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Assessment of Potato Somatic Hybrids with Resistances to Bacterial Wilt

and Cold-induced Sweetening
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Abstract: Two potato clones ACC-1-1 and ACC-1-2, derived from the protoplast fusion of diploid Solanum tuberosum
AC142-01 (2n=2x=24) and an S. chacoense clone C9701 (2n = 2x = 24), were identified as somatic hybrids. ACC-1-1 proved
to be a mixoploid and ACC-1-2 be an octoploid by low cytometer analysis and chromosome counting. These two hybrids could
bloom, but a high frequency of abnormal meiosis of the pollen mother cells was observed in each phase of the pollen
development, which might be the reason for a lower pollen vitality. The results also demonstrated that ACC-1-2 exhibited high
resistance to bacterial wilt and ACC-1-1 performed a moderate resistance in addition to that they were both resistant to
cold-induced sweetening of the tubers, strongly suggesting that protoplast fusion, combined with suitable selection, could
stack elite traits of two genetic distant parents which are sexually incompatible.
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Marker AC142-01 C9701 ACC-1-1 ACC-1-2 CK

bp
Marker AC142-01 C9701 ACC-1-1 ACC-1-2

2000
bp
1000 194»
750
500 118>

a b
a. RAPD 514 OPI- 104744520, 5 b. STI0057 94 B A5 R .
a. Amplification of OPI-10; b. amplification of STI0057.

B 1 FEREEMHEE
Figure 1 Identification of somatic hybrids by RAPD and SSR markers

B 2 o B S i o A R 1 2 B 2R A A Ak B A 1k
Figure 2 Ploidy determination of in vitro plants of fusion parents C9701 and AC142-01 and their somatic hybrids by
flow cytometer
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Table 1 Chromosome number of somatic hybrids

RFR PHGRLS eI 240 i £ xR TR itk
Plant Chromosome No. Cell No. Predicted ploidy by Chi-square test Ploidy
AC142-01 22~24 35 2x (0.41) 2x
€9701 22~24 35 2x (0.75) 2x
ACC-1-1 69~74 21 6x (0.47) 6x
94~98 20 8x (0.31) 8x
ACC-1-2 94~98 35 8x (0.45) 8x

H: x’'=49.76(df =34, P=0.05). FSHNA -
Note: x° = 49.76(df =34, P =0.05). The number in parentheses is x value.
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AR Z ) E IR TR AR . ACC-1-2 By iR %K
94~98, K KMFEIIZZE N/ \FHE(F3e).,
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KW, A XCE/NMETFIE G R, I 2445
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WEH o AEA I 2% Tl /N 961 Uk B 43 24 0 R R Y
Ye o (R 17 A R ZARIEH , 4 4035 fE 0 52
SR Y AT N (R2), WNF2T AN, W
AN Z B /N A7 0B a3 240 45 A B 30T 34 0 %% 3
JEIEH AN F IS, SR IRE S B 2 IR
TE A0 A9 o AR — A o 2 TR A AR T
ACC-1-1 5 H Yy o 1 40 i b ) & F /6% 1K
ACC-1-2,

MaFe U355 : AC142-01(2n=2x=24); C9701 (2n=2x=24); ACC-1-1(2n=6x=72); ACC-1-1(2n=8x=96); ACC-1-2(2n=

8x=96) (hFFrRMAFK10pum),

a—e: AC142-01 (2n = 2x = 24), C9701 (2n = 2x = 24), ACC-1-1 (2n = 6x = 72), ACC-1-1 (2n = 8x = 96), and ACC-1-2 (2n = 8x = 96).

Bars = 10 pm.
B3 iRk ERaSFEANEEEHER
Figure 3 Chromosomes of somatic hybrids and their fusion parents
R 2 BTN EBAENEERLEEITA
Table 2 Abnormal meiosis of somatic hybrids
ool SR UL Rt TR MEEANMIEL No. of cells investigated
Division period Abnormal chromosome behavior ACC=1-1 ACC=1-2
Gt B AL 222 208
o FEISESGNN 71 83
. T SRS 9 0
ERAGIE ;
Firet meiotic divisi PHGRLSTE 13 5
1rst me1otic division
PRGN SR 26 4
ARIE A 2L A L 51 53.6% 4.3%
GeHH AR 497 539
HIRE SERLS 73 94
p— e b AR T 4 245 17 21
e et 20 0
3 86 61
Second meiotic division SR
20y 81 37
SR ALK 51 34
66.0% 41.7%

FETE A R L 1)
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a. ZOBH X" TEYOATCX AR b 2B <87 TEYLOIRBC RIS A o PRIIE RS AR d L IR EIRR N B e RV
TR EORAREEG R, (L RHIE YO, o RIS AR h AR RS A i AR LA AR U (AR A AEAN R A 43245 j. AT
AT PAR e (AR AR TEAN R B J3 24T 0T k. T IR e G fdcs L 0 LR LA B HRZZ s m. PP IR A 7 HELZ 5 . J5 0T LA 7
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s s A2 R PR RN A0 L SR AER R (R RALR 10 um) ¢

a. Chromosome pairing at diakinesis showing “X” type; b. chromosome pairing at diakinesis showing “8” type and univalent chromosomes; c. laggard
chromosome at metaphase I; d. partial chromosome did not separate; e. unequal distribution of chromosome at anaphase [; f. laggard chromosome at ana-
phase I; g. chromosome bridge at anaphase I; h. laggard chromosome at telophase I; i. chromosomal behavior of each pole was not at the same phase at
telophase I; j. chromosomal behavior of each pole was not at the same phase at prophase II; k. laggard chromosome at prophase II; 1. vertical spindle at
metaphase II; m. triangle spindle at metaphase II; n. chromosomal behavior of each pole was not at the same phase at anaphase 11; o. tetrad with micronu-
cleus (arrow); p. six micronucleus with chromosome bridge; q. six micronucleus arranged in line; r. tetrad with micronucleus; s. tetrad and five micronucle-

us in the same anther; and t. abnormal pollen. Bars = 10 pm.
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Figure 4 Microsporogenesis of somatic hybrids
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a. C9701; b. AC142-01; ¢. ACC-1-1; d. ACC-1-2,

The wizened and sterile pollen grains (arrow).
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Figure 5 Pollen characteristics of fusion parents and two somatic hybrids(bars = 100 pum)

xR 3 RSN R SRR SFHE
Table 3 Morphology of somatic hybrids and their parents

AR bR ALY g B E S50 %ﬁgyiﬁﬁﬁ
FARER oy Y g e ebkm O O kg
SAiAS Plant fE(cm) gt e85 JER ) A (d)
Parent and Plant (mm)  Stem Leaf Corolla ~ Tuber (em)
Branch growth  Plant Leaf Leaf Corolla Tuber Growth
hvbrid type . . Stem color surface ) color shape Stolon
ybri vigor  height color index  shape color period
thickness length
ACl42-01 B2 t 24.6 78 & KR & 139 mEE ¥ LT 6.4 75
ACC-1-1 By SR 38.2 11.3 g MR WS 114 BB PURMERE M 10.6 90
ACC-1-2  HyL SR 56.7 104 & HlEE B 120 BB JRIIRE MEE & 1320 100
9701 RS A~ Gl 89.4 9.6 LEFEE Skl gt 203 BB & iy 81.8 130
o, HERRE L (Bl6 A), M IEEdSk, 2500 (B o 2 B2 I 7 0 o A o 4 41 B 2% #h

HUH:, ARKSar, e, #E. e, e, fE
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B—E2E5, W e, AFMEAE—E
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2.6 BiRPUEIREEATELE
261 FRBIREEL

RIS VARG SEA | RN AR K 9% B R0
JEET T 3R E MR PIIESEE . SRR, B
A AC142-01 FR 0 1R 8" 30 Jy 125 i Jaig , bk
FEE L PUREA CO701 FPTHG X R 3C28-1 %
PRPUIE . A2 ACC-1-1 5 2 i 25,

ACC-1-2 R ,, HPUWREE & THUmEA
FyopxT g (F4, K7).
2.6.2  ZeAbde E AR MEAE KT

PG I A AC142-01 KA 20 Jif 2 A 1y e
22, SrHIHE4CHI20°CI 8, 7E0d, 15d &% 30d)5
VA TAE I T AL B (1 8) . 45 RH, Rl
SECES ] A RE K, TGI8 S 20°C I A J2: 4°C Ik,
THYEE R B EPES 0 d X EE A IR, {5 4°CIE 5 5%
PR BN IR B BE B b 20°C ™ 5, (HNE 8 n] LLF
L, PR I 2 S5 HTIERE L X BE ACT142-01
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A MMIEAS; B &EHIINT s CLAERAIRHIE; D. k.

A. Morphology of plant; B. leaf shape at early growth stage; C. flower phenotype; D. tuber.
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Figure 6 Plant characteristics of somatic hybrids and parents

x4 BHEEENMI1SEREMEAMEMEERAR2 dEHEKEZRERL

Table 4 Disease indices and disease incidence recorded 21 d after root inoculation by race 1 of R. solanacearum

FLH T AL B AR AAXE (%) Ptk g5
Genotype Disease index Relative disease index Resistance level
8" 1.00 0 R (S)
AC142-01 0.89 11 &I (S)
ACC-1-1 0.64 36 rfUgk (MS)
ACC-1-2 0.19 81 wt (R)
€9701 0.25 75 it (R)
3C28-1 0.58 42 it (MR)

b SR O FENAEMBHRIEA—-B(E I,
20°CIVFECHAN] , HREEIR 5B & T AR Ak, 394K
F0.5 mg/g FW. 4°CIV7# 30 d B, 2EAR C9701 [k
R R R R LTS, KF T 4.97 +
0.08 mg/g FW

T3 A 3 AT PR AU H R A UM £ et B IR

FECEST [E] PR 8 0T BT, SRA AC142-01 B TH# AL
etg, ARSI IR (3] 2478 T 3.0 mg/g FW,
ZeFh Rk 22 ACC-1-1, ACC-1-27E4°CI 3% 30 d J5 ,
W JEOBE 5 54 518 3.40 + 0.01 mg/g FW Al 4.00 +
0.04 mg/g FW ., A R TR 2808 OBl &5 v T oA
AC142-01, {EAPBSRAETKEI T-HF8ARTE B A .
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a. TIRIARIRR A A ACI42-01; b, FAGTEBURALE A CO701; c. FAGEHAHUMEXT E3C28-1; d. AN R AR BT 8"

e ACC-1-1 FR R AR NG T K Bt s £ AR 2 FIPR R ACC-1-1 FFAR B PR s g IRARBRZSRI PR 3R ACC—1-2 F5 A I8 R L HEAR 5

h. ACC-1-2 BR AN S TR KO i

a. Cultivated parent AC142-01, susceptible; b. wild parent C9701, resistant; ¢. 3C28-1, a somatic hybrid as control of moderate resistance; d. 8, a
potato cultivar as susceptible control; e. somatic hybrid ACC-1-1, sterile water control; f. somatic hybrid ACC-1-1, moderately susceptible; g. somatic

hybrid ACC-1-2, highly resistant; and h. somatic hybrid ACC-1-2, sterile water control.

7 RHREZFPEETR 21 dEHRRIER

Figure 7 Plant morphology of somatic hybrids and their parents 21 d after root inoculation by race 1 of R. solanacearum

20°C30d 20C15d  TO 4C15d 4C30d

AC142-01

ACC-1-1

ACC-1-2

LR Fr, HEIR 170°C K 4 min, R AN ]I DR AE, AE U R Hrh— DRI A 45 2R
Tuber slices were fried for 4 min at 170°C. Three tubers were fried for each genotype at each time point, and one of them was displayed as representa-
tive.

B8 HMIEEREE
Figure 8 Potato chip color
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Reducing sugar content

RS (mg/g FW)

AC142-01 €9701
IR T 53 S DR B 3 A8 3 00 A 30 DO 5 ek, DM 4 SRR P 3 = Ao

Three tubers were determined individually for each genotype at each time point. Each value is mean = SD of three replicates.

BEod

E14°C15d
04C¢30d
7 20°C 15 d
£20C30d

9 DRJERZERE

Figure 9 Reducing sugar content of potato tubers

3 4 %

R A S AR il A5 AN B A b b o B
L RAEIR S AR A, BN TS A 1)
FEIREZ I SR, T A2 R N BR
i, — PR — AR RS SR A 25 2 2L
RIF—A~ AT HARMEIR B R R TRl G, 38 R
A BRI 2R . AR APUIRIERE LY
TAE R R B AP R AC142-01 FEL T R 5 B A P
CO701 3 o s A= A g A, DAASRAS REHT 5 Al 7]
i SCEA TR AT E R G 2 A . BT HIARAS Y
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PR i 2 B e (AL A M S 2, (RS
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Y&, NI ZR0 1 B TEREARHE B2 2 E™. 24
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