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2L 2 A R VA HE R SISGR1 )5y T-F#AIE Ko sgRNA 43 B

X\, KRR, ZRE.KAMF, AT KEH

88t 77 A B I SR X AR B A BF 2 B L BT SR TR 08 8313000

=

S 7E WA T SISGRT FETR Y 4% FHRAF & H sgRNA 194377 , 5 F il CRISPR/Cas9 AR X} SISGR1

Fo L 1 3h F 5 90 647 R A2 AR 5 R BEM IR 45 SISGRIT 19223k R 4 i B M S Sc i B 40 2 & b 4R b4
RIZHE, FIF Blast 4T BATLLZ A W45 2L A SISGRI 494y F 41, 45 B £ W SISGRI B R AL T HAE 8
BY AR, T AN E TR ANE TR XK EN 819 nt. i 272 aa, Hoh 48~200 aa N L8 ) stay-
green superfamily fR<FZ5 I3k . 25T 4 RNA-seq #37 A9 SISGRI $UF BT R W, SISGRI L4857
PRI AERE AR AR V25 S AN Rk, FHAEL T B CRISPRdirect 23 #7 % M. SISGRI 4 & T Xk &4
PAM } NGG #Y sgRNA £ 64 45, Hi 1 40 Fihi 25 4 B —4F3 PAM 12 nt 55 R0 & & 57 FE 41,
R 1% sgRNA Tl i A 6] fh i SISGR1 3 18 (1) 40 1) 4% 8 - 7] A4 25058k o 40 800 . %t SISGRI I i
1500 bp BB F IR ZFIEH 2 LB MR NA AR R AME— sgRNA FH1,7 %50 51 &
B AFM L ICAF 1 sgRNA BB E % X 2 sgRNA HEAT 3 4 48 7T 6 57 & (0 )5 3h F o0 )7 51 kA R AR 3

TR, IR S AL R &

X Fl; SISGRI; Jr AL JA 31T 5 sgRNA

RESES QT4 NHEARESR A

&I 2L 2 (Lycopene) & 1 5 75 hn £ 4 FH ¢,
o B A0 R B AR bR, WAL R 2
— P IIRETE R IR ORI R P R PR
R RE 7 e o BE B T N A A0 M f 52 4 3 Y
F L ORGE W XS T i AR ) R AE IR AL
20 i 3 2 K TR A A AR . AR BE
HESBFMAR, HAgE el Fi
(Solanum Lycopersicum) W= AAT# T H % K&
KD FE T A 2L R Y ORI

Wi 4k 4 STAY-GREEN (SGR) £ ) J& 75 HE
fa) -3¢ (Festuca pratensisi) &P, i 5 W
TEZ MY h W R B VAL T o, 32 2
2 5 R S R R AR AR . 1999 AR ¥ E
KBS RE AT DR B 2R R Y of SRR i
IZ AR g A i, RSETE G B b i T
T35 A R S R R 2 R, T EOR S B (B Bk
B EmRA, HE 2008 FF T SGRI
FEDR T U R AR AR R N g S8 P v o e 1 R
I A HAr %8 SISGR1 ), H i & F Foih i 4%
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frRis e AR SGRI @ w4 R G5
B A2 G HE JE R PAO B /Y 96 MOk & 15 AR
HY!, Sakuraba %1 & B SGRI TE M 4 & % fi#
R B A SRR AT R4 S5 M R 0 A
ity o [7) ik 5547 0 52 45 1R 45 5 JE il SGR-CCEs-LH-
CIT & A A, DT 55 i 4% 3R A e ik 5 72 3E A= ) 1o
R iR IR SGRL Y WE MR Ji 3 B i AR
¥ LSGRIL-1 FASRTEER 30 T H B 2 AL
SR T A 0 4 ¢ 5 A AT 3 i R 52 (0 R AR R 07 T Y
DI U R T AN S TEA R SRl
LLER MY, H G N R i AL R P
B, NEEF ML E A W (phytoene synthase,
PSY) 4L 4~ GGPP(geranylgeranyl pyrophos-
phate, #2248 JLBE 4 4+ L 2 LW W) 47 + R & 42 L
NAFMAR EFMLR A BEETE — Ml
JE R N G HE R BR U . O TP SRk SIPSYT Hk
FNGIRTE E SOML L AN S G ]
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HAE NG SIPSY T 78 3 i S 52 8 20 B9 16 1
RNAi UL 8k SISGR1 J: [, vl $& & SIPSY1 1%
P IMF MR L WFMAR TR,

I Aok DL Z2 B B = AL DN HE [a) 9 ) il
SRy LAk A ST ) B DR G R R TR T L A A
PRI AT A A 5 A8 Bl R 46, AN 0 P38 3 A0 R 7 i A
PRI T R L 7R A5 B L DR g R B R s
CRISPR/Cas9 ¢ A #8455y ) #2803 0w 5 1y H]
FoR Tz, B R 5 % RNA (Guide RNA,
gRNA) 55§ JL R il L B 4N FC X L8 Cas9 % 1R g
51 AR A KRR E A A B DNA BUEE D) B, Wt
51 DNA &5 £ 24 W R LH, — 2k R R
K i % $2 (Nonhomologous end joining, NHE]) ,
T e 35 T v 2 A W A 7 AR D B A IR 1 4
BN B3 RS e 1 PR T R 2R O 5 R R R
H 40 (Homologous recombination, HR) , 2% 7= 4=
Koo 0y o o B M B RO R AR R
CRISPR / Cas9 AR C X F it 2 A H P, ik
SEHF RIN (RNA %i % K SIORRM4 ") J i
KM KM DELLA JEEDD AT T 9, wov it &
EE AR Sl R[50 SR

AR M SISGRT B FFAE L 3 31 0
L g % X e H E R )R B 5 X sgRNAs, DA
WA CRISPR/Cas9 $ R H5 SISGR1 ik
KMARFEFAMR LR FALER T mRMLESF

1 #MBET &

1.1 SISGRI1 R=F & 15 4 #7

FIH NCBI # % % ifi SISGR1 & 11 5 ¥ 51 )
HARSF S5 50, BlastP b SGR1 Z M 281k
1.2 $eEfERMEERAZENEE

FIH] NCBI % 2 £ 48 A ) 3 4% SISGRI 1)
cDNA, LLIAE query, 48 2% 7 jifi 5 [A] 20 048 P2 15
FIAHRL ) gDNA J7 51 FUIT AE 4 (iR (5 B . )P 51 L
X SISGRI 1Y 3k K 20 45 k) LA Je S S 7 Fr A Y
(RN VA
1.3 HFREEWEL

A5 it 2 fig 3 R A1 85040 2 ) 3k Chiep: // ted.
bti. cornell. edu/cgi-bin/) # RNA-seq data ¥ %%
PEAE LR, #2537 SISGRI % T RNA-seq (%5 %
ki,
1.4 sgRNA H9i& it Fnig#%

5 CRISPR-Cas9 #5515 11 bt W), ) H
CRISPRdirect Chttps://crispr. dbels. jp/)F* i

¥ SISGR1 K HJF #h T XY sgRNA 751, /i
3" A PAM JGFRY 20 4~ 22 A B 3 51 . PAM
Tt E N NGG, sgRNA B 45 # 2 5'-(ND
20NGG-3",N WL B .
1.5 SISGR1 BHHFIRKXIEBTHS

4 SISGR1 gDNA JIT 78 Y o (& 5 B, 3 B
SISGR1 F[H L 1 500 bp W31 T3, FH
PlantCare it % #% Chttp://bioinformatics. psb.
ugent/webtools/plantcare/html/search _ CARE.
htmD) "X} SISGRI Ja 8 F ¥ 51 i 47 i = AE H
TCA 53T

2 HREAM

2.1 FEF SISGRI W45 FHE

M GenBank # 2 #IF i SISGR1 98 H it
¥ %) (GenBank Accession: AAY98500. 1) ,iZ&EH
M 272 DNEIERRA N )50 F ik 30 532,49 u, B
JRIEEZEL 40 540 M~ 'em ™ BRI SE 5 pl Ny
8.65,GRAVY (Hi/KMHEARF-¥H)H —o0.34,
J& T 3R KEE L AT 5 B8 A8 3 A 5 ORI 2 o7
T, Z%E A 48 ~200 aa H & MY stay-
green superfamily PR~5F &5 /3, 55 He Xk 289,
AN ) ) o 2 L TR )y 5 2 Sk T BER AR TE stay-
green Z5 RS A T (A D,
2.2 SISGRI MEFEAFEMINLEN

YL SISGRI J# %) ( GenBank Accession;:
AAY98500. DAE querry £ & Jifi 1) 3 R 24 $5 908
HEAT Blast, 45 %] SISGRI 1 TH MBS 8 =
PR (CP023764. 1), IH % 1 1 B4 L% i+
B B AE 63 418 923 ~63 416 720 nt, £ 2 204
nt, 4 MR T3 AN E FAMR SRR
819 nt, N & T M K 1 385 nt, b W T W K B 1E
117~360 nt, W& F MK EZ KB K TE 100~
1118 nt( 2),
2.3 E-T RNA-seq B SISGRI ¥ FRiE k&

L7 i D BE 5L 20 RN A-seq B4R B JE il
A3 ME SISGR1 P (ID TC119167) 16 % A A [ 2
L) BOR A A K B ) R k35 (B 3D, 45 R
7N > SISGRI & HTE A 21 R b K e 3R 58 FE
IR SR S RN TR A T A b 3Rk TAE Rl 5
JARAR L T00 3t 2 2 40 OR [R) I3 4 T AR &R L
hAEE R TP TR IR R SISGRT B &
55 R S e R 41 2 A R A DG i A
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SISGRI IR F &4

Conserved domain on SISGR/

0 75 100 125 150 175 200 250 272

SISGRI seq.} h h L . n . L f .
specific hits

Superfanilies Stauygreen superfamily

List of domain hit:

Name Accession Description Interval E-value
Staygreen pfam12638 Staygreen protein; This family of proteins have been implicated in chlorophyll degradation. ... 48-200 4.18e-85
T F#scrAF3) Hxt

it i 40 60 80 100 120 140 160 180 200 220 240 260 |y omgmnen
AAY98500.1 — e s e mm 272_Solanum hcopersicum
[Np 001234723.1 1 || e [ | I 272 _|Solanum lycopersicum
XP 015084492.1 1 =—ig———ulfe Kt [ i | 72 _|Solanum pennelii
THX01470.1 il || N B B | 11 ] 72 _|Solanum chilense
XP_006358848.1 [1 | S eee— E—— [ 11} 72 _[Solanum

KAG5593082.1 il  immm— ] pre—— ) E— ) S—— | 11 ] 72 _|Solanum

NP 001311847.1 1 [ I ¥ = 0 2§ 005 | 11t ] 266 _|Capsicum annuum
AQYF60.2 1 EeluaeaeaeaeamEaEe—_—_gl e I 266 _|Capsicum annuum
XP_000607143.1 1 P - Il B 265 _|Nicotiana tomentosiformis
ABY19382.1 | sl a—" e —— ] ss———" | - H 267 _|Nicotiana tabacum
[XP_009798966.1 s e e - = 267 _|Nicotiana sylvestris
XP_016500144.1 e || e e (] - = 267 _|Nicotiana tabacum
XP_019257401.1 | e ] - . 267 _|Nicotiana attenuata
PHT57920.1 il | I . - | 11 ] 227 _|Capsicum baccatum
PIN02201.1 il e [l e ] — - 260 |Handroanthus impetiqino...
XP 031124758.1 {1 ===y — 254 Ipomoea trioba
XP_009626484.1 1 || S B S - . 238 Nicotiana tomentosformis

A 1

EFh SISGR1 W R<FEHE R 5 H ¥ F B 51 be 3t

Fig. 1 Conserved domain and multiple alighnment analysis of SISGR1 in tomato

Solanum lycopersicum cultivar I-3 chromosome 8,GenBank:CP023764.1
163 416 800 | 63 417 000,63 417 200 163 417 400 163 417 600 |63 417 800 | 63 418 000 63 418 200 63 418 400 | 63 418 60063 418 800

I

~— .

Exon4 Intron3 Exon3 Intron2 Exon2 Intron 1 Exonl
360 nt 167nt 168 nt 1118nt 174nt 100 nt 117nt
B2 SISGRI WERAEHMMEREMLE
Fig.2 SISGRI genomic constructure and its location on chromosome of tomato
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Different tissues of tomato at different growth stages
1 F D520 ARG ;3. USRI s 4. B R 50,5, iUV 2R 6. 4675 (0~3 mm) ;7. 467 (3~8 mm) ;8. FFAEHIEH (8 mm);
9. FFECAAE s 10. BB T BAEIIR &9 : 11, BPA R AER s 12, B R M B it A5 13, BUIR BRI it s 14 IR BB S0 s 15, FHRIY
T3 43 A 2 (4~ 6 SRS AR 5 16. AE PR 000w 43 A= 20 43 (8 JR S A ) 5 7. FEATAR 5 18, #ERMWIMR s 19. BHREZ 1M 20. 6 2Wik 5 d f5
BONEAR 521, SEA WK 7 d S B A0 s 22, IRIRAD T 523, A2 24, BRH SR 25, B, PRKM. 5 (1 )7 reads ok B T 45 & 3 B 4
T LA L (9 reads %X
1. Ovary;2. Immature green fruit; 3. Mature green fruit; 4. Fruit at breakon color stage; 5. Mature red fruit; 6. Flower bud (0 — 3
mm); 7. Flower(3—8 mm) ; 8. Preanthesis bud(8 mm); 9. Blooming flower; 10. Mixture at developmental stages;11. Wild tomato pol-
len; 12. Pseudomonas susceptible leaves; 13. Pseudomonas resistant leaves; 14. Leaf of mixed elicitor; 15. Shoot/meristem of 4—6 week
old plants; 16. Shoot meristem of 8 week old plants;17. Root of plant at pre-anthesis; 18. Root of plant at fruit set;19. Root with deficient
nutrient ; 20. Radicle after 5 days of post-imbibition; 21. Whole seedling after 7 days of post imbibtion;22. Dormant seeds; 23. Callus;
24. Suspension culture; 25. Crown gall . PRKM. Reads per kilo bases per million reads
3 ET RNA-seq B SISGRI #F Rk
Fig. 3 Digital expression profile of SISGR1 based on RNA-sequence
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2.4 sgRNA HIig it F0iEM

#5E PAM 2 NGG,CRISPRdirect 1F £k 43 #7
FW SISGR1 FF3 4340 76 4 sgRNAE 4) , HH
IERESY A A6 2%, TusE A A 30 4%, Horp 12 45 5
PO 7 4B Ab . NS & AT R, D1 A 16 4%
T TTTTs F8).48H pol TIT J& 3l ¥ i i JS

10 a0 an an

10 20 30 40

atgggaactttgactacttctctagtggttccatctaagctcaacaatgaacaacagagctctatttttatacacaaaactagaaggaaatgcaagaaga

>

WERBE . FEH AR 58 5% sgRNA 1, F 1 4 H
£BiE PAM 12 nt WFP 7 91 76 Tl e BE 4 |
JEME— 75 R S PR AL T 681~703 nt, 3 A
5 %% sgRNA B4B3E PAM 12 nt W F)E 5% T
PO AN TEFE R 2 g Ho A7 B A 1 AR S H 5
AVCHEL AT 51 L AT AE S o3 )5 51

&0 70 =11} 80 100

>

.

110 120 130 140 150

160 170 180 190 200

atcaatccatagtacctgtggcaaggttatt:ggaccagcu%natntgaagcntcaaaatugaaggtacnttntttgqgagttgatgaagaaaagcatcc
b3 & A

> > >
< <

210 220 230 240

250

> 2
o=

260 270 280 290 300

aggaaagttgccaagaacatatacactgactcatagtgatattacttctaaacttactttggotatotcccaaaccatcaataattotcagttgoaaggt
|

> >
<< <

380 370 380 390 400

tggtataacagacttcaaagagatgaagttgttgcagagtggaagaaagtaaaagggaagatgtcacttcAtgtCCAattgCCacattagtggaggccatt

450

b -
=

460 470 4280 430 500

ttatgttagacttatttgctagactcagasactacatcttctgoaaagaactccctgtggttoteaaggottttgttcatggagatgagaatttactaag

>
< <
310 320 330 340
> >>
410 420 430 440
> >
< <

510 520 530 540

550

> >

<<

560 570 580 580 600

gaaz:atccagagttacaagaagc:ttagtt:gggta:att:tca:tcaaacattcaagaat:caacaaagnagaa:gt:gqggtccacncagagangcq

>
<
610 620 £30 640

650

b

£60 670 680 690 700

acttccccoctcatcttottotggtggggtaggtggggtgaagagtacaagttttacaagcaatagcaacaaraaatgggaattaccaaagecttgtgaag

> > >
< <L

710 720 730 740

750

> >

760 770 780 790 200

aggcttgtgcctgttgctttocccccagtgagtgttatgocttggectttocttcaaatcttgatggggtaggtgaggaaaatgggaccatccaacaaggctt

> 3> >

< < B L

> > o

<

20 R IR X BE sgRNAs 7 TR TR sgRNA 4BIE PAM 12 nt B9FD 77 5075 Bl 2 S R4 FJEME— 7 51 5 i (0 %R 1% sgRNA
ABIUE PAM 12 nt RT3 51 76 26 P AL H AL A 1 255 JEVE LI 7 81 5 IR (8 7R X 88 sg RN As B TS0 I 7 AR He AL B0 A7 5 e 2

i TTTT

These sgRNAs located in exon green showed that the seed sequence of sgRNA adjacent to PAM 12 nt is the only sequence on the

whole tomato genome; blue indicates that the seed sequence of the sgRNA is adjacent to PAM 12 nt has one matching sequence at other

sites in the genome; grey indicates these sgRNAs across two exons are adjacent or contain continuous TTTT

El 4 sgRNAs 7£ SISGRI W15 %0
Fig. 4 Position of sgRNAs in SISGR1

2.5 SISGRI1 BEhFIR=N1ER T4 F1 sgRNA )
i

FE R R 2 A2 LR A 3 L4 A 1 i
KPER T . FIHAEZ T H PlantCare 5347
SISGRI IiiF 1 500 bp WyJa sh TR H1. 453 W
NP AR T &% AR MR ) TATA-box Al
CAAT-box ¥ .0 Ja 8 + ¢ 4 4b, & 20 i f1
ABRE3a, ABRE4, AE-box, AP-1, ARE, AT ~
TATA-box, CAAT-box, ERE, G-Box, MYC,
Myb.STRE.TATA-box.TC-rich repeats % i %
st =V e, e — 9 S A T 4 G A AR I
%1,

5 SISGRI1 J& ¥ 7553 1i 1) sgRNA, &

MEA 86 4 (Kl 5) , o IEBE 40 Al 44 2%, T s 41
42 2 51B% 15 %A TTTTs FA L. A 71
FATbE R KR FESG B F LUEA 2 SRR R
B AT AT 107 ~85 (fd) Fl 215~193 nt(ff
BE), AR PAM 12 nt B R0 1 7 51 76 % i 4 5
KA b JErE— 750 R R PR UF . A 2 4% sgRNA
Az F 305~327nt A1 306 ~308) 7% T AE-
box T, B 5 4 sgRNA (43 B T 625 ~ 647
nt.634~656 nt.635~657 nt.1 032~1 054 nt
1033~1 055 nt)fl & ABRE F1 G-box Jof4 . i T
1 119~1 231 nt ) sgRNA W& TAC-element JG{F,
BR A X 2 sgRNA #5475 K 48 . A 7T e (o
IR BT IOTE T R A R AU T RE AR AL
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*£ 1 SISGRI BEhFIRKIERATH D

Table 1 Predicted cis-regulatory elements in SISGR1 promoter
T 751 B fir Bt ke
Element Sequence and position Number Function
ABRE ACGTG,1 044 637 291(—) 3 ﬂi}ﬁ%@&ﬂrﬂ@ﬂWI\Vijﬁ{# . .. . .
Cis acting elelment involved in the abscisic acid responsiveness
S A3 S ) Y T
AE-box AGAAACAA,308(—) 1 HIPICINCAE
Part of a light responsive element
SN v g
ARE AAACCA. 869 1 PRSI 5 SIS £ 6 A o
Cis-acting regulatory element essential for the anaerobic induction
G-Box CACGTT.636(—).1043(—) 2 DL IS 5258 , o .
Cis-acting regulatory element involved in light responsiveness
G-box TACGTG.291(—) 1 I i O 2 3 22 7
’ Cis-acting regulatory element involved in light responsiveness
TC-rich repeats GTTTTCTTAC, 142 (=), 1 2 lg)jﬁﬂ*ﬂ'ﬂﬁ'iﬂ”[ﬂJmJVJUlﬁlJE]EEJ’I" .
421 Cis-acting element involved in defense and stress responsiveness
7 % i - 3 4 5T
TCA-element CCATCTTTTT,1 132(—) 1 K O WS 0

Cis-acting element involved in salicylic acid responsiveness

T ()RR TR 9 5 L

Note:(—) means it’s on the negative chain of the sequence.
3 It @

e it R S MU BB 2 20 D B i DA
CRA N, BRIRFER A Fhii sk SIS-
GRI1 87850 fi45 5 90 v i 2 3R B i R 58 &
RS SN TR e SN A S B AN S NN
AR I [ 1 U A R B (R AR IR —
T ity ek 28748 J A ) B AL 28 AF , 4k K R A o B
Z BN R 5 e AR AR R aE AR p i At 2R
W, SISGR1 & (A 1l 5 PIPSY 5.4 I 52 i H
W R R R B B A R, ITAE R L
2l 0 R DNA S [ Py D) i oA 35 il 2 57 Y
BE DR 20 o R TR B A e R A A T
(R A, T8 12 0L 3 A 4 ik DX T BB AT o 0
T B R PR O T R R AT LR R [ )
bk bR S DR AT S A AR L BT R R 2 A% T
TR Fr B A S 0 A R A A N i i T AR L
S B RNAG 5 3 ] 0 3% R T g . A o 5 v
CRISPRdirect 7E£ 43 #7 3R W] SISGRI J¥ 5 43 1ii
76 4 sgRNA JF41], H 6 5% sgRNA W /Eh J5 22
7 5 51, 9 F H CRISPR/ Cas9 3 A 4 1 3 15
AN TR 25, AN [R] S AL G 58 A 2 v PIPSY 3 1 42
HETATRE, FI A, Hop i) — 28 sgRNA P8 HA
T W 7 5 AR S L R TR G I A T A R s
RO AR R A e ik 9

B 38 7 ) B F G 65 0 9, 638 1Y I 28
WA 3 7. AR CRISPR/Cas9 %875 A
KHE DI S 3l T AN 2 3 0 35 PR AR B, BB % S

Xof B AR B RS A 9 T R R PR R KT 2 S
W B K 6 BT 4 A Y 2R (1. Rodriguez 457
FIH CRISPR/Cas9 $ AR Xt g o+ X 3 i 17 5
4 G B, S BN T oA 7 R R SRS IR T A
R FRR R (RS A . XK RS Wa R H 37
b B OB AE TR R AT R K g AL B T 2
AN AT TR ELRE VE R B i 2R A B R R Wa
SRR T G BRI Y 3R WX RS Bl AT B T
BT DUE EEE Y H SR Rk .

FHTEL T. A PlantCare 43 #r % i SISGRI
¥ 1500 bp MR 3 F)F 4, K SISGRI Ji 5
F XA 22 A LA F T, an it 9% 1R 25 T A
ABRE K4 12 1 28 Ji A4 TCA-element, Y6 i 2 Ji
 AE-box., G-Box, 3% & i i1 Wi )i ¢ {4 TC-rich
repeats 25, A RE Fil /R SISGR1 1y 335 2 6 IR i
EQ U R SRR EC BT RuN RN E NN LR &
B 30 S R AR VR SISGRI Ry 22 iR F e 1R it
TH[fE. FIFH CRISPR/Cas9 % [X & %5 Al i 7 i
SLCLV3 3G sh T X =k ZH R, 15 S F
FEAE T R AR B R A Tz AR S5 0 S B S
PRI 22 35 A9 i A AN S0 MR B R A . D3 A B 2
% sgRNA HEAT XU B, K A 1] REE UM BR 2 2%
sgRNA Z 8] /)i 8h T A B R = oo 04 15 91, i 3
Mt SISGR1 J& 8 F ¥ 51 647 43 B« & B ¥ 5 &
A 86 4% sgRNALH b 2 44 S v HA T )7
H b, HARIT PAM 12 nt R 15 5078 % i &
FEZH bR ME— P A, A] A R B A 5 .
%) 8] B B 5 A 108 nt, AT AR by 5 4k 36 P 4 4 2814
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10 20 30 40 50 &0 70 20 %) 100
AGTARCTTTATCTCACT ARG T TAR R A A T AT T T AT AT T T AT AT AT TTACGRARRTAT T TTATARTTTTCGACTATTTTATTGACCAT CCGRATTRAGATGC

110 120 130 140 150 160 170 180 130 200
AR TCTTIGTACTARACTCACACATCACAACATGEAAGETGETIGTAAGCARRCTTCACTAACGCCTCACATTACRARATTTCTTICTARATTTCARTACCTATACS
> > > TC-rich-repeats

< < <
210 220 230 240 250 280 270 280 290 300
CARATTCCTACTITIGICICITICTAGCCITITCCACATCTICTICTAARTGACTITTATITICTITCACACATAGTGACACARATTATTAGCACACGTACTCG
> TABRE G-Bex

< < < <
310 320 330 340 350 360 370 380 390 400
GATARRATTGTTICT I TCT T A AT TAGGGTATCAGAT T TTAGT TTAACGTATGARR AR A TTCTTGT TARAARGGGTITTTTCARATAGCATATTGGTAGAT
>> AF box >> >
410 420 430 440 450 480 470 480 430 500
TCAGATCGATCGAGCTCCARTACGAATATCGGAATARGARARARARAARARARA N TTAGTACTTGTARTGRAATGGCCARTCTTCARAGTCACTRARRGC
> >
< <
510 20 530 540 550 560 570 580 590 €00
CIARAGCTT AR ARG AR ARG A CTAGGGCCCGTTTGGATAGGCTTARAT AR A AGCAGCTTTARRR AR ATACTTTTARARGTGCTGARATTTATTTTTARRR
>> > >
< <<
610 620 630 €40 650 680 a70 880 630 700
TARAGCAGTTATGCGTGTGCTGAAGTTGTTATTTCAARCGTGARAAGGRAR A A A TGEEAGARAGRA R TGTTAGGGTTATATGGGTARTTTGEGAGATTGTAT
> >2 G-box ABRE >> >> >
710 720 730 740 750 760 770 780 730 800
AR R TATTARGCACAR R A AGATAR R A A TGTGETCAACTTARRRACAGCTTATARGCTARRARRRAGRRARAGCGCACCCCTACCCCAGCTTTTARCTTTTGS
> >
<<
810 e20 830 240 250 260 870 geo 230 500
CITARA AT A AGTTT T T T TARACT T AR A AT ARGTTGTTTTGAGTATTGCCARRACARCTARATARGTCARARRCCAGCTTTTARGTCAGTTTGACCAGCTTT
ARE >
<< < <
910 92 330 940 950 960 970 aga 990 1000
TAAGCTGAGCCAAACAGGCTTAGGGCCCGTITGGAIGGGCTIAAIAAAAGCAGCTTTAAAAAAGTACTTIIGAAAGTGCTGAAACTTAITTTTAAAATAA
>> O >
< < <<
1010 1020 1030 1040 1050 1080 1070 1080 1080 1100
GCAGTTATGCGTTTGGAT AR AGTGCTGAAGTIGTTATGTCARACGTGARAAGGGARR AR ATAGARGARAGAGATGTTAGGGTTATATGGTTICATTTGER
>> G-box “AgRE >> > > >>
1110 1120 1130 1140 1150 1160 1170 1180 11890 1200
GATTGTATARAAGTATTAAGGGARAR AR TATARR AR TATGGTCAACTTARARCARCTTATAAGCTARRARAAARARACACCCCTCTACCCCAACTTTTAR
> TAC-element

1210 1220 1230 1240 1250 1280 1270 280 230 1300

CITITIGCTTARARTARTTTTITTTTARACT TARRATAAGCTATTTTGAGTATTGCCARACAGTTARATARGTCARRRATCAGCTTITTAAGTCAGTTTGAC

<< <<< <
1310 1320 1330 1340 1350 1360 1370 1380 1390 1400
CAGCTTTTARGCTGAGCCARACGGGCTCTTARATARACTTCTTCCCAACTCTCTGTGAGGACTTTTATCARACAGCTAACTTGCARTTTCTTTTATATAC
>> >
Az < <<
1410 1420 1430 1440 1450 1440 1470 1480 1490 1500
TITTARACATTCAACARGATTGTI T T T AT TACTGGARATTTCCAGTARTATTGGAACT CCARGATTCAAGGAGT TTTGGGTACCCRAATITCTTGTAGRR R R Rat
> TC-rich-repeat > > >>
< <

(RN sgRNA ZBIE PAM 12 nt BFh )5 51 76 75 ik 4 S P4 LR — 7 41 5 K (4 3R 7R X 28 sgRNAs fi T 4h i F 4P 5 b 5l 5 47 %
ey TTTT 741,388 H pol 1A 2 F /2 Jyie b ik . BT 1 T R 4R 20 6 0R 7 T IR 4 L W 4 378 o0 T 1 %

The green seed sequence of sgRNA near PAM 12 nt is the only sequence on the whole genome of tomato; the grey indicates that
these sgRNAs are located adjacence to the exon or contain continuous TTTT sequence,and pol [l promoter is selected to avoid selection.

The red below underlined cis element is in the positive chain and blue in the negative chain
5 SISGRI R3FEEMESEIRN E R T A sgRNAs
Fig.5 Position of cis-acting elements and sgRNAs in promoter of SISGR1
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e DR 25 R 6 T 3 O WSO AR Py ) e AR 8 L O E A R R AR AL A A AR L A T
JEU7 1 W 3 46 0 1 18 D) fiE L 2 T 9 4 R 3 2Rk %ﬂiﬁJﬁﬂﬂméﬁﬁﬁ@ﬁ%ﬂﬁ#ﬁﬁ%%%%ﬁﬁ
Rtk R AR LB MR T ERRE -8 AP RRIREA B DNA 93RI5 &, & E
A, LR AR B R WY, F il SISGR1 B

TEREATHE X G B o X RR N DD DD ) 2 B0 RILR ST XM A i 2 gRNAL il i A 0 2 41
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Molecular Characteristics and sgRNA Analysis
of SISGR1 Gene in Tomato

LIU Jiangna,ZHANG Xiying,[.I1 Rongxia ,ZHANG Xiaoweli,
BAI Yunfeng and ZHANG Aiping

( Institute of Agriculture Science of Sixth Division, Xinjing Production and Construction Corps, Wujiaqu Xinjiang 831300, China)

Abstract The aim of this study is to clarify the molecular characteristics of SISGRI gene and its dis-
tribution of sgRNA in tomato,which is expected to use CRISPR/Cas9 technology for site-directed mu-
tation or fragment deletion of SISGRI and its upstream promoter sequences ,and for improvement of
lycopene content in tomato fruits by regulation of SISGRI expression. Blast was used to analyze the
molecular characteristics of lycopene synthesis regulation gene SISGRI . The results showed that SIS-
GRI gene was located on chromosome 8 of tomato,which contained 4 exons and 3 introns,with enco-
ding region 819 nt,encoding 272 aa,48—200 aa was a typical staygreen superfamily conserved domain.
Based on RNA-Seq,the digital expression profile of SISGRI showed that SISGRI was specifically ex-
pressed in fruits,and was not expressed in roots,stems and leaves of plants. The results of CRISPRdi-
rect analysis showed that there were 64 SgRNA, with PAM as NGG in the exon region of SISGRI ,
among which one was the only seed sequence adjacent to PAM 12 nt which had the highest specificity
in the whole tomato genome. The results indicated that the sgRNA could be used for SISGRI gene tar-
geted editing in tomato varieties and could effectively avoid off-target effect. The analysis of 1 500 bp
upstream promoter sequence of SISGRI showed that the sequence contained 2 unique sgRNA se-
quences which had good specificity in the whole genome of tomato,and 7 sgRNA sequences with dif-
ferent cis-elements, respectively. It was suggested that the selection of these sgRNA sequences for
gene editing could cause mutations in the promoter sequences,and resulted in functional changes.

Key words Tomato; SISGRI ; Molecular characteristics; Promoter; sgRNA
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