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Abstract

Potato, as one of the strategic crops, plays an important role in the economy of the country. The potato golden cyst nematode (Globodera
rostochiensis), was reported from Hamedan province in 2007. In present study, the reaction of 19 commercial potato cultivars and 23 advanced
potato clones together with resistant and susceptible cultivars were evaluated against potato golden cyst nematode Globodera rostochiensis in
greenhouse and field conditions. As the result, the cultivars Savalan, Jili, Sagita, Panamera and the clones 5/25, 870787, 1/27, 870861, 13/75,
1 were evaluated as susceptible. The cultivars Anosha, Banba, Kolomba, Kaiser, Fabula and clones 24/24, 19/75, 8701125, 11 and KSG613
were evaluated as resistant which could be introduced as the new resistant cultivars. The cultivars Khavaran, Boren and the clone 8708133
were evaluated as tolerant. The cultivars Challenger, Georgia and Taurus (commonly cultivated in Iran) were evaluated as susceptible. Besides
the phenotypic evaluations, the molecular approches were also employed to amplify two TG689 and 57R markers linked to the H1 resistance
gene in studied cultivars and clones.
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Table 1. Standard scoring method for evaluating resistance based
on the relative susceptibility of potato cultivars to Globodera
rostochiensis. The value 9 indicates the highest resistance
of the cultivar.
Relative susceptibility Resistance score
<1
11-3
3.1-5
5.1-10
10.1-15
15.1-25
25.1-50
50.1-100
> 100
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Table 2. Primers used to detect markers linked to the H1 gene

Primer Seq. (5'-3") ™ GC % Reference

57R-F TGCCTGCCTCTCCGATTTCT 95.35 55 Finkers-Tomczak et al. (2011)
57R-R GGTTCAGAAAAGCAAGGACGTG 62.43 52.2 Finkers-Tomczak et al. (2011)
TG689-F TAAAACTCTTGGTTATAGCCTAT 53.52 30.4 Milczarek et al. (2011)
TG689-R CAATAGAATGTGTTGTTTCACCAA 55.88 33.3 Milczarek et al. (2011)
BCH-F CATGACATAGTTTGAATTTTGAGTC 56.42 32 Brown et al. (2006)
BCH-R CGTTTGGCGCTGCCGTAAGTT 61.78 57.1 Brown et al. (2006)
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Table 3. Results of molecular tracing of H1 gene using 57R and TG689 markers in different poatato cultivars /clones, the presence of cysts and
symptoms on their roots in the infested field and resistance scores in greenhouse

No.  Cultivar/clone  Cysts on hairy roots Cyst on roots TG689 57R Relative susceptibility
1 1/27 + + - - 2
2 24/24 - - + _ 6
3 19/75 - - + + 8
4 8707112 - - + + 3
5 13/75 + - + - 2
6 8708133 + + - - 1
7 8701175 + + - - 1
8 19/24 + + + + 2
9 7134 + + - - 1
10 12/34 + + - - 2
11 24/14 + - + + 2
12 8701125 - - + + 7
13 5/75 - - + + 3
14 870787 + + - - 1
15 5/25 + + - - 1
16 13/27 + - + + 2
17 51/75 + - + + 2
18 870/755 - - + + 3
19 870/25 - - + + 3
20 KSG613 - - + + 4
21 8707861 + + - - 2
22 11 - - + + 5
23 1 + + - 2
24 Panamera - + - - 2
25 Jili + + - + 1
26 Sante - - + - 9
27 Atusa + + - - 2
28 Fabula - - + - 5
29 Desiree + + - - 1
30 Kolomba - - + + 6
31 Arinda - - + + 3
32 Borene + + - 2
33 Anusha - - + + 7
34 Khavaran + + - 2
35 Agria + + - + 2
36 Kaiser - - + + 6
37 Marfona + + - - 1
38 Savalan + + - - 2
39 Spirit - - + + 3
40 Banba - - + + 6
41 Georgia - - + + 3
42 Sagita + + - + 2
43 Taurus - - + + 3
44 Silvana - - + + 3
45 Challenger - - + + 3
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Fig. 1. a: The hairy root symptom due to the infection by the potato
golden cyst nematode, b: Cysts of the potato golden cyst nematode
on the root surface of the susceptible cultivar Marfona, c: Eggs inside
the adult cyst of the potato golden cyst nematode; d: Susceptibility

and resistance experiment of potato cultivars and clones to the
nematode in greenhouse conditions
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Fig. 3. The result of amplification of the 57R marker for some cultivares
and clones assessed in present study. A band of 450 bp size linked
with the resistance gene H1 was amplified for some cultivars and
clones. A band with 1500 bp size was amplified for some cultivars
and clones having or lacking the 57R marker. The band with 290 bp size

shows amplification of the gene BCH as internal control. The name
of cultivars and clones are indicated.
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Fig. 2. The result of amplification of the TG689 marker for some
cultivares and clones assessed in this study. A band of 141 bp size

linked with the resistance gene H1 was amplified for some cultivars

and clones. The band of 290 bp size shows amplification

of the gene BCH as the internal control.
The name of cultivars and clones are indicated.
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Table 4. Comparison of average growth characteristics (number and height of stems), ripening time and percentage of tuber dry matter of potato
cultivars and clones

. Height at flowering phase Average number of Tuber dry matter content Growing
No.  Cultivar/clone
(cm) stem (%) season (day)
1 8707861 69.40 a 4.25 bcde 18.52 hijk 133.70 a
2 87025 63.70 cde 2.60 h 19.52 efgh 133.17a
3 KSG613 64.48 bcde 3.52 d-h 19.52 efg 124.18 cd
4 1/27 58.70 fghijk 4.08 b-g 18.38 ijkim 124.18 ¢
5 24124 64.50 bede 3.50 d-h 19.48 efg 124.16 cd
6 19/75 57.66 ijk 3.53d-h 18.27 jKim 123.50 cde
7 11 69.68 a 4.43 bede 20.40 bede 130.80 b
8 1 62.86 cdef 4.42 bede 21.09b 132.66 a
9 8708133 66.60 efghi 2.87 hg 19.22 fghi 121.00 fg
10 870/755 53.17 ml 3.12 e-h 17.14 no 120.62 fg
11 19/24 59.06 fghij 6.88 a 19.75 efg 124.50 ¢
12 7134 68.39 ab 5.08 b 2193a 134.16 a
13 12/34 58.22 ghijk 2.20 d-h 20.64 bced 124.50 ¢
14 24/14 60.22 efghij 4.03 b-g 19.96 cdef 121.00 fg
15 13/75 62.83 cdef 3.38 defgh 17.65 Imn 132.83a
16 5/25 61.80 defghi 3.09 efgh 2190 a 134.50 a
17 870787 62.39 defg 442 b-e 20.03 cdef 13350 a
18 8707112 69.40 a 4.33 bede 18.58 hijk 133.71a
19 8701125 65.06 bcd 2.83 gh 20.63 bed 130.33b
20 5/75 64.53 bcde 3.16 defgh 2259 a 13350 a
21 8701175 62.78 cdef 3.23 defgh 18.29 ijklm 120.51 fg
22 51/75 64.39 bcde 3.72 cdefgh 18.62 hijk 120.83 fg
23 13/27 54.70 klm 3.84 bcdefgh 20.45 bede 119.66 gh
24 Chlenger 68.81 ab 3.45 defgh 20.28 bcde 94.36 |
25 Banba 62.93 cdef 5.11 bc 18.83 ghij 119.33 gh
26 Boren 61.72 defghi 5.25 bcde 18.43 ijkim 117.00 ij
27 Anusha 65.11 bcd 4.41 bcde 20.77 bc 119.66 gh
28 KHavaran 62.89 cdef 5.04 bc 19.97 cdef 122.33 def
29 Agria 68.66 ab 3.38 defgh 20.39 bcde 121.00 fg
30 Silvana 52.72 Im 3.26 defgh 19.10 fghij 121.00 fg
31 Kaiser 55.06 jkim 3.46 defgh 21.07 b 121.00 fg
32 Georgia 55.58 jki 3.95 bcdefg 20.31 bcde 94.53 |
33 Fabula 57.94 hijk 3.97 bg 18.57 ijkl 125.00 ¢
34 Desiree 62.00 defgh 4.07 b-g 19.85 cdefg 121.00 fg
35 Marfona 58.28 ghijk 4.37 bede 17.65 Imn 9450 |
36 Savalan 69.65 a 3.54 defgh 20.33 bcde 122.00 ef
37 Spirit 58.94 fghij 3.92 bcdefg 19.49 efgh 113.66 k
38 Jili 62.81 cdef 35 d-h 18.98 ghij 118.16 hi
39 Sante 58.72 ghijk 422 b-f 20.30 bcde 130.83 b
40 Atusa 55.60 jki 2.87 fgh 20.41 bcd 125.00 ¢
41 Panamera 68.06 ab 3.75 b-h 19.58 efg 130.83 b
42 Arinda 59.06 fghij 4.50 bed 19.83 defg 93.66 |
43 Sagita 65.21 bed 5.21 bcde 20.27 bcde 117.08 ij
44 Taurus 52.70 Im 4.39 bcde 20.37 bcde 119.65 gh
45 Kolomba 52.69 Im 4.24 b-f 19.79 cdefg 94.08 |




e er et (2D s WLl 4y o i 0y SLOSIS ST s o) plL] Caslie o))l OLSes 5 25

(S 5,50s) s 5 ok S st 035
SRR - EYe r:%)/u}isf\ (Mg el IS5 Shes s
(0 Jgdor) A5l e 0418 x Jl blize 35 Jlo 31 Lo
oo Ol sl (oo Shes e Lol S 4z Sl by
S s deils S dgy Jlw s b s bl dilails
55 Ol adlaie 53 lesl dlw 53 b 3l 5 of s
e S 5 Sl it il 03 a5 WG S 5 Shae
LL (,_Sjj()tia);c:'\\/i Lo g20) 24124 O S 5540 5o
Cu)\,uojxsﬁt_wpasmg_wwgmﬁosoA)
oLz (Sls Ogasl dess 0 s 3 s e sl s
eL5) ol yanes 11 5 8701125 (8708133 U5l e .Sl
05 LS s 5 YL s Shes b g L LS 5 0,5l
s S 15 Kos b3, 5 0 YA S VL s Sl
05 3 Skes Lok S 5las 5o (Sialen 5 e Lo
5 A edalle pU) 5 OIS 53 ()55 els Lo ye 059)
SAYL s Shae 5l iy s sl L plap s Lgs)

(W dsder) Lo g 1oy 55

A\

s odé haw g 059 g dldas
3 Sy ede A8 53 baesls OS o uilsly 429 b
Ve 3 (30 5 Jle S oS A asie cd s
g 5 3y % Jlo Jlize Sl Ll el s ime do s
oS b 5l (0dsdr) wis s e Sldns el A g
ode W5 s e Ly, bl Jle s b s Ciless
OIS S e Lasie 0 b pSle anslie L oaails s
Cdys ode O3y lawgie g sl Ll 31 Ol sl o5 5 24124
PGl 5 OIS sy o 5l w2l | Olgpe o i
V/OY lawyze L L ST (3 sy Ol ls e sl dals
58701125 U5IS 53 L ol o o 2o 53 Zudiys o p S 4LS
O3 b oyls e 5 L S 5 pss Cuxbpe 55 5125
A S 13 e glacandge 53 3 opl Sl peS e s
S| Sl Sl ys ede IS 5 055 Lk OIS Cuns
Sk adls e b ey Sl b b 5l 5 e s
S 1 e ) sl s S VL 50 s Wil e il
lmd Ld )3 0 3T 5 055 53 S 5S o g (2l nl

(W sd) s sdaline LOT o 55 5 6o slasll

(éjﬂo&}c.ﬁ«aj\_\.]héﬁ)d)\i.o)f)ﬁéjyL;uL)jls)(:BJ\):a_uL;}.:fe_}uﬂdau.ﬁ%sjaw.:g)ljml}?ﬁ—o J‘,.\:’-

Table 5. Combined variance analysis of the traits measured in the studied cultivars and clones (growth traits, tuber size and yield)

] Average Average Tuber dry ) ) Average
Total Average wieght . . Growing  Height of plants Degrees of Sources of
. wieght weight of mater content . number of o
performance of big tubers season (day) at flowering freedom (df) variation
of seed tubers  small tubers (%) stems
0.31ns 0.139** 0.0033ns 0.015ns 0.18ns 5.33ns 40.43ns 9.07** 1 year
0.028* 0.012ns 0.142ns 0.011ns 0.48ns 15.54** 10.90ns 1.54ns 4 year x replication
3.55%* 2.50** 1.54** 0.037* 12.18** 528.52** 137.49** 3.97** 44 cultivar/clone
0.005ns 0.0015ns 0.0034ns 0.0032ns 1.14ns 8.04** 1.52ns 0.23ns 44 cultivar/clone x year
0.094 0.019 0.061 0.053 0.48 2.39 9.87 0.926 176 error

Dl sme M Oy 5 o3 ) s )3 0 cb-«)b)‘.)&j:\&ﬂ S NS ok

s, s and ns: respectively significant at 5%, 1% level and without significant difference
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Table 6. Comparison of average tuber production in small, seed and edible sizes and total yield in potato cultivars and clones

. Total yield Average weight of Average weight of big Average weight of seed
No Cultivar/clone
(t/h) small tubers (Kg/m?) tubers (Kg/m?) tubers (Kg/m?)

1 8707861 30.92 efghi 0.076 jklm 0.830 jkim 1.48 Imn
2 87025 24,51 mn 0.229 bcde 0.226 q 1.88 fghij
3 KSG613 36.80 ¢ 0.055 Im 2203 ¢ 1.71 Imn
4 1/27 27.75 ijkim 0.103 hijkim 0.788 jkim 1.87 ghijk
5 24/24 6143 a 0.300 ab 2.558 a 3.28 a
6 19/75 33.45 cdef 0.100 hijklm 1.316 gh 1.93 ghijk
7 11 4150 b 0.270 abc 0.911 j 2.20 defg
8 1 31.80 efghi 0.311 ab 0.890 j 1.92 ghijk
9 8708133 4431 b 0.245 abcd 0.785 jkim 340 a
10 870/755 35.91 cd 0.069 jKIm 2275 b 123 n
11 19/24 26.50 klmn 0.14 defghijkim 0.825 jkim 1.68 jkim
12 7134 29.78 fghijk 0.153 efghijk 0.681 kimno 2.14 defgh
13 12/34 26.18 klmn 0.060 klm 1141 i 141 mn
14 24/14 25.40 Imn 0.120 ghijkim 0.123 q 2.29 cdef
15 13/75 24.46 mn 0.144 d-m 0.832 jki 2.21 defg
16 5/25 35.85 cd 0.23 bcde 0.565 nop 242 cd
17 870787 31.31 efghi 0.063 kim 0.668 Imno 240 cd
18 8707112 24.88 mn 0.109 hijkim 0.859 jk 1.58 Imn
19 8701125 4153 b 0.116 ghijklm 1.678 de 2.35 cde
20 5/75 33.10 cdefg 0.215 bcdefg 0.508 op 2.58 bc
21 8701175 33.91 cde 0.186 cdefgh 0.809 jkim 239 cd
22 51/75 2325 n 0.080 jKIm 0.639 mno 1.71 kim
23 13/27 24.31 mn 0.045 m 1779 d 1.78 hijk
24 Taurus 23.28 n 0.074 jKIm 0.639 mno 1.63 kim
25 KHavaran 4231 b 0.170 defghij 2553 a 1.50 Imn
26 Agria 31.38 efghi 0.090 hijkim 1.535 ef 1.51 Imn
27 Banba 58.53 a 0.235 bcde 2561 a 323 a
28 Kaiser 26.95 jKkimn 0.136 ghijkim 1.183 hi 1.37 mn
29 Atusa 36.43 ¢ 0.048 Im 2.108 ¢ 1.48 Imn
30 Marfona 29.20 ghijkl 0.081 ijklm 1131 i 1.70 jkim
31 Savalan 30.78 efghij 0.223 bcde 0.503 op 2.35 cde
32 Spirit 27.45 ijklm 0.181 cdefghi 0.406 p 2.15 defgh
33 Georgia 19.58 o 0.143 e-m 0.151 q 1.67 jklm
34 Jili 31.70 efgh 0.145 d-m 0.833 jki 2.19 defg
35 Sante 32.01 defg 0.233 bcde 0.566 nop 2.40 cd
36 Fabula 34.16 cde 0.278 abc 0.923 j 2.21 defg
37 Boren 36.85 ¢ 0.041 m 1.785 d 1.85 hijk
38 Anusha 31.51 efghi 0.056 klm 0.893 j 2.20 defg
39 Desiree 31.55 efghi 0.335 a 0.885 j 1.93 ghijk
40 Panamera 24.93 mn 0.113 hijkim 0.861 jk 1.51 Imn
41 Arinda 34.00 cde 0.185 cdefgh 0.811 jkim 2.40 cd
42 Silvana 35.95 cd 0.070 jKkIm 2281 b 124 n
43 Challenger 34.52 cde 0.281 abc 0.679 kimno 2.38 cd
44 Sagita 27.41 KImn 0.15 d-m 0.819 jkim 1.69 jkim
45 Kolomba 40.11 bc 0.229 bcde 0.678 klmno 3.11 ab
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