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Abstract: [ Objective] The development of gene editing technology has made it possible to achieve precise molecular breeding in potato.
Microtubers are ideal materials for genetic transformation, but its induction and genetic transformation are of genotype-dependence. Thus,
establishing an efficient and widely used gene editing technology may provide technical support for precise molecular breeding for potatoes in
future. [ Method] Cultivated tetraploid potato variety Qingshu No. 9 and Bingshu No. 6 were used to explore microtuber induction and genetic
transformation. Concurrently, the CRISPR/Cas9 gene editing vector was transformed for genome editing. In addition, the screening system
was tested in another three potato varieties. [ Result] The efficient tuberizations of five potato varieties were obtained using stem segment with
two leaves on solid media including 10% sucrose and 5 mg/L kinetin under dark condition, while induction effect varied. The optimal ratio of
hormones for the regeneration of Qingshu No.9 was 0.5 mg/L. 6-benzylaminopurine, 0.2 mg/L indole-3-acetic acid, 0.2 mg/L gibberellin, and 2
mg/L zeatin, under which the regeneration rate, the transformation frequency, genome editing rate was 41.5%, 51.9%, and 82.1%, respectively.

Using the above screened the formula of hormones, genetic transformation and regeneration was efficiently achieved in another four potato
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varieties, and the genome editing rate was 63.2%, 33.3%, and 10% for Bingshu No.6, Desiree, and Jingshu No. 16, respectively. [ Conclusion]

We established the highly efficient genetic transformation and regeneration system for five potato varieties, and genome editing can be completed

for four potato varieties.
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Table 1 Micro tuberization under different sucrose concentrations for two potato varieties

JHee 5 Bingshu No. 6

=t XR= Qingshu No.9

HEpER - - —_ -
- . BN S5 Number of BN A S Weight of BT E250 Number of micro- BRI S Weight of
Sucrose concentration/%
microtubers per bottle/ $ microtubers per bottle/g tubers per bottle/ i microtubers per bottle/g

6 0.17+0.40h 0.02+0.04¢ 0.20£0.45¢ 0.02+0.03b

8 2.83+1.17a 0.29+0.19ab 1.80+0.84ab 0.19+0.06a

10 3.50£1.64a 0.48+0.20a 2.60+1.34a 0.28+0.13a

12 0.67+0.82h 0.09+0.10bc 0.80+0.84hc 0.05+0.05h

15 0.67+1.03b 0.06£0.11c 0.40+0.55¢ 0.02+0.03b

o ARREVNEFEFIR P<0.05, FIA

Note: The different lowercase letters indicate P<0.05, the same below

22 MMBENLAEREEFTOIA
TEVRTN 10% FERR B pHEal |, 2R R ER b
FRJE R A S IR 2 R, SR INEY
MR, é&ﬁM4m¢m3Aﬁﬂﬁ%m4mﬂ
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0.37 go LRI, ERINE A WRIE R KT X 1
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Table 2 Micro tuberization under different hormone combinations for two potato varieties

AR E J£3 6 5 Bingshu No. 6

T2 9 5 Qingshu No.9

PRI EE /B Number of

microtubers per bottle

Different hormone

combination

HF- 2 Weight of

microtubers per bottle/g

BAREE- 38 Number of ER RS SNy Weight of

microtubers per bottle/ i microtubers per bottle/g

0 3.50+1.64a 0.48+0.20a
4 mg/L.6-BA 0.67+0.58h 0.0420.03b
4 mg/L 6-BA + 3.5

0.67+0.58h 0.03+0.03b
mg/L NAA
5 mg/LL KT 4.67+0.58a 0.62+0.07a

2.60+1.34a 0.28+0.13a
0.33+0.58b 0.02+0.03b
0.00+0.00b 0.00+0.00b
3.30+0.82a 0.37+0.15a
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Table 3 Induction of tuberization under different segment lengths for two potato varieties
YL b P25 K Number of SR F- 28 8 Weight of KU Weight of K F 4% Diameter of the
Variety Treatment microtubers per bottle/ i microtubers per bottle/g the large tuber/g large tuber/cm
ItE e s 1AM BE 2.00+2.00a 0.13+0.15a 0.08+0.08ab 0.43+0.38a
JEHS 1 ATTRE 0.6740.58a 0.04+0.04a 0.04+0.04b 0.38+0.34a
T 2 A5 B 3.33+0.58a 0.23+0.05a 0.09+0.05ah 0.65+0.09a
2 AMTBE 2.67£1.53a 0.45+0.37a 0.22+0.13a 0.80+0.18a
HHOY TR 1AE 1.332.16a 0.10£0.20b 0.02:£0.04b 0.18+0.29h
JEE 1A TE 2.83+1.72a 0.20+0.17ab 0.10+0.07ab 0.440.06ab
To 2 5Bt 3.17+1.60a 0.21£0.13ab 0.10+0.04ab 0.55+0.07a
SIS 2 A B 3.33+0.82a 0.37+0.15a 0.15£0.05a 0.59+0.06a

AR b, L DT O E S A IR sgRNA BT 51 1Y
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FFO R Gl i S ki T e % Ak, 20'E T K1
K2 Ki g3k ik Tis T o tb. R4 TLUEH,
B9 51E K1 R K2 K533k AR RE ) 22 4k,
HAE MG TR R K2, 2R ATk 41.5% ; IF 3
6 S5 7E K1 Ml K2 B5 72 3% B A e i fffE 22 52,
B MG SR I N K1, ZE5 R AT IE 44.8%, [HIL

AT, A 7] 35 R 76 T 424 2 St A ) 9 2 Ak B %) g 7 A
TE—EMES
2.5 StuPPO23L R MM AL AR 69 T 32 R 3k R AR
a4 K|

¥ LIRS AR E T 54 RIREE R MS
Wi A T AR R R IR, AEMRE B AR B T U6
TS GFP (FRIR G B WML & gk bR
N BAPE AR, ez aRsk (B 2), T iFE—2
TIAB L AR I, F IR TR A5 2 A% P A Al Ak
JEHUDNA #E17 PCR P71, B 2 CAE bR a9 1
AT, BRI EAS B A AR AR S4B .

StuPPO2

c GAAGTAGTGAT TG CC T CAITTAGET T CATNGAGCIGTTTTAGAGTC

A : pKSE402 #fAORTER 5 B« 0T SwPP02 FE BRI . LLEFOR PAMJTS 5 i CQIORBREIERGUIALA 5 C « SOLAUT ST ETE

A: Schematic diagram of pKSE402 vector. B: The target site in gene StuPPO2. Red is PAM sequence; blue is restriction enzyme site. C: Correct target sequence is

confirmed by sequencing

1 CRISPR/Cas9 BB E kR
Fig.1 Construction of CRISPR/Cas9 deletion vector
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Table 4 Induction and differentiation of microtuber for two potato varieties

iyl Variety FEFE R Media types PR AL Microtubers/ > 2E90b 22 H-4X Differentiation microtubers/ 1> Z3EA% Differentiation efficiency/%

K1 106 8
HES

K2 94 39
. K1 58 26
HE 65

K2 63 2

7.5

41.5
44.8
349

H 9 SHIFE 6 5B AR R 51.9%
M 413% (£ 5), #H—MH SwPPO2 B FE S
S1W PR A X, 28 BspH 1 BV B & 4200 3 v 07
TE StuPPO2 HE R R bR 1 5 BE A bk . HhFHE 95
FI- 28 6 5 10 56 I8 4 R 2803 43 1R 82.1% il 63.2%
(3R 5). X152 AH 5 S AR R A T— A T 43 A7 58

ARRAY, FETF 9 S h, LGN R 4 bRl G R AR
e, 4B 583 %N 14.3%, TO-1. TO-3 F1 TO-4 K
BRI bR AR IR, A BB T 44~ 6 ANF16 A4l
FETO-2 BBEAmA R, AT 1A A (K
3), HiHrTO-1 F1 TO-2 M5 AE, #5t mRNA J5
S BUR AT R AL T, MO e] RE S ECE (I RERY

h\Y
N \\/’

A REENES B VBT ARG s C  EEIR AT s D 2 FRME - B FERIIRAEAR 5 F . GFP SOLTRHLE FAVEFRAE AR

— —

d

A: Induction of microtuber. B: Infection of microtuber thin slices. C: Induction of microtuber thin slices. D: Differentiation of buds. E: Rooting of regenerated plants. F: Positive

regenerated plants are selected by GFP

B2 RFENMTSHDLBRETFTRRERLER

Fig. 2 Agrobacterium-mediated potato microtuber genetic transformation system

x5 WABEEKT SuPPO2 ERRENEES NN

Table 5 Identification and analysis of StuPPO2 gene editing for fluorescent regenerated plants

n TRAA R PR HALRE TASFEIMRAR RAFRYH
Variety Regenarated plants/ ££ Fluorescent plants/ £ Transformation frequency/% Mutant plants/ £ Mutation frequency/%
HES 54 28 51.9 23 82.1
I 6 46 19 413 12 63.2
iR S ERORERAL, (A 15 DB, SRR
26 XEZAHBHKRAEL B KRLAES  31.3%, 3 RFEEFEA DA B E7E KI5 K2
KGRIIRE ARSI ATE SR A, i 165

WA bR g T ) A S A L R R AR R
TR, G HAE S Ab 3 AR L PR 78 O 3% 4 T 44 2 v
NPT, 25 6 Fras, R 2 M/ B
P, Desiree I P45 EROCRE, LRI 48
DL TISE S BRI 100% 5 HR R85 26 5,
HAf 31 BB 458, ROR N 64.6% 5 H 55 16

()2 3 AL RCR T AR AR R e i, 43 51 58.8%
1 40%, H KN Desiree, I3 26 5 K. &q,
TE 9 B Desiree Fll 10 #R 25 16 5 B 2GRk,
HAr 5 3 BRAN | MR A AR R S, SR R AR
MRCE N 33.3% FI 10%. TAEI2 26 5 I EAAN
FNRARR KA
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AW« CRISPR/Cas9 15 14 i A WU A T 4% B A S L DR S AR 2R 1) T 39

PAM

WT: CCTGCTCATGAAGCTAATGAGGA

Al aAA A A AAAAAAAAAAD

. A Al
TO-1: CCTGCT-—AAGCTAATGAGGA  -4bp(100%) f\/\/\J\/\/\(\EM/\&&/\f\I YVATAY

T0-2: CCTGCTaCATGAAGCTAATGAGGA +1bp(100%) AL\

T0-3: CCTGC------ AGCTAATGAGGA

T0-4: CCTGC-----AAGCTAATGAGGA

AAALAAAANAAAAAAAAAAAAAAN

-6bp(100%)

I Ir\ I\
n N
sop(100%) ANANAAAANNANAAN

I\

\ f\ fln

A : PCR/RE R AL MR WT/D 7R BF A RIBERED) 5 WU /R BF A RURBERFYL 5 TO-1-T0-4 KR SRR 5 B : stuppo2 F/E IR A I LR S3HT .

TS FR PAM J741

A: PCR/RE assay for mutants. WT/D indicates that wild is cut by the enzyme; WT/U indicates that wild can not be cut by the enzyme; T0-1-T0-4 are mutant plants. B:

Mutation type analysis of stuppo2 mutants. The PAM sequence is highlighted in red

B3 StuPPO2 EEEFRERIKT
Fig.3 Detection of StuPPO2 knockout plants

®6 Hftt3NMEGDHEARMERREERNDIL

Table 6 Testing of gene editing system for another three tetraploid potato varieties

g AR SRl P R 7R FACE AR E Sk e
Variety Potato yield/% Optimal medium Differentiation efficiency/% Transformation frequency/% Mutation frequency/%
Desiree (48/48) 100 K1 (27/104) 25.9 (928 ) 32.1 (3/9) 33.3
T 16 5 (15/48) 31.3 K2 (30/51) 58.8 (10/25) 40.0 (1/10) 10
JE8 26 5 (31/48) 64.6 K2 (28/154) 18.2 (7/28) 25.0 (0/7) 0
3 itig w2 AT, N 100 g/L FIRERE, SE4R

IHER A S Y RN R B 2 REGR I | BRUA
W VIR B A N R E s
I FLA[R] 35 PR 76 I 4 S0k [ A A DR B4 S LA 7
ZE5t. NN 80 /L I TEHME AT LAE E Asterix fhFPifaE
BIE R, AR B R e B S i 5
RO ARSI, SR A& b FR A T
AR 2 Ah, SMNERYIR R B AR T
AERE BN S IBINE G EE R NAA fil 6-BA
AT LA 2 SR A RS 0, (R s T
A AP 6-BA ANEUS, BN XA A A T e
BEFEFT 27 B e Y R E T, AN 5 mg/L
6-BA ml, KT 0] L) 4 i i 3 5l S i R
e, BUVE B R ERERAL R ARt 2 R i iR A
BAES . TEVRIN 2.5 me/L KT Fl 8% FEME 3G 553
., Red Norland fhFh 3 5 Bef 1 B g 200 o i o

W 25 AL BT UG 7 55 9 5 I 6 S5/
%S W4 mg/L 6-BA Fl1 3.5 mg/LNAA X} 2 44
Fil o 85 A E R IR O B AR S E R . Y
WIS mg/L KT B A] UGEHE 2 A o 4% 24
EES HIFE 6 S IRCRETE 5 9 S, Ak,
FE 6 SHITHE 9 51 2 BOE SIS AR
WEENEHEE, REEMREERINT 1B
B9 S ICER B U s LT
B, IR 6 S TRy Bt il i B LTI
B, MR B n A A E T R
Bto 3Ah, RIFTHE AR R AT DA AR 3
[F] 5L PR B 48 S )i = iU 8, (B R A
TEZE 5

WAL A L FE TP A FEAEME L B AR AR 2
LS REILIN g B R RO, RE RS
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N A R AL AL AR p A AN AR L PR R
PR vk 2 2R R R AT T4k, (EXF AN 3%
PR TR0 O 5 ST 5, P A AR SRR R A AR A 3R AL 11 [ A
BSRAEAE . AT AESE R, DI 115, HHqE9
SR A 2 S S Z AR, R 75 me/L
FIREF RIATORBE, 2 AT RN AL e AR i
B4 R 38% 1 30% 0, DAIEEE 6 S 2L LN
SARMRE, AL EE AL B N 20.3% P, A E
s S UBESE R, GFPuv T EARIC LR W] T % 2
WAL IR . ASBIFFE LAAS 0 MR
FIHT 2 BRI 935 S o0 AR BE 7, >R 150 mg/L
FIFmEMERIE, 59 ST 6 SZEnk
WRSY R 41.5% F1 44.8%. [RINHE4L CRISPR/Cas9
JE IR gt i AR, R 3R 45 1Y GFP FRid 3 A
PR BRI PR AR R, 555 9 S RIIF 5 6 S04
A5 25351 K 51.9% F1 41.3%, i 3 PR a4
3R 82.1% il 63.2%. LA, )T 1 5 1) Bl
WP ERC L, HAl 3 SRR A 5
I A SO SRR A, IR
Gl

[ S AR LR CRISPR/Cas9 45 AR T 28T
FEYI R E R AR T B, HAKR. DhEME
oK A SRR 4 ) 3 A% ok B TH 2 2819 3 TR
DRI L R L DR G R R A TH AR [ A
o B S B T ORI, (E AR T
Tt b 2 T S L TR 1 L O R P — A b 2 45
Z ORI, R 2 TS R R AL R A 1A
RIS AT R ME,  WE DL SRS S R PR Al kR 0
R, ASWFFEEE ST 1 = s 88 S L R g R
ARAKZ— 5 T AT Ry Eh 4% At AL AL AR IR R S,
[F) ot A ok TH R S R T o7 1 P B S
4 e

WIS XF 5 AN RS DR 70 D A4 ) 4% S i A
g LB AL AR R R TBER, S T
R S B R AL B AR R, AR DA
EENZARMEL, 456 R g8k FiY GFP ik
FRiCHEE, 57 T CRISPR/Cas9 45110 D44 B 4
BN EHAKR, PR 4 5 D8 E Rk
B SEEL T BE R 2 R, AR AT ik 82.1%.
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