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Establishment of Genetic Transformation System for
Potato Variety 'Bingshu 6'

SONG Qianna, MEI Chao, HUO Liguang, WANG Huijie, FENG Ruiyun*
( College of Agriculture, Shanxi Agricultural University/Key Laboratory of Crop Genetics and

Molecular Improvement of Shanxi Province, Taiyuan, Shanxi 030031, China )

Abstract: The genetic transformation system of Solanum tuberosum cv. 'Bingshu 6', using stem segments of
plantlets in vitro as explants, was preliminarily established through studying the pre-culture time, plant hormones and
their ratios, selection concentrations, and antibiotics and their concentrations. The ratio of callus induction, differentiation
and the transformation frequency was the highest when pre-culture time was two days. The most suitable callus
induction medium was MS + 2.0 mg/L 6-benzylaminopurine (6-BA) + 0.5 mg/L 2,4-dichlorophnoxyacetic acid (2,4-D) +
0.4 mg/L kinetin (KT), on which the ratio of callus induction was 86.7%, and the shape of callus was dumbbell-shaped
and color was dark green, meanwhile, white hairs and hairy roots were less on the surface. The most suitable callus
differentiation medium was MS + 1 mg/L 6-benzylaminopurine (6-BA) + 1 mg/L gibberellin (GA;) + 1 mg/L zeatin (ZT), on
which the shoots were strong and growing well. The optimum screening pressure for plants regeneration and rooting
was 10 mg/L hygromycin B, and the transformation frequency was 20.3%. The optimum concentration of agent for

K EE: 2021-11-09

ELWE: ISR\ BEBEA RIS 54 (ZB1102, ZB1901); TG4 K2 1354 (2021BQ44) 5 1L TH 4 - Bl 2E ok
BT AE % i B A5 H (SXBYKY2021084) 5 111 74 45 & 5 F & 31 R 301 H (201903D221076) ;5 111 PG 25 4% b B 24 e W A i fili 00F 5% 31 &
(YGC2019FZ1) .,

EEBN: RIEM(1986-), <, BUFRAFITLY, FEEMFIT D4 SN g . L b S il R .

*E{51E& (Corresponding author ): Sz, -1, WIUFR G, WFR DA EFTH, E-mail: Fengruiyun1920@163.com,



*386°

h e AR 5535, 554, 2021

Agrobacterium bacteriostatic inhibition was 200 mg /L timentin, and the timentin was needed in callus induction,

differentiation and rooting. In conclusion, the genetic transformation system of 'Bingshu 6' was preliminarily established

through studying the factors at each stage of Agrobacterium-mediated genetic transformation, which would provide the

certain basis for the development of potato molecular breeding.

Key Words: Solanum tuberosum; Agrobacterium-mediated transformation; plant hormone; genetic transformation system

LA B (Solanum tuberosum 1.) N i BF i & —
HEAE [ PR U R AR R AR AR, P RN EOK
FUKFE T 25 0 AR EEY" . SR EERTE .
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FE R RIS AR A I R R B A3 S R
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RS I 65 R il I PE AR L K2Rk 2= B
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S LA, R AETE IR AR SE B . A
I, IFEE 65 Byl RO L 7E A Hh AR Bl
HARENE L, AR IFE 65 WM
B, 38 0 35 B Ak AN T AR S R A A A A R
Fe . MBI RS B E . 0GR R 2R Sk
JE I e 0 v BE HEA TR, T IR 6 ST

RATFHA TR A AR R, O SR B
DIRE RGN ot e R AR A — R (Y BB AL

1 MR 5 7%

1.1 R
111 AdhAH

R DA I e 5 ML
JakE kb JCRRAE T AT A R, AR
RRLH A ) A G SR A B 35 R AE
112 RAFH A AR B AL £ A BAR

AT T 26 Yy AR 9 R AT TR (Agrobacterium
tumefaciens) , KN GV3101. RFFHE+ & FH M0
T ) 2% 1 A kg TRl 2o 3R 7k 41k pMDC8S, Ik
K A A R PSRN Hyg (B 1), FFmA R
L RAT
1.1.3 #BHRARL RS

HAl, XT 98 EaHANTET LA
MR FEAFEA K ZREE(IAA . NAAFI2,4-D) |
A 4> 2L K 25 (6-BA 1 ZT) LU Bz GA &5 DL
KRB R RIE R, T AT IRE, A
I8 BT FH A8 A K5 3% 2 4 MS (Murashige & Skoog
Medium) , 45 Ffi 355 3% 5 (1) i 44 DA R AL 55 04 B 4 D
*x1,
1.2 REFEREREH
12.1 REREGHYE

BYCH A — A ECE AR R 65 1)
EEBAE R AMER, T 2= F i dd A S MS &
REEFRIE (4.43 /L MS KR . 30 /L ERE A7 o/ LB
&, pH5.8), £4>350 mL 5537 -h A A B9 25 B
J8A . BRI E TAHSRE RN NPT 5%,
B3 2 R 6 BEGRE 2 000 1x, T JE (25 = 2)C,
JEHEJE AR 16 h/8 h (G RE/BRIE ) o T 4 8]
Je . B R AR [R]85 e AR 3R SR R AR S i A T
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Figure 1 pMDCS85 vector
R1 EREHRS
Table 1 Medium components

iRk BBy pH
Medium Medium composition
MS [ fA B 57 4.43 o/ MS TR + 30 o/ L BEME + 7 o/ LE5E 5.8
Solid MS
WIRNITUSES S 4.43 o/L MSHIZR + 30 /L b 5.8
Liquid MS
LB AN I 5k 10 /LR (1R + 5 o/ LIEBHRIA + 5 o/L AL 7.4
LB liquid medium
B SR - MS AR IR + 1 mg/L 6—%%%@%@(6—Benzy1aminopurine ,6-BA) +0.1 mg/L 24-"E KL 5.8
Pre—culture medium (2.4-Dichlorophnoxyacetic acid,2,4-D)
SRR AR I MS [EAREFREE + 1 mg/L 6—" 2 FEMEIS (6-Benzylaminopurine ,6-BA) + 0.1 mg/L 2,4- — S 5.8
Co—culture medium (2,4-Dichlorophnoxyacetic acid,2,4-D) + 50 wmol Z ¥t T il ( Acetosyringone , AS)
A LE RS CIM + (0, 5, 10, 15, 20, 30 140 mg/L){#f1%5 Z (Hygromycin B, Hyg) + (0, 100, 200 1300 mg/L) 53577 5.8
Callus inducing medium (CIM) (Timentin, TMT) 8% 3k 4155 Z ( Cefotaxime , Cef)
G A e =1 SIM + (0, 5, 10, 15, 20, 30 F140 mg/L) %% (Hygromycin B, Hyg) + (0, 100, 200 F1 300 mg/L)##E7T 5.8
Shoot inducing medium (SIM)  (Timentin, TMT) 553k {18 2 ( Cefotaxime , Cef)
Y iE RIM + (0, 5, 10, 15, 20, 30 F140 mg/L){#%5 & (Hygromycin B, Hyg) + (0, 100, 200 #1300 mg/L)45357] 5.8
Root inducing medium (RIM) (Timentin, TMT) 8% 3k 4155 2 ( Cefotaxime , Cef)
122 AGHH BRAHE BLECHIANS /L ALHS . pH7.4) . B FHRIKN

PRI A pMDC8S JFRLI GV3101 RAF B 28°C, 220 r/min, HARGAAF T i e Bs 35 £ 4 KXt
%, R T A S50 oL RIRE RS0 /LA BOW B FR 0 R AF B BT 3 000 1/min 20
B LB AR KE F2 369 (10 /L BEEE A B . S o/ LIS 10 min, Ffs FIEW . F MS AR RE 553K (4.43 ¢/L
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MS 3 K F1 30 o/ L BEME, pH 5.8) BB AT H UL
Y1, R HRE N ODw= 0.6, FT)5LLsMiik
IR
123 SMEARAGFUIE

DU KR 200 4 R TR T x4, B5BCR
WHEMEFN . KEAR em WZEBCNIMEK, 5T
SRR B TSR (R D). JEFRAES ik
AR, BREFER RN E R0, 1, 2, 34 d, B4
RFRRI 0L BBk 20 3R 1L, 3IRES,
1.2.4 MR 2 3 B b3

WAE TR FRAL RS () 25 B AME IR, B HE T
PETT A U7 A AR AT D RN R 36 10 min, 76 LA
F] 42 22 B SR TR ST LI, AR A 5 AR AT 11 B R
o, RYGEWR S, HAMERER R Z)ET

AR b, WTZRARFFREW . K IME AL
B R RS R R R B TR R (R ),
MRS, 28°CHE IR 2 d,
1.2.5 SMEREAH L RF T2 A0 Thik

W L1557 5 10 S IR 25 B2 B8 B AN [R) 9
HAESIEFRE F o DU MS 8535 5 R LRl 55 5
MEMHEH 6-BA. NAA, 24-D. KTHIGA;, #
ANE B BRI L AT A, B T 4 Fb
REFRIE, 49N CIML, CIM2., CIM3 Fil CIM4 ( £
2) . BT ZE B RO 20 N5 SR, 3 IRE
8o RFRAMR B pRE Y%, 4B Z )5S
WRGHL IR . WAL R (%)= (s
HATE B AMEIR BB x 100, B € @A 4H L85
SRR SRR LA CIM A 44

R2 ST AHARE SR MR (mg/L)

Table 2 Tests on ratios of five phytohormones for callus induction

ik 6-BA NAA 2,4-D KT GA;

Medium 6—Benzylaminopurine Naphthylacetic acid 2,4 — Dichlorophenoxyacetic acid ~ Kinetin Gibberellin

CIM1 2.5 1.0 0 0 0

CIM2 2.5 0.3 0 0 0

CIM3 2.0 0 0.5 0.4 0

CIM4 2.5 0.5 0.5 0 3

12,6 i R Hes Ik ad i ik T 2R SREE, 2050 SIMT M SIM2(3K3) o %

W AR R ) @5 41800 855 77 3 v 1 25 BE T
WA i R B @ H AU b R 2 o DL MS 85
TR NIRRT IR, MEA B A 6-BA, ZT I
GAso AR B EF BT, Lk

AER 12 BN 20 /85 SR ML, 3RER . Hidf
FAEE EIR RS 5, 6 MZ RS 2R
H 23 (%)= (FHEZFBU A i 2LUEH0 % 100, )
TE R LU R AR SR 2 7 DA SIM A 44

R3 IFHEEBLE X AHAR S U HF MmN (me/L)

Table 3 Tests on ratios of three phytohormones for shoot induction

iRk 6-BA GA; VAN
Medium 6—Benzylaminopurine Gibberellin Zeatin
SIM1 1 1

SIM2 2
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127 ®HARGEFRF AR Fik
BB 75 2 d JE M AN IR ZE B B T i 4 4
BERRRE L, AL REREEEAA
M e B a2 (0, 5, 10, 15, 30 140 mg/L) i
SIM1 KR s Fmm a8y, REm R B — ki
FEEE NG, B4R 0 2B 20 /8 SR
M, 3WELE ., FEHRFMF ERMRXE Y %,
G R, B E (%)= (FAERMKEUE G A
2R X 100,
1.2.8 A IRn A AR kit

W REE LR 5 A8 MZE R % S M AT 21 &5
AR E#EZ 0, 5, 10, 15, 30140 mg/L)
() RIM 85 72 5L Hp b A A ARAR B, B4 85 3R I H L
A L100k, 3WRER . 8538 &0 R g W
2, RAZHZIEGITAEMRE, EWRE (%)= (4F
HR A AR K AME AR S0 % 100,
129 SAEWRE AT EBOREN ik

WAL B35 2 d 5 MAME R ZE B E T & A AT
B Z A Rk BE B CIMB 5 35 3 F i Tl H s
M5 AR R TE L 15 & (Cefotaxime,
Cef) FIHEETT (Timentin, TMT) , #JE 25140,
100, 200F1300 mg/L. FHHTREZEBECH 201/
IR, 3WHEL . FFRAFMR LR sy %,
15 d GG SR TG 0 S A IR
1.2.10  #ACH A Mk 69 PCR 4]

SR CTAB 48 P A= T 25 Al pk e e i 3
P41 DNA . DAZRAR b1 3 40 K TR 4L 1 1 )P 51

Bt %51 W R4 F: 5" - AGGTGGCTCCTA-
CAAATGCCACT - 3’; R: 5 - GTGTCACTGAT-
GAGAAGCCAAAATGACCTTTC-3', PCR ¥4 7= 4y
R /NR 1000 bpo PCR Y3 1 S Wi #2757 K. 95°C
FAEYE 3 ming 95°CZAE 1 30s, 60°CIE k30s; 72°C
FEH 30 s, 35 MNEFR; 72°CHE{H 10 min, PCR j#
Y1 1.29% B REA e e v DK A T ARG I

2 HRE5HH

2.1 REWEFREEINHE

H TR I 6T WA TS R ], 3k
WE T SAWEEFRWERIBE, 25180, 1, 2,
3F14d. FODME N 0.6 A AT I B IR % 10 min,
2 R E TRGHLIE SRR, KRS
JilJa M mAAH LM AE KRS, gt amas
T RIEH LR @ A2V R B @ 4l 2
AR FREE b, K&y 7 JE G Geit i R R AR
R GEHLFN, ORI R s R) X AN AR B
LA — 22T . RGN T IR 1AM (K
by KA S b B G AR T B S, AR METE A A
BieH e . Znd Wiss 37 J5 W AR PRER BT DUTE B A %
ML, Hrh AR 2 dAMER R B HSUE B
R A R By, TSR 3 N2 dAME R
AL SR R 2= R AR, AR
W, MPEEFE 1R 4 d AME Y A 4 208
ORI R AR (R 4) . B, &4E
(TR SRR R 2 d

R4 TREEIRATE XS A A LR R A4 RIS

Table 4 Effects of pre—culture time on callus induction and differentiation

Tk 7R A) (d)

Pre—culture days

SMEHEL (No.)

Number of explants

A% (No.)

Number of callus

WA K (%)

Rate of callus

A 25 (No.)
Number of

(%)

Rate of shoot

FALIIA (%)

Frequency of

induction regenerated shoot  induction transformation
0 60 3 5.0 0 0 0
1 60 20 333 3 15.0 0
2 60 50 83.3 16 32.0 23.2
3 60 45 75.0 13 28.9 10.6
4 60 10 16.7 1 10.0 0
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22 AEMEMERE X IMER SIS BRAT K
=210

B AMERTEE R 2 dJ5, FODfE k0.6 B4
FFA R BOIZ Y 10 min, 3E8595 2 dJ5 B T @G 4141
SRR CIML, CIM2., CIM3 F1CIM4 |, Ri3%
SHE, WERMGAHLNREIFFEIT @G48
R (ES) . 45 REM, CIM3 B A5 4 I 1%
ey, AME RS AR RE R TE B 6 1) A4 4 21

HIEAER B SRR LT B A @ik y
MBRR . CIM4 @ AAHLIE BRI, ZH5
FEAARAT 1A R IO L A i @ a1 48, AME IR
LT3 A AUy B AR . CIM1 AT CIM2
B AR R AR . CIM A — S AN AR 55 11
VN AN TE A E Y R AR I 7/ R SIEEE N
Wi %, CIM2 AMERSG DA R, HERTE R
itk Z (E2).

x5 TREHFEHEREIENZRDGARFT SN

Table 5 Effects of different hormones and ratios on callus induction

b p HMEAEL(No.) % (No.) WY (%) MGHLES
Treatment Number of explant Number of callus Rate of callus induction Morphology of callus
CIM1 60 35 58.3 FEAURY) BRI
CIM2 60 30 50.0 SRERIEINY]

CIM3 60 52 86.7 BRI E
CIM4 60 50 83.3 SRR LV

3=,

CIN +<ihi

8t

H2 ERRXNERE HMEGRGARESRALOTE

Figure 2 Callus induction and differentiation processes of explants on different media

23 AEHEMERELLIEGHER S LN

¥ FiR 4 F CIML, CIM2. CIM3 f1 CIM4 £
Ei R R S R S T TG D IS
F SIM1 FISMI2 |, 7 {5 4L 2L (R AR B 4 ) 38 K

e 3, AL A] WAk 2F R oy
. FpiEIRmt s 2] 7 e, FE @t U 2 s
Ak Al H AT I 25 5 ARG TR AE i o o AN TR
R R I H i 2L oA BAT — RE /)52
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W (F6). 5 SIM2FFRIEMLLEL, SIMIREGES  ARL, HALIMEK G20k,

BOHACRCR e, L A BoHLIE, K

CIM3 + SIM1 L LH L A R e (181 2) o

*6 ARHEMERELZRERGHAS U H BN
Table 6 Effects of different hormones and ratios on callus differentiation and shoot induction

phsLd A% (No.) A ZF 4 (No.) HHE(%)

Treatment Number of callus Number of regenerated shoot Rate of regenerated shoots
CIM1 + SIM1 18 5 27.7

CIM1 + SIM2 17 4 23.5

CIM2 + SIM1 15 7 46.7

CIM2 + SIM2 15 5 33.3

CIM3 + SIM1 26 20 76.9

CIM3 + SIM2 26 14 53.8

CIM4 + SIM1 25 17 68.0

CIM4 + SIM2 25 12 48.0

24 AEHBERREINERE LRI ZULT il TIT:, THRGRIEAEZ . hit]

I i 5 2 1 ke ) SR A A A L 2005 5 R 4y
b ) Je A 15 35 L2 A CIM3 + SIM1, %) 2R 43 Ak By
B A W B ATk . TR SR 2 d
MBI R AT EIR Y KO R R B T a8
HRERECM3 b, AR5 G, FRIERE
BitH 8 o KT B A 05 L 45 7% 30 5 A3 AS TR i
RUPERY SIMI B 9838 |, S 2Em900 Mk, BRI
o —WIEFRIE . RAKEFRTRE, SiFHAZEN
BHIET AR R LR (RT) . HHER
MU LR O F 5 mg/L I, @AV ERIESR, X
ZEM AL B KRR, TGk 3 7 3k 110 1
FH o Y08 R AW BN 10 mg/L I, 35 A pi4i
LA ZBE], 2R W B2 B (F3),
R ZRE T —E MR, B eri
o MR R AR A F] 15 f130 mg/L B, Zad
— B IR e, R a2 R K 2 3
Pz A, T RARAC B A T KA
FEERIY, SRR X IMEAR R T #
YERT . 40058 2 ik B G5 51 40 mg/L B, @fh 4

W, Y R B UE N 10 mg/L I, BIREfRIE
AEBUPERE, CREPRIE R I 2 SRR %, R fE
F1A) R AR P A 07 328 A 0 A Rk
25 ARBEZREMNBESERNOIME

R TR R B T PR T AR R R R R
7 AE R & A MR SR BT BRI A A
(R 25 F Wk B2 1 RIM B SR BErh E T TG 9%, K28 A
JEGAHEMRR (R S) . &R U 0 Fl 5 mg/L
BF, ThASEREARAR AT DAAEAR o M08 K R
Tl 55T 10 mg/L B, H 48 A MRS T AR AR
AT (F4), Hik, MEERNkE
10 mg/L B, RFEACH PR o AR AE T,
AL AR T B — 2 I BT o] LAIE H (R A= A
Ao FrPL, 10 mg/L 018 R8P4 1 AR AR 1) I
FEfR e B
2.6 AEHEFI MR IREXEL M

MARFT R BRI M IR G 22 T
BEPEA TP TR AL B 3 B B AR A AT LA
AT AR, RIS dEF R R AL g
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Table 7 Effects of different hygromycin B concentrations on regeneration
TR (mg/1L) AMEPRE(No.) A ZF L (No.) (%) FAIAR (%)
Concentration of hygromycin B Number of explant ~ Number of regenerated shoots Rate of regenerated shoots  Frequency of transformation
0 60 57 95.0 2.5
5 60 58 96.7 33
10 60 23 383 20.3
15 60 12 20.0 10.0
30 60 8 13.3 8.6
40 60 0 0 0

E3 FRBBERE FHEMRN LIRS

Figure 3 Growth status of regenerated shoots under different hygromycin B concentrations

F2AERZEB B TAGALUE SRR, K
722 J Je USSR A  FnA  ZHBU AR L (2 9) o
e R R Sk s R A, AR E N
100, 200 3% 300 mg/L # JC 2 90 il 4 FF B 19 A
SME AR TCHE IE R T AU . Mk
PIFNEE A 100 mg/LAFSETTI, ToIA Rl &
FFR B AR s MRESETT ¥R B2 35 3] 200 mg/L B,
AT B R AR A I i ARG, IF ELRTRLIE R 1Y
AT AL T S EER A s MR ETT MR

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

4300 mg/L B, BT LA A 4 i A AT TR B AR
R A0 R 0 B ot v o A A 805 = I AR R A4k
AR (ES) . Fit, 2H 200 mg/L 453
T Ry de AR A 5t A% B 4K 910 T 7R VA 2
2.7 BAERAIPAMER T

Wk BRI IR A A L0E S Ky
R BN R A A 1T, B8 T FA R
ARG SR L MR A5 2 1 e il Ak 1Rk
TR Al I8 T S bR s

http://www.cnki.net
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Table 8 Effects of different hygromycin B concentrations on rooting of regenerated shoots

A=A (%)

Rate of rooting

100

100

Vo 2R R

Shoot induction culture

CSHER

Rooting culture

Her

Hem

TR (mg/L) HMEAECH (No.) HEARAME A% (No.)
Concentration of hygromycin B Number of explant Number of rooting explants

0 60 60

5 60 60

10 60 0

15 60 0
30 60 0
40 60 0

B4 ARBERRETHEEKRBERRKS
Figure 4 Growth status of rooting of regenerated shoots under different hygromycin B concentrations
x99 AEMNEMERFHERREMNIEIRE
Table 9 Results of antimicrobial tests for different antibiotics and concentrations

Jb 3 A8 AL (mg/LL) FEETTHE (mg/L) PR
Treatment Concentration of cefotaxime ~Concentration of timentin Callus induction culture

1 100 0 P
2 200 0 LT
3 300 0 P
4 0 100 LT
5 0 200 R
6 0 300 RYLH

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net
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E5 ARMERERFHEMRE TRHEANERRKS

Figure 5 Growth status of callus under different antibiotics and concentrations

FERR o B FRAT ) TR A R ARG A% B A ARG 77 2 1 3k
T e A58 7 22 BRPUvEAE bR . $RBCFEA ot Aa
FREGM R 2L 4H DNA, &3 PCRY )5, 6

PRAF AR 1 DX 2 DNA A] LY 4 1y 1000 bp 7Y 4%
A7, YRR BT SR N — 2 NI, B
HOIE 6 B L HAL AR O 27.3% (181 6) .

M I 2 3 4 5 6 7 89

2100bp
1 080bp
TH0bp

560bp
250bp

TE: M. 2000 bp DNA Marker; 1~6. FeAbMiiik; 7. FHEEXTIR: 8. BIEEXTIR; 9. 28 FIxd i
Note: M. 2 000 bp DNA Marker; 1-6. Transformed plants; 7. Positive control; 8. Negative control; 9. Blank control.

El6 FHEEKA PCRIEMEARN
Figure 6 Positive detection of regenerated plants by PCR

3 4 1

AMELR 2852 TR 32 5 1 5 T A A PR, U
B, b, ffapiat T 5 A
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AIAMEATIVE B L05 TR e o TR TS
FERW, TS IR 2 d (Y Th A MR IR 2 1k R A
e I, TS 55 A 1A 1 T 2R R A%
AL B — s, AR REN, K&

TR 75 W SMEAR 5 K A AL S 6 5 5 FE T 1 3R
%, M @414 . Wi FE 2 d AME IR ) i
PHEA LY R R H B 2t RS SR 3 R0 2 d S
R BGHLIE R R R AR, WHiR;
F% 1R 4 d SME R @00 AL 2UY 8RR H T R A
Ko B, AR50, e A A i) e A i
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