
Anna Maria Michalska
1
, Maria Pazio

2

Breed ing Sta tion of Hor ti cul tural Crops Ulrichów, Górczewska 124, 01-460 Warszawa, Po land. 
1
Anna M. Michalska, Polinezyjska 4/3, 02-777 Warszawa, Po land, e-mail: aniam8@poczta.onet.pl, 

 
2
Maria Pazio, Ciasna 15/29, 00-232 Warszawa, Po land.

INHERITANCE OF TOMATO LEAF RESISTANCE TO PHYTOPHTHORA
INFESTANS – NEW INFORMATION BASED ON LABORATORY 

TESTS ON SEEDLINGS

ABSTRACT

In her i tance of to mato re sis tance to P. infestans was stud ied in prog e nies of crosses of re sis tant ac ces sions: West 
Vir ginia 700, Ot tawa 30, PI224675 and the va ri ety New Yorker and also of the va ri ety West Virginia’63 and re sis -
tant breed ing lines crossed with sus cep ti ble forms. Pop u la tions of F1, F2, par ents and re sis tant stan dards were eval -
u ated for re sis tance to late blight us ing the test on seed lings grown in liq uid me dium. Re sis tance of the ac ces sions
West Vir ginia 700, Ot tawa 30 and PI224675 was found to be iden ti cal and de ter mined by the same genes: Ph-1 and
Ph-2. It has not been rec og nized if these ac ces sions carry other genes, nei ther if the va ri ety West Virginia’63 and
lines of equal re sis tance pos sess other genes be side Ph-2.
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INTRODUCTION

Over fifty years ago in ten sive in ves ti ga tions were be gun to solve the prob lem
of late blight, the dis ease dev as tat ing field to mato. First ac ces sions per form ing
re mark able re sis tance to this dis ease were found by Fer gu son et al.(1952),
Gallegly (1952) and Wal ter and Conover (1952). They de scribed two types of
re sis tance. Par tial re sis tance de ter mined by polygenes was ob served by re -
search ers and breed ers in wild ac ces sions and va ri et ies (Gallegly and Mar vel
1955, Gallegly 1960, Gunter et al. 1970). De spite many at tempts to use this type 
of re sis tance in breed ing, none of these ef forts were suc cess ful.

Re sis tance of the lines WVa 36 and WVa 106 de ter mined by one dom i nant
gene Ph-1 pro tected to mato leaves against the T0 race of P. infestans (Gallegly
1952 and 1960, Gallegly and Mar vel 1955). This gene was in tro duced to va ri et -
ies New Hamp shire Surecrop and Rock ing ham from the ac ces sion X907W
(Rich and Yeager 1957, Rich et al. 1962, Peirce 1971) and to the va ri ety New
Yorker from un known source (Topley 1961, Rob in son et al. 1967).
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All forms car ry ing Ph-1 gene are sus cep ti ble to race T1 of P. infestans. The ac -
ces sion West Vir ginia 700, par tially re sis tant to this race (Gallegly 1960), be -
came the main re sis tance stan dard and the source of re sis tance to late blight
used in breed ing. Ac cord ing to Gallegly and Mar vel (1955) re sis tance of this
line was de ter mined by two dom i nant genes, but later Gallegly (1960) con -
cluded that it was gov erned by one dom i nant gene and polygenes. In con trast,
Turkensteen (1973) as sumed that leaf and stem re sis tance of West Vir ginia 700
was con trolled by par tially dom i nant Ph-2 gene. This ac ces sion was the source
of re sis tance for the va ri ety West Virginia’63, which was used by Laterrot
(1975, 1994) in fur ther breed ing.

The aim of this study was to re view in for ma tion on re sis tance de ter mi na tion of
the ac ces sions West Vir ginia 700, Ot tawa 30 and the va ri ety West Virginia’63
and to search for pos si bil ity to breed va ri et ies with im proved level of re sis tance to 
late blight. Leaf re sis tance was eval u ated ap ply ing the lab o ra tory method of test -
ing to mato seed lings cul tured in liq uid me dium (Michalska and Pazio 2002). This 
pa per was based on the re sults of tests run for breed ing pur poses in the Breed ing
Sta tion of Hor ti cul tural Crops Ulrichów, War saw, Po land.

MATERIALS AND METHODS

Plant ma te ri als

The fol low ing to mato va ri et ies and ac ces sions were used in this study as stan -
dards of late blight re sis tance (Michalska and Pazio 2002): 

  1. Mon ey maker (Mon) sus cep ti ble
  2. New Yorker (NY). Ph-1 gene
  3. West Virginia’63 (WV63)Ph-2 gene
  4. Ot tawa 30 (Ott30) Ph-2 or more genes (see dis cus sion)
  5. West Vir ginia 700 (WV700) Ph-2 or more genes (see dis cus sion)

To mato pop u la tions of the fol low ing va ri ety, lines and hy brids were tested:
  1. Orion
  2. PI224675
  3. NY30 (se lected from the cross NY × Ott30)
  4. NY63 (se lected from the cross NY × WV63)
   5. BTC63  (se lected from the cross BTC344 × NY63)
  6. WV700 × PI224675
  7. Ott30 × WV700
  8. Ott30 × PI224675
  9. NY × Ott30
10. NY × WV700
11. Orion × NY30
12. Halicz × NY63
13. BTC344 × NY63
14. NY63 × Syriusz
15. WV63 × C31
16. BTC63 × Kalcyt
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Crosses were made us ing pol len of sev eral plants, aso F1 and F2 seeds were col lected
as bulk.

The lines WV700 (PI204996 - acc. to Gallegly 1960), Ott30 (PI198674 - acc. to
Kerr 1989, per sonal com mu ni ca tion) and PI224675 are ac ces sions of nat u ral hy -
brid Lycopersicon esculentum x L. pimpinellifolium (Clarck et al. 1975). Other va -
ri et ies and lines be long to L. esculentum. Seeds of WV63 and WV700 were
re ceived from Dr. R. Young, West Vir ginia Univ., Morgantown, USA; PI224675
was ob tained from PI Sta tion, Ames, USA. The va ri et ies Mon ey maker and New
Yorker and Ott30 were ob tained from Pol ish breed ing col lec tions. Other va ri et ies,
lines and hy brids were bred in the Breed ing Sta tion of Hor ti cul tural Crops
Ulrichów, War saw, Po land. The line NY30 was as re sis tant to P. infestans as Ott30, 
and the lines NY63 and BTC63 were as re sis tant as WV63 was. Other va ri et ies and
lines used in crosses were sus cep ti ble (data not pub lished). 

P. infestans iso lates

The iso lates of P. infestans used in tests, were col lected by au thors in Pol ish
breed ing sta tions from to mato leaves (Michalska and Pazio 2002): 

  1. Ul 12/84 col lected from NY at Ulrichów in 1984 
  2. Ul 1/94 col lected from sus cep ti ble va ri ety at Ulrichów in 1994
  3. SW 2/95   col lected from sus cep ti ble va ri ety at Œwiêtos³aw in 1995

Ex per i men tal pro ce dures

Tests for re sis tance were run fol low ing the method de scribed in de tails in the pa -
per of Michalska and Pazio (2002). Cul tur ing and test ing of to mato seed lings was
run in cup boards il lu mi nated with flu o res cent tubes. The cup boards were placed in
a growth cham ber at the sta ble tem per a ture of 12 ±1°C. In 1989 - 1992 the
photoperiod of 10 h day/14 h night was ap plied, and 12/12 h in 1995 - 1996. The
seeds were ger mi nated in Petri dishes for about 1 week at room tem per a ture in dif -
fused light un til cot y le dons were spread. Ten seed lings were placed be tween two
pieces of fil ter pa per and rolled. Rolls were placed in a plas tic box and a liq uid me -
dium was poured into the box. Ad di tional me dium was sup plied when nec es sary.
Boxes with seed lings were placed in a growth cham ber in lighted cup boards. Three
to four week old seed lings hav ing 1 - 2 leaves were in oc u lated by spray ing. Boxes
with seed lings placed in plas tic con tain ers with wa ter, cov ered with a glass and
with white pa per were put into a cup board un der light for 24 h. Then they were un -
cov ered and in trays with some wa ter were put back in the cup board un der light.

Seed lings were cul tured at day/night tem per a tures 25/16°C and at light in ten sity
20000 lx and tested re spec tively at tem per a tures 19/12°C and light 5000 lx. The 
liq uid me dium con tain ing macro- and microelements was used in ba sic or di luted
(1:4) con cen tra tions (Michalska and Pazio 2002).

The iso lates of P. infestans were main tained on leaves of sus cep ti ble to ma toes.
Sporangia were washed off from the leaves with dis tilled wa ter, then con cen tra tion
of sporangia was ad justed to 50 or 25 spores/mm3. The inoculum sus pen sion was
then in cu bated at 10 - 12°C to re lease zoospores. 
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Test eval u a tion:

Seven days af ter in oc u la tion the ne crotic area of leaves and cot y le dons of in di -
vid ual seed lings was eval u ated us ing a 9-grade lo gis tic key (Pietkiewicz 1972,
Michalska and Pazio 2002), where 1 means fully af fected and 9 not af fected or af -
fected bel low 0,5%. All tests were read by the same per son for the sake of uni fied
eval u a tion. For each pop u la tion there were given: mean de gree of in fec tion, the in -
fec tion dis tri bu tion and num ber of eval u ated seed lings.

RESULTS

In Ta bles 1 - 5 the dis tri bu tion of in fec tion de gree, num ber of seed lings and the mean 
de gree of in fec tion are pre sented for each tested pop u la tion. Each ta ble con tains re sults
of one test for the pop u la tions of F1, F2, par ents and re sis tance stan dards. Some tests did
not con tain pa ren tal and/or F1 pop u la tions. The va ri ety Mon ey maker (Mon), the stan -
dard of sus cep ti bil ity, was fully in fected in all tests (= 1.0). Mean de gree of seed lings
in fec tion of the va ri ety New Yorker (NY) var ied from 4.6 to 6.2 in 1989 and 1992, but
in 1995 and 1996 NY seed lings were fully in fected (Michalska and Pazio 2002). Range 
of seed lings` in fec tion of ac ces sions West Vir ginia 700 (WV700) and Ot tawa 30
(Ott30) gen er ally var ied from 6 to 9, while most of the seed lings of these ac ces sions
were graded as 9, and the mean val ues var ied from 8.4 to 9.0. The only ex cep tion was
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Ta ble 1
Dis tri bu tion of in fec tion with P. infestans in pop u la tions of sus cep ti ble stan dard, par ents, F1 and F2 from
crosses of the re sis tant WV700, Ott30, PI224675 ac ces sions and the va ri ety New Yorker tested in 1992. 

1)

Group Object Generation
Degree of infection 

2)

N  x
—

1 2 3 4 5 6 7 8 9

Standards

Mon 30 30 1.0

NY P1 7 20 1 28 4.8

Ott30 P1 or P2 1 29 30 9.0

WV700 P1 or P2 30 30 9.0

A

PI224675 P2 4 26 30 8.9

WV700 × PI224675 F1 30 30 9.0

Ott30 × WV700 F1 1 29 30 9.0

Ott30 × WV700 F2 11 289 300 9.0

Ott30 × PI224675 F2 4 6 51 239 300 8.8

WV700 × PI224675 F2 2 19 269 290 8.9

B

NY × Ott30 F1 3 12 11 31 57 8.2

NY × WV700 F1 1 2 1 6 8 15 24 57 7.8

NY × Ott30 F2 4 28 30 115 54 66 297 7.3

NY × WV700 F2 1 2 6 26 26 102 66 64 293 7.3

1)
 seed lings were cul tured in di luted (1:4) me dium and in oc u lated with the Ul 12/84 iso late 

at con cen tra tion of 50 spores/mm
3

2)
 in 1 - 9 scale, where 1 = to tally in fected



in the test pre sented in Ta ble 3, in which a few seed lings of these ac ces sions were
killed, graded as 1, so the mean val ues of these stan dards were also lower. In all tests in
which the va ri ety West Virginia’63 (WV63) was tested (Ta bles 3 - 5) its seed lings
were more in fected than these of WV700 and Ott30. In the test shown in Ta ble 3 three
seed lings of WV63 were scored as 1. In the type of test used, it was not pos si ble to rec -
og nize the rea son why seed lings were dy ing. Strongly in fected seed lings look the same 
as those killed by an other fac tor.

Ta ble 1 con tains test re sults on pop u la tions ob tained by cross ing re sis tant stan -
dards and the ac ces sion PI224675. The F1, F2 and pa ren tal pop u la tions of two kinds
of crosses were ob served in the same test: 

A - crosses of three ac ces sions per form ing the high est level of re sis tance: 
WV700, Ott30 and PI224675; 

B - crosses be tween the va ri ety NY and ac ces sions Ott30 and WV700. 
In this test seed lings of NY were par tially in fected (range from 4 to 6), but seed lings

of WV700, OTT30 and PI224675 were in fected very weakly or not at all (range from 8 
to 9). In part A shown in Ta ble 1 the mean de gree of in fec tion of F1 and F2 pop u la tions
were the same as pa ren tal ones dif fer ing no more than 0.2 de gree. Very few seed lings
of F2 pop u la tions ex ceeded pa ren tal vari a tion (the range from 6 to 9) so al most all seed -
lings were highly re sis tant and strongly in fected segregants did not appeare. Seed lings
of this test were cul tured in di luted (1:4) me dium. In 1991 and 1992 two other tests
were run on seed lings of the same pop u la tions grown in ba sic liq uid me dium (data not
shown). Re sults were par al lel to these pre sented in Ta ble 1. In both tests mean in fec tion 
de grees of all tested pop u la tions were lower but in F2 there was no seg re ga tion for re -
sis tant and sus cep ti ble seed lings.

In part B of  Ta ble 1 the mean in fec tion val ues of F1 and F2 pop u la tions were in ter -
me di ate be tween pa ren tal forms, but closer to the more re sis tant par ent (Ott30 or
WV700). Vari abil ity ob served in F1 and F2 pop u la tions gen er ally did not ex ceed pa ren -
tal ranges (from 4 to 9). Only one seed ling from F1 and three (out of 293) from F2 pop u -
la tion of the cross NY x WV700 were graded as strongly in fected (grade 1 and 3).
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Ta ble 2 
Dis tri bu tion of in fec tion with P. infestans in pop u la tions of re sis tance stan dards, par ents, F1 and F2 

from the cross be tween the sus cep ti ble va ri ety Orion and the re sis tant NY30 line tested in 1989 
1)

Group Object Generation
Degree of infection

 2)

N   x
—

1 2 3 4 5 6 7 8 9

Standards

Mon 40 40 1.0

Ny 1 2 3 8 12 6 1 1 34 4.6

Ott30 2 5 6 24 37 8.4

Wv700 5 12 22 39 8.4

Parents
Ny30 P2 1 16 22 39 8.5

Orion P1 40 40 1.0

Hybrid Orion × ny30
F1 1 1 3 2 11 2 1 21 5.4

F2 399 28 12 69 83 114 151 84 21 961 3.9
1)

 seed lings were cul tured in di luted (1:4) me dium and in oc u lated with the Ul 12/84 iso late 
at con cen tra tion of 50 spores/mm

3

2)
 in 1 - 9 scale, where 1 = to tally in fected



Ta ble 2 shows re sults of the test on stan dard group, F1, F2 and pa ren tal pop u la -
tions of the cross be tween the sus cep ti ble va ri ety Orion (P1) and the re sis tant line
NY30 (P2) which was se lected from the cross NY x Ott30. Seed lings of NY were
par tially in fected (= 4.6) and con sid er able vari abil ity was found among seed lings
of this pop u la tion. The seed lings of the va ri ety Orion was to tally af fected and seed -
ling`s in fec tion of the line NY30 was very slight, not dif fer ent from Ott30 and
WV700. The F1 pop u la tion had the same range of vari abil ity as NY and the mean
in fec tion was slightly weaker (5.4). The de gree of seed lings in fec tion in F2 pop u la -
tion ranged from 1 to 9, with pre dom i na tion of strongly in fected seed lings. There
was 45.7% of pop u la tion in fected for 1 -3, while 26.6% were counted for 7 - 9 de -
gree.

The va ri ety WV63 and lines orig i nated from this va ri ety, se lected out for the
same level of re sis tance, were crossed with sus cep ti ble va ri et ies and lines (Ta bles 3
- 5). The F1 and F2 pop u la tions of these crosses were tested in 1992, 1995 and 1996
us ing three iso lates. In Ta ble 3 segregations are pre sented of three F2 pop u la tions of 
crosses be tween the re sis tant line NY63 and sus cep ti ble forms. The NY63 line was
not in cluded in this test, but its re ac tion to P. infestans in fec tion is shown in an other
test run in the same con di tions. Sus cep ti ble va ri et ies re ac tion to in fec tion was
known from for mer tests (data not shown). The line NY63, se lected from the cross
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Ta ble 3
Dis tri bu tion of in fec tion with P. infestans in stan dards and F2 pop u la tions from the crosses be tween 

the re sis tant line NY63 and the sus cep ti ble forms: Halicz, BTC344 and Syriusz tested in 1992. 
1)

Test Group Object Gene-
ration

Degree of infection 
2)

N  x
—

1 2 3 4 5 6 7 8 9

A

Standards

Mon 21 21 1.0

NY 6 13 10 1 30 6.2

Ott30 1 1 2 25 29 8.6

WV700 5 7 4 10 26 6.8

WV63 3 1 1 6 17 1 29 6.0

Hybrids

Halicz × NY63 F2 65 7 10 34 68 62 27 15 4 292 4.5

BTC344 × NY63 F2 70 11 17 54 73 36 21 9 291 4.7

NY63 × Syriusz F2 62 3 10 11 39 83 35 35 10 288 5.0

S F2 197 10 31 62 161 218 98 71 23 871 4.7

B
Standards

Mon 30 30 1.0

NY 5 14 7 1 27 6.2

Ott30 30 30 9.0

WV700 1 29 30 8.9

WV63 3 12 10 3 1 29 6.6

Parent NY63 P1,  P2 3 17 45 21 86 8.0

1)
 seed lings were cul tured in me dium of ba sic con cen tra tion and in oc u lated with the Ul 12/84 iso late 

at con cen tra tion of 50 spores/mm
3

2)
 in 1 - 9 scale, where 1 = to tally in fected



NY x WV63, per formed al most the same range of in fec tion vari abil ity as WV63
va ri ety, but mean in fec tion of NY63 (= 8.0) in the pre sented test was weaker that of
WV63 (= 6.6). Seed lings of NY were par tially in fected and the range of vari abil ity
was not very wide. A few seed lings of re sis tant stan dards Ott30, WV700 and
WV63 were scored as 1 de gree, what in flu enced the cal cu lated means. The range of 
vari abil ity in F2 pop u la tions was from 1 to 9. The mean val ues and dis tri bu tion of
in fec tion de gree was very much the same in F2 pop u la tions of three crosses. The
great est num ber of seed lings were found in mid dle classes (4 - 6) of in fec tion de -
gree.

In Ta ble 4 dis tri bu tion of in fec tion de gree of pop u la tions be long ing to the cross
be tween the re sis tant va ri ety WV63 with the sus cep ti ble line C31 are pre sented. In
this test NY was fully in fected (= 1.0). A few slightly in fected seed lings ap peared
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Ta ble 4 
Dis tri bu tion of in fec tion with P. infestans in pop u la tions of re sis tance stan dards, par ent, 

F1 and F2 from the cross be tween the re sis tant va ri ety WV63 and the sus cep ti ble C31 line tested in 1995. 
1)

Group Object Gene-
ration

Degree of infection 
2)

N x
—

 
1 2 3 4 5 6 7 8 9

Standards

Mon 30 30 1.0

NY 30 30 1.0

Ott30 8 22 30 8.7

WV700 8 22 30 8.7

WV63 P1 1 27 2 30 7.0

Hybrid WV63 × C31
F1 3 2 3 9 9 4 30 4.9

F2 371 30 34 97 138 233 123 118 41 1185 4.4
1)

 seed lings were cul tured in di luted (1:4) me dium and in oc u lated with Ul 1/94 iso late at con cen tra tion 
of 25 spores/mm

3

2)
 in 1 - 9 scale, where 1 = to tally in fected

Ta ble 5 
Dis tri bu tion of in fec tion with P. infestans in pop u la tions of re sis tance stan dards, par ents, 

F1 and F2 from the cross be tween the re sis tant line BTC63 and the sus cep ti ble va ri ety Kalcyt tested in 1996. 
1)

Group Object Gene-
ration

Degree of infection 
2)

N  x
—

1 2 3 4 5 6 7 8 9

Standards

Mon 30 30 1.0

NY 30 30 1.0

Ott30 1 6 23 30 8.7

WV700 1 7 22 30 8.7

WV63 1 10 15 1 3 30 6.8

Parent BTC63 P1 11 11 7 29 7.9

Hybrid BTC63 × Kalcyt
F1 2 1 1 5 5 8 6 28 5.9

F2 190 14 10 23 51 84 87 32 8 499 4.1
1)

 seed lings were cul tured in di luted (1:4) me dium and in oc u lated with SW 2/95 iso late at con cen tra tion
 of 25 spores/mm

3 

2)
 in 1 - 9 scale, where 1 = to tally in fected



in Ott30 and WV700 and in fec tion of WV63 seed lings was higher (= 7.0) than of
Ott30 and WV700 (= 8.7). Vari abil ity in F1 pop u la tion was much wider than in
other no seg re gat ing pop u la tions of this test and the mean value (= 4.9) was lower
than this of re sis tant par ent WV63. The in fec tion de gree of F2 pop u la tion em braced
the whole range of vari abil ity. The great est num ber of seed lings were counted in
classes 1 and 6 and 23.8% of seed lings were slightly or not in fected (7 - 9 de gree).
Re sults of the test on pop u la tions of the cross BTC63 (from BTC344 × NY63) with
the sus cep ti ble va ri ety Kalcyt (Ta ble 5) were very sim i lar to those in Ta ble 4. Dis -
tri bu tion of the in fec tion de gree of F1 and F2 pop u la tions and the means of all pop u -
la tions were gen er ally the same. In the last test the only un ex pected re sult was the
level of in fec tion of BTC63 line ( = 7.9) lower than WV63 (= 6.8). 

DISCUSSION

Michalska and Pazio (2002) stud ied to mato seed lings in fec tion of stan dards of
re sis tance to P. infestans. In flu ence of iso late, its spores’ con cen tra tion and some
con di tions of growth and test ing were es ti mated in 46 tests with sev eral com bi na -
tions of stud ied fac tors. All twelve iso lates used for that study be longed to the T1

race as they par tially or fully in fected NY pos sess ing the Ph-1 gene (Gallegly 1952
and 1960, Gallegly and Mar vel 1955, Rich and Yeager 1957, Rob in son et all. 1967, 
Peirce 1971). Ag gres sive ness of iso lates was dif fer ent and changed in time (par tic -
u larly the iso late Ul 12/84). Three iso lates used for pres ent re port did not dif fer ei -
ther in vir u lence or in ag gres sive ness. The great change in New Yorker’s re sponse
to in fec tion, from par tial re sis tance in 1989 - 1996 to sus cep ti bil ity in 1993 - 1996,
was not ex plained. Iso lates ag gres sive ness or small dif fer ences in tests con di tions
might be tak ing into con sid er ation.

On the ba sis of for mer tests, de pend ing on de gree of in fec tion, we pro pose four
groups of stan dards’ re ac tion: sus cep ti ble 1-3 de gree of in fec tion, low re sis tance
4-5 de gree, mid dle re sis tance 6-7 and high re sis tance 8-9. All re sis tant stan dards’
mean de gree of in fec tion dif fered de pend ing on iso late, its con cen tra tion and tests
con di tions. Such vari able re ac tion is typ i cal for par tial re sis tance. NY ex pressed
great vari abil ity and low or mid dle level of re sis tance, or sus cep ti bil ity. Mid dle
level and lower vari abil ity was ob served for WV63 but it de pended on spores’ con -
cen tra tion and in a few cases this re sis tance was bro ken down. The low est vari abil -
ity and high or mid dle level of re sis tance was ob served for WV700 and Ott30
(Michalska and Pazio 2002).

Ac ces sions per form ing the high est late blight re sis tance were intercrossed to find 
if they car ried the same or dif fer ent re sis tance genes. Turkensteen (1973) sug gested 
that re sis tance of WV700 and PI224675 was de ter mined by dif fer ent genes. If so,
segregants per form ing higher level of re sis tance could be se lected from the prog -
eny of their cross. In our study, in tests run three times un der dif fer ent con di tions,
all F2 seed lings per formed the same re sis tance level as pa ren tal ones. As F1 pop u la -
tions did not dif fer from their par ents and no seg re ga tion for re sis tant and sus cep ti -
ble plants oc curred in F2 pop u la tions (Ta ble 1), be yond any doubt, there is no
dif fer ence in ge netic ba sis of re sis tance of WV700, Ott30 and PI224675.
Turkensteen (1973) ob served WV700, Ott30, PI224675 and the F1 hy brid WV700
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x PI224675 in one field trial, in which the F1 pop u la tion was the least in fected, but
dif fer ences were not sta tis ti cally proved. More over, he did not ob serve the F2 pop u -
la tion. Thus, his hy poth e sis on dif fer ent re sis tance genes op er at ing in WV700 and
PI224675 was not proved by him and not con firmed by our re sults. 

In for ma tion about or i gin of the ac ces sions WV700, Ott30 and PI224675 are fur -
ther ev i dence for their ge netic iden tity. Gallegly (1960, p. 119) re ceived the
WV700 ac ces sion from Rockefeller Foun da tion des ig nated S-6 and X907W. The
line named 907W from New Hamp shire in his tests did re act as WV700. In the
iden ti fi ca tion card of the ac ces sion PI224675, the line X907W was in di cated.
More over, iden ti cal de scrip tions in iden ti fi ca tion cards of PI224675 and PI198674
(Ott30) in di cate that both orig i nate from X907W, which was used in breed ing of
the New Hamp shire Surecrop and Rock ing ham va ri et ies. The above in for ma tion
ev i dence for the com mon or i gin of WV700, Ott30 and PI224675. These ac ces -
sions, which trace their or i gin back to spon ta ne ous cross of L. esculentum x L.
pimpinellifolium (Clarck et al. 1975), are also mor pho log i cally the same. Re sults of 
our stud ies con firmed their com mon or i gin and also showed that they were not
changed by mu ta tion or se lec tion since the ac ces sion X907W had been col lected
over 40 years be fore.

No real seg re ga tion for re sis tant and sus cep ti ble plants was ob served in the F2

pop u la tions of NY with WV700 and Ott30 crosses (Ta ble 1B). The ma jor ity of the
F2 seed lings were graded in pa ren tal range (from 4 to 9). Few of them (about 1%) in
F2 pop u la tion of the cross NY × WV700 more in fected than NY seed lings must
have been dam aged by chance, as it also oc curred in F1 pop u la tion. Alike few seed -
lings of re sis tant stan dards were killed in an other test (Ta ble 3). Wide vari abil ity in
F1 in di cates that het ero zy gotes could be found in whole range of F2 gen er a tion and
it caused con tin u ous vari abil ity of those pop u la tions. Lack of clear-cut seg re ga tion
ra tios for highly and mid dle re sis tant seed lings causes that con clu sions can only be
done by the F2 com par i son with pa ren tal pop u la tions. Lack of sus cep ti ble
segregants in F2 pop u la tions may only be rea soned by pres ence of Ph-1 and Ph-2 in
WV700 and Ott30. As NY had the Ph-1, the F1 pop u la tions were het ero zy gous for
Ph-2 only, caus ing seg re ga tion in F2 pop u la tions for highly and low or mid re sis tant 
plants. The Ph-1 gene pres ence in WV700 and Ott30 has been also con firmed by
this gene trans fer from the ac ces sion X907W to va ri et ies New Hamp shire Surecrop 
and Rock ing ham (Rich and Yeager 1957, Gallegly 1960, Peirce 1971). In case of
ad di tional genes in one par ent, sus cep ti ble segregants would have been found in the 
F2 pop u la tion. High val ues of F1 mean in fec tion de grees in di cate par tial dom i nance
of the Ph-2 gene as was found by Turkensteen (1973).

The re sults of the tests dis cussed above are in agree ment with find ings of
Gallegly and Mar vel (1955), who con cluded that re sis tance of WV700 was de ter -
mined by two dom i nant genes, but do not agree with Turkensteen (1973) who
stated monogenic re sis tance of this ac ces sion. These con tro ver sial opin ions might
be ex plained by change able New Yorker (Ph-1) re ac tion to in fec tion in var i ous
tests con di tions (Michalska and Pazio 2002). In con di tions caus ing the Ph-1 gene
to be bro ken down, seg re ga tion in F2 pop u la tion might sug gest monogenic base of
re sis tance, while in the test dis cussed above, the pres ence of two genes is ev i dent.
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In some stud ies, vari abil ity of in fec tion de gree oc curred both in sus cep ti ble and
re sis tant forms (Gallegly and Mar vel 1955, Turkensteen 1973, Moreau et al. 1998). 
Va ri et ies and lines sus cep ti ble and highly re sis tant were more sta ble in their re ac -
tion, than that per form ing mid dle late blight re sis tance. In our study wide range of
in fec tion de gree was ob served in forms of low and mid dle re sis tance namely NY
(Ta bles 2 and 3) and WV63 (Ta bles 3 and 5). Wide vari abil ity also oc curred in F1

pop u la tions if sus cep ti ble forms were crossed with var i ous re sis tant ones (Ta bles 2, 
4 and 5). The mean in fec tion de gree of these F1 pop u la tions in ter me di ate be tween
pa ren tal forms per formed mid dle re sis tance level. Het ero zy gotes could be found in
al most whole range of F2 pop u la tions. Thus their pa ren tal type of re ac tion to in fec -
tion could not be dis tin guish in F2 pop u la tion from het ero zy gotes. 

 Two groups of segregants: sus cep ti ble and mid dle re sis tant, the most fre quent in
F2 dis tri bu tion of the above men tioned crosses (Ta bles 2 - 5), are ev i dence for main
genes ac tion. De spite of this, di vid ing pop u la tions into two well de fined groups
was not pos si ble. Num ber of sus cep ti ble segregants con sid er ably ex ceeded the
num ber of highly re sis tant ones. Dom i nance of sus cep ti bil ity which oc curred in
these tests is sim i lar to re sults ob tained by Moreau et al. (1998), who in F2 from
WV700 crossed with a sus cep ti ble line, ob served pre dom i na tion of sus cep ti ble
segregants. 

The ques tion about num ber of genes op er at ing in seg re gat ing pop u la tions can
not be an swered be yond any doubt. In crosses of sus cep ti ble forms with lines of
two dif fer ent lev els of re sis tance (the line NY30, as re sis tant as Ott30, and WV63
or the lines de rived from this va ri ety: NY63 and BTC63), the same type of seg re ga -
tion was ob served in the F2 pop u la tions. There was dom i nance of sus cep ti bil ity and 
con tin u ous vari abil ity with two most fre quent groups, thus the shape of F2 fre -
quency dis tri bu tion could not sug gest poligenic re sis tance de ter mi na tion. The
highly re sis tant NY30 line cer tainly has two genes for par tial re sis tance: Ph-1 and
Ph-2 as it orig i nates from NY x Ott30. Turkensteen (1973) and Laterrot (1975) be -
lieved that the level of re sis tance of WV63 and WV700 were equal, whereas re sults 
of this study as well as the for mer tests and field ob ser va tions (Michalska and Pazio
2002) showed that WV63 was less re sis tant to P. infestans than WV700. Our ob ser -
va tions of breed ing pro cess (not publ.), sim i larly to Laterrot’s (1994), ev i dence for
monogenic de ter mi na tion of WV63 re sis tance. The Ph-1 gene prob a bly is not pres -
ent in WV63 and may not be pos sessed by the lines NY63 and BTC63. It is not pos -
si ble to clar ify two types of crosses seg re ga tion on the ba sis of pre sented tests
nei ther on lit er a ture data. Dif fer ent re sults ob tained by au thors when seg re gat ing
pop u la tions from the same cross were ana lysed (Gallegly and Mar vel 1955 and
Gallegly 1960) or from sim i lar crosses (Turkensteen 1973, Moreau et al. (1998)
may have the same rea son as re sults of our stud ies. Quan ti ta tive char ac ter of
host-pathogene re la tion typ i cal for late blight, vari abil ity of herterozygotes and
var i ous ge no types re ac tion de pend ing on con di tions such as light, tem per a ture, nu -
tri tion and the age of tested plants have to be taken into con sid er ation (Gallegly and
Mar vel 1955,Wil son and Gallegly 1960, Turkensteen 1973, Michalska and Pazio
2002).

To mato va ri et ies re sis tant to P. infestans se lected so far have the same or i gin: the
line X907W. None of these va ri et ies is as re sis tant as that line; there fore it seems to

40 Anna Maria Michalska, Maria Pazio



be pos si ble to breed more re sis tant va ri et ies us ing the ac ces sions WV700, Ott30 or
PI224675. More over, more re sis tant va ri et ies than this group of lines could be se -
lected out by com bi na tion of their re sis tance with a new source of re sis tance found
in L. pimpinellifolium (Black et al. 1996, Chungwongse et al. 2002).

CONCLUSIONS

1. Re sis tance to P. infestans of to mato ac ces sions West Vir ginia 700, Ot tawa 30
and PI224675 is iden ti cal and de ter mined by the same genes.

2. To mato ac ces sions West Vir ginia 700, Ot tawa 30 and PI224675 carry Ph-1
and Ph-2 genes de ter min ing re sis tance to late blight.

3. In crosses of highly and mid dle re sis tant forms with sus cep ti ble va ri et ies, des -
ig na tion of num ber of genes for re sis tance to P. infestans is not pos si ble be -
cause of con tin ues vari abil ity in F2 and high range of vari abil ity in F1

populations. 
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