J Plant Biotechnol (2014) 41:65-72
DOTI:http://dx.doi.org/10.5010/JPB.2014.41.2.65

ISSN 1598-6365

Review

Potato breeding via protoplast fusion

Kwang-Soo Cho - Tae-Ho Park

Received: 16 June 2014 / Revised: 20 June 2014 / Accepted: 26 June 2014

(©) Korean Society for Plant Biotechnology

Abstract  Plant cells from which the cell walls have been
enzymatically or mechanically removed are called protoplasts.
The protoplasts are theoretically totipotent and can be used
as sources of somatic cell fusion in practical breeding
programs. Wild Solanum species have often been used as
sources of important agricultural traits including diverse
disease resistance. However, they cannot often be directly
applied to breeding programs due to their sexual incom-
patibility with S. tuberosum. Somatic hybridization via
protoplast fusion is one of the ideal methods to overcome this
limitation and to introgress certain traits into S. tuberosum.
This technique has still widely been used in potato since the
first fusion was reported in 1970s. Therefore, this review
highlights general perspectives of protoplast fusion and
discusses the application of protoplast fusion in potato
breeding.
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1’«}(Jansky 000). Solanum <2] of
w ohjet wAEs
HE Ad Fa%
S m(Cardi et al. 1993;
Helgeson and Haberlach, 1999), FopgE S0l AA I
Aol HAgEE A7 ¢ R0 o]
53 9t} AT B 49 opiEEO] A A
AelA oz Sopet/dolst Algte oA SFo &8
Ha ek o]+ WA o vj--2] Als A H](endosperm
balance number, EBN)of| &]3] AA T ™, o]of u}2 AJAFA
o vhek WA Sl o3t ol % 9 o4l 2 el
A5-& AAsH= 2.9lo] Eal QItk(Ortiz and Ehlenfeldt 1992;
Cho et al. 1997).
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AES A= wH(bridge crosses), AHE A7 B A= oFtH(Olivares-Fuster et al. 2005). E3F g3 Al AEE
25k7 A B9 98 FAT BAY SARS 2ok o] 4AH 7o) WAlol wet 34 AFLA) §ehsymmetic
AFo A ol SR st FAMS WS o] &ste] Al fusion)} HTHA A AP AA 5 FHasymmetric fusion) &=
HlE A2 =Ust= B (genetic modification, GM), 1 B3} 2 o)k A A AFAH S $3F thAl 3
B2 A S AR $TE ol AAZIEE 0ol 9T Aol $U YIS Wolol o] 4. 53
4 3}+= " (somatic hybridization)©] ¢l TtH(Ahn and Park A 7hol] A2 AR el o} AR =
2013). o] bridge cross@} GMYH O] AL, Ax}= Auj E(gene conflict) TA}o] % ]—6} A ©ch ® gk olyel, ¢
A L7k HsE ASE 4] Sletel WEF  ohA 9k A B4l EEe] §3 AEA A
< FA5t T AEAE st =Yt st AAHOR T w21 £EE YFSAY A EY
FAof gt A ool 4= A HHEEofoF shm, T2 Ol AEA =Y AE, 22a nAdH R Y] 9
L SMHoR EQNnA ol 44 RAI BAH & E Aeaze 23 5 2EH 2isl s g
ARE 22Ysls 2ejo] WAl 2ol o] G& AlZE  (Beckhaut et al. 2006). o] o] ula| vl A APAH 53
I wFo] Wo] & W u} ofz}, E5 GMHEH O AL & A& EH(genome fragmentation) 0] 3 s}l A|gHE A
os] Ao AR el Qol, AAH 5ol $5HAZ ALEA HrhXia 2009), o)z Wt A &
@k el o o e oleigol sich Wel A $& AT DNAS 3 DNAS) 55l 443 % sl
NEZRES 0]—8—1— 22 &2 19709 SHF 7FA Y] E3] AxA FAEY(cytoplasmic male sterility, CMS)2}
RFAAE ) AT GH ATHOE olpod  BE 449 59T Bl NEma i o o 1009
A AN EZREE %*{3‘ Zradel A8 oz A7 AFAA &= STl ol &3] 9% 27 58 As
T oHs] B3 AA FAKET LR wHAe SA4 RS duty o AFAA Y £, EEMH A
2 Fa3% A AuE AAR =dste A7t olR @Y A A8, 58, A 1 Al A3
o} 1L QI th(Shepard and Totten 1977; Binding et al. 1978; 7} ZIth(Razdan 2003; Liu et al. 2005). ©]% §3% o]=, g3+
Melchers et al. 1978). SR} 5= A2 T E A EH 719 Also] AA §& 9]
olof & =ZolAe AE AFAA ol tigt At HUA=AE Felst FFAE st S S
o I SlE 8 RSA  FRSHTD o 4 olek o) 3 DNA 2

Aol ArFS;} 7Ape] Lok E
=3

9S4 $TL Fotol AuF R EYskn
A olRoldl 4AHEF AT HAlE hyoE A4 %
Foll o] 48 TeokYF, BEFY, MY 5 24
stol AET F A ol Hd §F Wue] B 7

Y& ofstuzt gk

NE 2EUH SY ¥ My wy

AP AA Foll ek o] oln] oF 100 of Ao K
u7b Hglon, AEg o &3 ANELFY Beole
i E ol &3t FXF AMZFLl A WA AFAtE =
H 115l tH(Carlson et al. 1972). o] & T} & W2 Al E20
A AFAAE ol &5t AN EZZEE FEo] Al=EHUL
ol F3ll A5A e AMELF AEA AHESE o] Fof
Rom, 7R = et A EsS R X540

2 AG7F A= 31 ¢JtGamborg 2002; Eeckhaut et al. 2013;
Shankar et al. 2013).

AYAA §ae) PHoE AT F5 Y 5ot
A gyt 4714 g3kl o H L lon ] fal
o ulgR AgE I Yk F 7hA WHo) gHe Agd

M2 o] HEE7 = Yo, ol &FTHRutaceae)
AzolAwt 4Ed o 288 AR 79 o] &5 il 9l

AFEA] 9] o], Al EA 5 ot A4
71%0] o] &H AL qlrk ol OI%H% A A 2= RAPD
(Randomly Amplified Polymorphic DNA), SSR (Simple Sequence
Repeats), AFLP (Amplified Fragment Length Polymorphism),
RFLP (Restriction Fragment Length Polymorphism), CAPS (Cleaved
Amplified Polymorphic Sequence), SCAR (Sequence Characterized
Amplified Region) 5-©] Ql.2m, o]2]gt RAFEAE 485}
8 AH8-E+= DNA Y E = 3 U DNAS] A E4&E 1t ofY
2t A2 o nEFZ ol JEA| DNAY A Ho| &g
)31 QJth(Thieme et al. 2010; Patel et al. 2011; Saker et al.
2011; Wang et al. 2011a; Yu et al. 2012a). o]o]] T}3)] X|Lo=
real time PCR, microarray, transcriptome, reverse transcription
PCR, real-time reverse transcription PCR 54 51} 72 A
ALA 718ES] B4 714 KLiu et al. 2012; Yu et al. 2012b;
Wang et al. 2011b, 2013) proteome 241} ZHS Thull 2] 2|
719ke] B4 7)< (Gancle et al. 2006; Wang et al. 2010) 3}
o] g 9tk AlEgATA JWorE JuAS 4
AL 5 Al ZEAH(flow cytometry), GISH (Genomic in situ
hybridization) 5©] ©]-8 %1 ¢ © ™ (Xu et al. 2007; Lian et
al. 2011; Wang et al. 2011a; Jiang et al. 2012), 7]E} YHO
2 FYas EXH(isozyme analysis), A& 2282 B A
H(histological analysis) 5-©| ©]-8% 11 Q)tHWang et al. 2012;
Yu et al. 2012a)
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2N S 0183 UKl 8F 7l 9% PHOR olgH T Ytk F AFAA §TL
oA 2t AeHE Al of el uk4A dihaploid) = 5 e]
M FRHRIBA A, sewal hybridization)ol 2 oAb A (tetraploid) - HA NS MEA FEFH 7

A Ageleta & 4 9l AME S FWEE  gopa wol o] LEC
E7E A AR T2 AR AR BA] A AR

ANZERE Leld F b UFAANES FHHAOR  axglde] 2N S8
B EH(FA A %, asexual hybridization)s}= B o]t}
olefsh W2 Aol ST oA 44 sTE o o] AgAA gL oF 345 7 Aol A wirH
& AH 57 NN HEhs SRR F2% gt o)gHn glon, dYAA HelE gEAE
319 29U HoH ol gL olulA oRWEL AME  ma Aeo] st AT AA WHlo] 27 o]LE T 9
A7bel EBN Aele] ofgt f44 §3h A= S50 o ko] el @A AT ule} go] 1714
Table 1 Progress in protoplast fusion in potato during the last decade (2004-2013)
Species Aim Fusion tool Reference
S. acaule Glycoalkaloid aglycone EF Rokka et al. (2005)
S. berthaultii Tolerance to salinity EF Bidani et al. (2007)
S. brevidens Resistance to soft rot, early blight and PLRV PEG Tek et al. (2004)
S. brevidens Resistance to common scab EF, PEG Ahn & Park (2013)
S. bulbocastanum Resistance to late blight PEG Boltowicz et al. (2005)
S. bulbocastanum - EF Iovene et al. (2012)
S. bu.lbocc.zstanum Resistance to late blight, soft rot, nematode, heat EF Greplova et al. (2008)
S. pinnatisectum and drought
8. bulbocastanum, S. cardiophyllum, Resistance to late blight, Colorado potato beetle EF Chen et al. (2008)

S. chacoense, S. pinnatisectum
S. cardiophyllum Resistance to late blight EF Shi et al. (2006)

Resistance to Colorado potato beetle,

S. cardiophyllum PVY and late blight EF Thieme et al. (2010)
S. chacoense Resistance to bacterial wilt EF, PEG Chen et al. (2013)
S. chacoense - EF, PEG Cai et al. (2004)
S. circaeifolium Resistance to late blight PEG Espejo et al. (2008)
S. commersonnii Resistance to bacterial wilt EF Kim-Lee et al. (2005)
S. etuberosum Resistance to PVY EF Tiwari et al. (2010)
S. melongena Resistance to bacterial wilt EF, PEG Yu et al. (2013)
S. michoacanum Resistance to late blight PEG Szczerbakowa et al. (2010)
S. michoacanum Resistance to late blight EF Smyda et al. (2013)
S. phureja - EF Lightbourn & Veilleux (2007)
S. pinnatisectum Resistance to late blight EF Polzerova et al. (2011)
S. pinnatisectum Resistance to late blight EF Sarkar et al. (2011)
S. stenotomum Resistance to bacterial wilt EF Fock et al. (2007)
S. tarnii Resistance to PVY and late blight EF Thieme et al. (2008)

S. tuberosum - PEG Przetakiewicz et al. (2007)
S. tuberosum Resistance to PVY and Pythium aphanidermatum EF Nouri-Ellouz et al. (2006)
S. vernei - PEG Trabelsi et al. (2005)

S. villosum Resistance to late blight PEG Tarwacka et al. (2013)

* All species were fused with S. tuberosum.
* Aim indicated with ‘- was not precisely reported in the reference.
* For fusion methods, EF and PEG indicate using electrofusion and polyethylene glycol as fusion agent, respectively.
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7} PEGE o] et 3814 Who] o] 85 9lou, Table
114 AAE vt o] H714 W] Hg muHes
o] 8= Qtt A7) v o 23t Al¥ H(Thieme et al.
2008; Symda et al. 2013)2} PEGE o] &3t 31514 wH o
9]t A% ¥ (Trabelsi et al. 2005; Espejo et al. 2008)-2 z}-z+
o] Z&of AAIE Hie} Zo] vl A AA|F] 7] E ol 9l
o, 71 Hhgof QlojA] dAtAbe] whel oFzke) Aol & H
ojuf thrho] Ao HHAO R o] §EaL QU

A AA 25T 7 T8t mxe QS AR
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2 3EE OF%‘%—OEHH Egste Aotk o] &
dst7] §1%k 7 ARl o s = oujA o] ofdF
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A ASF el o] o] FoE H ol 67
Al 71A] o] Fo] Ao 8h= A& et vi-f- &&4 o
2t & 4 Sloh

1960 At} % Chase (1963)= 71AL2] LA AMAE
tjAlste] olufd WAIE ol&ste AS ASHselh
o|% o] HASF ZRIHA AN EZFF 7]=o] A
B2 FTS S A 584 ko] 2 4= A st
A CH(Frei et al. 1998). SkA] A 2ol A AG3E Hie} o],
WAkl A URAAE ol g3 AAE 2 Ao 19709
to] 4EH0 o 2oiHl ol Theket o EE Thako.
2 oo 489UES Ao EYean ki Aws)
o012 Itk SFAIRE F 2 oF 1040} 7+ o] %o]7 7
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Table 2 Approaches for somatic hybrid selection or characterization used during the last decade (2004-2013)

Tools

References

Isozyme analysis

Flow cytometry analysis

Trabelsi et al. (2005), Nouri-Ellouz et al. (2006)
Cai et al. (2004), Tek et al. (2004), Trabelsi et al. (2005), Bidani et al. (2007), Greplova et

al. (2008), Thieme et al. (2010), Tiwari et al. (2010), Polzerova et al. (2011), Sarkar et al.
(2011), Ahn & Park (2013), Yu et al. (2013)

Chromosome counting

Tek et al. (2004), Boltowicz et al. (2005), Nouri-Ellouz et al. (2006), Shi et al. (2006),

Przetakiewicz et al. (2007), Chen et al. (2008), Espejo et al. (2008), Szczerbakowa et al. (2010),
Ahn & Park (2013), Tarwacka et al. (2013), Yu et al. (2013)

SSR marker

Cai et al. (2004), Tek et al. (2004), Trabelsi et al. (2005), Nouri-Ellouz et al. (2006), Bidani

et al. (2007), Lightbourn & Veilleux (2007), Thieme et al. (2010), Tiwari et al. (2010),
Polzerova et al. (2011), Sarkar et al. (2011), Iovene et al. (2012), Ahn & Park (2013), Chen
et al. (2013), Smyda et al. (2013), Yu et al. (2013)

AFLP marker
RAPD marker

Tek et al. (2004), Thieme et al. (2010), Ahn & Park (2013)
Cai et al. (2004), Boltowicz et al. (2005), Rokka et al. (2005), Trabelsi et al. (2005), Shi et

al. (2006), Przetakiewicz et al. (2007), Chen et al. (2008), Espejo et al. (2008), Greplova et
al. (2008), Szczerbakowa et al. (2010), Tiwari et al. (2010), Polzerova et al. (2011), Sarkar et
al. (2011), Ahn & Park (2013), Smyda et al. (2013), Tarwacka et al. (2013)

RFLP marker
CAPS/SCAR marker
DNA sequence analysis Bidani et al. (2007)

Fluorescence in situ hybridization

(FISH) Tek et al. (2004)

Tek et al. (2004), Przetakiewicz et al. (2007)
Nouri-Ellouz et al. (2006), Sarkar et al. (2011), Smyda et al. (2013), Yu et al. (2013)

Genomic in situ hybridization (GISH) Tek et al. (2004), Iovene et al. (2012), Tarwacka et al. (2013), Yu et al. (2013)
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