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Abstract

CultivatedSolanum tuberosum subspandigena is well known as a rich
source of valuable traits for potato breeding, especiallyefistance to
diseases and pests. The Potato cyst nemdgboleydera rostochiensis
Woll., is considered to be one of today's most serious hindvrdogmtato
production in Europe and North America. Thus, the breeding of new
cultivars that have resistance to PCN is of great impoeta The USPG
(USA) and VIR (Russian) potato genebanks, as well as othamstain
many samples of primitive cultivated and wild potato spemiggnating
from Latin America. Many of these samples are assumbd genetically
duplicate because the material in both genebanks came fecsartie
original source. A joint investigation of new genotypes of sufighgena
forms resistant to Potato Cyst Nematode (PCN) wasedaout on samples
of subspandigena at VIR with reputed duplicate samples at USPG. After
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careful screening, 14 samples which possessed regstaRCN were
identified. A high level of this resistance was trantadito sexual progeny
at a high frequency for all of the selections. Elevenefittessions found
to be resistant have reputed duplicates in USPG thatre¢reviously
known to be resistant. Thus, this research not only broalemhoice of
parents available for resistance breeding, but idestifiedel materials for
future research testing the parity of PCN resistanamgmeputed duplicate
samples in the two genebanks.

Introduction

Potato Cyst Nematode continues to inflict significant dgerean
potato production in some Eastern European countries. Controyis ve
difficult and expensive because PCN lives and overwintessiinwhere
chemical control is difficult and expensive. Thus, the beshaagtnown
for controlling PCN is to create potato cultivars with genegsistance.

A practical method of breeding potatoes with resistance lecam
possible after the work of C. Ellenby (1954), who fvegan to evaluate the
potato germplasm in the Commonwealth Potato Collectio€{@Pthe
UK. He was the first to find resistance to nematodé&s tuber osum subsp
andigena, a tetraploid species cultivated in Latin AmericasiRtant
accessions were CPC 1673, 1685, 1692, and 1595.

In the decades following, further investigations wereiedmut in
different countries (Rothacker and Stelter 1957, Ross 1986)egdhe
nature of resistance subsp. andigena. An active form of immunity was
found in which larvae hatch on roots, but are unable t@ptzimthe cyst
development cycle.

Resistance to pathotype Rolaubsp. andigena is determined by a
single dominant gene, H1 (Cole and Howard 1957, RothackertatlerS
1957, Toxopeus and Huijsman 1952 & 1953, Huijsman 1955, Huijsman
1960). However, resistance genetics may be much moreel\Russ
1969). Resistance to other nematodes has also been desivesdibsp.
andigena (Brodie et al. 1991).

Resistance from the H1 gene has been incorporated intolsevera
commercial varieties (e.g., Plaisted et. al 2001) that\aiéadle as parents
for breeding. Germplasm with resistance to multiptees of PCN has also
been developed (Brodie et al. 2000).

During the last three decades more than 40 samples pogsess
resistance to PCN were discovered among the collectigio80subsp.
andigena accessions at the N. Vavilov Research Institute (VIR)l&imd
Sdvizhkova 1999). However, of the approximately 850 accessicubspt
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83 andigena at the US Potato Genebank (USPG), only 9 have been reported to
84 Dbe resistant (Hanneman and Bamberg 1987, Bamberg et al. 1994).
85 ldentifying a broader array of resistance sources opertotirdor research
86 to determine if useful variation in Rol resistance is mtasethese
87 materials.
88 The USPG and VIR potato genebanks, as well as others amaint
89 many samples of primitive cultivated and wild potato spemiggnating
90 from Latin America (Hijmans and Spooner 2001). In many cases,
91 genebanks have reputed duplicates (Huaman et al. 2000). Sashkiacs
92 originated from the same initial source population and ardifidehas being
93 the same material, so evaluation data from one genebariknsadiributed
94 to the duplicated sample in other genebanks. Such sharvgloftion
95 data across genebanks is a great benefit to breeder# $assens the need
96 for duplicate screening. The duplicate sample within aderégown
97 country is also much more readily accessible, since quardesitieg of
98 potato germplasm from other countries is usually requikmvever, since
99 duplicate samples have been stored and propagated gaxudedir different
100 conditions, they may not be true duplicates in the genetic sém$eed,
101 significant differences in the presence of DNA markexehzeen
102 demonstrated fasubsp. andigena from VIR and USPG (Bamberg et al.
103 2001).
104 The main objective of this study was to scraecessions from the
105 VIR subsp. andigena collection for resistance to PCN to expand the
106 diversity of parental material available for use in resstabreeding
107 (Howard et al. 1970). In addition, since the acossstested had reputed
108 duplicates in the USPG, finding resistance would idemti&erials in USPG
109 with potential resistance which would serve as a modé&tsyfor testing
110 the parity of reputed duplicates with respect to expyassf an economic
111 trait.

112
113 Materialsand Methods
114 The evaluation was conducted at VIR using 115 of thes(idgp.

115 andigena accessions in the VIR potato genebank with reputed dugdicat
116 USPG (Bamberg et al. 1996). The 115 seed populationd tadtas

117 experiment included 34 different forms originating in ArgeatiPeru,

118 Bolivia, Colombia, Mexico and Ecuador. Plants were wataid for

119 resistance to PCN race Rafter artificial infection. Inheritance of

120 resistance was then tested in the progeny of the selectelingthe

121 The plant materials were evaluated in a greenhouse whHidHt

122 (2000 lux) at 2€23°C. They were grown in pots with a diameter of 10 cm.
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123 Each pot was filled with soil, and infected with 5@@ts with viable larva.
124 Each of the 115 populations was represented by 5 tuberlings mtthk i
125 evaluation. Accessions were considered resistant onlySfcibnes were
126 resistant. In this way, 14 accessions were found to béamrsisClones

127  within each resistant accession were selfed and the lselk@sl. Then, 30
128 of these seedling progeny were tested again by the sathean The

129 susceptible cultivar Nevsky and its self progeny were asesilisceptible
130 controls in the initial and progeny tests, respectivelyalfi, the 14

131 selected clones were crossed with susceptible stulposum cultivars
132 (Table 3), and Fseedling progeny were also evaluated by the same method.
133 The presence of root cysts was visually detected on tire evot ball
134 after two months. Plants were classified as resigtém number of viable
135 cysts they produced were less than 2, susceptibi&0f@/sts were

136 produced, and very susceptible if more than 50 cysts were produced
137

138 Resultsand Discussion

139 Table 1 lists by country of origin, the accessions withtgla

140 determined to be resistant (less than two viable cysts praddincthe initial
141 test. Five different South American countries and Megierepresented,
142  showing that genotypes possessing resistance to PCN maynidenfatonly
143 among the Bolivian and Peruvian formssolbsp. andigena, as is sometimes
144 assumed (Howard et al. 1970) but also from Argentirexiéb, and

145 Colombia. The Argentine samples examined that were ftauhd resistant
146 confirm the assumption of Briicher (1954) that there is a higrapiidlp of
147 finding resistant forms among wild and cultivated potato gigsemiiginating
148 in any provinces of Argentina infected by the nematode.

149 Our results do not support the conclusions of some autkarseraz
150 and Ponin, 1974) that diversity in the numbeGofostochiensis resistant
151 forms of subspandigena is limited.

152 The result of many tests over three years shows that.sartsgena
153 is arich source of race Rol PCN resistant genotypedalder breeding. Of
154 the 115 screened samples, 14 (abouteagkth) expressed strong resistance.
155 A high proportion of self seedlings derived from clones as¢hB4 resistant
156 accessions were also resistant (Table 2). None sklheeedling progeny
157 listed in Table 2 are less than 50% resistant at p<=0.6Sistance of the
158 self progeny not only confirms the resistance of parefdaks from the 14
159 selected accessions, but demonstrates that the afeiof resistance is
160 likely simple and dominant. When 10 of the 14 selected clares

161 crossed with susceptible cultivars, 65% of the progeny vesistant (Table
162 3).
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One of the accessions determined to be highly resistanPin205624
/ VIR 23696. This result might be expected since this amess a hybrid
of CPC 1673. Samples from Pl 205624 / VIR 23696 and 4238/ VIR
23704 were reported resistant in both genebanks (Table 2y gitmeputed
duplicate samples of these accessions in the two genebanésihathout
90% of (Random Amplified Polymorphic DNA) RAPD bands in common
(Bamberg et al. 2001).

This screening identified new resistance to PCbBubsp. andigena
from various countries. Particularly interesting isdiseovery of numerous
resistant accessions from Mexico, from which no redistecessions have
been previously reported. Eleven of the accessions faunel tesistant
have reputed duplicates in USPG that were not previouslyrktolwe
resistant.

The work described here does not prove that the new sourP€\bf
resistance possess any breeding value beyond that alredaly deéployed
in the H1 gene. However, a search for useful allelic diyeasthe H1 locus
or other potentially useful modifier loci would logically benducted within
germplasm in which resistance had naturally evolved. Our erkifies
such germplasm for future breeding and genetic studies.

Thus, this research not only potentially broadens the choigarehfts
available for resistance breeding, but identifies modéénads for future
research to test the parity of PCN resistance among regupdidate
samples in the two genebanks.
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261 Table 1. Country of origin of selectel ssp. andigena Juz. et Buk.
262 accessions resistant® rostochiensis race Rol

263

264
Origin N° of accessions N° of resistant Percent

screened accessions

Argentina 23 2 9
Bolivia 17 2 12
Colombia 20 1 5
Ecuador 9 0 0
Mexico 19 5 26
Peru 22 4 3
Total 115 14 12

265
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266 Table 2. Segregation of resistance in seedlings derived fronpe#ihation
267 of resistants ssp. andigena clones

268
Pl K Collector Country  N° of Number of resistant (R),
number number Number of seedlings susceptible (S) and very
(USPG) (VIR) origin tested susceptible (VS) seedlinys
O-1cysts 2-50 cysts >50cysts
(R) (S) (VS)
160215 23688 COR14220A MEX 50 24 26 -
161136 22034 COR 14261 MEX 50 27 23 -
161683 23691 COR 14434 MEX 50 19 31 -
161716 21655 COR 14380 MEX 50 24 19 7
195162 23694 CPC 300 PER 50 34 16 -
205624* 23696 CPC 1673 BOL 50 39 11 -
214427 23699 SMI454 PER 50 32 18
214430 23700 SMI460 PER 50 37 13 -
230457* 23704 CPC 1464 PER 50 33 8 9
233982 21665 GND 16 BOL 50 28 22 -
243415 17165 CCC 249 COL 50 19 27 4
243430 17172 CCC330 ARG 50 32 18 -
246516* 23719 COR P204 ARG 50 30 20 -
285017 21683 UGN 1098 MEX 50 26 24 -
Average 28.9 19.7 1.4
Control  Nevsky RUS 50 - 6 44
269

270 2hybrid seed

271  "None significantly less than 50% resistant at p=850

272 * Reported as resistant in USPG screening recaeks lanneman and Bamberg, 1987
273 and USPG homepage: hityww.arsgrin.gov/nr6).

274
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Table 3. The inheritance of resistanceG@orostochiensis Rol in progeny of
ten selecte®. ssp. andigena forms crossed with susceptible cultivars

F, cros$ Total N° of  Segregation of resistance in
seedlings seedling®

S R %R
Lugovskoy x P1161893 94 22 72 76
Romashka x Pl 214427 87 25 62 71
Nevsky x PI 160215 79 20 59 74
Rozhdetrenski x Pl 195162 87 26 61 70
Orbita x Pl 205624 89 29 60 67
Pl 214430 x Zarevo 83 17 66 79
P1 230457 x Peterburgsky 77 18 59 76
Pl 246516 x Gybrydnyl4 90 41 49 54
Udacha x Pl 243430 82 19 63 76
Peterburgsky x Pl 233982 95 27 54 70
Average 65
Nevsky x Pl 243384* 97 97 0 0

# Resistant parent given as USPG germplasm nungee.Table 2. for VIR number

b S= susceptible (>2 viable cysts), R= resistast (@able cysts).

*Control cross of susceptible cultivar Nevsky x se®ibleSolanum subspandigena



