S b SIFBAG BRI REAEAE KR B FIRFENLE], UF 5% Rld i 3 5 R
IRSCAEIACEERG (FBAIFBP) JEPE. (E#E e RN R G S SIS RHE 0, i 5L
RARE ORI 17.47%, 6758 7 SiIFBA4 JE R EDEABCR MAENH . Eh & &
A (- 26.92~60.77%, R % 13.01~70.73%), (A | B S4B EAEMER R,
FERIETE 19.22%, R HAE IR SRV I m A . B IR g SRR SiFBA4 JE
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DR AT RS I e B e i AR - U F R R R, SKBUE R S BRI, e
JCRCH IR AR . B B S LT eSO R AT BE SO &7 AT K, R GAR
PO S, VR B AR A B MO AR HE S

3.6 Ihgs

(D EAEYER BTN, HERERSEFTIRNAYELY R E T WT. 1§ OE-4
Al OE-17 Bk &R S A& B E N 23.62~42.56%, OE-14 tk RIGIEHAK (3.72~9.23%).
I OE-4 ¥k R B4 & WT 1 11 58.03~91.30%, OE-17 ¥k £ 3% /111 23.53~58.83%, OE-14
PR AN 23.78~48.55% . 41 OE-4 #k R B AW =R WT 5351 in 56.47~60.07%, OE-17
PR 214N 47.36~48.32%, OE-14 #kAMEHN 20.33~22.17%. HAFEKEME N 0859,
WT 3810 18.97%, FREMIAYIE A 60.659, 4 WT 140N 42.40%.

(2) WAEBUKTF M, %55 SIFBAA AR R IR e &R, ks
34.22 ymol/m%/s, 5 WT & 17.47%; &GRSR S ER WT & 031 mg/g; KR
TEIABEE PER I B K, b FBA BEE M °F141E 4 491.55 nmol/min/g, %
WT 75 59.49%, FBP R i%tE% WT (300.00 nmol/min/g) & E 5 43.6~27.7%.

(3) JHIE W FE MR AL A SRR, RN LR IR R 2F AR 2R3 . WT
K, HHEHA=ZM O/, AKREFT WT, EEEKEKRI =0, R
FE AR K P SR bR, RS A B WT, JRIR AR5 %, bk, A%
B REEGE. R D MR R S K, RALE AR E IR
KT WT, RIS TR S 222 (A e A AR T WT

(4) @I AR R AE S WT Z A= SR, I 3 RS AL A i s vk 25 4%
HE AP E R, (FRAARR 25 WT & 19.22%. 44K IR E 50 MR
WT J/)N 6.87%F1 4.97%, I 7 A 5 WT 3800 17.34%, [ £F 4 S i A 2% 5 C2 .
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B 4 F SiFBA4 EEXB I EYIE =2 R A RIHLEI 53

415|5

WFRRM, R/R AR SCEBGSER (W1 SBP. FBP. FBA Al RbcS Z5) i RiAREN
A RAREDCATRIF AR, e VEM, Ve A Y= g ptoa 11172 oy — i
scie g R, SIFBA4 E:PRId ik Wi 7Rk R EN =&, R,
SIFBA4 E:[RIfE( it R R EIT IR, LA B4 5t PR AR AL 1 oA )
B, MUk, AT FUIE A AR N ZS, VB ARNT T SIFBA4 JEK A TE £ &
Fp= TR R AR B o

4.2 #1}

421 EENHE

Qubit 7 E B4 (Qubit 4.0, 2£E), MD Etr{ (SpectraMax iD3, ZE[E), =il
EAEY A BT (Qseps400, H1ED, WIF{X (NovaSeq 6000, Illumina, SEED, .
Ml (TDZ5-WS, i), WEiRE I (FV-2400, Hfideily), #mms @it UPLC
(Shim-pack UFLC), HELFiIE MS/MS (Applied Biosystems 4500 QTRAP), #%T-#lL
(Scientz-100F), HfEE{Y (MM40 Retsch), HFRKF (MS105DM).

4.2.2 R

AHIEFE LR A AR AE R15 Fil SIFBA4 36 3L KN fE OE-4 NSt ptkl, RrapidfEfE A
TAMEESEFRME AT, BRFMREN: HE 28°C. MHXIEE 50%. eI 16 h/8 h
OGHR/EERS) . FEIEI R RN T 1A K R B 3 T B A A, TCRAREE 5 h J5 55
KA SR R BIHCEE — 7 e 2RIy B e BERR R R, W ECE R G T Tk % T iz
B o
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4.3 75k

4.3.1 B 3ReB S RN B4R A M AN 43 4f
HEMUFI 477795 LI 3 D M Es
4.3.2 QRT-PCR 345 54H

¥ 2.3.4.3 B/ 154 RNA FE i R 538753 cDNA, 43 alEm Fr AR ZBEALIZEHE 10
™ DEGs (5 A~ BiERIE, 5 AN N IRZRIE) 34T qRT-PCR 36 Uk Al#% 5 2H B A o< 0 T s

SIVMIFAI AR 4-1, WSHE GhUBQT tF RSN K 2-7, MK FR 53R 2-3 HlF.
#* 4-1 qRT-PCR KAE 5| #1575
Table 4-1 Primer sequence for qRT-PCR validation

HZ] 75 %5 S
EmEY (5°—=3%) KA 514 (5°—37)

Gh_D11G317500 GCACCACGAGTGTTGTAACG AACGCGGAAGGATGGATTGT
Gh_A04G043300 CCACTCCGTATGAGGCTGAC GAGAGCCCAGCCACAAAGAT
Gh_D09G017800 CCTCAGCACTGACGGCAATA GGAAATGCAATGGCACGGTT
Gh_D10G271200 TCCGTCTCCTGGAAAACCCA TAAAGCATGCCGTGAGTGGT
Gh_D08G137400 TGGCTTCTGTCCAGGAACAC TCTGGCTCTGACGCAAAAGT

T Gh_D06G067400 GCAGAGATGCCCCAATGGAT GTCGCATAGCTATCAGCAGGT
Gh_A07G258400 GGGCCGGGCCAGACTAA GATGCTGCACTGTAGAGGTGA

A

Gh_A10G225500

GAGAATAAGGCGGAGCAAGGA

ACTCTGAGCACTTGTCTTTGAGA

Gh_D13G177100 TCACATGGAGGGTTTCGGTG TGTGGTTGGTTCCTCCGATG
Gh_A13G232900 GGTCTCTCGCTAATCGCCAA AGGCATTTGCAGGGGCTAAA
Gh_D13G016000 TGAACAAGGAATCGTCCCCG CAAAACGAGCACCCTGTTGG
Gh_A04G016600 GCAGTGAGTACACCCTTCACA ATATGCACGAGCCGATCCAG
Gh_D05G387200 ATCGCACCCAAGTCCGAGT TCGATCCATAGGCACCCAAAG
Gh_D10G246000 AGCCATGAAAAACAGTGACGG AGGATCCAGGTTCCCAATGC
Gh_D12G071300 GGGACGAATAGCTGAAAAGGG CCCCGGCCAACCTAATCTTT

Gh_D09G161200 GAGTTCCTCACTGGAAAACGG AGTGAGCATTGTCAAGCACTG
Gh_A07G003300 GGGGCTTTCTTGGATGTGGA TTGAAATCTCCACGGCTTCA
Gh_D02G028100 AATGGCCAATGCCATCATGC GAGCCGCATTCGTTTGATGC
Gh_A06G156800 TAACGCAGCCCACCTGTATG CAGTTGCCATACTTTGATGCCA
Gh_D06G149100 CCACGGGTCTGCATAATTGG CAATACACGCTTCAGAGTTCCA
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4.4 R

4.4.1 3 FAMF D

4.4.1.1 MFr IR e R B2 1T

X 12 AN E S REAHEAT Illumina HiSeq ~F & XU, 400 G 35k
84.16 Gb A REHE (K 4-2) . BT E Vil W, A #£ A Clean Base 3314 6 Gb(6.37~7.66
Gh), MFHRFIEHIE 0.02% LA, Q30 HldE i 43t KT 94% (94.45~95.14%), GC
BB A W R A S AR AE (43.65~45.13% ). FEAS[A] fz JRIMAH 55 R B M &
B, A E SN AA BIFR—F0E (r=0.94~0.99), SCHFE&zREE ST (K 4-1).

% 42 BFANF R ESHLGT#

Table 4-2 Summary statistics of transcriptome sequencing quality parameters

Sample  Clean Reads Clean Base(G) Error Rate (%) Q30(%) GC Content (%)

WT-L1 44172106 6.63 0.02 94.46 45.11
WT-L2 43919354 6.59 0.02 94.45 44.97
WT-L3 51083828 7.66 0.02 94.85 4497
WT-R1 50379374 7.56 0.02 94.48 43.74
WT-R2 47462456 7.12 0.02 94.84 43.70
WT-R3 47241900 7.09 0.02 94.66 43.71
FBA-L1 47352128 7.10 0.02 94.67 45.11
FBA-L2 47101988 7.07 0.02 94.86 45.13
FBA-L3 49867564 7.48 0.02 94.64 45.12
FBA-R1 46173408 6.93 0.02 94.61 43.65
FBA-R2 43727288 6.56 0.02 95.14 45.10

FBA-R3 42449260 6.37 0.02 94.78 43.65
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IR o4

IR R g o
s‘@@s‘@@&&&&&&

P 4-1 I SR R e o B A

Figure 4-1 Quality assessment of sequencing raw data
e A JRIREEE R B WP EHRFR M C.GC S RMME: D. FEMIEAH .
Note: A. Raw data comparison;B. Distribution of sequencing error rate; C. GCcontent distribution map; D. Between-sample

correlation.

4412 ERFTIEEADR

T DESeq2 70#r (HI1H: | Log2FC | > 1, FDR<0.05), %43k Rl ik oA il 31 i
F 2R FIEFEE (Differentially Expressed Genes, DEGs). H:rm 20 41% ¢ 31 566 4~
DEGs ( i 261 4, Fiff 305 1) (K 4-2A), R AZA %3] 1163 4> DEGs ( L1 860
A, T 3034 (] 4-2B). EREER T RIR, &AL BEA A B R R A A R IR
) <l§l 4-3A-B). HFEEMZ, MR DEGs HE A i1 2.05 %, #&7 SiFBA4 JE A
RETEAN [ ZH A (i 4E B 2 5Pk

A ) * Up: 261; * Down:305; Insignificant: 46680 B * Up: 860; * Down:303; Insignificant: 50266
N R
1 ] 1 1
1 1 60+ 1 1

1501 11 P

1 ] 1 1
1 ! ! 1
1 ] 1 1
1 ] 1 1
1 1 1 1
1 ] 1 1

g b = 40 b

E 1004 } 1 E 1 H

w 1 1 w 1 1

-1 1 | = 1 |

6.,' 1 ] U’; 1 1

3 T S K »

| ! ! | 1 1
1 ] 1 ] .

504 14 201 T -
i i e ‘...: :‘::".. RS e
. e :'.' . ... = ';.,.q: l‘:.:-.-. i ,‘
° o et PO .. o] 9% Ehre .
..,.:'"-.: e | ...:".,:. 3t \." -...g",.' s v ‘:;/
ohoe o te et __m:-mge:::____ A RN DY T At—
% T % 6.5 4 5 % S 2 0.1 4 ;
Log,(Fold Change) Log,(Fold Change)

4-2 RRAEH: AR 2 22 5 RIS PR K 1l

Figure 4-2 Volcano plot of differentially expressed genes in cotton leaves and roots
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E: AR B RA.

Note: A. Leaves; B. Roots.

A | B
1 1

T S Group

] Z-score  Group
5 HEwrL
I FeAL

'%7 K&Y I%ZQ‘I?:(‘D‘I?“(‘?%, Abi? %‘1

L % R B ‘4’:’2 '2:6’%")»1

Kl 4-3 FRAemt R 5 22 e A B R e i
Figure 4-3 Cluster analysis of differentially expressed genes in cotton leaves and roots
H: A B RA.

Note: A. Leaves; B. Roots.
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$ 4T SiFBA EREIHSTEE BB TR AOHLE 4T BTFARSE AL
4.4.1.3 SR BIEIGIE

i qRT-PCR X BEHLIEEL ) 20 4~ DEGs (A 10 4, R FR 10 ) FHATIRAF. £k
PR HT B, B4 BIES gRT-PCR 455 Log2FC 1 5 E2 IEAHSE (M.
R?=0.852; #{%: R?=0.951, p<0.001), &3 7 Wl 54 5t (& 4-4).

B 47

A 34 y=-0.66831+0.44694x y =-0.6742 +0.35182x
R>=0.85182 R2=0.95063
{ ]
—~ 21 =5
4 &0 *]
) <
= 14 =
o @)
=
S 01 z 0]
= =
o o
°on [=1)
S -1 Q
= =i
[~ & -2
O 21
5 z
= =
& -31 -4
Ea = -4
4
[
$ 6 4 2 0 2 4 6 8 10 12 -0 8 6 -4 2 0 2 4 6 8 10 12
RNA-seq(Log2Fold Chang) RNA-seq(Log2Fold Chang)

4-4 qRT-PCR %:iE RNA-Seq %#E
Figure 4-4 gRT-PCR validation of RNA-Seq data

WE: A T DEGs ifiid qRT-PCR MHF45 58 B. M DEGs ifiid qRT-PCR MHES 58, ROE RN X E, HERR
HBIEX[A], p<0.05,
Note: A. Results of leaf DEGs validated by gRT-PCR; B. Results of root DEGs validated by qRT-PCR, light colors indicate

prediction intervals, dark colors indicate confidence intervals, p<0.05.

4414t RINEEEE DT

J:T Gene Ontology U# FE & Wi (B 4-5), I F i iR IE K 22 5 2 K]
(DEGs) fE4A#) it fE (Biological Process) 2 &% &4 T F4&H: 4t
(G0:0009987, p=0.0175). ¥4 Bt (GO:0009058, p=0.0066). H HLIEH L &AL
WHid e (G0:1901360, p=0.0007). ZHMIEY) & HGLHE (GO:0044249, p=0.0141) HFI4HfE
77 LAY (GO:0006725, p=0.0004) %%, #Hfi4H %> (Cellular Component) 348,
SRR AL T M N S 458 (GO:0005622, p=0.0024). #Hfiugs (GO:0043226,
p=0.0020). ZH it PN FI 4 28 (GO:0043229, p=0.0020). 4L (GO:0005737, p=0.0035)
AT -4 s (GO:0043227, p=0.0043). 43 Pife (Molecular Function) =T, %K%,
4 (GO:0003676, p=0.0069). RNA #i4# (GO0:0003723, p=0.0006) . P4 U] i i 1
( GO:0004519, p=0.0012) . #% & M 7% 1t ( GO:0004518, p=0.0277 ) FI {8 1k i 4
(G0:0140640, p=0.0277) 2P BFEEHE. MbothrEr (B 4-6), ™) il DEGs
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S ZERAM DI RERRAE, 3 EEOCHIBE B (GO:0050896, p=0.0151). JHif M [
( GO:0006950, p=0.0059). 41 id £ (GO:0050789, p=0.0185). [l J Jvi
(G0:0006952, p=0.0013) FIXF#MFHIFL I N (GO:0009605, p=0.0072) &AMt e,
HMMEMEZEE £ THE (G0:0016020, p=0.0104). KA K7 (G0:0031224,
p=0.0016). fEKIFR /> 7r & (G0:0016021, p=0.0037). ZHJiL )& 51 (GO:0071944, p=0.0024)
A B (GO:0005886, p=0.0008) “E4H i 7. 4 T Ihee i, N T 46
( GO:0036094, p=0.0278). [ & T 454 (GO0:0043168, p=0.0180). 1% FH R4 &
(G0:0000166, p=0.0396). % MRS & (G0O:1901265, p=0.0396) FIfk/KiL &M
Y44 (GO:0097367, p=0.0176) 25Thft B giit B E1:.

KEGG i HriEzn (Kl 4-7,4-8), I Fr DEGs 23053 ¥ 20 SURE SV 18 B 70 A
fiEo M i DEGs 3% & 2 T A (ko03010). P45 M R 8% A U L (ko04141)
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Figure 4-5 GO enrichment of up-regulated differentially expressed genes in leaves

E: AREIRE; BAHEA.

Note: A. Bar chart; B. Bubble diagram.
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Figure 4-6 GO enrichment of down-regulated differentially expressed genes in leaves

E: AFRIRE; BAIEK.

Note: A. Bar chart; B. Bubble diagram.

78

0.9

1.0



E 48 SiFBA4 EERIEE Y E =2 RAHLEI 54

A Endocytosis 502 (3.19%)
Peroxisome 255 (1.62%)
Autophagy - other 115 (0.73%)

’ Cellular Processes

BAFRFELTFTIL

Ribosome 966 (6.14%)
Protein processing in endoplasmic reticulum 779 (4.96%)
Spliceosome 558 (3.55%)
mRNA surveillance pathway 476 (3.03%)
Ubiquitin mediated proteolysis 464 (2.95%)
Nucleocytoplasmic transport 372 (2.37%)
RNA degradation 348 (2.21%)
ATP-dependent chromatin remodeling { 218 (1.39%) Genetic Information Processing
Ribosome biogenesis in eukaryotes 196 (1.25%)
Proteasome 191 (1.21%)
Aminoacyl-tRNA biosynthesis 167 (1.06%)
Polycomb repressive complex 164 (1.04%)
Protein export 134 (0.85%)
Basal transcription factors 122 (0.78%)
Viral life cycle - HIV-1 1119 (0.76%)

Carbon metabolism {

Biosynthesis of cofactors {

Biosynthesis of amino acids {'

Amino sugar and nucleotide sugar metabolism {
Glycolysis / Gluconeogenesis {

Biosynthesis of nucleotide sugars {

Purine metabolism {

Nucleotide metabolism {

Glyoxylate and dicarboxylate metabolism 1
Glycine, serine and threonine metabolism {'
Carbon fixation by Calvin cycle {:

Pyrimidine metabolism {

Citrate cycle (TCA cycle) {

Pentose phosphate pathway {1

Porphyrin metabolism 1

Fructose and mannose metabolism {
Ubiquinone and other terpenoid-quinone biosynthesis {
Phenylalanine, tyrosine and tryptophan biosynthesis {
Propanoate metabolism {

Valine, leucine and isoleucine degradation {
Lysine degradation {'

Lipoic acid metabolism {

Sulfur metabolism

Folate biosynthesis {

Nicotinate and nicotinamide metabolism 1
Glycosylphosphatidylinositol (GPI)-anchor biosynthesis {
Thiamine metabolism {

Photosynthesis - antenna proteins {!

Riboflavin metabolism {¢

Selenocompound metabolism {

Monobactam biosynthesis {

Circadian rhythm - plant

0.0

Spliceosome

Biosynthesis of cofactors
Nucleocytoplasmic transport

Ribosome

Carbon metabolism

mRNA surveillance pathway

Biosynthesis of amino acids

RNA degradation

Phenylalanine, tyrosine and tryptophan biosynthesis
Purine metabolism

Proteasome

Ribosome biogenesis in eukaryotes
Ubiquitin mediated proteolysis

Nucleotide metabolism

Peroxisome

ATP-dependent chromatin remodeling
Porphyrin metabolism

Protein processing in endoplasmic reticulum
Lipoic acid metabolism

Viral life cycle - HIV-1

291 (1.85%)

25 5.0

Percent (%)

7.5

Metabolism

[ Organismal Systems

Q-value

1.00
! 0.75

0.50
<

0.25

0.00

Count

® 250
@® 500
@ 750

0.75

0.80

0.85

0.90

Rich Factor

4-7 Wy B R RIS HEF KEGG &%
Figure 4-7 KEGG enrichment of up-regulated differentially expressed genes in leaves
e AFRIRE; BAHHAE.

Note: A. Bar chart; B. Bubble diagram.
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Figure 4-8 KEGG enrichment of down-regulated differentially expressed genes in leaves
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Figure 4-9 GO enrichment of up-regulated differentially expressed genes in roots
e AFRIRE; BAHHAE.

Note: A. Bar chart; B. Bubble diagram.
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Figure 4-10 GO enrichment of down-regulated differentially expressed genes in roots

E: AFEIRE; BARA.

Note: A. Bar chart; B. Bubble diagram.
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Figure 4-11 KEGG enrichment of up-regulated differentially expressed genes in roots

E: AFEIRE; BARA.

Note: A. Bar chart; B. Bubble diagram.
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Figure 4-12 KEGG enrichment of down-regulated differentially expressed genes in roots
e AFRIRE; BAHHAE.

Note: A. Bar chart; B. Bubble diagram.
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Starch and sucrose metabolism
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Figure 4-13 DEGs in pathways related to leaf photosynthesis and carbohydrate metabolism
E: A EER: B SGHEMBREE: C. ek MEERRINEIE; D. MiRH#iE1E: E TCAMEH; F. IRMRAIH2R3R

RUHRAE.

Note: A. Photosynthesis; B. Photosynthetic Carbon Fixation; C. Starch and Sucrose Metabolic Pathways; D. Glycolytic

Pathways; E. TCA Cycle; F. Porphyrin and Chlorophyll Metabolic Pathways.
nlE 4-13B Fion, RRSCHEFAH SIFBA4 JE[RIFRIA B3 1 (Log2FC=11.39), f:ff
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Figure 4-14 DEGs of major carbohydrate metabolic pathways in roots
I A TCATEH; B. WEREf&E: C. IEk MEEREREHER.

Note: A. TCA cycle; B. glycolytic pathway; C. starch and sucrose metabolic pathways.
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Figure 4-15 Source-sink system sugar transport pathways and related DEGs
W A T BEESZAHOC DEGs; B. MR RBEFLISAHOC DEGSs.

Note: A. leaf sugar transport-associated DEGs; B. root sugar transport-associated DEGs.
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4.4.2 RiIGHABIED

4.42.1 RGHIEMSEX I

BT OB (i - R BT 1 (UHPLC-MS/IMS) 4, % Analyst 1.6.3 #fEit
ARSI 5 E BT . FRIEREA (QC) MEABE THE (TIC) &En (K 4-16A),
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Figure 4-16 TIC diagram and ion flow spectrum of multi-substance extraction of cotton QC sample

E: ATICE; B, ZWIFHRIE TRER; C. AR MIEE; D. AR,

Note: A. TICplots; B. lon flow spectra of multi-substance extractions; C. Metabolite integral correction plots; D. Inter-sample

correlation plots.
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Figure 4-17 Differential metabolite classes in transgenic cotton leaf and root
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Note: A. Differential metabolite categories; B. Principal component analysis: Blue dots are QC samples, green dots are
wild-type leaf samples, orange dots are wild-type root samples, purple dots are transgenic leaf samples, pink dots are
transgenic root samples, and the number of each color represents the number of samples; C. Cluster analysis heatmap.
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Figure 4-18 Volcano map of differential metabolites in transgenic cotton leaf and root tissues
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Note: A. Differential metabolite volcano plots in leaves at VIP>1 and | Log2FC | > 1; B. Differential metabolite volcano plots

in roots at VIP>1 and | Log2FC | > 1) (metabolite volcano plots.
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Figure 4-19 KEGG enrichment map of differential metabolites in cotton leaves

Biosynthesis of coumarins |11 4

Biosynthesis of various plant secondary metabolites 4
Tyrosine metabolism -

Biosynthesis of kaempferol aglycones 11 4
Biosynthesis of quercetin aglycones Il 4
Phosphonate and phosphinate metabolism
Terpenoid backbone biosynthesis o
Isoquinoline alkaloid biosynthesis -
Biosynthesis of anthocyanins |4

Folate biosynthesis 4

Biosynthesis of unsaturated fatty acids 4
Cysteine and methionine metabolism o
Pentose phosphate pathway 4

Flavonoid biosynthesis 4

Tryptophan metabolism -

Betalain biosynthesis 4

Anthocyanin biosynthesis -

Fatty acid biosynthesis 4

alpha-Linolenic acid metabolism -

Nicotinate and nicotinamide metabolism 4

P-value

- 1.00

0.75

0.25

0.50 0.75 1.00
Rich Factor

4-20 MRTEMR A Z A KEGG & £ 1E
Figure 4-20 KEGG enrichment map of differential metabolites in cotton roots



B 4B SiFBAERXIRIEE MBI R LNHISH BAFARELRAET
2L Ak i (FDR<0.05), M- 22 AR 2 % 5 T 68 S AR dE %,
HiRl 5 AR B . AR (ko01100, 67.80%); A4 &k (ko01110,
32.20%); ABC ¥iz%H A% (ko02010, 22.03%); MngEftift (ko00240, 11.86%); MM

A (ko00230, 11.86%). ¥ & H 7 e AX U 3 B & 42 T 38 sk % (FDR<0.05),
FEEBEBARE. YIZMARBHRRE (ko01100, 47.48%). XA MIMAEY &R (ko01110,
40.76%). FHEEEYE . (Ko00944, 20.34%) AR 1 & (ko01240, 8.47%) .

4.4.2.4 3R R TL A R4 F PR BHFE

BT AR E BT S (B 4-2D), SIFBA4 i3k 5]kt v HAR R 1 &
AR

A 128548 pmb3079/N-Acetyl-D-glucosamine-1-phosphate _o B 58160 Wafn003182/Glucopyranose-6-Hydroxydecanoate Zmyn000453/Isocitric Acid ~0.00
- s ooyepiukss 3.945  Hmen000192/Sedoheptulose pme2550/Cis-Aconiticacid - -0.05
0728 Wafn003633/1-O-Acetyl 6t -0 3642 pmb3081/Glucaric acid-1-Phosphate mws0275/L-Malic acid ~-0.10
0726 Zmyn000108/D- - Saccharic acid 2.783 pme3163/D-Sedoheptuiose-7-phosphate . 0281/Ci 015
g,igg Zmyn000110/2 Gluoolsamme -1-phosphate -2 ggig Lmqn000432/1-(sn-Glycero-3-phospho)-1D-myo-inositol mws0251/Citric Ackd 020

. ctanoyl i u i pme0534/Gluconic acid mws0192/Succinic acid - -0,
0.348  MWS4305/Erythrose 0.707  Zmpn000199/D-Galactaric acid mws0376/Fumaric acid
ENE bme25201,5- Ankydro-D-ghuclil 0.678  Lmbn000198/3-Dehydro-L-Threonic Acid . ic ach
. alactinol p/ | pme2380/a-Ketoglutaric acid
-0320 MWSmced86/Manninotriose 0.649  pme2529/1,5-Anhydro-D-glucitol MWSmoe875/Arbuti
0445 mws0264/D-Trehalose ) 0.529  Wafn003633/1-O-Acetyl-Glucopyranose-6-Hydroxydecanoate meebrRIAbutn
-0.487  Lmqn000432/1-(sn-Glycero-3-phospho)-1D-myo-inositol 0.507  Zmyn000108/D-Saccharic acid mws1521/Salicin
:8-238 mﬁg;%@é’;ﬂ‘f\% e T ke 0.479  Zmzn000079/D-Erythrose-4-phosphate mws0219/L-Aspartic Acid
-0.708  Zmpn000199/D-Galactaric acid 838? rznn‘qlsr?gggf%)/%g]l:fczgfmine-1- hosphate msOzSHLThreonine
-0.726  Zmzn000079/D-Erythrose-4-phosphate 0377 Y| phosp| pme0014/L-Glutamic acid
-0.741 Lmxn000398/D-Lactose k mws2608/N-Acetyl-D-galactosamine 1e2651/NADP
-0.822 pme0519/D-Sucros 0.374  Zmgn000173/D-Ribose P! D )
-0.823  mws5038/Isomaltulose 0.366  Lmsn000381/D-Maltose 8| pmb2922/Uridine 5'-diphospho-D-glucose
‘8332 mws0866/D-Glucose-8-phosphate gg‘?g ZbLn005207/Sulfatricalysine C
- Albas i MWSmce676/D-Arabinose
'8'8% pmeS70D- Clucoronlo acid 0.341  pme3705/D-Glucoronic acid Zmyn000453/lsocitric Acid 08
=0. mws0344/D-Xylonic acid 0.304 1333/Melibi ) o ~07
-0.923 pme3163/D-Sedoheptuiose-7-phosphate 8 mws1333/Melibiose pme2550/Cis-Aconitic acid g
-0.955  mws1189/D-Galacturonic acid 0.280  Lmxn000398/D-Lactose o -06
-1.004 MWSmce676/D-Arabinose 0.252  mws1080/Galactinol mws0275/L-Malc acid ’
L s e 0.237  mws0437/D-Arabitol mws0281/Citrc Acid 05
i mgn 0088 0.220  pmf0139/D-Galactose e ~04
1.156 pmb3081lG|ucanca0|d1 -Phosphate 0.206  HmIp000229/Dambonitol mws0192/Succinic acid
-1234 Lmsn000381/D-Malt : mip ambonitol o
-}g?g ?mm(())%O%gznmr%sO“m 06220025 mvvssf)oslsl1l%c;r/rlla’l:lul(_)tspI mws0376/Fumaric acid
=1. amn00402/sorbose =0. mce ~Fucitol | 36 ack
~1356 pmi0138D-Mannose o 0209 mws1164/D-Fructose | pme2380/a-Ketoglutaric acd
-1.364 Lmbn000198/3-Dehydro-L-Threonic Acid -0.286 mws2523/Trehalose 6-phosphate MWSmce675/Arbutin
-1.373 mws1164C6/D-Fructose = -
-1.423 pme3313/D-Fructose-6-phosphate 0.303 MWSmce576/L-Glucose mws1521/Salicin
“1471 mws4170/D-Glucose -0.399  pme2134/D-Threitol 1 0219/L-Aspartic Acid
-1.562  mws1090/D-Glucose-1-phosphate -0.416  mws4170/D-Glucose mws| -Aspartic Aci
-;ggg gg{lsorra%ezgg?g-‘?lu‘cosle' . -0.518  Wasn000495/6-O-alpha-L-arabinopyranosyl-D-glucopyranose J0A08Y mws0230/L-Threonine
2813 et i :8:23@ E,;"%’?ggfg“g\::ggé JOH08Y pme00141L-Glutamic acid
R 22 chalose & phosphate =2.4091 ML10171848/D-Arabinono-1,4-lactone F0408N pme2651/NADP
i Hmip000229/Dambonitol [=8i7891 pmb3079/N-Acetyl-D-glucosamine-1-phosphate pmb2922/Uridine 5-diphospho-D-glucose

Log2FC Log2FC

Kl 4-21 7 R 2R 22 5 AR R IO B SR DU B IR A A TCA A HAtAC U
Figure 4-21 Differentially accumulated sugars and other metabolites of glycolysis and TCA cycle in leaves
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Note: A. Leaf sugar metabolites; B. Root sugar metabolites; C. Leaf glycolysis and other metabolites of the TCA cycle; D.

Root glycolysis and other metabolites of the TCA cycle.
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Figure 4-22 Mapping of gene expression and metabolic regulatory mechanisms associated with sugar
metabolism in SiFBA4 transgenic cotton leaves
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Note: Italicized text denotes genes, whereas non-italicized text represents intermediates. The red font signifies increased

expression levels, the green font indicates decreased expression levels, and the blue font denotes both increased and

decreased expression levels.
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Figure 4-23 Mapping of gene expression related to light response and the mechanism of metabolic
regulation in SiFBA4 transgenic cotton leaves
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Note: Italicized text denotes genes, whereas non-italicized text represents intermediates. The red font signifies increased
expression levels, the green font indicates decreased expression levels, and the blue font denotes both increased and

decreased expression levels.
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Figure 4-24 General figure of SiFBA4 transgenic cotton root regulatory mechanism
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Note: Italicized text denotes genes, whereas non-italicized text represents intermediates. The red font signifies increased
expression levels, the green font indicates decreased expression levels, and the blue font denotes both increased and
decreased expression levels.
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Figure 4-26 Diagram of the regulatory mechanism of SiFBA4 transgenic cotton
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SN e (e HERRAEAE B A B AR 70 T AL, JFRIE T SIFBA4 B IMRTE A
AN B R A A I AR A

5.1 Z5i8

(1) LA SiFBA4 LR FR AL FNET AE RUARAE R15 AR, 3 M it 6 &1 A < 1)
AT, RILLRIE SIFBA4 BEIFIEIEE Al R B & T WT. BRI m
2R 2 B B AR R SCE IR FBA A FBP (3 1 R I H A =K 1 . R Id Rk SiFBA4
BL R B % 8 3 1 1 R R SCUR A 5 PR 12 =i AL BB R0R

(2) 43 H SIFBA4 % BRI AR AL AN ST A BUAEIE R15 fE W7 25 BAFNES B & 2R A0
AR, @R EIR, SiIFBA4 FERRAEE & A KR B G AR R m A=, &
SEHLZAEYENR RET WT, RZMRIEREE T WT. 3RS
Rigm, AU TREREZAEYE, NN RS E .

(3) B R AT R, WS FET, 76 SiIFBA4 SR MIER T, KR
PEIR AT Rk, BY5R 1T R/RSCIEINEZE . 6 B PSIAN PSITH 4 fith 2 1 Jog WV ik
FIF2R 2 alb Sefili IR 2 AL 1) JE R i R0k, S8R ARAE Fr 16 e L AL AR FH AR,
2R 2 S N, 350 T AR IOGRENRE ). BER ISR 2R FBP. PFK Al
PK %5 FRZik, (2 AR AN I 208 & SOl FR R R i Ik, BuE TCA &3, =
4= NADH & JR T, R =PiER a stz i NFEgs B b, SE F L & & 2l
A, REFERWED SR, WRBENZ . R SIFBA4 LK 3 Bl it 52 mig 1
A AN IR B RS2 30, (R ERS AE A P & A0 7= 2 T Al

(4) JEIT LB W B R AE AN WT Z [ 7= I R, R 0L JE R A A 1 it
FARRAR A H R R SRR A B R L T AR B P AR B s (HE, R4 T L
BT RN, AR A AR R BN, A4 MR IEC. S5RK 0], SiFBA4
FepREE G AR BE R AL P BT A, S EURAE AT 4 i o PRI
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i bprik, fEfRfEhIdRIE SIFBA4 BN, REMS I RARAEC S I RCR, JREE N
CURT B R REROREREROR, (REERRAE AR R R P, SEIL T RRAE DRk
Pl s AR G

5.2 BT

(D BHIRRIIEE SIFBA4 JERI N A THRAE R15 fh & IRAL R, R AE = 6L
BRRAE 7B AR S
() W47 1 SIFBAA TBRL 2 'C & 1F I ATEACHS 28 R TH AR AL B X A B LA o

5.3 REE

AR SiIFBA4 FEIERI AT AT S R, xRS 7 £ 5
ST, VPR T I3 3RIE SiIFBA4 B [H Re e (e gt i L A W Al BA= R IEIALE], 2R
A — R F ) 1] 8 75 ZER AR T A FT

(1) 7EBHATHRAE G, BATTRIUAS R A MR e B /R R AR, 7 BA R A
T4 ) 05 32 B 2R B B A e T — I — o R R I — Lo B () RSG5 47 U T R 2 IR D9 Tl g
MHGHEEKEER, & 7O EE, WNmARIE TR EPRER. X—I 572
— DR ARG B 1 41 55 2 Pl 22 BOR A A S2 56 T BO A T 38 1E 0 4T

(2) SiFBA4 FE R Fif AL In T2 Ah ) AR BRKSF B3R B HBARIR Y 321, AT 78 it #%
SEULAN T2 SR R AU ZH 43 AT, A JEE DR A6 H A L 17 e o7 AR s P A 140 22 DR ARG I 4 I
(P25 3RIK, R BN FE R AR AT (R IR e AL B, A AR B AN 2 1 /K~ 1
ZE R — L IRAE SiIFBAA FERE 5 B A T 3 FRIR A 52 11, 5 e R HAR IR 52 ML
ML,

(3) 2 HEY)HIE FBA JE K SO AEAE Y I A2 K R B AR ik v 8 T & 4% AR B 1)
TEH, HEEMRIEH MARBIERZS BEA AR IIEE. Malgorzata Ciesla Z542 H B B)
FBAL 5 RNA R A& BTG [ 5 (4% 120, 3F H B B:E ) T2 X katG A rpoA 5 53%
P, 23 9t EL S B A RNA 58S I L1227 (B AR Soamid #5320 B0 0 b oK R IR
5 SiFBA4 J:RIfEAE HAE R RINEER, FrAn] BUKE FBAs 8 [RIAE Ry — AN A8 1A 45 A ik
ITIRANIBETE, KILFFAT — L3 A 7 2 e .
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(4) FEBEAT AL ATIN, R P AR R R I R PR R A & B n, Sk izt
YT JLF- B BT, AN E 2 AR T R BRI T RE, JCIRR kAT
WA IS B, 753t — D02 AT DB AN 20 T HLEL R .
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PR

Bk ATRIEIESREEC S

72 A-1 At MS B9 77
Table A-1 Cotton MS medium formulation

D% &) BRI (9/L)  Eaifid BHERAE (mL/L
CaCl, 6.6
KNO; 38
KETTE KH,PO, 3.4 10 100
NH4NO; 33
MgSO47H,0 7.4
MnSO44H,0 10
ZnS0, 7H,0 2
HsBO; 3
WMEICER KI 0.75 100 1
Na,Mo00O,-2H,0 0.25
CuSO45H,0 0.025
CoCly6H,0 0.025
sk FeSO, 2.78 100 0
Na,EDTA 3.73
JULEE 10
VB, 0.1
AL 100 10
VB, 0.1
VBs 0.1

VE: KHEEE IR 12MS R9idk, LR g, £ MS B33P 2,4-D 0.05 mg/L +IAA 0.05 mg/L +KT
0.1 mg/L; Hitk @il S srEs: MS BEgs i 2,4-D 0.05 mg/L +KT 0.1 mg/L +Kan 50 mg/L +Tm 100 mg/L +Cb
200 mg/L; ZrALIEIRAE: MS FFRIEM 1.9 o/L MAHRREH: MOIRIR S SEIRIE: MS B3R AR K& 0 3R RN BT
BN 1.9 o/L BIRSFREHAN 1 g/ L M 2 EfE A 0.5 o/ L IR I & Bk .
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[Mi3% B. SDS-PAGE 9 EERFIIRHERR

# B-1 SDS-PAGE 77 &5 J 2H i i 7
Table B-1 Components of separation gels by SDS-PAGE

s I3 B R
el
8% 10%  12%  15%  18% 20%
H,O (mL) 4.63 4 3.3 2.3 1.3 0.63
30% W% (29: 1) (mL) 2.67 3.3 4 5 6 6.67
1.5M Tris-HCI(pH 8.8) (mL) 2.5 2.5 2.5 2.5 2.5 2.5
10%SDS (mL) 0.1 0.1 0.1 0.1 0.1 0.1
i RE: AP (mL) 0.1 0.1 0.1 0.1 0.1 0.1
TEMED (pL) 5 5 5 5 5 5
SR (mLD 10
% B-2 SDS-PAGE 4 IR 41 ik 43
Table B-2 Composition of concentrated gels by SDS-PAGE

T WA (5%)
H,O (mL) 2 3 4 6
30% N MAlERZ (29:1) (mL) 0.5 0.75 1 1.5
1M TRIS-HCI(pH 6.8) (mL) 0.5 0.75 1 1.5
10%SDS (uL) 40 60 80 120
AR5 AP (ul) 30 45 60 90
TEMED (pL) 4 6 8 12
SR (mL) 3 4.5 6 9
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B3R DAERBNF RS E

D.1 # R EFER

D.1.1 RNA 12 S#&)

FYIREA K CFEDTIEEA CTAB-PBIOZOL #HATHEEL, ZhWIFEARK ] Trizol Lt
ﬁ?—%ﬁx FEEUR NS I RNA I 50 pl DEPC b B i 7K VA A o BLF 14 1 Qubit ¢t
= AXAT Qsepd00 Eil =AY A B BT AT &8 RNA T4 il g

D.1.2 XEMESRE

(1) FIHERZAEY RIS mRNA #75 A polyA RIS HRHE, @il Oligo (dT)
WEER & 477 A polyA I mRNA;

(2) H4i0)E 1 mRNA TEE 90 5N R BR iR /s Fr B

(3) A HBENLAN T A 51 W I e s A L — B cDNA;

(4) G e85k cONA CBERERMESCEE: —HEA R, 8T dUTP AAE dTTP, f#
cDNA BN dUTP, TIAINEMH K EIRE DNA REBEICIEY 1G5 JREIE I
DNA iR, sScBEERe e, FIR e, RinfEZF dA-Tailing;

(5) ATk ER: (Adapter Ligation), #5885 3E4T DNA RIER 4L AL F
Bk, 3R15 250~350 bp K48 N F B SCEE

(6) IEHWidtAT PCR ¥738, F kA H DNA BEERAifLy 147241, F Nuclear
Free Water ¥4 fi#t =4

(7) CEFEMETERSS, JaffH Qubit 26 e EAGEHATIR R, b5 H Qsep400
ﬁL%i%H‘& SIATBCHAT i BOR/MGI, S5 Q-PCR J7 V% SCEE IR R i
1T UERf 2

D.1.3 E#HLF

PERT A I, AN A SO IR 0K FE 2 B bR M HLEOE &5 K pooling J& 4T
MMumina /77, F£77 42 150 bp Be A AR S 15225 - I 7 1) B 4N I 2 2 32 1320 > ( Sequencing
by Synthesis). 7EMllFF 1) flow cell HAIADYF 2 EARICH] ANTP. DNA AL A 423k
SIYATY 3G, R8NP AR A FANEE R, BRI — MO AR I ANTP sl BERE

132



(iES BAFRFHELTFMIR

JRCE AR R (K520, I PP GBI IR 5 5, IR TSNV e s 5 H A o8I
e, AT ER A A B R FP B15 1

D.2 BiE Tt

D.2.1 HIFEFRIT

it ] fastp X JRAGHHEAT 19, B B L BR %k (adapter) (] reads: *4E— Il reads
HN & B 1% reads BRIEELH) 10%0), JiBR1UL pairedreads; 4{E—Jll/F reads Hh & A
AR5 (Q<20) Bl A K 1 1% 2% reads B H ) 50%0 , 2Bkt paired reads. J& 2
3 AT 12T clean reads,

D.2.2 F5Ite 312 & % E[F A

MIEE Wk b 3025 B AL R RS, (] HISAT M2 51, JF45 clean reads
VSR VS

D.2.3 #e KA TN

] StringTie #E4THr &R TR, StringTie N RN 2% 37t 50325 A0 A 326 ) A Sk 2H 2 (de
novo) R PHERE A, 55 Cufflinks Z5 8 EL, StringTie BEWE Pz H TE 52 82, TR
R, PHERE T,

D.2.4 EERIEKFEE=

i featureCounts X 3 [Kl LU XS T U 3EATHE, SRR PR FE R K T H AL A 1Y
FPKM. FPKM & H 8 ¢ F Al v 38 R Rk K P 1 7 v

D.25 EZH% DR

i DESeq2 AT WAL 18] 1) 22 3R 1A 534, 8 H Benjamini & Hochberg 757245 1E
P 1. #IEJGH) P A LAK| Log2FC | > 1 1F i35 22 5 04 1 R .

D.2.6 EFERE&E T

BT A I3 T B 00T, T KEGG, LA pathway A7 34748 J 1A 2 A ke
I X GO, NZETF GO term #H1T .
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D.2.7 EFAILH YIS

£ rMATS M1 el BB 4, FEAHE SE. RI. MXE. A5SS. A3SS FLfr] 4%
B AE,

D.2.8 SNP 43#f
i GATK #H4T28 A7 43 Hr,  FFH] annovar X 48 47 s ATV ERE
D29 EFEFEBEES

72 R EER B A EAE S AT S A AT A B R - B A BAE AR A ) STRING
Bl i o o T2 B A AE B, JAT I8 I ANECHE 2 b SR H AR DR 51 R AL N 25
TN, A blastx K HARZE R FP 41 5k #2285 A 7 ST LUXS, SRR IRIE T 2 2%
P i C R B P L R 2%

D.2.10 GSEA

fd H gsea AT H PRI G w E0#r

D.2.11IWGCNA

5 FH} WGCNA BEAT AU R 3L R aA 45 43 H7 o
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Bk EAREBFNF RS E

E.1 R EmSIF

*® E-1 brifE i AalinE S

Table E-1 Information on standards and reagents

T 2 pir L

HA i thkal Merck
i ik ag Merck
H IR o al Aladdin

E.2 HRIZEURTZ
E.2.1 FHEi2EL

D AYFERCE T THL (Scientz-100F) H 25 A4 T8

2) FIFBFEE(C (MM 400, Retsch) #F% (30 Hz, 1.5min) ZEMAIR;

3) FIHHFRF (MS105DM) FREX 50mg FEAK A, JHIA 1,200 uL, -20°CTiA K
70% 7K P AR FEBUR (R 2 50 mg 445 50 mg FEASIIN 1,200 pL HEEG I LB ;

4) & 30 min JwlE—k, FEIXFFS:30s, iR 6 K

5) B0 (B%3# 12,000 rpm, 3 min) 5, WE EE, ATALEERE (0.22 pm pore size)
A YERESL, FEORAETERET, BT UPLC-MS/IMS 7317 .

E.2.2 BIERIERESMY

B RENR ARG F EQH B & WA G % (Ultra Performance  Liquid
Chromatography, UPLC) (ExionLC™ AD, https://sciex.com.cn/) Al & B i i ( Tandem mass
spectrometry, MS/MS).

E.2.2.1 JRAH &M

1) ifFE: Agilent SB-C18 1.8 pm, 2.1 mm>100 mm;

2) WBhAH: AMNEAK O 0.1%HFER), B ALK (A 0.1%H FED);

3) PEBiEEEE: 0.00 min B AHELHI Y 5%, 9.00 min P B AH LI £ LI N E) 95%, If
YEFFTE 95% 1 min, 10.00~11.10 min, B #H LM% N 5%, LA 5% F-f 4 14 min;
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4) ik 0.35 mLmin™; HR 40C; #HFEE 2 ul.

E.2.2.2 Jiii 5 A

H M 55 B9 T-J5 (Electrospray ionization, ESI) J5& 550 C; & 7Bi % HE (1S) 5,500
V GEETFHRD /-4500 V (RESFRIAD: BEFIRESE 1 (GSD, Sk 11 (GSID S
i< (CUR) 435I #E 4 50, 60 A1 25 psi, %S HESHLE NE. QQQ HHifE
H MRM #0, FEihiE g (RS WEATEE. @l — P %% % (Declustering
potential, DP) FlIfli##KE (Collision energy, CE) fitk, T2 T % MRM & 1%} DP
FCE. MR BRI HA PN B e A, 7R BRI A I I — R 2 1) MRM & 74 .

E.2.3 #HEFALIE

FERTAAU R AR b, BRI AT (YD S IMER) 15 XFERRAE AT IH
78, WIETHE QCHEA CVE, fRE CVE/NT 0.5 V15 B 2 8k -

E.3 BiRGERITL

E3.1 KiBHIEMEEDHT

SET AR AE 5, R Analyst 1.6.3 AbH RIS HE, WREA QAT
T FAEE T B . 8 = E DU GOR GG PR A RFE S, AR % T ERAS
FHIESS {5 550 (CPS) , A MultiQuant #AFFT FFAEAR T UL SO, HEAT (ilkig
IR IR IE AR, AR AR (Area) A% IV B AR & &, &5 3
FITA tho i e T AR 73 Bt R A

N T LR T A I 2 AR Y T BRI EE A A REAR i o S 2, IRE
AR O B I ] 5 0 R (R A5 5, BRSPS D AE AN [RIRE A mPke it 0 7 € i e g AT 2 IE
LURA DR 2 T R B A HEf o

AR B A AR A, AR SRR A P 0 35 A 028801 S LE B AS [
seAh, FEAFR A AV R T, AL Rt 2 R AR oA . 8 I A 4 R L B
oM, DA 128 SRR A A () 2 B 0 AT O
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E.3.2 HARBHE T

JRAEREA (QC) HIREAIRIUYIR G Hl 1M, M T oA FEALEAN R AL B 5 95R
MESE. EXER TR ES, —&&E 10 Ml HrFEA R A — A AR, DL
A AR R A

E.3.3 x5t (PCA)

E.3.3.1 S FEA T i s 73 i

I XFEA CRAEERE D AT 2RS4, DMEVRD T & A AR A Sk
R 2 RN I REAS 2 8] A8 S B K/ e PCA 5 R BoR &2 2 IRt 4 o B a3,
PORFE AN AR B AEE R

E.3.3.2 Elisr AR RS R Al
LT REMREAA I 2 0 B U, GBI EIRE ) PCA BRALXT QC MEASEEAT M4,
RABAC AR T RE -

E.3.4 BENHT

R X5 KA UV Cunit variance scaling) 4bFF (EARTFE AR M) , @
i R AF Complex Heatmap L2zl 34K, xR PI7EAS R REAS 8] AR 248 30k T 2 IR
259341 (Hierarchical Cluster Analysis, HCA) .

E.3.5 EE XML

T I S 2 B A D A i mT DA R 20 N RE b < TR AE ) B R . [ 40 9 R o
AR 6T H [a) A S A R R S, SR ZE AR R T &R . OB R RIS R r
(Pearson’s Correlation Coefficient) {E A4 : B E AR PEAL R R . FRIEAH R R EL
FIFH RN E cor BRECTHE, | v [BREEUT 1, 10 B 25 2R i A 0 1 B o
E4 BIRE R
E.4.1 EERD T

FEMZE ST HTRT, 18 Jo Xt BEAT 22 5 LURE I 70 AL RE b EAT B oo i, W2 5 0
2 [ AH AR Z TR A 53 RN
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E.4.2 IEXXmeE/N L5547 (OPLS-DA)

ER /N ek A 508 (OPLS-DA) 454 T IEAX 5 5% 1E (OSC) #1 PLS-DA
T, Bemsk X FEFEE B RRS Y MRS RE R, @i LA IRm %
SR EF A E ., OPLS-DA 7EJRGEHEIAT log2 F¥tfs, AT O,

E.4.3 OPLS-DA #= 818 iF

OPLS-DA JEM LS () Tl 2406 R2X, R2Y f1Q%, Hiht R2X I R2Y 4 MR i
BRI X A Y FE PR R, Q? TR R TG 1, X =AMEAREEEE T 1 EoR
BB FE E AT AR, Q%>0.5 AT ARA AR, Q%>0.9 Iy (A R 7Y

E44 RIFVEEERIDNH

9T EA L ELOLIO R B I R B, A LA o R AT % 5 i A
(Fold Change, FC) MHItSt, T2 IR FC A/ AR KR, it
Wy RSN A A, X E ATV 10 MR AIHEAT FRIE

E.4.5 ZF R HTHIE

R HFZHAREE “mdE. BE” RS, HILFES SR EER IS
BT, IFRE SRR N2 M AT, IR A HER AR 22 R AR . R
G T TR K (Hypothesis testing) #12 54% % (Fold Change, FC)
N AR EGTT T T VAL EE 3 44 (Principal Component Analysis, PCA) . IE
A2 A B /s 3 #1543 B (Orthogonal Partial Least Squares-Discriminant Analysis,
OPLS-DA) %5, %tT- OPLS-DA #iM (A:¥)22 8 5 >3) 15 8|48 HZ LR (Variable
Importance in Projection, VIP) , W LAY 0716 th AN [F] b b B2 23 1) 2 e AU A - (RIS
LGS AR B T ) P-value/FDR (EW)¥EE>2) B3 FC {H kit — ik 2 =
K. AIH 2 FAE Y IR br it

LEHL VIP>1 (AR . VIP A 750 AR A ) 4L 17) 22 S AE B rh - AR AR 7 26
PRI R B, — RO VIP>1 ARSI N 2 57 B2

2.3 ] fold change>2 il fold change<0.5 FIARHH . ACUBPILE XS REZH AN S 56 2H rh 72
N2 f5LL EEL05 BLR, MHAAHZEREZE.
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E.4.5.1 2R AQHYIAR S E i

ANRAREIP Z 18] B AT B[R BREL 7 5< &, AR S 20 A ml LAFRS Bl e 0 = 17 22 e AR
W2 1B AR 2 UIFE RS (Metabolic Proximities) , A FIF ik T BADIRE RS 2
AR ) (AR LR T 50 R o JE I B AR AH G 43 BT 7712 55 42 M 0 o o v 68 7 15 3 19
7= AT MR BT o

E.4.5.2 K-Means 73 #f7

N T AR AEAS [R] 3 2 B ARG & AR S, g A B AR IR R A bR
X B 15 3 43 22 AR VI IR AE X5 8 75 4T UV (Unit variance scaling) 4bFE, B J5 i#E4T
K ¥ (K-Means) E30#7.

E.4.5.3 % 3R KEGG Al MetMap Ihfig i £ M & &0 Hr

KEGG (Kyoto Encyclopedia of Genes and Genomes) i 5 B T-0F 78 & H0FE A
FIAE B U AR & EAE N — DR S AT 7. AF A 5% Pathway 19 3= A 354
WP, KEGG At 4 Rha% (Pathway) i, HIERKILEY. MR . &It
IR 45 AU S MU AE A, AR ML T B AT RE AR &4, T BN 8
RBLBEREAT T A M, BE A AR PDB RS SE, T AR
AR BT« AU B 7T s ) T A

E.4.5.4 K iEH4THEEEFE

U AR AT AR, eSS @ B . A KEGG 2 5 Al MetMap %4
JER A AT RS

E.4.55 =70 E Lot

WRYE 2 A LR, BT E £ 08T, Hb Rich Factor JyXf M i 22 574X
A2 S 2o B R B AR S B LU, 2R R R E RO . P-value
o LT p e, B LA BT SR PR
RO

= G

Horr, NARREFAR T B KEGG B MetMap vER ARSI R, n RN
Z AR ECE, M ARG N Hh3E KEGG 5t MetMap il 2 A P8R, m AR M
K KEGG B MetMap i i#% () 72 A Y 8 . P-value BZiE T 0, FonEEMEE. K
R R/ IMRER B A B RE b B 272 e 5 A 2

P=1

139



EE®N

SRS, Tk, AT 1995 4 04 H, FETTHIN . 2018 fFEEM TR P E B 5 2E )
FAR S B AM) THRE T, IR T2 %440, 2018 4F 9 HEAEA T KA T 55+
R3], 2020 SF 9 F MR SRR A ] RS an Rk e B Aok TRERAL A2 2

EFHEFEESERNPRIE

1. TG COLDL 5 GPAL HAEZ HKIRMME N Z o FHURI A 7L . B 2K 3 SRR 222
S X BFEETH, 2021 4.

2. RINFE sikFBA PR3 mp eI & AR BRI B 7T . S B R T R E
2023 .

2

TR R RIS E

1. Zexing Zhang, Hongliang Xin, Tiangi Jiao, Zhenhai Zhang, Ping He, Zhihui Yang, Jianbo
Zhu, Ruina Liu. (2024)How photosynthetic performance impacts agricultural productivity in
hybrid cotton offspring. Heliyon. (Q1,*&}3[X)

2. Liu R, Jiao T, Zhang Z, Yao Z, Li Z, Wang S, Xin H, Li Y, Wang A, Zhu J. Ectopic
Expression of the Allium cepa 1-SST Gene in Cotton Improves Drought Tolerance and Yield
Under Drought Stress in the Field. Front Plant Sci. (3t[&—1F)

3. Zhang, L., Guo, X., Zhang, Z., Wang, A., & Zhu, J. (2020). Cold-regulated gene
lecor413pm2 confers cold stress tolerance in tomato plants. Gene. (Ft:[F]—1F)

4. Hongliang Xin 1, Qiangin Li 1, Saisai Wang, Zexing Zhang, Xiaoyan Wu, Ruina Liu,
Jianbo Zhu, Jin Li. (2023) Saussurea involucrata PIP2;4 improves growth and drought
tolerance in Nicotiana tabacum by increasing stomatal density and sensitivity. Plant Science.

(25)

5. RO/, FROLRE, LI, kR, TIEEE, R/ & XIEHEE. (2024) HE{EPLATZ
RERZFIEN S50 4 FHEMEFL-18. (35)

6. FERRA, TFRFE, HKIEA. (2024). i HUARNTLEE SN 74 LR 20 % e S LA R A=
B TRRREST. T HEMEM. (Z5)

140



AFFAFELMREFANLT
SRR

FRAHS kif 2 %4 45
+ 3 Rk TA2 REFHE | RkAHTEERRL
A
F KifiE:

ZVe SCRI M AR AT S B H AR R RV TE SiFBA4 HEIR 4 ERE
Hotg RIS ZEEAL, FREd AR, RE. HFMRPRALG I, VIEERE
BARTERD BB EFR N . S5 RRE, SiFBA4 ZEIR AT LI 58 R /R SLIEEE
REFENRNARERZE, REEGHE. Il iz ERkE
AZE, RS INREIENDTC, BEFREMENERNFLZ T,
KT AIRTR T SiFBA4 2R R /R AR EMTEE KR H K8 ERL o
Wt E R TR a2 A IR IR KR .
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