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Abstract: [Background] Potato is the most important tuber crop. Cultivated potatoes are mainly tetraploid, of which the
improvement is hampered by tetrasomic genetics and clonal propagation. Thus, more and more scientists are appealing to
re-domesticate potato into an inbred line-based crop propagated by seeds at the diploid level. There are four diploid landraces in the

nature, which contains abundant genetic variations. But the genetic transformation of diploid landraces is immature. [ Objective]
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This study will construct the high efficient genetic transformation system of diploid potato, which is necessary for exploiting the
beneficial genes and molecular breeding in diploid potato. [Method] In this study, we used GFP (green fluorescent protein) as a
reporter gene, and explored the genetic transformation in diploid clones Solanum phureja CIP 703541. Different conditions were
tested, including pre-culture time, ratio of plant hormones during regeneration, concentration of antibiotics, transformation efficiency..
In addition, we tested the screening system in another 17 diploid landraces. The regeneration efficiencies of different genotypes using
various hormone concentrations were compared, and the genotypes with high regeneration efficiency were selected for large-scale
transformation. Rooting screening and PCR amplification were performed for the regeneration seedlings, to obtain the positive
transformants. The ploidy of regenerated seedlings were detected by flow cytometry to calculate the frequency of chromosome
doubling. [Result] The optimal pre-culture time was 2 days (d). The optimal ratio of hormones for regeneration of CIP 703541 was
2.0 mg-L"! Zeatin (ZT) and 0.1 mg-L"' Naphthaleneacetic acid (NAA). The optimal concentrations of kanamycin for regeneration and
rooting were 100 mg-L" and 50 mg-L"', respectively. Three diploid clones (CIP 703308, CIP 703312 and CIP 703541) with high
regeneration capacity were obtained, and the optimal ratio of hormones varied among these genotypes, the regeneration rates were
45%, 40% and 52%, respectively, on the regeneration medium with 100 mg-L™' kanamycin, and their transformation rates were
2.8%, 4.2% and 5.3%, respectively. The frequency of chromosome doubling is high during the genetic transformation of diploid
potatoes. The ratio diploid transformants in CIP 703308, CIP 703312 and CIP 703541 were 5.26%, 10.53% and 38.46%, respectively.

[ Conclusion] We constructed the high efficient genetic transformation system in diploid potato, and obtained three diploid clones
with high regeneration capacity. In addition, the ratio of regenerated seedlings with chromosome doubling is high in the positive
transformants of diploid potatoes.

Key words: diploid potato; genetic transformation; chromosome doubling
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Table 1 The diploid potato clones used in this study

e i

Accessions Species

CIP 703308 wH S. phureja

CIP 703541 wH S. phureja

CIP 703548 wH S. phureja

CIP 703581 wH S. phureja

CIP 703594 wHE S. phureja

CIP 703601 wH S. phureja

CIP 702961 B S, stenotomum subsp. goniocalyx
CIP 703287 % ) S. stenotomum subsp. stenotomum
CIP 703312 % JJ S, stenotomum subsp. stenotomum
CIP 701947 % ) S. stenotomum subsp. stenotomum
CIP 702588 % ) S. stenotomum subsp. stenotomum
CIP 702610 % ) S. stenotomum subsp. stenotomum
CIP 703433 % JJ S, stenotomum subsp. stenotomum
CIP 703446 % ) S. stenotomum subsp. stenotomum
CIP 703637 % ) S. stenotomum subsp. stenotomum
CIP 703703 % )13 S. stenotomum subsp. stenotomum
CIP 703783 #J1E S, stenotomum subsp. stenotomum
CIP 704811 % J1E S, stenotomum subsp. stenotomum

A EHA 105, P pKSE401 H EcoR T 146
A 35S-GFP-Terminal J7 B[] pKSE402 itk (pKSE401
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Table 2 Mediums used genetic transformation

JPORL H R ANME R 2R ZE B e, pKSE402 Jit
Fi - F N T GFP RI-R AN Z Pt .
1.2 ERBH&

PR pKSE402 JFURLIF AN AT 1 e U, R T
A 50 mg L FIAEFFI 50 mg L R ABEE 2 W44 LB
Rigederh, B THEIK 28°C, 220 r/min, BRFEMER,
AR R RBUE I AR RS 50 mL B0
1, 4000 r/min 20 10 min. FF L3, JHMAK MS
Bigedt (F40mgL! AW T /ED (% 2) HATEER,
ODgoo [HVHEER 0.6, HT /524,

1.3 FuiEsF

WU 4 FJCE e, DI IR I 22 B,
BT AL SEFREER AT ION SR (K 2) , PG IRIN )
RO 1. 2. 3M4d, JIAKMER B AT
Wb FE 120 AR, 3L 600 ANFME A
1.4 EiRRESHIEF

WL PR TR I 2R BOUER, AERR T A I I AR AT B
PRV 10 min, HHIRIHRE 56 LK, (AR B 5 25 B
A, RN S, HIEAEERT, ZEk
AMEARE T = 20840 EWCT B T AR B RS
FEAMI AR N S T IR IEARY A2 B RE GR
2) PRI IR 2d, HEFRIEE N 28°C.
1.5 SMERRGIESIEFENTHIE

W R TR LB I E T CIML, CIM2. SIMI
FISIM2 HHEATH IR (K 2) , 2 A kBRI, B

Medium Medium components

Witk MS 4.43 gL' MS ¥+ 30.00 gL BERE, pH=5.8

Liquid MS 4.43 gL' MS powder+ 30.00 g'L™' sucrose, pH=5.8

3= 443 gL' MS B A+ 30.00 gL' #ERE+7.00 gL Bifl, pH=5.8

Propagation medium (BMS) 4.43 gL MS powder+ 30.00 'L sucrose+7.00 g-L™ agar, pH=5.8

TRk Al BMS+1.00 mg-L" FKZE+2.00 mg' L 45 2.7

Pre-culture medium Al BMS+1.00 mg-L" Zeatin (ZT) +2.00 mg-L"' naphthylacetic acid (NAA)
ST V) BMS+1.00 mg-L™" FK%+2.00 mg-L" 4% Z1#+40.00 mg'L' L8k T 7
Co-culture medium A2 BMS+1.00 mg-L" ZT+2.00 mg-L"' NAA+40.00 mg'L" Acetosyringone (AS)
WO SR CIM1: BMS+1.00 mg-L" Tk %E+0.10 mg-L™" £ ZJ+200.00 mg- L™ 53637
Callus inducing medium (CIM) CIM1: BMS+1.00 mg-L™" ZT+0.10 mg-L"' NAA+200.00 mg-L™" timentin (TMT)

CIM2: BMS+2.00 mg-L™" K 2+0.10 mg- L™ 43 Z#+200.00 mg- L™ $5 54T
CIM2: BMS+2.00 mg-L" ZT+0.10 mg-L" NAA+200.00 mg-L"' TMT

IR SIM1: BMS+1.00 mg-L" EKZ+0.01mg-L"' £ Z./+200.00 mg- L™ 43577
Shoot inducing medium (SIM) SIM1: BMS+1.00 mg-L" ZT+0.01mg-L" NAA+200.00 mg-L" TMT

SIM2: BMS+2.00 mg-L" FKZ+0.01mgL" £ Z./+200.00 mg- L™ 43577
SIM2: BMS+2.00 mg-L" ZT+0.01mg-L"' NAA+200.00 mg'L"' TMT

A AR R
Root inducing medium (RIM)

BMS+200.00 mg-L™" #3577
BMS+200.00 mg-L"' TMT
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DA S SIM2+SIM2 % HAR 17 4y A5k D 8% Bk AT a4 %
Ak, BRAIALER 100 DA, S 600 NIMEAE
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FERAF A 2E K 2 1—2 em I, B AR 2R D) R,
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Table 3 The effects of pre-culture time on transformation

Tk IR REL S IERMN
Pre-culture days (d) Fluorescence
0 +

1 +H+

2 -+

3 +H+

4 —

HREFOURE, —RIOLR D

+ shows the degree of fluorescence; —shows little fluorescence

2.2 AEPEEREFSEGHLAFBENZIN

SMERSL 2 d TSR e A TR e, 3k
Big% 2 d Ja, AN ALY S # £ CIMI, CIM2. SIM1
FSIM2 TR SR KigE 4 FJE, WSO 412r
RE, SIM2 B F R4S R i, Hah 42t
R, RIREHM, B3 FEIRILSE R 4
BRAL, RIS (R 4) . 28 CIMI F1 CIM2
AR R A BE 4 4 SIMIL R SIM2, HEAT 155 2 Ab 3,
SIMI1 Fll SIM2 |- (¥ ZM A i J50 0 25 LU AR AR, 4 2
JA— S RIEE R R, S RMELA S
0L (£ 5) o Hrb, SIM2+SIM2 41475 S AR 2R 1)
REJIIRoR, ATEehMfE L Z2AFAZE, Bk, #ie
SIM2+SIM2 A 153 AR SR ML CIP 703541 (1)
MR .
2.3 ARMERRENBEFERGZIG

I 0 2 H ok ) e AR R TR R 4 SIM2+SIM2, X%
WA TR AR BB IR AT IR . AME
Ml 2 d WiEsR, @RPEMILEFREEBRSAA
[F-RREE 2N SIM2 K0k |, 8 JJS i T iR
LRI TG (R 6) o MR INE RIRFELE 100 mg L
DU, X S8 A H 5 m A SR . iR
IRFFZRIRIE N 100 mg- L' FIIHE, 5 AN H 2
B SR, 1 FLARAS 2R A AMEAR LA . Y
RIEE ZIRPEIEF 150 mg L' I, M AAZ—Beint a)
R 7RG, AT ARG, BEREHEZE. W
U, SEFIKRSE N 100 mg-L™ 1R A8 E 2 A A ik — 4%
PR R CIP 703541 AL HE A IR fe 3 TR S o

Y A 20 L 4 A A 1) R BT AR AR VS I T AN [l
JE-RIBEE 2R 1) RIM 85352 5 P AT AE GRS, 75 R IS%:
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Table 4 Effects of different hormone ratios on callus induction

B R LB mH R A TEARHAE

Medium Number of explants Number of callus  Rate of callus induction (%) Morphology of callus

CIM1 200 115 57.5 ek, AZAEL Light green, loose

CIM2 200 122 61.0 ek, AZRAEL Light green, loose

SIM1 200 135 67.5 ek, AZFAEL Light green, loose

SIM2 200 189 94.5 IREE, HLEE SRR Dark green, compact, dumbbell shape

RS AFRIHZRE X EHAR LRI

Table 5 Effects of different hormone ratios on callus regeneration

Higedk Hefh i TR AR S 2R
Medium Number of explants with callus Number of regenerated seedlings Ratio of regeneration (%)
CIM1 + SIM1 57 1 1.8

CIM1 + SIM2 58 0 0

CIM2 + SIM1 61 3 4.9

CIM2 + SIM2 61 5 8.2

SIM1 + SIM1 135 37 27.4

SIM2 + SIM2 189 213 112.7

®6 AEFMPERREXBERF

Table 6  Effects of different kanamycin concentrations on regeneration

R ZRIRE LANIERESd EEEEE 213 HiZE
Concentration of kanamycin (mg-L™) Number of explants Number of regenerated seedlings Ratio of regeneration (%)
0 100 175 175

50 100 106 106

75 100 93 93

100 100 52 52

150 100 0 0

FIAH] 50 mg L' I, AT SR SRk CSAbE
Mo Rk, KA 50 mg L' 1k CIP 703541 A ARF B
(1R B 57 2 TR A FE
2.4 HiZEARIHREMHSER A RITFE
R N7 (1) AT A B B S AL S AU AR R IR I R U
B, AR A0 17 4 —ATAR SR R b EAT [R) R 1)kt
AL RS . b, 3 APk (CIP702961 .
CIP 703308 Al CIP 703312) REfE X & B I E 4L & 1F
Hm R, HEIENEELAAEARR (& 7 o Hi,
CIP 703308 Al CIP 703312 if5 T Hi AL 2R 5 i, 2093l
h 45%K1 40%.
2.5 FEEMAMEEKNEE
W AR AL, K15 3 0 PR S
TAEKR GRS (CIP 703308, CIP 703312 Fil CIP

703541) , MRAREF I RHROE I ALE 7 AT M
BIBAL AL, AL TISMEAAES 52 16004 1300 Al
1 800 o A5 RAFMI T A 240 R A 2K %4 50 mgL!
(AR AR TR AT T A AR AR 1-a FHET 1-b),
T AR MRIA VR IR —HEAS REIE AR PR A P, B
L ERAT 44, 55 F1 96 RRPUIHBHYEAE bR, B bRy
WIh 2.8% 4.2%H1 5.3%. £ PCR Krill, FrakamkES &
AAMEEAR T o [5]INR] FARKL S ST B A A
(1) GFP ZOGHHATISE, AREACTIRR i T H-4xik B %
PN EINLL A, 1 BH PRI B S B LT A ] ) B
th, RETBRSGOLKAE (B 1-c A 1-d) . HZ
T GFP AR RIZEIE BN, R T GFP
(B HERA IR e FHPERERE, (R, DU RS L
T PR AR DA DAy AR BH AR FR B v
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Table 7 Screening of optimal genetic transformation system for another 17 diploid landraces

G i EEL T 2
Accession Species Optimal medium Ratio of regenerated seedlings (%)
CIP 703308 W S. phureja CIM2+SIM2 45
CIP 703548 HHI. S. phureja / 0
CIP 703581 EHI S. phureja / 0
CIP 703594 HHI. S. phureja / 0
CIP 703601 HHI. S. phureja / 0
CIP 702961 fZEH S stenotomum subsp. goniocalyx SIM2+SIM2 3
CIP 703287 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 703312 %5 )3 S. stenotomum subsp. stenotomum CIM1+SIM1 40
CIP 701947 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 702588 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 702610 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 703433 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 703446 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 703637 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 703703 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 703783 %5 )% S. stenotomum subsp. stenotomum / 0
CIP 704811 %5 )% S. stenotomum subsp. stenotomum / 0
AR TEE G TR

/ shows there’s no optimal medium

d

‘ _ , |
e . WS e Wit S———
I

av c: HPAERY; by d: PHYERIRE
a, c: Wild type; b, d: Positive seedlings

1 BEEE R E KA

Fig. 1 Assays of the positive regenerated seedlings



17 1 EBIRE S (AR B 8 v WA AR R K T 3255

2.6 FHEFMAMHEFRNEELEE

L5 AT 22 3 1A A 2 S5 25 5 R AR G AR N i
IS . MWIHALZI =1 3 Akl (CTP 703308.
CIP 703312 Al CIP 703541) , 43 B3k FEER 7 PH 41k
PRIAT Y R R A I . 25 S BoR, K2 HPH Al
PR A DU5A4, o CIP 703541 HIFH R A5 A4y
PRI LG5, ol 38.46% (£ 8) .

&8 PAMHAEMRRY A 142N

Table 8 Ploidy of positive transformants

3 e

T A T 2 L A 2 R R R B
K. HEERES 575} 16 4 PURSARPRIIAT T it fL 5
fh, RBURFHEBE R ME AN, S 4 5
IR 2 B ARk . ABFORIF 6 AN ALEH 18
By A RS R S FRAT T 0, W3R R 2544 «

ETRS o LA 5 TAEARRIRR S TSR R L 1)
Accessions Number of tested seedlings Number of diploid seedlings Ratio of diploid seedlings (%)
CIP 703308 19 1 5.26

CIP 703312 38 4 10.53

CIP 703541 13 5 38.46

AR AR R B (R AR e D 22 AR, T HOPRAE AR
7758 [ 3 LR R BT g 1 () R A B B AN ] . ARBIF 93RS
3 U PR AERBAR A SO IR w1 AR R AR,
AR KBS —ASARERI T 6 P Z A AN, A
W, A7 BT B 22 (1) A AL PR R A T 2R L T O I
SR I A 5 R A G IR e W o 4 40 B A T 7 4
TR R AR I P A BB AR s, A AR e SE R
TS A B AL [ 52

Ttk AL S W) AL AR TR R ) AN LR
G 8N e e BARRE SR AN I . A SR G R 2,
NI 5 D PR A AR R B A Bl R B AL AR . ANHFAT
BRI TATAR T B T AL A A I 1 1A B L G
POMEE G GG ™ B . AERTING 3 A kL AL, DUfs
WIS T A5k, Forp CIP 703308 [ BH 44k
PR A AR 5.26%. X R 77 BT K
AL BAL FAGA e A5 20— & 2 H 1) AR A BH PERE
PRI, 545 IR b 0 20 8 e A N A% L9 5
I 54k

AR RR R M EM O A4 T L
TAERIIMEFIC R, BR TAEAMM = SR N 7 T
LIAE DU AR RIS e A e — 2o 22 8, HARIR 21k
ROLEATIAE I VYA ARFR R, PRI, X8 e n]
DAE N A5 A B S E R Jsn i bl @i A
P R PR AR IR AT 8L 20T, 4298 X 2k
AR AL AT, AT LR A5 R SR AR 55 Rl AT 5 1) 24
o ASHIFTUEE 71 2850 A A R kg 36 S PR )
I LA SR A= e AR ) — A A R e o B Bk A7 a8 4%
R TR

4 i

W 18 i A5 R R EAT T Ak
AR RINERZ, BRIESL T 3 AR s Rt A%
FALAR AR o RS T A5 A B 28 PR AR E D MIE A%
PR SZ IR R BOSE R, BEAN AR REARAR
oy RGO RO o
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