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Research advances in potato breeding for bacterial wilt resistance
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Abstract: Bacterial wilt caused by Ralstonia solanacearum is one of the most important diseases affecting potato in-
dustry. The most effective and economic method for preventing and controlling the bacterial wilt in potatoes are breeding and
popularizing resistance cultivars. Researchers at home and abroad have tried many ways to identify the resistance of potato
germplasm resources to bacterial wilt. The results showed that, there were limited bacterial wilt resistant germplasms in
tetraploid potato cultivars, but there were aboundant resistant germplasms in wild potato cultivars. Some germplasms with
resistance to bacterial wilt were created through technologies such as distant hybidization, somatic hybridization, transgene
and mutation. Those works laid a good foundation for the breeding of new potato varieties. As the lack of bacterial wilt resist-
ant potato varieties has become a bottleneck, the main research in the future should focus on screening the bacterial wilt re-
sistant potato germplasms and creating bacterial wilt resistant potato germplasms by multiple approaches, so as to lay the
foundation for breeding bacterial wilt resistant potato germplasms. Meanwhile , molecular marker assisted breeding system for

potato bacterial wilt can be established to improve the breeding efficiency of bacterial wilt resistant cultivars.
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Fig.2 Potato bacterial wilt resistant germplasms screened by green fluorescent protein (GFP) maked Ralstonia solanacearum
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Table 1 Potato germplasms resistant to bacterial wilt

GBS i BABEL A EZ BTN
HPAERN S.commersonii Dun [(8].[19]
S. sucrense G1451,G2084 ,G2368 [20]
S.acaule
S. albicans
S. berthaultii
S. boliviense
S. candolleanum
S. chomatophilum
S. demissum
S. leptophyes [8]
S. morelliforme
S. paucissectum
S. pinnatisectum
S. raphanifolium
S. stoloniferum
S. vernei
S.phureja C.C.C.1339, C.C.C1350, C.C.C.1386, C.C.C.1388, C.C.C. 1395, C.C.C. 1449 [21]
Fe¥5Fr S stenotomum [8].[22]
MS-42.3 Fl MS-10.2 [5]
078F.3-79 ,07SF.6-8 ,07SF.6-5 ,07SF.13-29 ,07SF.13-40 ,07SF.3-75 [8]
CIP800928 , CIP800935, CIP3778b2. 2, 1P381064. 8, CIP800938, BP88098-7, [23]
BP88176-1
S. tuberosum FEF LRI AR 384415 . BP8809 ,BP88105 ,BP88176 . BP 88096-7 [24]
CIP377835. 1, CIP382292. 99, CIP382293. 20, CIP282299. 103, CIP382303. 94, [18]
CIP382305.110,3822309.75 ,CIP382314.5
CIP720118 ,CIP800212, CIP800223 CIP800224 [25]
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Table 2 Molecular markers for bacterial wilt resistance

P s R FhRic i B B M HHEENE XL, H
WSS B AT T S8 0T A s (e A A,
P T — S 5P A R ES I bRIC (% 2) . WA
M58 Ja B 4 5 IF & T 5 1 MO Bk A 26 9 A
0 R TR AR IS BRI, BRid
2 B AR BRiC 5 B 7 A5 A B B R, il
Habe 25" F ] A5 ARIEHTA B 8 T F AR BB
BT 5 A S EARPIERDE R QTL(F itk
KPR ) | REMS R FR9.3% ~ 18. 4% MBS S, Horh
3/~ QTL AL FHusmpr B 44, 2 4> QTL 7 T84
Mgk Xt F R R T, SR ER HA S
A QTL WS ARHIYE S THUR R A, X se 4 R
T AR th 2 SR ), T D
REFM HZNPOREFEHITRE LT ShUE
I S S R

ROtk L 2%

Frid Pric 25! YEREI D5 LN P&l v SCHk

¢BWR-1 Ein e NI Betafk1 [48]
10-03-30x/89% AR Fl-1

¢BWR-2 Jefafk 3
qBWR-3 SNP (SRAZ IR Z A1) QTL 114 Petfh 7
qBWR-4 Ptk 10
GBWR-5 etk
M32 SRAP (FHSEFFI 1 2 251k) QTL 1E EDXCE [49]
ATG/C TC 307.0 Yetafh 12 [50]
ATG/C TC 246.0 Betafk 1
ATG/C TC 191.0 AFLP (944 Be K £ 2544) BSA(IRAG 44153 HT) EDXCE Yetafh 12
AAC/CAC 79.0 UOuri |
OPAO7446 RAPD (BENLY $E 225 DNA FRic) QTL fEE EDXCE [51]
OPAI12980
STI0056.173 SSR(HXEZFFIRIC) FHRAIHT A [30]
STI0046.190
STIO0S1 SSR BRI Atz [23]
STIO0S6
STIO0S7

4 HEREE AR UL T AL

LB T e A A R R R PR A AR e A BB
ApitE . ST R R R R B R AR K
FTHAE BRI R e, , ol AR MR AR A
PR ARERARES (FEFE 1 d) |, SR 5 s HE AR

A RAL (BMIE2~3 d), I B, #E AZEH
FERALA R (FEME4~5d), B ERES:
T, RAFBUEM RN ZEE (56~ 7
4 e B B 6 B bR
BERE M6 R. Solanacearum , UF W Th 44 258 4+ 417 il St
FHER IR CH MR g R R AR e > e — 2



H FRRG A5 . SR BT R TS 1349

IR AE R W, SR ST RE 1 AR 25 B
SRR KRBT PFICET A 1 A S A P AR
PR A R R EC B A e R i s
S5 H A A T O 25 SR AR — 5
LRSS AL AT ™ AR T R R R G
PA/NRD  ER RS SR DAY D) R R H OR QTR - S48 -
BRI EAE, BHETNEST £ B4R TP AR B X
R3BV2 #HAMBTIENLER, AR IS 2 1 25 R—A—3K
HRMAR, MR EZRRE R RERES , S8
YU R I B BOR B s A B U (R
T RN A AR N R AR IR, O
IR 25 R, SR i R TR BT B v
FEEPERPEMFIINEL (1 d) . XS 550F
/R TR EAE A 3293 RS T 3R 3R 36 X 9 2298 EST
SCIEEAT AT, A5 SRR AR B R [T 1
N ALHE B A 2 o B S AT 7 TSRO, e s R A A
PRI 5 56 2 45 2B A7 BRI AL
I 7R T B BN A A TR B TR 1 A R
0T H Y% — S0 S Bl TR ik — 2D o A 2
FEF A CIEZWE N, T RES 55X IR E S RIR
BP0 RN R 5 SRR S 5 DA RN
IRERHE YIRS 51845, Narancio 257 ] FHBE DS
F BRI ERN S, commersondi 0w 1 it B B /R [G
LR RIBHEAT AT, 25 R R WG R4 LG KA
FRIZZEVTBES S T S. commersonii X175 M BTN IS
SIS ML A RNA-seq XHESTATRHZ R R
TR GRS A T8, TR AR PR R R (5 518 1%
FOCEA R Rb & BT TEDURAT R TR Rk R A 722
b AR IR I AR A5 5 AH DG BE N ) 3 38 T AR I8 it
PRI RS FEAE PP (55 W45 o R R
(G5B R SR GIRA G SR B FET, AR AT
PECYT DRI e SR R R R SRR R R S R ok
W RARANRT T B R AN RIK IR AT 5 i ARl 3k
Jpit, MAEDURATER D iRk 7K DB 7E i 03
TGRS i A N RS SRR, DR eI 7K A%
IG5 eSS T Lidbiwm i, Ll ase A
FSR UK T S ST M LB ik | —4k
PURAHCIE A (R B P st A B AR A
B AR B IR 55 i A ml o DR R R I D) g
JRIAK X THAS S RNAG G 3 R A R AR SRR B /K
IO e AT 20 #r, 45 R AR W1 5 B AR AU L, StColt T
SRR A2 w5, A s ) B2 T, T SEEIN2 JTER

FELRR ) A IR T A2 9 A8 AN S35, DRI A 0 45
MIF5BIEE 5 T SR EFMRIE, BIR LA
FEIE I R BORTE R K B T SRR
TR BT TS i 08 21— L85G BTG R A, {HU
R 2 B B (2 0 A PRAE AL B IE , R REA BTG
PR L AL, PRI 2R BUE Z B ER A
[5] F4 £ BER A AT S 5% 0T R 9 7 T HILEE

5 & H

50 BIGEENISRESHAENELEEER

HAT, THRPE S R ERE N T AT
e I A 2R E AR OR I v, RS Z BN
FESA R B, XN T ARG J6 28 5 5 R 1
“Yoim” #RLE T GFP LUX % AR B2 H - H
Ri R85 , 45 R R AR A R R /R IR,
“HURE A BLIE B R P iRk R R R
T REAE 7E “ U ™ i T A% B 25 rp B0 S FUX B
ZET PR B2 A 1 O I G, ARk N 12 i AH
KA, DR ER AR AR IR, O 2% e
(AT I T P R Rk AR A 2 | R Sl I 2% 3 ST s 3
FE R BT SE E T i, s X By AR Fh i A T ok 45
T TP SRR, O T T AR PR B R
PEEFEA BT GRS RIHLES 25 ) B R R AT
FAVH 2= TEAH DB 25 0 A5 BBk B3z 59
FH 10 6% B o Mk 4 i s 0 R
R R VAR S EE A B PR A To R
W HAZ N EMHA R, B4 2 MIEY -
HRR S Kim 45 FE K M L AT 4R R A
TS AR ST T B AP0 7 Al 1 4 e 1
N el BB MR AR 298 TR, Chen
ZELOVR AN 5 R G BRI S B T AR T
At 1 FH (B2 BOR R s T30
52 BAHFIRICHBEMER

S FARic 4l BB AP RE NS W Hh B = BE R RIOR,,
BRI, T S EHE AR R =
HEMBPUEA R iR D, RS
T A 2 R B 2 | ARy S A PR I B8t Hb A
15 Eh R BT 2 2 A8 VAR AN b 2 22 i AR v A ek |4 i
BRHOR, RIEh DA E AR R AT S 0Tk
A FhBa s At
5.3 MREFEEHE

TSR Zx 258 ARl B PRSI ST , P i



1350

AN N A o

2021 4E & 37 % 5 M

GroRas PR MR O A AR e TR 2 4
ﬁé’ﬂ%% AR BT

Bl

TR, T35, B R A 5

FRHALBOR LN T FIBOE T Eﬁ?ﬂ’ﬂ HEAlh, AlKe

SR
SN i R e S K I L

PUFT AL R At il Y SRS 2t

[ei) Fsf BTF 5 BB A o

TG A R TTE AE D T 2 I P Y OC B Ak

N e R DR T L vt o B LA
S E 3k
(1] 3 R i, % o R A 5 A L R

(2]

[4]

[5]

[11]

[12]

[14]

[15]

%{Efﬁf)uik[ J1. HEAP R 2019, 52(16) ; 2800-2808.
JIANG G, WEIL Z, XU J, et al. Bacterial wilt in China; History,
current status, and future perspectives[ J|. Frontiers in Plant Sci-
ence, 2017, 8. 1549.

ABDURAHMAN A, GRIFFIN D, ELPHINSTONE J, et al. Mo-
lecular characterization of Ralstonia solanacearum strains from E-
thiopia and tracing potential source of bacterial wilt disease out-
break in seed potatoes[ J]. Plant Pathology, 2017, 66(5) : 826-
834.

T P E S E A EEOR I S ST D], R
DL AR R, 2016.

HRACHE AL, e 55 DRI AL L ()], A
gl 1995(11) : 36.

BRI ARRESE A5 )T ARAAE PO T R T 5 R
Tt e[ )], 5, 2020, 34(6) : 329-336.

B lg TR R B TR %6 5 IR M R A
MBI D]. B ARl R, 2011

OB THER T AR B B IR Y A RE RN R R BRI
Gt [ D). BB AR K, 2016.

JEER e VLA, X . IO R R R
B RR ). PR, 2008(11) @ 3626-3635.
MONTEIRO F, GENIN S, VAN DIJK I, et al. A luminescent re-
porter evidences active expression of Ralstonia solanacearum type
III secretion system genes throughout plant infection[ J]. Microbi-

ology,2012, 158(8) : 2107-2116.

HIRTK. TR AR AR T B S B T AR P AR AR 5 &
4‘}"’\[ 1. RB AR RS, 2016.

CRUZ A P Z, FERREIRA V, PIANZZOLA M ], et al. A novel,
sensitive method to evaluate potato germplasm for bacterial wilt re-
sistance using a luminescent Ralstonia solanacearum reporter strain
[J]. Molecular Plant-Microbe Interactions, 2014, 27 (3) . 277-
285.

WANG H, HU J, LU Y, et al. A quick and efficient hydroponic
potato infection method for evaluating potato resistance and Ralsto-

nia solanacearum virulence[ J ]. Plant Methods, 2019, 15.145.

W M AR BRSO, T B B 2T A T T OK AR e B T
B pesA el (1], 4%, 2000(3) « 131-134.

PRIOU S, SALAS C, DE MENDIBURU F, et al. Assessment of

[16]

[17]

[18]

[20]

[21]

[22]

(23]

[24]

[27]

(28]

[29]

[30]

[31]

[32]

latent infection frequency in progeny tubers of advanced potato
clones resistant to bacterial wilt; A new selection criterion[ J]. Po-
tato Research, 2001, 44 . 359-373.
FTALIE. PRGOS A R A B 9-17 [T].
E D45 2007(6) : 381-382.
G, IS i, F /R B, 5. CIP BUBERERR B 75 4 98 o o ¢
TR ST (1], AP IRAR, 1995(4) : 206-210.
HfEse, B R RF. SN AR BT IR A 5 1 e 5
FILIT. hE AR 2001 (4) ; 248-250.
SIRI M I, SIRI M I, GALVAN G A, et al. Molecular marker di-
versity and bacterial wilt resistance in wild Solanum commersonii
accessions from Uruguay|[ J ]. Euphytica,2009, 165(2) ; 371-382.
JAWORSKI C W R G R. Relative resistance of potato cultivars to
bacterial wilt[ J]. Am Potato J, 1980(57) ; 159-164.
THURSTON DH L J. Resistance to bacterial wilt of potatoes in Co-
lombian clones of Solanum Phureja[ J]. American Potato Journal ,
1968,45. 51-55.
FOCK I, COLLONNIER C, LUISETTI J, et al. Use of Solanum
stenotomum for introduction of resistance to bacterial wilt in somatic
hybrids of potato[ J].
39(10) : 899-908.
5 U1 THAR A2 2 Al I 2 S A A B 2 E Ky
PRCEIN[ D], RBL APl R, 2014,
FH VR, IR iy, TR B, 45, CIP BUBRIERS | HUT5 A o 9%
PR TR S IEN [ T]. BRI, 1995(4) : 206-210.
MICHEL V V, MEW T W. Effect of a soil amendment on the sur-

Plant Physiology and Biochemistry, 2001,

vival of Ralstonia solanacearum in different soils[ J]. Phytopatholo-
gy, 1998, 88(4): 300-305.

MUTHONI J, SHIMELIS H, MELIS R. Conventional breeding of
potatoes for resistance to bacterial wilt ( Ralstonia solanacearum) :
Any light in the horizon? [J]. Australian Journal of Crop Science,
2020,14(3) ; 485-494.

SPOONER D M, HIJMANS R J. Potato systematics and germplasm
collecting, 1989-2000[ J]. American Journal of Potato Research
2001, 78(4) : 237-268.

CARPUTO D, AVERSANO R, BARONE A, et al. Resistance to
Ralstonia solanacearum of sexual hybrids between Solanum com-
mersonii and S. tuberosum [ J]. American Journal of Potato Re-
search,2009, 86(3) : 196-202.

TIWARI J K, DEVI S, ALI N, et al. Progress in somatic hybrid-
ization research in potato during the past 40 years[ J]. Plant Cell,
Tissue and Organ Culture (PCTOC), 2018, 132(2) . 225-238.
BRI, ThAR S A 20 e i G [ B2 A 1 A8 S A A 4 53 43
Br5 EARHHE IR [ D). R Aol K%, 2013.

FOCK I T, COLLONNIER C, PURWITO A, et al. Resistance to
bacterial wilt in somatic hybrids between Solanum tuberosum and
Solanum phureja[ J]. Plant Science,2000, 160(1) : 165-176.
LAFERRIERE L, HELGESON J, ALLEN C. Fertile Solanum tu-
berosum +S. commersoniisomatic hybrids as sources of resistance to

bacterial wilt caused by Ralstonia solanacearum [ J]. Theoretical



H FRRG A5 . SR BT R TS

1351

[33]

[36]

[37]

[43]

[44]

[45]

[49]

[50]

and Applied Genetics ,1999(98) . 1272-1278.

FERREIRA V, PIANZZOLA M J, VILARO F L, et al. Interspe-
cific potato breeding lines display differential colonization patterns
and induced defense responses after Ralstonia solanacearum infec-
tion[ J]. Frontiers in Plant Science, 2017, 8.1424.

HOAE TR R RS B K0T A Y 1D 4 B B R HL gt
oM D], BB Al R, 2004,

TE A AT o R AR T B ) 0 AR BB R B
[D]. BRI ABPARAKY, 2009.

FE A 9. A% S8 A 20 Y 2 o D 3 3t £ L G B G 55 5 A 1k
MRFE[D]. BB AR R, 2010.

WG CHEY ST R A AR A BRI IR ST (D]
DA PR R, 2013,

X g, EhER SR A A st £ 4 4 43 BT B A B
(D], BB AR, 2015.

I AT VA A O 2 4 R DX A 2 53 RGBT
PR AL IER D] BRI A gkl R4, 2020.

PATIL V U, GOPAL J, SINGH B P. Improvement for bacterial
wilt resistance in potato by conventional and biotechnological ap-
proaches[ J]. Agricultural Research, 2012, 1(4); 299-316.
BRI S WA T2 AR R BT R D 4 R R X AT A
FREIPEELT]. P ELOL R, 1998,31(3) : 5-12.

Bre e Al ALIE 15 22 7 A5 RS ST R e ik DR AR B
YBE[C]// P EEYE S DR EL R G 2 P E 2R
WF 2 55 Tom A R R e SCR B P EE Y S
Dl 2 5147 :2004.5.

BOSCHI F, SCHVARTZMAN C, MURCHIO S, et al. Enhanced
bacterial wilt resistance in potato through expression of arabidopsis
EFR and introgression of quantitative resistance from Solanum com-
mersonii J]. Frontiers in Plant Science, 2017, 8:1642

T AL e NeLTP4 F R ER BT R0 B 4 MR I
[D]. #Z% IUARRA K, 2019.

CHANG Y, YU R, FENG ], et al. NAC transcription factor in-
volves in regulating bacterial wilt resistance in potato[ J]. Func-
tional Plant Biology, 2020, 47(10) ; 925.

AT RLIZE. b % S0 T Al A 200 A S A v S O SR O SR 0 i
[J]. PETEE, 1990(1) : 14-18.

SRR e A TS, 5. Dt R i A W BT
R L SRR TRE )] I Th A3, 1993 (1)« 22-26.

HABE I, MIYATAKE K, NUNOME T, et al. QTL analysis of re-
sistance to bacterial wilt caused by Ralstonia solanacearum in pota-
to[ J]. Breeding Science, 2019, 69(4) : 592-600.

wOGLE R S DR EEMRIUIEE S SRAP fRid
FEELT]. P E T 2006(3) : 150-153.

R ERP A K, E BREF R AFLP
FRICHIRIE AL )] PIALRA 2441, 2005, 25(2) « 269-274.
ZEPREE. AR TR AR BT I B K T AR I S E
[D]. RBL AL, 2004,

[52]

[53]

[54]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

H WL A S R TR DG R e B S RIA[ D).
Jeat: P EAOL AR, 2008.

VASSE J F P T A. Microscopic studies of intercellular infection
and protoxylem invasion of tomato roots by Pseudomonas so-
lanacearum[ J ]. Molecular Plant-Microbe Interaction, 1995 (8) :
241-251.

VAILLEAU F, SARTOREL E, JARDINAUD M F, et al. Charac-
terization of the interaction between the bacterial wilt pathogen Ral-
stonia solanacearum and the model legume plant Medicago truncat-
ula[ J]. Mol Plant Microbe Interact,2007, 20(2) : 159-167.
DIGONNET C, MARTINEZ Y, DENANCE N, et al. Deciphering
the route of Ralstonia solanacearum colonization in Arabidopsis
thaliana roots during a compatible interaction: focus at the plant
cell wall[J]. Planta,2012, 236(5) : 1419-1431.

ZRJAE. DR B A B A O B IR A 43 B R L) R A3 BT
[D]. dbat: T ERREBE, 2006.

NARANCIO R, ZORRILLA P, ROBELLO C, et al. Insights on
gene expression response of a characterized resistant genotype of
Solanum commersonii Dun. against Ralstonia solanacearum [ J].
European Journal of Plant Pathology, 2013, 136(4) . 823-835.
ZULUAGA A P, SOLE M, LU H, et al. Transcriptome responses
to Ralstonia solanacearum infection in the roots of the wild potato
Solanum commersonii[ J]. BMC Genomics, 2015, 16:246.
KACHROO A, KACHROO P. Salicylic Acid-, Jasmonic acid- and
ethylenemediated regulation of plant defense signaling[ M ]. Bos-
ton, MA :Springer US, 2007, 28, 55-83.

MARTINEZ-FERRI E, ZUMAQUERO A, ARIZA M T, et al.
Nondestructive detection of white root rot disease in avocado root-
stocks by leaf chlorophyll fluorescence[ J]. Plant Dis, 2016, 100
(1):49-38.

ROUSSEAU C, BELIN E, BOVE E, et al. High throughput quan-
titative phenotyping of plant resistance using chlorophyll fluores-
cence image analysis[ J]. Plant Methods,2013, 9(1); 17.
MAHLEIN A. Plant disease detection by imaging sensors-parallels
and specific demands for precision agriculture and plant phenoty-
ping[ J]. Plant Disease, 2016, 100(2) : 241-251.

ATTA B M, SALEEM M, ALI H, et al. Chlorophyll as a biomark-
er for early disease diagnosis[J]. Laser Physics, 2018, 28(6)
65607.

KIM J H, BHANDARI S R, CHAE S Y, et al. Application of
maximum quantum yield, a parameter of chlorophyll fluorescence,
for early determination of bacterial wilt in tomato seedlings[ J].
Horticulture, Environment, and Biotechnology, 2019, 60 (6) :
821-829.

CHEN T, YANG W, ZHANG H, et al. Early detection of bacteri-
al wilt in peanut plants through leaf-level hyperspectral and un-
manned aerial vehicle data[ J]. Computers and Electronics in Agri-

culture, 2020, 177 105708.
(=S KREM)





