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Abstract [ Objective] To knockout eIF4E-6 gene using TALENs technique,and to provide material for improving the PVY resistance of high-
class flue-cured tobacco cultivar K326. [ Method ] TALENS vectors that specifically targeting against elF4E-6 gene were constructed. TALENs vec-
tors transformed tobacco cultivar K326 mediated by Agrobacterium tumefaciens. The T, transgenic tobacco plants of which elF4E-6 gene were suc-
cessfully edited were screened. [ Result] Two TALENs vectors which specifically targeted against elF4E-6 gene were constructed in this study.
Two vectors obtained approximately 40 and 50 positively transformed T, tobacco plants respectively. Vector T3 obtained 1 heterozygous mutant T,
plant whose targeting site of elF4E-6 gene showed deletion of big base fragment and 3 heterozygous mutant plants whose targeting sites showed sin-
gle base substitution. Vector T4 obtained 5 heterozygous mutant T, plants whose targeting sites showed single base substitution. [ Conclusion ]
These heterozygous mutant T, K326 tobacco plants obtained by using TALENSs technique laid foundation for obtaining homozygous gene knockout

K326 tobacco and finally obtaining K326 tobacco with improved PVY resistance.
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AR, CTE SN 0 DR 20 A i PR D) RE 0 4 45 A AR W
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Table 1 The PCR primers used in this study

Gk FIHIFFN(5'—3") FEIHR/N
Primers Primers sequence Length of
name (5'—3") products // bp
TEST - F GCCGTCAACCAAGCTCTGATAG 801
TEST -R CTGATCGAAAAGTTCGACAGCGTC

CTCACCGCGACGTCTGTCGAG 968
CTATCGGCGAGTACTTCTACAC
GGCAGAGGAAGCTGAGAAATTG 222
GTGTAAAGTTCGCGAAGGGAAC

hygromycinB — F2
hygromycinB — R2
elFAE6TALEN4&S - F2
elFAE6TALEN4&S - R2

1.2 7

1.2.1 Hgg@tsfn elF4E -6 JER M) TALENs %k, & 28 e
H R L5, OR 3E TALENs 28 (40 7 51 e 28 R ]
TALENs PRI SRR AEE R 16 ~ 18, I 5155 0 i
B T 5 C,[EFRIFHIR 14 ~ 18 A-fdt ; QMR R E L Blast
L5 b AR e DR 2 S0 P A LU X O, B A el FAE - 6
LR Rr S B 2 A, 40l 44 R T3 F T4 BB U7 915
B 2 MRAEIEALUT A, By b a7 A YRR R
23 F)A R TALENs 2844, JF 2O R W (Luciferase ) FLEEIR X
(Single Strand Annealing,SSA ) #2553 K J7 #4601 TALENS 25,
RIS DNA BT UIEME

1.2.2 TALENs # & &4k K326 fH3E, & 5c# TALENs
AR TR L T S A AT, BAARL IR AR 4% 1 pg BORLA
FRR AR AT T LBA4404 J8% 32 25 Al i v, ki 30 min R
BWRAR LA H,2 500 V/6 ms FEAT L 75 SRS hTA 500

pL SOC }7:4E,28 °C 170 r/min $E3% 3555 60 min; B 150 pL
IR AT E S RIREE R 0 LB PR [,28 CHiFE2 ~3 d £
WA L, PRICR ATV PCR B00E, T8 7% PCR [
1R R HF AT 20 pl, HoAr 10 x PCR Buffer 2 L, dNTPs (4%
2.5 mmol/L) 1.6 pL, /K 14. 1 pL, F 514 (TEST - F
FITEST - R 4% 10 pmol/L) 4% 0.5 wL,r — Taq i 0.3 wL, FHK
1 wL, PCR 145444 95 °C 5 min;94 °C 30 5,55 C 30 s,
72 °C 1 min,30 PMEH ;72 “CHE 6 min, PCR [ 58 5 #F
1T 1% (W B BEE R FEL TR 47 38 AR 42 2 B Butds
Z51 PCR 7 K/NA 801 bp,,
%2 TALENs #8fi S8
Table 2 Information of TALENS targeting sites

BALRFHI(5—3")
Sequences of targeting

sites (5'—3")

T3 GGCAGAGGAAGCTGAG
AAATTGCGGGTAGA
TGAAGTAGAAGTAGTCG
T4 CCATTAGAGAATTCTTGG
ACTTTTTGGTTTGATAAT
CCTATGGCTAAATCTAG
1 R RIZAREE TALENs R3] , v a) ] B v 471

Note : Underlined sequences are recognition sites of TALENs, and se-
quences between recognition sites are spacers

LY 4 K326 JHF TG 1, AL BRANT 8 K326 S
TR A KA 1.5 mL 2508 1, 0. 2% R I 8¢
5 min, JCPE/K HYE 3 ~5 U He 8 R/ AR FP T 172 MS [ {ARE
Fehk (MS KREJCR I + FEHE 30 ¢/L + 3§ 8 ¢/L,pH =
5.8) b, i g4 25 °C 6 16 h/d,

B Jr R M SR 544k K326 JRe, AR IR I T  FF L
Wi 4 FiFIa, B2 5 mm x5 mm (/8B J MS
IR SRR WG IR 2 do 9 E AR W W, B0
1/2 MSH AR SR I B R v A, FH B8 1 TR VAR e A e
5 min, SR RHR S A ME B 5 BT 2 mg/L 6 — BA I
0.1 mg/L NAA ) MS [E{&EEFIET 23 CREESE 2 d, 3%
Fefa FEEFRHEE RN 500 mg/L Sk AR AA G 10 mg/L
3 B TR, F RO R A AN A, TP E K E
1~2 em W, Ul FASE ZFH LR 250 mg/L At g
10 mg/L¥IE: 3 B (AR AR IR 0L L atF AT AR AR B 97 5 4R 15 T,
R K326 fHbk
1.2.3  ffik T, £CRH M54 35 R K326 Mtk, 23 B T, 18
K326 JHh 1 3 2 e D) B0 ke 66 A0 R, D 0 6 R
DNA $EHGRF G 48 BUR B 7 DNA, DLt A 4R #F 17 PCR
K, PCR Sk %~ 10 x PCR Buffer 2.5 plL,dNTPs (4%
2.5 mmol/L) 2 pL, FFI#514) (hygromycinB — F2 F1 hygro-
mycinB — R2 % 10 wmol/L) 4% 1 pL, ¥ Tag Ff 0.25 wL,#
Bz DNA 1 pL, I #K % 25 pL, PCR 4 #4444 94 C
5 min;94 °C 30 5,55 °C 30 5,72 °C 1 min,35 MEFR;72 °C 4E
17 min, PIWIER B BIADIHARS, B PCR =P A/
“h 968 bp, 7E 1% R BEBEMHEENE 1 H iR
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Fig.2 Detection of DNA cleavage activity of TALENSs vectors in vitro
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FimR o 2 ADEMEEAR TETE Y1 1 24 800 bp K/INH) 4R,
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Note ; M. Marker; 1. vector T3 ;2. vector T4
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Fig.3 Colony PCR detection of TALENs — vector — transformed

Agrobacterium tumefaciens
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HBR - BEAY B B A
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Xt AN HTEE R 6 fran . H B 6A AT, T3 %% 3 KR
Pk T3 - 26 elF4E — 6 JEPH H ¥ 25 AL TG H 88 49 bp [ DNA
Jr Bk s Bk T3 — 38,4546 435l #E TALENs #4K& Fok 1
FETREGE Y DO B A B e e, 1] 6B 1] 801, 3k 2 4%
TR ¥ 51 1 58738 S BGX e Bk el FAE — 6 K2R B 2E 1 43 5]
T EE R Ak R S R R S I R i, I 6C
6D T, T, 1Y T4 FILPRBEA 5 A~ 5ibk T4 - 1415 21 .34,
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FE TSERE B0 7 90 i 280 RHIA T, £ 5 bk PCR
P 4 RO T 5 A P o SR
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1 000 bp

o
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T ‘w—'—~—.w~—-\~\——

HGRALI el FAE — 6 FEIN 7 B A i 1 i ARy R AL
o B2, IXLE el F4E - 6 FENZR G978 T, AU K326
HRRR A Je SEE N 25 AR TR AR BRI TR
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TE:M 2y Marker; 1 2 T3 ZRMABORL( BTN R) 52 ~ 11 2y T3 ZfAe BRI 12 S T4 B BURL (FHPEXTIR) 513 ~ 21 54 T4 ZfApe S R A bk ;22

AR LA K326 e ( BIPEXT IR )

Note: M. Marker;1. T3 vector plasmid ( positive control) ;2 —11. T3 vector transformed tobacco plants;12. T4 vector plasmid ( positive control) ;13 —21.

T4 vector transformed tobacco plants;22. non-transgenic K326 tobacco plants ( negative control )
4 PCR &l T, HPREEEE K326 K
Fig.4 PCR detection of T, positive transgenic K326 tobacco plants
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TE:A Dy T3 BN AR el FAE - 6 JEN LGN, M 24 Marker, 1 N ARFEEED K326 HHRT,2 ~9 Sy T3 BEIEINNARR; B O T4 Fe IRk olF4E -6

FEPRI GARRGIN , 1 A AEFETE K326 JHEL,2 ~9 S T4 FEEEI R

Note: A. mutation detection of e/F4E6 gene of T3 transgenic tobacco plants, M. Marker, 1. Non-transgenic K326 tobacco;2 —9. T3 transgenic tobacco

plants ; B. mutation detection of e/F4E6 gene of T4 transgenic tobacco plants, 1. non-transgenic K326 tobacco,2 —9. T4 transgenic tobacco plants
B 5 PCR &M T, REEFE K326 [k elF4E -6 HERE
Fig.5 PCR detection of mutation of eIF4E6 gene of T, transgenic K326 tobacco plants
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PVY 5 a2 e 35 M A= 7= 1) B S0 3, AR X e ] A e
AP R R . PVY SRR SR Y i 28 (Po-
tyvirus ) IJHBIRE G o AR K, elFAE R 2 AE Y1/ 1 Po-
tyvirus JREEIIPLE R F o BIAEAR T PVY I R 2
J75 75 (Tobacco Eich Virus, TEV) 1§ por2 LY L5 5 7t
J675 3 5T ( Turnip Mosaic Virus, TuMV ) FllA:= 3248 M- 55
(Lettuce Mosaic Virus, LMV) ] Ispl FEPR'! | Az 32 i LMV
9 mol JEIH' 4 RFIRE YRR AT X2 Potyvirus J75 75
UM OCEE R B e A S TE O el FAE JERI GE TG 51, BE T
W, BEHATE S A AR RE R B 1A el F4E — 6 B i o B
PRI REAIF SR 45 o PVY J@ig BE M H AR 6T PVY
BRI R A BB va FERTT B 1SS A
PVY HiPEf BT BE N . FEvk A7 77. 5% MR
SRR A IR L 2014 4F Julio 45" Al 1 3 38 A 5 AP Y

elF4E FER F g p— {51 ( GenBank J¥ %15 KF155696) , R X}
N va FEPR . ZFFI XS BT I elFAE — 6 B 5 Julio
EHGER KF155696 J7 41 58 2 —8, HT L EoFs, i A
AT 140 P 2 s B R AR T LS o e o S A v PVYY i i
P el F4E — 6, AT S BT AR SRR B R A A R

TTAFR: , B PR 2H G S R A 1) H 30 B it o e S S SRR )
ARG O R SR A 15 R R ST et 10 ik DR 2 4
T HBHR RS ( Zine-Finger Nucleases) , P AE RN 2 ]
L A T e R e AR 2L BRI AR I FEARE 3 N 5 gt
A2 2k 2 05 T A SRy B, T 328 3 4 U 252 11 LA TALENs K
CRISPR-Cas9 ( Clustered Regularly Interspaced Short Palindrom-
ic Repeat-associated Protein 9) 7 A B A, TALENs £ AR T 4E
S © LTI FH T P B o R B B ARG T 4 S
ANZEHE W A 1) R TR 4 g T P A A K RS R ST
MR ZZ R AR RIS A I — A g 1
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A - T3 ¥efsk e
WT GAGAAATTGCGGGTAGATGAAGTAGAAGTA?30
TEIGENE B BB T T s = « o sororcw 8 80 5 5 5§ 8 seincs & € 5 5 & 8 30
T3-383 GAGAAATTGCGGGTAGGTGAAGTAGAAGTA 30
T345GAGAAATTGCAGGTAGATGAAGTAGAAGTAZ30
T346 GAGAAATTGCGGGTAGGTGAAGTAGAAGTA 30
WT GTCGACGATGGACCTGAAGGAGAAATTGTGG®G60
TEH « « 5 @ e m v 5 % % 6 8 8 R ¥ B W X % @ @ GTG®60
T3I38GTCGACGATGGACCTGAAGGAGAAATTGTG®60
T345 GTCGACGATGGACCTGAAGGAGAAATTGTGE®60
T346 GTCGACGATGGACCTGAAGGAGAAATTGTGG®G60
B - T3
WT E R
T3-26 IR E W
T3-38 IR EK R
T3-45 LY E K L[o]
T3-46 IUNN E K R
C - T4 Fefs &, e~
WT TCTTGGACTTTTTGGTTTGATAATCCTATG 30
T4H14A TCTTGGACTCTTTGGTTTGATAATCCTATG 30
TS TCETTEGGBACTTETTEGGT TTGATAATCETATG
T421 TCTTGGACTTTTTGGTTTGGTAATCCTATG 30
T43d TCTTGGACTTTTTGGTTTGGTAATCCTATG 30
T444TCTTGGACTCTTTGGTTTGATAATCCTATG 30
D S T e
/ W F 3
W F P
WF P
WF P
WF P
W F P M

TE:A O T3 SERED MRk TALENs #0758 DNA F751 CRXT A T ek
ARABRAE AL A A R, AR BR ) 5 B T3 6 56 [
Bk TALENs #U07 od BHIREEE MR SERRT 515 C Oy T4 F6 L D A ik
TALENs #1375 DNA J#%1;D Jy T4 53R Rk TALENs $ 47
R AR
Note: A. DNA sequences of TALENSs targeting site of T3 transgenic to-
bacco plants (the mutated bases of transgenic plants compared
with those of wild type are in bold italic,. indicates base dele-
tion) ;B. Amino acid sequences of translated protein of TALENs
targeting site of T3 transgenic tobacco plants;C. DNA sequences
of TALENS targeting site of T4 transgenic tobacco plants;D. A-
mino acid sequences of translated protein of TALENs targeting
site of T4 transgenic tobacco plants
E6 T, REEE K326 1K elF4E -6 EERESHT
Fig.6 Mutation analysis of elF4E-6 gene of T, transgenic K326
tobacco plants
BRIHE PVY B R DR S R ST PE .t Tz i
FFRIED el F4E -6 J& T 1 & 235 12 D0t AR K
15, ELISCER RV 2R ) P ) — B3ORE g , BT LA B A e 4% 2 A A
MRAEHE £UF HUA EE Y TALENs 2R 7E 5 A8 B0 10 HAR S
DNA BIUIEPESEAT T RGN, 45 2R 7R T4 #oik my i 1k s T
T3, fHEZ T, EAMR R FARRED A8 AG 25 5 B T3

ARXT FARIEA 1 S 4B AR ZE AL T T4 X W], TALENSs
ARPR A ARSI P AT RE T A BE v FUI0 HC AR AR 1A D ) JEE A
HAAEBOR . IR, i TIZBITST 2 A DA 24 5 28 A
%, ELARFH T, AR R A LR, 1X— 45 R 2 RS
IR RHEAE . 2 AN EAAZRAT Y T, AR H AR
(B TR ARG DLK TR , SR AZ I Dy 2 T HL 22 B PR
e, 2 AN FASEN G AR MK . X0l et T BT Y
LI (2013 4F ) TALENs A LR gn A A il g
SZENZHITTE F BRI N -5 H A A R AR DA TR P A R o

L LT PR T TALENs 5 5 20 2 B8 H0R 545 T
elF4E -6 KEPIZR & 57 T, X K326 MRk, MKk kg4l
EHEPIRRIERA PVY HTMESCR AR SRR AL TR
S 30k
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