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Abstract: Citrus is one of the most economically important fruit crops worldwide, with a global annual output exceeding 150 million tons.
Juice sac cells, the major edible portion of citrus fruit, are highly specialized parenchyma cells that undergo dramatic developmental changes
during fruit ripening, directly determining fruit texture, flavor, nutritional content, and postharvest storability. However, traditional bulk
RNA sequencing (bulk RNA—seq) averages the transcriptomic signals of heterogeneous cell populations, masking the cellular diversity and
dynamic regulatory mechanisms underlying juice sac development and ripening. In this study, we employed high—throughput single—cell
RNA sequencing (scRINA—seq) to systematically profile the transcriptomes of juice sac cells isolated from citrus fruit (Citrus unshiu Marc. cv.
Miyagawa wase) at four key ripening stages: green ripe stage (90 days after anthesis, DAA), color breaking stage (120 DAA), full ripe stage
(150 DAA), and senescent stage (180 DAA). A total of 28,642 high—quality single cells were captured, and unsupervised clustering analysis
identified 8 distinct cell clusters with unique gene expression signatures. These clusters were annotated as meristem—like precursor cells, early

expansion cells, vacuole—developing cells, sugar—accumulating cells, organic acid—metabolizing cells, cell wall-modifying cells, mature
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functional cells, and senescent/shriveled cells, based on the expression of known marker genes and functional enrichment analysis. Pseudotime

No.1 2025 ( Vol.001)

trajectory analysis using Monocle 3 and PAGA algorithms reconstructed the continuous developmental process of juice sac cells, revealing a
linear primary trajectory (precursor cells = early expansion cells = vacuole—developing cells = mature functional cells) and two secondary

branches (sugar—accumulating branch and organic acid—metabolizing branch), which are closely associated with fruit quality

formation.Differential gene expression analysis between different cell clusters and ripening stages identified 12,458 differentially expressed
genes (DEGs), which were significantly enriched in pathways related to cell expansion, sugar transport and metabolism, organic acid
degradation, cell wall modification, carotenoid biosynthesis, and hormone signal transduction. Gene regulatory network (GRN) analysis using
SCENIC and WGCNA algorithms identified 12 hub transcription factors (TFs), including CsMYB77, CsNACO083, CsWRKY42, CsbZIP1,
and CsAP2/ERF19, which play core roles in regulating juice sac cell development and ripening. Functional validation of three key candidate
genes (CsMYB77, CsNACO083, and CsSSWEET16) was performed using transient overexpression and CRISPR/Cas9—mediated gene editing.
The results showed that overexpression of CsMYB77 significantly promoted cell expansion and soluble sugar accumulation,
CRISPR/Cas9—edited CsNACO083 lines exhibited delayed ripening and thicker cell walls, and silencing of CsSSWEET16 dramatically reduced
sucrose content in juice sac cells. This study provides the first comprehensive single—cell transcriptomic landscape of citrus juice sac cells,
systematically elucidates the heterogeneous developmental trajectory and molecular regulatory mechanisms during fruit ripening, and offers
valuable genetic resources and theoretical basis for the genetic improvement of citrus fruit quality.
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SE L I 1 25 PR £ 2R S i 7

-016-

AR SRAWTIE , KBS [R) 4 S TR S A e
IAFTE B35 22 5, VN B2 A LR A 48 2 o = Sk 114
M N5 R RURR S T T L 20 L S e 1 300 R A
KRB AR A 15 R BR300 B B AR A SREALAT S R, s 1 Eh
TN TEI 200 AL g B PR SRR A, W T AR A R AR e R
FRIp 3L W 7 P B S BEEAE FH 5 e R e ARG P ) 240 A
BRI, S TR G R R A A A0 2R
RUMBER , A bUIRIR A A TR

TEMAE 8% B K AR AT & A2 7 T, seRNA=seq iR &
T EEAEM . lan, IR I ONAR A AR Y SN e S 2R T
e, a7 RGE A0 o A RN AL R, S
H TR e A R S BERIAE L IR s KRS AE 24 TC 7 A A= 1 B4
JLG SRR, AT 1 RRETC ¥ DSRS0 3 AL By
R B ISRE, B TR A A R rp A S DR Ak A R 5
PRSI METC 5 % & A B e SRAA I T, M0 T fE
e AR R 4 A A B R S PR R, R T MERC 14
KH BV o

HAT, H4scRNA-seqfi AR A& ARG —2e Pk ik . O
J A AT s MERE R A AN RAT AR A A RE, T
A AV A 2 B AN M BE AR AR I A B, MU TRIARA . A
[ B A R 22 R, BMWHS P E S 20 B
% BRFRAENRETY, 55 FBURA TR, HE
Rk, SEIE B () NS PRI e R A . A
Yrani s BEGEAL, RS D, mRNAS AR, SE0
Jp o A el ARG S5 F B R R A R38 , HLIE AR A il 2%
WP G 2 B MG, SRR S R A,
WA SER AR AR . O AU RN RER . A AR
RS2, HEkZm A Ebric RN, RIEY . ARIRAH
LR AR IO HE P 22 A, B S B B A,
s B YR B MRS IR A REVERR TR D #L
o HTid At : seRNA-seq Uil HA R 4B L | Mg | Mtk
SRR, BT E LA E B TR, H
NI SEEF- 5 AR A TE 22 57, BB SRR RO

N T SENGXEEPR AL, BFFEN A AR Y scRNA-seq
PR © oA Bkl & iide , kil & A FEY) |
AN HA BB Z, BINPTAAALT 2 I  5) S5 )
B, WA, S AR BUATE s @ R
FH P40 M B W ¥ ( single—nucleus RNA  sequencing,
snRNA-seq ) R, Toi il & AR U, B B AR A% ot
AT, sl e e i 0 Xk 200 ML SREL RS2, 2 HOR 7
ARBALHL . WAL CINZ AR, MERA ) ol
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YN @ FFRBEYE B THMBY, iSeurat |
Scanpy. Monocle, SCENICS, #&E4iiRIE. Haksrr .
SE PR I 26 A A I MER PR AR s @ s A A bR i
SEREAR I, BAEANFRY . AR LS00 40 bR ek A
B, AR RS

FEMAERETE T, scRNA-seq i A 1Y B FH A Ak 62 46 B
B, BHR{CH R THAGR . i 58 IR 3 E iy B4
W SR ITARAE , 0 A A R A SR S L 4 L 1 B 4 L T )5
WHIT o A B 580 D8 A A AR T it 200 B i) A R 4 ) 4
scRNA-seq I F7 S Fe , #4 AL V1 2 R 1 P 200 R 2 Sy 21 1]
T, HURM A SRS BN MRS (A 1, A SR SR B R
BRI S SR AT AR B AR AR IR -
1.2.3 BUABIFE AR T At 20 A S T (TR

AT T R 2 L S T P 2 R A S ST & B Bl ) o
fiE, R m S i — SO OCHE R . B, E Ak
Yo RAG T L2005 B M PRI 9T R B R RIS 2 A e
MY R, (ARFRE R, WAL RS AT
FERZR, KT 40RO (T B . R B . A
PR ABE TR A

PGS 2, IR 2 W E R I, MG T A2
LR FIEAS A R, AR a2 8] s Bt . i,
[R50 N i i vl o o 1 A N N | 2 VNN
Fe5t s RPN IRAN AR . TR . R
1R, TSR SE TR AR ER 4 T AN A AR RN | TEASASHI
WAL VT b, SMZ IR . HES R
WZAIIIRRREK . HESIHAS . HAh, FERSC R R,
T AN T S AR A A AR e S S . AT, T
AR B S RDY , AR, WRARFRE/N; B
Hl L A PGE YR, BRI K, AARRE AR L
e, ARG B, VRO o A0 0 A 2 DR 43 T
TR AT b IR AR . MK ISR

FEA 2R, WRGE N G R BURAG T e 200 i 2 2R
R SR A S . AERERR R, AR AOR
R B AT MO 20 M, CT S PR A HLRR & AP A 25 5%
SRS PR A T R 4 A AT A P A L A LR S AR
WEIR LA, UBRAEAS 5 T SR S IO ARG 1 7 e 40 g ]
VEVERE S RN . AR O R, BEIR LR, XURAL
2o UEAh, BBt A An i, e R i e R AR
R AT 2S5, 00 20 M AR SR RN e A o e
B R, T o0 A0 MR AR SR R R e P A, e
Wi TERGVGVE T, MNP SRR . AN

AHEEEE (QNSPS, SS. INV, PG, PMEZ ) WiGHEAFTEZS
)RS PP S b, SRR 1 4 25 5 80T T A &
FSCAR N 225 . EORGITHE, T b2
NI A BRI RAETE b, S AN S N R
B, BUEBIR, M4 e bR SRR, g6
Bk, FECRTRABEARLYS,

e FAEYE R, BUAD Y EEE RN 2458 . e
PER LU AR, WA R T A A T M 20 i b 43 3
) X e S e A A, (R I T R A A ) o
P BN, WFEZE AR (ANCsTST . CsSWEET ., CsMST )
TENIAR T B A0 b 52 Xl 5 1 3658, CsSWEET16JE [
BAR TN Z i b ik, ST RN B O IE e, T
CsTST2AE R FZAE TSN Z A 3235, S 50 I HEpE Y
FHE; A FHEIEN (WCsV-ATPase, CsV-PPase ) 7E7T
oA SRR A, MRS 0 & B IREEY)
FHIE s ABAME 738 FEAH G HER (WCsPYL4, CsSnRK2.6 .
CsABF2 ) 7EVT MUl i FIAATE 25 7, o A rp ik 2
HEIR B RO, X ABA B i 1 B URR st A
B, AN, HEAE R, ARFERFRAL AT AL
LA I R R IRKOP AR 22 5, i — DR T i g
JLI o3-S B

S IR B 9 % R AR T B A i S SR T 2 A
W, AP B A . O AR KR TAR
YIRS XS A BEAT , TT Ik S BB 4 M AT (98
SYAT, TCE B T AN Y BRSSP RRAE s @ X
THHAN A S T AT LRI IEAN 2, 1 AR B s A R 2
ASETRI | 0 I TR0 R A P A5 X T 200 S S )
@ XTI & B LR Mariz doE MR R R B =, Tk
WA A [ 2R 200 7 B 200 ) Ak B AR R s A s @ = R
ES I Y TSy N w290 2 N [ B U1 b o 04 1 R R (R
PUNALEES . FIE, R H HseRNA—seqfi A, 7E B4
IRV b 22 G A AT A A L 200 L %) S5 B PR AR RN R B
FANA BT 1925 H o
1.3 REWERE
1.3.1 A5 HIY

A G X BRAG B A R 5 I 5T v 22 W A i S B
PR VT AN MR B LIS B S )8, DL R A (IR
WA SRR AR, R S AR RNAD PR, 4
BAE B2 MR TV S8, RIS
G AR T A A S T Ll A g, B S H
B
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VAL EERHAR SR SN TR A B (Rl el | 52
Wi W) VT ML B M SR R, SRS A
LK L A BE PR TR A0, A VST I AT A (4 AR ] 2K 78
HENT A M S R T A AR ICR R, AN R 20 2
R D RERFAE o

2 ) FHAUARS ] 43 BT A3 , EEARDARH A 1 L 4 A i) A2
PEFRGE, AR RRIRES CRTARZIM ) 2] i
RAE (AR ) bR, S8 R Bk iy ¢
SRR SR S, HE R T A AL i s DR B

3.0 AN ) 4 i 2 L 2 () S ] B A B B = ] ) 2 7 3=
R, X 22 R R IR LR I T DI Re I R B AR AT, BH A
ZRFHRERNS S5 A BRGS0t
MOAAEY 5K . BERRICI . AMOEEEM . ARG, BV
Bl A A PR R A O R A

4 AR T ML & 5 i B DR R I 2%, S8
PO 24 v B A% 00 e S DR T R OCEE DI RE SR IR, A O Bk R 22
A AR SC R, AT A A i S B 22 &5 AU i 43
TR

5% 6 H 110 S SR A 3 PR EA T D AR ISR , 3 AL RS 3k
Fik | BB | CRISPR/CasOL R g 544 A, AR
TEHE PRI AR T M 40 0 % 75 A0SR S s B ep i LR T R, 40
UE AN 2 SR 2 Ay T SR R T S R AR A SR 50 it ok R
PR T P

WAL LA FAFSY, B R4 T s R AT SR S A R v
L0 6 9 S5 5 B A R A RS ML, AN AT T
PO ST (025 1, A TR A B Al B 70 SR S L T
P BRI, A A A SR S 5 ) ) e R AN B A
PR BB AL BRI IR S g
1.3.2 WFE %

ABIRGE LLE R A g A ), R SEMT AR T At 2
i S P & B A S RS HLH R IT R GAESE, A S
BARAE . mas I AR AT S T AR IR
FARBEFE N3 550

LB RER AL S A0 T4l (FEf590d) | 40
W1 (HEfE120d ) | SERUY (fE5150d) . W] (1E)5180d )
SRAEMRFE . TOH HOE R IR N MRS, K BT i
AL, RACFEARGAF SRR 2, N5 S g i s 50 8
FESLR

2 A B AL R R T A T < DAL AR T M2 21
JE A A A A 2, 0 T R A T L T P )
TRIE, I W Y RS TN AN TS, O 2 R T A LA

-018-

B A 10x Genomics Chromium -5 #E47 FALZH RIRN A ]
¥, FEBCCEMERS EHLNY, RS BB BT M 20 i
V) BRI 6 % ST 2 TR B

3 LA 2 S A RS A0 ATT < X SR T A A T R
il S TR, ok AR S A R R e MR R A
MrSE e T AR, 455 EAbRICIE N ST RE & 0T
SE AR AR 1 FMonocle 3FIPAGA B Wk 314 7L i)
BT, AT R B RS O EAS [ 4 IR
AN BGRAB B 25 S 3R LR, MEAT DD RB I R S T AR
S3HT; T SCENIC FIWGCNAS 14y A 3 A P 45, %
FERZ ORGSR S DR R A

4 AR L R DI RB IO . SEFHAR /M as A, ik i
P RAN R T . MERR AT, A0 R B 17 DG e 32 ik )
(41CsMYB77, CsNACO83 ., CsSWEET16 ) ; Al F s} 3
Ik H R TE M AR A PSR UE B BE R T RE L
CRISPR/Cas9 3 [H gt 45 £ R JAF e e R I MR R, b7
LR B RR R AR R A | AR AR AL FR bR S A DG IR R A
Ak, B S R 9 A P T B

5T A0 B L E ALY S5 St KE
k. 225 S IR R EE A T A A, R G B A A
THAAN AR S BRI . R E A, DAL O BRI
Pt LA L A RN R S AR A BILR T T A
B 5 AL A BUE B SRR

2 MBI ETE

2.1 SEEAHR
2.1.1 A PR

A 5T 2 A DR I # AP ( Citrus unshiu Mare. cv.
Miyagawa wase ) HIREAEL, G FNE FOORHAE, EIRE
TR PG R —, I . RRENE O,
IIRRREAER S, FLR LT SRR E M, RN AT 5K
R TN T v p S e i 2 0L A
2.1.2 FEACRAE I (8] 5 &R A7

RIS APELER B Al KeEmigidoe i, TREKE
HIZRPI (90 DAA) | H(adl] (120 DAA) | €3 (150
DAA) . #EW (180 DAA) DU SCHENT IR EFEA, 4
ASBF IR KRB —B . To AE . R/ AT AR E230
Ko, a3y EE

SRAE I HRGH R SRR SR e 5 JEI IR, K S BT i
A, HTCH B TR M3k, lTREKSE, RlE
TR HEGR, B 57 2 -80 CHUR IR KA A7 45 H
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2.2 HLIHE B &
2.2.1 B S

FERAF] : LFHERMR-10, RIKAFY-23 . BHHFR-10.
MESZEwhif . H#EERE, CaCl, - 2H. O, BSA., S IEYL(
W . JCHPBSZE M ;

TGS S TAES . HIRPRR . SR TRE DL,
FIEIOC R . 200 H 40Mu0 . Jow TR T 55T
2.2.2 il

L8O CARAFITTHIZAZY, FEVK PR 35 %212 mm?3
KN, IIATRE BRI ( 29 2T 2 25 ifFR—10+0.5% 5 I iy
Y-23+0.1% B M7 AER-10+0.4 MH 5% F+20 mM MES+10 mM
CaCl, +2H, 0+0.1% BSA, pH5.7) , BH&H1:10 ( gmL );

2.8 T8 CIHIRFEIR, 60 v/minif FIEH#3—4 h, W4
BF30 minfE4E—1K;

3B RUT , FH200 H 4 03 U8 B, AR IR
T JE TR A SR T A B W ST 7 ( 154 mM NaCl+125 mM
CaCly +5 mM KCI+2 mM MES, pH 5.7 ) 2 1L ;

4.4°C. 300 gZ.0>5 min, 7 &, FHEWARHPBSZE il
HERIUE, EE ORI

.55 FEBPBSE MR ERAM, KA ITIELE
B

2.2.3 YA TE A DN 55 o A o
KB B W e LA U 20 LS 1, BR10 o LERLZH
W5H10 p L 0.4% 5 Wil Qe OB &, TN 2 i BRI+ Hii
FEAE W ST, TR =85% N &tk [FRT
WAL BRI, BORAMIE A SR . TOH
F . AR ATTE20-50 wom, FFEER A PR AR
TIRET .
2.3 HLZRARMNIF
2.3.1 WPk
ﬁmmm%mmmcmmmmﬁ%b&uv
v3.1 BT RARNANY , %P m, ) [
PRCT BHITA AN, #Miﬁgn REA R ARAR
FEREPR SRR, 35 A AR VT L 0 sk 245 i 2 S T T 200 L A
B SR AT
2.3.2 UM
FI810x GenomiesH 7 ialil G UL BH A3 24 7 SCPEAG 2 «
1548 1 BT B VR L VR 3 25700-1200 cells/ L,
i 5 Chromium R GEFE4 T A0 B A0 .2 , T I3 B 2 i
SIS R AN S ISR A Tk A 7K Bl
2 e LA M 4% . mRNAR G5, & AleDNA

Reagent Kit

W4k, BEFLEUREECDNA, #EATPCRY 1

3 XY JE e DNAEAT i Befh . RufE & . AR .
BN, BRJGHFATSCREPCRE S, A4S L4 i % 5t
P
2.3.3 AL

K Qubit 4.08F47 SCPEMR BEZE B, Agilent 21004943
PO I SCPE R BRI (F381200-500 bp ), A& SCPEHE S
JEE JR VR BETR A, #ETlumina NovaSeq 6000°F & HE47 XS5 |
WP 32 K o PEISO A A B A T P IR 29 R 50,000
B DR AT i o A 1 % SR B
2.4 BT
2.4.1 BdEwiab

FIH10x Genomics Cell Ranger 84 %t Ji #0454 i
ATAbHE, SEBREE N . SRIEAE L A R A, A5 3R
TREER FR M FIHRIE S Seurat (% Fe k4 (A T 12
PE, ok UEARAE: BRI IE <2005 >6000 ) A . Lot g
LD & e 109% 9400 . AR AN P 2RIk AR, 2R 1S
o O P R SRR, T IR 2T .
242 MRS HRE

FE T Seurat i Xof 15 J5T i R IR A B HEA TR AR EAL L U —
AR AT A FE R G 5 A RS dT (PCA ) HEFT 8
Roef, SEHHT20 Lo - T TC B R 26430, SRIUMAP
TG BRI Ak s 45 NCBI, TATRZ 5 i e
WA A MIFRIC LA, LR GOMKEGGIIRE B S0 87, *F
RARAFBI AN FEDEA T IR RS, W 25 WA AR 2
FHIE
2.4.3 HHEK H B HEWT

FIFH R Monocle 340X I A7 40 i 347 O Bk (] 0 378
Rt ARG 50 A L SRR IR A S 1 i, Ryt
JHL AT AR P 3 252 B A 5 TR FPA G AR %o AT i R 2 2
RTINS 0T, BUER B PR AT e, AR E
LR Y O B 43 SRR AT R, A3 T AN [ 43 S L )
PRI TR
2.4.4 Z5ERRIESHT

Ew%mm@¢MEMMﬂmeﬁzﬁﬁTH%mEﬁ
] . A R B B BE R — 40 B N R 25 S R aA R
(DEGs) , fiiktsifE: Nlog2FCI>1, ﬁﬁFMQ@%-M%
clusterProfilerfi % 22 5 23k 3k i 17 GO MIKEGG i % & 4R
SrHT, W22 R R S S A R L AL S RN A
Uife, ASOCHE 5 i

reads/cell ,
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2.4.5 BEPRIE T N 45 4

HIFISCENICH: 1243 Hr B Al ffa e s 288, AR BN Sk A
T RCHHERE I, A SR 2% 5 FIHIWGCNAGLRT 22 57
FEIR LR AT INAE R LR 45 3B, 0 165 7 M 400 e
RE . AT DAL, AT Az O FE R Y
MEAEHKZR; BASCENICHIWGCNAZMTZE F, F s Ht
Tt AN % & 5 i O FE R R I 4, S0
SR REREA
2.5 REEEFETRIIE
2.5.1 ik KL i vk

FRFf 2 5 PR TR 4 MIT R L PRI I 45 A W 45 5, 7
PETETH MM A & ik . Sy ek . BERRIC .
REEAS A DA OC . ELA 45 R 45 A2 0015 5 I BE PR A S fi
PRI, AHIFSE T A EIECsMYB77 . CsNACO83 . CsSWEET16
AN
2.5.2 BRI TIResuE ik

LGB FIRIGUE . LR L A CDS 41, 1k
pCAMBIA1301-35S:: 3 PRt Feak A%, 8 i AT PR A5 1 D
G AL TR R T AR LR SE I T A 2, DA 3k
REAL X IR, 859R3 dE, R E RE R kKo, [
A T B A B T A i . A PLER S . Al )
X iER

2.CRISPR/CasOFE FI 4 BIE : e 5L R i 5 S
sgRNA, HJHCRISPR/CasOFE K g 4844, i AT RN T
BB AL G SRAF AT A A 2L, M i AIPCR 48 52 3k
FFRHYER R R W PHPERR RS U, FRAE RS A
SIFTR AR RS A AR RS L A AR AR AR (B
iR . ZHRERERLST ) , LIS G Y 3RA A8 1k, A
e SE R i A= 24 g

3 #ERE5HMH

3.1 B2 BRI P R R T & PR AG
3.1.1 WP g g

ARG % DU A B BE A AT T 0 A T B 4
RNAT, Hedeiiko86424 o it A, AR MREACR 3R 40
MuZUAE6500-75002 1] 5 FEA40 AT 2460 5] 1856 1~ 3 A,
SRR #8923 4N SR A, 4% A A E A ) AR — B R
I, JCHA S AHERALN
3.1.2 HE BT AR hR o

T PP B Y Q30 I L9125 = 92% , 2 W PP il o v 1
PR AN ARSI & T NS5.8%, BT 10%, £
<020+

GRS FER R RIES ] AR ]
TR 1T 42681 AT ASBELA, TG ZCX 3 AN () 4 LA
VERHIN PR B i i, T F PR S B B2 HT
3.2 MHEITHMERIREE SRR
3.2.1 ZHfEREEIER

I B RIS, 5286421 i = B4 4 M 8
B B SR SRR RHE A, UMAP I L5 SR
AN, A MR S S, Ay, KW R ES A
B B A LAE 25 WA h o AR 25 5, DI 4 e
BARTE IR B WRE, st e A A T A
AN
3.2.2 ZHMIHERFOEEE A 23 BT

T A G LA 12 S R R i R R R IC R ], 2
B GCOMKEGGINREE 01T, H4 8120 ML W AF LN T RN -
A SRERTIRGNAL . R IR AN WA E A, b
RN, A HLRRIS A0 . A0 RE B I A i . AT R
UM IE /AR AN . BN, o3 SRR R A AN i e ik
A HA IR CsCYCD3 s BEFN RN i kBl % s B
FI R CsSWEET16 FEEAH & ALK CsSS ;. T8/ Z 40 Al
1R FIA A R FE R CsSAG12,
3.3 A I B L0 P B R B B o SR
3.3.1 4 & B AL

ARt 1R) 300 3 B S B A T AR M AR ) & S Rk F
BEFE, AT LA R SRR D b SR R
L7110 Ry A A 1 By 1 B3 o 1 o [ o AP D T
BT B RAEAE A B IR G5 3, 43 B AR R 45 SR
AP 3, IR R & A BaF IR 01k
332 KEEE WSS S0

Y T 20 MR T 3 OGS AT o s TR 2 M —
Ry ok . B kAo R B . BIEE
R — AT REAN AL, B9 A R S P I B PR ek s
1k, IR AR e AT e AN LA A, SRER S R
BB CsPSY 223k B 2 Ll s BHAR B3 SR AL s 3
SO OCHE2E e T, WA 03 3 m R WA AR DGR (]
A LR I 53 3 155 2 3h A WL W A AH DG L R CsPEPCK
34 ERBERRIESTER
3.4.1 N[RI4HRUA ) 22 R A R 3R A

8 SV B () AL 0 1 1 124584 22 Ik JE I, Ho
Az A S URE TR A L 55 AT 8 4 i [) 22 S L R B it e 2
(68924 ) ; 25 HEIN 2 E RGN AT . AR K
Va2 S0 . APLRRICES . 40 BE B I S5 AR 2a e B
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EllibreiSuy Pty I I AP S /i
3.42 WA R E BB s R &Ik

[Fi) — 248 e SV PR A [ B Y B 114 25 S B PR 3R 8 43 T
7N, BEAE SRS, T AN A S R DG RE R R A
W, MOREACEE . R PRSI MERFE ST
LR IR LR AN b, 20 R S i PR
ERCTE R IR R, Fe W] S PR 45 2 T 2
) B R
3.5 EREHIEMEHESR
3.5.1 HERE R S e

T SCENICHIWGCNA S BT, A 1 A4 T B 40 g
B 5 EAMRE IR R 4, EUE T 12RO SR R T
£ 75 CsMYB77 . CsNACO83 . CsWRKY42 . CshZIPI .
CsAP2/ERF19%5, 3 4Huft: 57 PRI Kb T 425 o0 465 A A% 00 o
PEEE K P I RE R R G 2Rk
3.5.2 BEPRAHEAE G R 0T

WU S P - 55 T W) BE 3k DR A A b 3 A ELVE
BINCsMYB77 0] B %454 CsSWEET16 . CsSSZEMHA I [A]
B a7 X, PR IR s CsNACOS3 AT i 4I i BE & 1
BEFICsPG . CsPMERYFRIK; 20 HE sk R Z AL TE
R, B RUE 2 B0 SRR 2%, P [ 4 T 4
1) 2 T ARSI
3.6 BRI RERIES R
3.6.1 BE[R e F Rl it BN 20 it & 7 AR AL A 5

WERT o IR CsMYB77 )5, RHAR T R 200 B 1 P v P 2
I E AR, AN AR R AT IR K 20%-30% ; CRISPR/Cas9
YR CsNACOB3 IR 7 , SRS A A AEIR 10-15 d, I HE4H
it R R A B A U I 29409, 2 LBEAS 1 3 P CsPG 33k
W T UIERCsSSWEET16J5 , 1A A Hh bl o5 st
HRREAIRS0% LA I, e BHIZIE PR 2 REME AR B2 0 DGR A
3.6.2 HEFDIRERAESS 1S

INRER USSR, CsMYBT7IE [f A5 1 Mo 4 5k
AT PRI 2, CsNACO83 TF [i] 1358 5 S iy S0 I 40 Jif i 4k
b, CsSWEET16 2 AH A5 3 20 T 25 e 1 i ) S P A
PR, =g s i DR R P AT AR L 4 i K 3 R R S it B
TORARE SRR, 5 A SR B A R 2

4 g

4.1 R T RRZH AR S BT 1 B AL 1)
AT 8RR T M40 A, ESE T I A

FAAE IR 28 S o, O BUR L I8 . A o1
I E S LR A R . s 2w, 071
R SRR T AL A3 AT T, TR AN TR e A 44H A
WHE; MARMLZEE, THIRANIAE R B R h A T AT
ok, BITRIARIZE AL ik IR E .« A B AR,
[ s A B AR SR HLIR AR e 43 5 BRI (i
JEHR L WREE ) AT AR S R A O R R Y R A
HE— s 20 M S v, R EOR SOR R 41 & B AR
Z5.
42 MR ERILES REBEARR R

T A R R R R R (A i — R Tk an
Hl— Wi % B A — AT R AN A ) S A SR S Y
PR AL, AUAE K A DG AXT R SR S G i) 3 By
B, Qe R E AN B B R S A, R ST iR
FREWE S FIEHA R o BERR SRR HLRR A P STk 253
WL, EEEE T RSB L, AR R S XU
AR, S R D SR R E R, S
ORI R 2R
4.3 REEEFEEHM & B AR L H RS B HEER

12 A% 7 53 PR T A 10 1 AR T B 20 L i A A 00
FEWL, HACsMYB77i0 i ¥ Wi iz f G e, fE ik
A B A AR R, S R S R TR B S B A 5 R
CsNACO833i o Va7 AN AL B A AL IR, (e 20 M BE e,
RS, JLRARRRI N BUAVIE R | AT A kg SRS A
PRI E BT CsSWEETI6/E N ML 2 B, &1
AR RERE RN R SRR IR AR, R R SRR 1
PRt T HZA A HAh, RO SR Z A R A
BR T T4 % B R S A A AT
4.4 FHRHBIFES RRE

AT EHELE T B ORI T S A B RNA DU P A
25T MR LA SR L SRZEL IR, RS T
AL RE SR, AL TR R B R T
BRAS Y ST ML AR 7 1 4 TR R, S L
SRR AR O FER TR TR AR B ST 2

AW ABAFAE—E R FRPE . ACLUE NN BT R BT
FERE, G55 (388 P 5 7E A A AR S b i — 2D B0 2
AESOUEA BT X 3 SR IR, S 4 R 246 e LA A O JE IR )
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