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Abstract

In this study, Nicotiana sylvestris was used as research material for carrying out the CRISPR/Cas9
gene editing researches. In this paper, the leaves of aseptic seedlings of tobacco (Nicotiana sylve-
stris) were used as explants. The eukaryotic expression vector pBI121-EGFP was transformed into
tobacco by Agrobacterium tumefaciens mediated leaf disc method to obtain transgenic plants with
green fluorescence. Then, the CRISPR/Cas9 gene knockout carrier containing the guide sequence
of the GEP gene was constructed and the transgenic plant leaves of pBI121-EGFP were used as ex-
plants to conduct genetic transformation by Agrobacterium mediated transformation, and the
transgene transformation of Agrobacterium mediated by Agrobacterium tumefaciens was carried
out. It was found that the green fluorescence was knocked out successfully, and the CRISPR/Cas9
system was constructed to edit the gene of forest tobacco, which provided a technical basis for the
establishment of the gene function research platform in tobacco.
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G2

AH 58 LB A RS B (Nicotiana sylvestris) R Fid4 B}, #4735 T CRISPR/Cas9 2 4t 2 K 4 48 HI A 5%
ASCUMEE L E R OSSMEE, FIRARFEN SR S50 B RE R ApBI121-EGFP L Z W
B, RAET R ETOCHEERE; REWEEH GEPEF guidefF 51 i) CRISPR/ Cas 9% K pik R 814 ,
F£PApBI121-EGFP# ZE R IER I i oNAMER, BT RATE BB EREN, S80I BRIk RER
HrkkR, MITME T FIF CRISPR/Cas9 R AX MHE R FHATHRIBI RS, AR EE T RER F
&R REE T HARER .

b3 40|
CRISPR/C::[S‘)%v , ek, GFP (%@.ﬁ)"ﬁﬁ H), %ME(Nicotianasylvestris)
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1. 5|8

FE R 72 £ Y (site-specific genome editing) £ A A T 1] DAFEIE K ZH 7K F _E X DNA JPHIET 2 mick
T R IBAE BRAEHR o Bk DR 2H S0 5 DR ) R 7 A e e DR it P i 5 5 07 ThD T LA B R ) S ANME
SRR A E MR K B — B REE, B3 21 thal, W& & B S5 A D) Re eIt 78 1) 3 S il
AN TAX R N V) (engineered endonuclease, EEN)FAR HIL, K5 iR m 5 455 DNA B8 H 5 4514 380R
EEN ZE5i3gfh &, Q& H 1 AR 1% DNA 17 5145 7 A% R I (sequence-specific nucleases, SSNs), A
MR IE FSEHL T o PO s ORI A b ) 35 R 4 R s A s AT R I BB 1 H [ 1] SSNs E ZEALFE B
FR %KM (Zinc finger nucleases, ZFNs). ¥ 0T K1 &4 R4 BRI (Transcription activator-like effector
nucleases, TALENSs)A % #% () A1 45 8] [ 1 48 [0] 5C 8 & 7 51 M HAH 9% &2 43 (Clustered  regularly interspaced
short palindromic repeats/CRISPR-associated 9, CRISPR/Cas9 system). & lJ ) 3 [F] 455 157 42 fit 18 356 DR 20 52 1)
frE EY)E|] DNA XUEE, iR DNA XUEEH 7 24(DNA double-strand breaks, DSBs), 1 DSBs & 4= 515t}
KR i A A AR R (2], T K42 DSBs J&, fEMERIE R EH, K4ME DNA %4 A DSB
BE ¥ DSB AL AU M B (BE )k 2 S BRI R A R A, FEm A DNA K BURI M BR AR )
1) 255 PR G BEE 3]

CRISPR/Ca9 #i4E RS H 1987 FRIL41ES, TR 7 ITRFIH CRISPR HIHFFLHMI[5], a4
CRISPR 7t L& KUEERL = 5. % CRISPR/Cas9 RAM AL, LI EA WMRBA . A4 g ] B0 o s 55
Perif6], MHTZHN T ANK. shil. WS YR EE R A i b FEM YR 2 5E i dmiB 7 TH
CRISPR/Cas9 # G IR s e 2 FH BRI M5 [ 7] 5 X0 7 HHRE AR AE([8] (91 mi%[7] ANE[10]. &K
KIS RAEY T, I H R (1155 T R AL 28 A B2 10 A (14 Jik D8] 26 2 B AL AR

THELAE Ny — P LR R0 i, KA S — M RAHELFMENEY . Hil, CaEmR
# CRISPR/Cas9 RGN FMHE rp I HUAS 1 ATh[7] [12]. R, 0Bt b 4754 L R DL R A 0 36 TR Th g
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e IF P B AR R o R ) O B P R B A T B AR A T R AR A DR I A SO R ST T
CRISPR/Cas9 Rt r] AP F L2 Fan. Bk BEFE . WIRE (Nicotiana sylvestris)F14%E
IR KL (Nicotiana tomentosiformis)se 35 RS FIPAANHICFI[13], ZRTB IR EFUMH 5 4= 36 R 20 e ) B
HIsER, BB EERRAMERM IS X, 15 CRISPR/Cas9 £ G 1E MM 317 I R gn i $2 it T 3E A .
K5 R 7. LA CRISPR/Cas9 7 4t Ay 2Lt Y52 R 4 AR 0t 744 & , AR (808 6 B8 1 (GFP) R ER ER
¥ pBI121-EGFP #: Ak ZARMHFL SRS UL, HAT 074w 5 GFP K SR1S PR M L Rk Ak s i3 —
A, DL RSN PR MR R A 2 A, e GEP $:X guide J7411f) CRISPR/Cas9 J& [Mmi gk i, JF3k
73 GFP 25 A 4 it HE R PR ) PR AR AL PR, TG 7 MR 2 DL CRISPR/Cas9 R 40AF B BE R e R 4
N JE SR REHE R ) Z3 A h ik 1 T o R

2. RIS
2.1. HRLSRH

2.1.1. Y
PAAS SIZ5G 25 ORAF PR B 7 s B8 bkl i oAb e, F S oW AR, & 25C £2°C, )6
HEFE A 16 h/d, JGHESREE 2000 £ 200 lux.

2.1.2. Bk5EH%
SEIGAS FH B RIL A8 pB1121-EGFP EAZ R IA B AR (A 5256 % LR A7) Fl Cas9/gRNA JE K 2 4w
EEAR(HH AL ME SR A W3R W AR AT B (Agrobacterium tumefaciens) Bk EHA105 HHAS 5256 3 (R 1F .
PCR FTH EasyTaq. EasyTaq Buffer. dNTPs %774 H TaKaRa A,

2.2. MHEEFELE DNA BYHRE
KH CTAB A2 BUERLIL K2 DNA,  Hil i B ik i 2 (K1 20 DNA 32 U &
2.3. pBI121-EGFP #{# i EEREEF L

KR B AR K (pBI1 2 1-EGFP)#4L & EHAL105 AT IR Z 4%, 5 28°CHE9% 48 h, 3
RHRRVEIAT S G, ¥R, WEERR, LG, BREAETH MS BIFliHT 87, HRER
ODgoo & 0.5, HERXTHHE M AT IR %Y ARSERER I MS Bl LA MS AR 323, P REE I
BN 5%, HEIN AS (LB T ) 100 pM.

BRI S TE R 1 4 R, R D) R 8 mm? K/NBI/NERE, BT A AR R MS B E S 30
min, JCRIEANR T RIBASS, Kty B T3 h 19°CIHRE 7% 48 hs

Y Fe b % 5 (R EE B B JE B K (AR 200 mg/L RS 8 3R)TE UE 5~6 K5, FJC B JE 4RI 3R T
Z ARGy, RGP AR b TR R IR (RN 200 mg/L (FRFEEHE R 100 mg/L R ER)
o, ESPMEEA Y, SEASKE 12 em WEAESAR, SREEEA.

2.4. pBI121-EGFP ¥ EE1E#k PCR £

HUAY, pBI121-EGFP MRS BRI BT II4hMT Fr, KA CTAB iZRHEUEY) S DNA, LA S
WY1 GFP RN B, DASHBATERERR . 3738 GFP BER)51%09 GFP-F: GAAACCTCCTCGGATTCCATT
A1 GFP-R: AAGTTCACCTTGATGCCGTTC, H i BA 1020 bp. PCR JMAKZR A: F#i DNA (50 ng/uL) 1
uL, GFP-F (10 uM) 1 uL, GFP-R (10 uM) 1 uL, Taq DNA polymerase (5 U/uL) 0.5 pL, dNTPs (2.5 mM) 1 pL, 10
x Taq PCR Buffer | pL, ddH,O04.5uL, ¥&%); RMFETA: FiEPE 94°C 2 min, 2814 94°C 30s, Bk 57°C 30
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s, JEMF72°C 1 min, KIAEIR30 K, ZAEM72°C 10 mine JRMEE G HEAT FLBKAS I o
2.5. 48 GFP EHA guide FF5IEY CRISPR/Cas9 EFE R I

R4 pBI121-EGFP M) KIEH AT GFP B:KF 5], *HFATHAL R h, EHH) gRNA #4755
5|~ : CAAGTTCAGCGTGTCCGGCG, ¥/ CRISPR/Cas9 FiE#MAM B LG, A —X 35149,
GFP-gRNA-F: TTGCAAGTTCAGCGTGTCCGGCG A1l GFP-gRNA-R: AACCGCCGGACACGCTGAACTTG.

IRIEAEY) Cas9/gRNA R BRI B ER, & oligo 514 % fk: GFP-gRNA-F 5|#J(10uM)5uL,
GFP-gRNA-R 5[4)(10 uM) 5 pL, ddH,O 15 pL, 8%, 95°C %M. 3 min J52&18 HARAHIAE 25°C, F 16T
SBE 5 min; FRREE T oligo G140 — B N B HAA 1 : Cas9/gRNA #if& 1 L, oligo — 544 1 pL, solution]
1 uL, solution2 1 uL (solutionl HI solution2 347 & H ), ddH,O 6uL, VRAJJGE 16°CMN 2 hy /5 H#
R Y)E IS AL R DHSa KT HEESZES T, IR RS RIBERPIER b it s vE, 2k
ARV DL PR Bk BE, KR IERI ) & GFP &K guide /5741 #] CRISPR/Cas9 2 Kl ri bR
TR R 2 EHAL05 AT H B2 A

2.6. CRISPR/Cas9 EE R E (AR BIEFEL

¥ E&H GFP R CRISPR/Cas9 iR #H 4 1) R A 4% A0 &2 pBI121-EGFP # 5K FH AR, Bk AL
JEZI 23 ikt AT, RYs. IR ETE G, 2R 5 2 W A e 55 7R L (AR I 200 mg/L
R H B RM 20 mg/L WBRERDF, FHSPEEAT; FEHEFKE 1~2 om HEIIFESAER, 345
U A, AR T b I oy 7 4 5 SRR PH R R

2.7, FEEERITOEE

A4 BRI | B4k pBI121-EGFP fHA) KK /4 A1 CRISPR/Cas9 [l i kA8 17 F Ak 326 DR R 75 2 4
FRRIERIN TG U LR BE M M F A AR R L AR, ) OLYMPUS FV1000 Stk 3 3R AR B gk AT
MEE, FEM T 488 nm (UGS T HBOK, BOROETE 510 nm & 580 nm [A1KE I GFP 4%, 7F 620 nm % 680
nm ARSI SRR R 25,  BAMRE 45 R H OLYMPUS FLUOVIEW Ver.3.0 Viewer 3440 1.

3. BRE R
3.1. pBI121-EGFP E#ZFRIAH F L HFIHEE

S A RO S E S - BR AL E, AMEARAORN S PoOfE L IR e B SR R B REF, 2920 RJE
AISRAR AR, B AR SRR B AR B R 3 LR, 7 R A A R AT RIS AR AR AT PT A AR (& 1),

FATELPT R R ) Bt AT B2 2H DNA 2L, HFDANCARNR, &35 GFP H 241 DL
TE MR B B (R BE PR R R (1] 2) 0 DABF AR R L (R 2H DNA B YEXT R, DL pBI121-EGFP J5iki N BH P
PR, X ARTFI) 6 RRPUMERIME AT PCR %58 . KI: 1~5 SHitEARy eI 1 b H W45, 1 6 Sk
RAHGH B &
3.2. pBI121-EGFP #ERHEE T

HUZd PCR %58 IO M B0 B DR R (V0 20 R AP, 3EAT 9%, A IO BT A 2R PO R F <L 9 A e 2
rh o BE T E R, TR GFP HEK I AV R, 2 5 20 B i) 240 P B R < fL b (0 B 28 2 A P e ) 250 4
R IG(E 3A~E 3H); B GFP BRI BRI R ] 3k GFP B, HAiZ & F Al RE 2 E L fE 40 i BE Bl
AR
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3.3. pBI121-EGFP ¥ EH#Ek GFP ERHmSEERER

ASEEKT GFP H T gRNA BT 5, FEH SRS Cas9/gRNA ki, 27 3k#3 GFP &
1 2w ig 2L (K] () CRISPR/Cas9 Rl a8 AR (15 4).

¥ & CRISPR/Cas9 J D il [ 5 4 28 Ml b AR AT BT A5 KD IEEA% % A 77 vt I ikt o DY B A R 70K
BTG, IR IUERR(E 5), @nTKFERE, MZHMERAKEET GFP WS, KIAMHKT
¥ GFP FEDR (MG SEREAR T &, I8 GFP DR ¥ s g sl 7 B R iR (1728 Yo 35 (1 3E~E 3L),
VLA S0 R L gRNA J7 51 AR AT FEMRE B R S2 B GFP H 2R ) 2 -

4. g
H 77, CRISPR/CasO %5 CLE S Pt M Se Bl 1 L R4 1 5 5 i, 1% 7 125 Rl (E R A0 10 34 2 i o

Figure 1. The transgenic plants transformed by pBI121-EGFP
eukaryotic expression vector into tobacco (Nicotiana sylvestris).
A: resistance screening; B: bud differentiation; C: regenerated
plant; D: root growth of resistant plants

[ 1. pBI121-EGFP B FIAFH AU MEE R ERE
o A: fUMtGHE; B: FHISK; C: BEMENK; D: il
HEHRIRE KR

123 456 +—M

1020bp

Figure 2. The result of PCR identification of tobacco resistant
plants with GFP gene. 1~6: PCR detection of GFP gene in resis-
tant plants; “+” means positive control; “—” means negative con-
trol; Lane M: D2000 DNA Marker

2. ¥ GFP BROEREBEEST I ENR PCR £ ELER . 1~6:
ttEk GFP EE PCR LSRR ; “+7 AR, “-7
ABAMERTEE;  “M” : D2000 DNA Marker
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Figure 3. Fluorescence observation of transgenic tobacco plants. A~D: fluorescence observation of the wild type tobacco by con-
focal microscope; E~H: fluorescence observation of the tobacco with GFP gene by confocal microscope; I~L: the fluorescence
observation of the confocal microscope after the knockout of the GFP gene in the tobacco. A, E, I: results of fluorescence observa-
tion; B, F, J: results of the superposition of fluorescence and white light; C, G, K: results of superposition of fluorescence and
chlorophyll autofluorescence; D, H, L: magnifying results of B, F and J graphs; The magnification of the objective lens is 60 times.
Bar is 20 uM

& 3. Eﬁﬁlklﬁffﬁffﬂ’]iﬁ'éiﬂ?',‘—?o A~D: FERMFEHRERFHIRIAVRLER; B~H: ¥ GFP EEMMEELL
RERMRANELER; 1-L: ¥ GFP EEMMEERFR GFP ZEFHHREEMBIANRER. A E ©:
ﬁﬁ't’:&%?ﬁ’]é*%, B. F. J. RAFBXBMAILER; Cv G\ K: ﬁﬁ'ﬁ%ﬂﬂ+ﬁ§§7j#ﬁ'ﬁéﬂﬂﬂ’]2*%, D. H. L: B,
Fo JEIBARLER; MAERK 600, EF#RA 20 uM

LB Bar 35S atue6 gRNA dpCas9 2 x 35S

gRNA-GFP PAM

---GTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA---

Figure 4. Schematic map of CRISPR/Cas9 gene knockout vector containing GEP gene guide sequence
4. &1 GEP £[& guide F3IH) CRISPR/Cas9 HEFi M E A REE

TR TR] S LA ) SE DA B A A A R (140 MREAE D9 SR (R 00 e, LBt AR B A0 T7 v L,
Bltk, A CRISPR/Cas9 &[54 4 7i%, SR T o K HoAb A ) S D D RE 2 vl AT 1, A SE6 R A
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Figure 5. Genetic transformation of CRISPR/Cas9 gene knockout
vectors. A: resistance screening; B: bud differentiation; C:
regenerated plants; D: root growth of resistant plants

& 5. CRISPR/Cas9 ZE R FRE AR BNEEEE L A FUIETFIE ;
B: FHISML; C: BEMEK; D: MMHERREKER

GFP JEPRIX — SR A hRiC RE A, G P Ot AR e tb, SIeBl 1 B AR RO 55 NS5 1) B R O 21 6 PO 24
Y BE V2 O ) LR €50 PR 0 B B AN 2 R A T K . AT EDWELRIAIERA T CRISPR/Cas9 R4t
S FH T 0 e e ] 2 2 0 1) T AT M

RS [RGB AR — N KR, TR 80 J& 300 A, T2
AT A AR A DL A DX, DASGIEG RGT I R R O FE R, RIEH 26 J& 107
Mo SIEHEYIBHESE, SAMEYIT A& T BEEEUE AR, R, R, i
F R . SRERRTIRIEY, AR SRS, St AREARR KT NE. KHE,
KZE K&, NHEDAERIEY); 5T E S S e 8 S IR E A, Z9MJrm, ik
Ve VAN SIS AT, AR, LI REA DLLCAERE T 07 A R DU T 2 AR
ML ELmiE S R A, 2 BONRHE A K AT B9 5 B 84S e A D 3R A e S DR R IR BN
Gy, JFHARHEYI K 2 Bk KA OGN, TR AL I AL R 4L 51 DR T R R ) gl . R, A
TUESLIIMAMH LT CRISPR/Cas9 K R 1L RIE mi Sl R G, ATk — A8 s S R ) rh adE AT 2
R B2 3 S Dh e o MR LB (-7 65

B

VSN DUBUR 76 S B AR R 5 0 B 051 H B
E&ME

AT E 2 AR I QBT H “ CRISPR/Cas9 ZR4E /RS 4 4t o 1O ST "R B
B30k
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