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Resistance to the root-knot nematode (Me-
loidogyne javanica) was identified in the
Cucurnis sativus var. hardwickii line LJ
90430, Parents, F,, F., and BC, 1o bath
parents of a cross between Sumter (Cu-
cumis salivus var, sativds) and LJ 90430
were evalustied in two greennouse exper-
iments to determine genetics of resistance
to M javanica. All F, progeny weare sus-
ceptible, and segregation ratios in the F;
resultad in 1 resistant:3 susceptible. Back-
cross progeny 1o the susceptible parent
wera susceptiole, and the BC, to the re-
sistant parent segregated 1 resistani:
susceplinle. Reciprocal crosses did not
differ and theratore showed no evidence
of maternal or cytoplasmic effects. Results
fram the crosses of several inbreds (Ad-
dis, Gy 14, Gy 57u, Poinsett 87, and Sum-
ter) with LJ 90430 indicated that use of
those five different genetic backgrounds
had na influsnce on gene expressicn. The
five F. tamilies segregated in a 1 resistant:
3 susceptible ratio. The five BC, (to LJ
B0430) families segregated in a 1 resig-
tant:1 susceptiole ratio. Fy families were
developed from resistant and susceptible
F. plants using the five inbreds. Resistant
F.. families produced progeny that were
all resistant, and susceptible F.. families
fit a ratio of 1 susceptible:2 sagregating.
Thus, resistance to M. javanica is con-
ferred by a single recessive geng for
which we propose the symbaol my.

Root knot, caused by several species of
root-knot nematodes (Meloidogyne spp.),
is an important disease of cucumber (Cu-
cumis sativus var. satious L) in areas of the
waorld where it is grown (Netscher and 5i-
kora 19907, North Carolina is a leading
producer of field-grown cucumbers in the
United States, ranking second In the pro-
duction of pickling cocumbers (USDA
1993) and fourth in the production of slic-
ing cucumbers (Jewell 19873, Economical-
ly, root knot is the most damaging disease
of cucumbers in North Carolina (St
Amand and Wehner 1991). The use of re-
sistant cultivars would be the most eco-
nomical and environmentally acceptable
way to control this disease. However, no
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cultivars are available that have resistance
to the most important root-knot nema-
todes in cucumber producing areas: M. in-
cognita (Kolold and White) Chitwood and
M arenaria (MNeal) Chitwood in subtropi-
cal areas, and M. jovanica (Treub) Chit-
wood in tropical areas. Walters et al
{1993} evaluated the LL3, cucumber germ-
plasm collection and found only the Cu-
cumis safivus var. hardwickii (R.) Alef. line
L1 20430 to be highly resistant to M. javan-
[a(rH

An understanding of the inheritance of
resistance to M fovanica in L1 30430 is es-
sential for the development of resistant
cultivars. The mode of inheritance of re-
sistance in cucumber to any species of
root-knot nematode is not known., Thus,
the objective of this study was to deter-
mine the genetics of resistance to M. jo-
vanica in L1 90430,

Material and Methods

Germplasm

Cucumis safivus var, fhardwickii line LJ
90430 was used as the resistant parent in
crosses with susceptible Cucumnis salivus
var, safivus Sumter, Sumter, an inhred de-
veloped at Clemson University (Clemson,
South Carolina)., was a commonly used
pickling cucumber in the previous two de-
cades in the United States. L] 30430 is dif-
ficult to work with because seeds often
germinate slowly and at a low percentage.
However, two treatmenits were used to
overcome seed coat dormancy and im-
prove germination: soaking the seeds
overnight in acetone (Amritphale et al
1943}, or soaking the seeds in water over-
night, peeling off and discarding the seed
coats, and planting the seeds (Weston et
al. 1992).

Resistance to M jfovanica in L1 90430
was reported in a previous study (Walters
et al. 1993). Reciprocal F,, F,, and BC, (to
the susceptible and resistant parents)
crosses between Sumter and LI 90430
were made in the greenhouse using stan-
dard pollination techniques for cucumber
{Whitaker and Davis 1962). Crosses he-
tween LI 90430 and five cucumber inbreds
(Addis, Sumter, Poinsett 87, Gy 57u, and
Gy [4) were made in the greenhouse to
produce seeds of the F, and BC, (to LI
90430) generations.

Inoculation and Rating of Resistance

The following methods were used for nem-
atode inoculation: (1) two seeds were
sown in a 15 em diameter (1,730 cm?® vol-
ume) clay pot containing a sterile, moist

loamy soil (80% sand, 15% silt, and 5%
clay); (2) plants were thinned to one per
pot at the second true leal stage; (3) Me-
loidogyne  jovanica inoculum was pro-
duced in the greenhouse on Rutgers to-
mato (Lycopersicon esculentum Mill); (4)
nematode eggs were extracted from roots
for 4 min using a 1% NaOC| solution ac-
cording to the method of Byrd et al
(1972); and (5) each plant was inoculated
2 weeks after planting (second true leaf
stage) with 5,000 eggs that were applied
to roots using a suspension of eggs in wa-
ter poured onto the seil. The first two
methods were diiferent for the split-root
test and are explained under the materials
and methods for that test,

Plants were harvested 10 weeks after in-
oculation (12 weeks after planting) and
rated for the percentage (0-100%) of the
root system galled (Barker et al. 1986).
Plants were classified as resistant (=35%
of root system galled) or susceptible
{=35% of root system galled) based upon
the distribution of F, plants infected with
M. javanica (Figure 1). For the split-root
test, the numbers of egg masses on roots
from each pot were counted using the
method of Hadisceganda and Sasser
(195823, and plants were rated as either re-
sistant (egg masses = 15 per root system)
or susceptible (egg masses = 15 per root
system). Goodness-of-fit of observed to ex-
pected segregation ratios in the F, and
backcross progeny were determined by
chi-square tests.

Inheritance

The F,, F;, and BC, (to the susceptible and
resistant parents) of the cross Sumter =
L1 90430 (no reciprocals), as well as the
parents, were evaluated in a split-root test,
Seeds were initially sown in flats contain-
ing vermiculite, and at the appearance of
the first true leal, the root system of each
plant was split into three separate 10 cm
diameter (450 cm? volume) plastic pots
that contained a sterile, moist loamy sand
soil (80% sand, 15% silt, and 5% clay). The
three pots per plant as well as the single
plant plots were arranged In a completely
random deslgn. Each pot containing one-
third of the root system of a plant was in-
oculated with one of three root-knot nem-
atodes, but only the M. javanica data will
be presented here. Plants were watered
and fertilized twice daily using drip irri-
gation with fertilizer injection.

The number of egg masses was used to
confirm segregation ratios obtained from
the gall index rating for the split-root
greenhouse test, After rating for gall index
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Flgure 1. Distributton of F; and BC, to LI 30430 plants, based on gall indices, from the cross of Sumter = L1

0430 Infected with Meloidogyne facanica

{percentage of roots galled), roots were
placed in a solution of tap water and 0.15
2/l of Phloxine B (Sigma Chemical Com-
pany, 5t. Louis, Missouri) for 20 min, then
rinsed with tap water to remove residual
stain (Hartman and Sasser [985). The
numbers of egg masses on roots from
each pot were counted using the method
of Hadisoeganda and Sasser (1982), and
plants were rated as either resistant (egg
masses = 15 per root system) or suscep-
tible (egg masses > 15 per root system).
The numbers of egg masses were trans-
formed using log,, (number of egg masses
+ 1)) and carrelated with the gall index rat-
ing (%). Chi-square tests were used to de-

termine goodness-of-fit from observed to
expected segregation ratios in the F, and
BC, generations for gall index and number
of egg masses,

Cytoplasmic/Maternal

Parents, F,, Fs, F., Fuy, BC, (to each parent)
and BC,; (to each parent} were evaluated
in a greenhouse test to determine il any
paternal, maternal, or eyvtoplasmic effects
were present for M javanica resistance.
Flants were grown in 15 cm diameter
(1,750 cm® volume) clay pots containing
the same soll mixture as used in the pre-
vious test. Pots were arranged (n a com-
pletely random design. Plants were wa-

Table 1. Segregation for reslstance {utillzing both gall Indices and numbers of e masses) o
Meloidogyne javanica in progenies from crosses (no reclprocals) between susceptible Cucumis sativas
var. salivus Sumtier and resistant Crcwmis saficas var, hardewdckil line L1 804307

Mo, observed  No. expected Fitted ratic
Genefation (R:5) (R:3) =] 52 P
Gall index
Sumter {Pg) 010 10 AllS == -
11 80430 (F,) 90 90 AllR = iz
¥ [:18 H18 AllS — —
Fy 2373 24:72 13 0,06 A2
BC, = Py :149 19 Al S — —
BC, = Py B:10 48 1:1 i bh
Egg mass number
Sumter (Pgd 0:16 0:10 AllS _ —
L) 90430 (P 84 50 AR - -
Fy 18 :18 Al s - —
E; 23:73 2472 1:3 (.06 82
BC, % P, (14 0:19 AllS Al =2
BC, ® Py 810 8.9 111 0.22 66

= Gall index: resistant =35% of roots galled, susceptible =35% of roots galled, Egg mass number: resistant =15 ege
masses/Toot system, susceptible =15 egg masses/tool system. Py, = susceptible parent and Py, = resistant parant.

tered twice daily and fertilized once week-
ly using Peter's® 20-20-20 (N-P-K} (W R.
Grace & Co., Fogelsville, Pennsylvania).

Effect of Genetic Background

A greenhouse test was conducted to de-
termine whether genetic background af-
fected the expression of resistance. Forty
F, plants from each of five families (Addis
* LI 90430, Sumter = L] 90430, Poinsett
87 » LI 90430, Gy 5Tu > LI 90430, and Gy
14 % LJ 90430) and 20 BC, (to LJ 90430)
were evaluated for resistance to M javan-
ica. Families were arranged in the green-
house in a completely random design. In-
dividual F, plants from the five families
were seli-pollinated to obtain seeds of the
F, generation, which were needed to com-
plete the next test,

Fifteen F, families were developed by
self-pollinating 5 resistant and 10 suscep-
tible F. plants in five genetic backgrounds:
Addis x L1 80430, Sumter = LJ 50430,
Polnsett 87 = L] 90430, Gy 5Tu = LJ 90430,
and Gy 14 » LJ 90430. Eight plants from
each F, family were evaluated for M. jevan-
ica resistance, F, lamilies from each cross
were arranged in a completely random de-
sign in the greenhouse,

lf a single recessive gene is responsible
for the resistance, all progeny from a self-
pollinated, resistant F, plant (F,, resistant
family) should be entirely resistant. Prog-
eny from a self-pollinated susceptible F,
plant (F., susceptible family) should be ei-
ther entirely susceptible or segregating (1
resistant:d susceptible), F, families devel-
oped from susceptible F, plants should be
present.in a | susceptible;2 segregating ra-
tio.

Results and Discussion

Inheritance

The susceptible parent Sumter had a gall
index rating (percentage of roots galled)
that averaged 58. The resistant parent, L)
90430, had a mean gall index rating of 5
The cross of resistant L] 90430 with sus-
ceptible Sumter produced F, progeny that
were susceptible to M. javanica ( Table 1),
indicating that all F, plants had more than
35% of their roots galled. The segregation
observed in the F, generation indicated
simple inheritance with 1 resistant:3 sus-
ceptible, with resistance determined by a
single recessive gene. To verify the F, ra-
tios, F, plants were backcrossed to Sumter
or LI 90430. The BC, progeny to Sumter
were all susceptible (all had more than
35% of their roots galled) and BC, to LI
90430 progeny segregated | resistant:l
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Tahle 2. Segregation in progenies from crosses between susceptible O saffous var, saffous Sumter and
restatant Cucumis sativas var, hardowickil line LT 80430 and thelr reclprocal crosses after inoculation

with Melofdagyne javanica®

No. observed M, expectad Fitted ratio

Generation (R:5) 5} [(E:5) b P

Sumter (P} (50 050 All 5 _ —
LI 90430 (P, A 500 All R = =
F, (P, % B 0:75 0:75 AlLS — =
F,{F. = P) 0:75 0:75 AlLS — -
F, (P, % B B0 73 58:175 13 .09 a
F, (P, % Py 53151 51:153 13 0.10 T3
F; (poaled}) 113:324 10328 1:3 0.20 63
BC, (P, = P = Py 62 (i AllS — =
BC, (P, % P % P, 0:73 073 AllS — =
BC, (P 5 P Py 3632 4 1:1 0,24 £5
BEC, [Py P By 15:37 36:36 1:1 0.06 B2
BE, to Py (pooled) 7169 7070 1:1 003 BE

4 Gall Index: resistant =35% of roots gatled, susceptible =35% of roots galled. Py, = susceptible parent and Py, =

reslstant parent

susceptible (with similar numbers of
plants found in the <20% and =35% rang-
gs, and none found in the 21-35% range).
The twa BC, families reacted as expected
if resistance were determined by a single
recessive gene. Figure 1 shows the distri-
bution of progeny infected with M. jovan-
ica from the F, and BC, to L] 50430 gen-
erations. For F, plants, two distinct classes
were formed with plants segregating in a
1 resistant:3 susceptible ratio. Observing
plants of the BC, to LJ 90430 generation,
two classes are formed with equal num-
bers of plants in each class.

Plants of parental, F,, F,, and BC, gen-
erations of Sumter » LJ 90430 were clas-
sified similarly using egg masses as they
were using the gall index rating ( Table 1).
For numbers of epg masses, Sumter

ranged from 75 to 173 with an average of
104, The resistant parent, LI 90430, ranged
from 0 to 6 with a mean of 2, All F| plants
had egg mass numbers greater than 25. F,
plants segregated in a 1 resistant:3 suscep-
tible ratio using 15 egg masses as the cut-
ofi point between the two classes. The
backeross to Sumter produced plants that
had egg masses ranging from 18 to 5925
The plants from the backcross to LI 90430
all had low numbers of egg masses, rang-
ing from 0 to 10.

The correlation between gall index and
number of egg masses was high (r = 0.73,
P = 0001) when the numbers of egg mass-
es were transformed using log,, (number
of egg masses + 1). Therefore, the number
of egg masses would be an excellent mea-
sure of resistance. The criterion we used
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Flgure 2. Distribution of F; and BC, to LY 90430 plants, based on gall indices, from the reciprocal eross Sumter
> 1190430 and LT #0430 = Sumter infected with Meloidogene favanico,
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aof =15 and =15 egg masses for designat-
ing resistant and susceptible classes, re-
spectively, was valid since it produced re-
sults similar to the gall index data.

Cytoplasmic/Maternal

Frogeny of reciprocal crosses reacted sim-
ilarly in the F, and F, generations, so there
were no maternal, paternal, or cytoplas-
mic effects for M. favanica resistance { Ta-
ble 2). Data from the reciprocal crosses
were pooled for the F; and BC, to LI 50430
and are shown in Figure 2. The data indi-
cated that resistant and susceptible F,
plants were in two distinct classes, with
the resistant plants in the smaller class.
Also, the BC, to LI 90430 plants form two
distinet classes with similar numbers of
plants in each class, This again indicated
that a single recessive gene was respon-
sible for the resistance.

Effect of Genetic Background
Crosses of ive cucumber inbreds (Addis,
Polnsett 87, Gy 14, Gy 57u, and Sumter)
with L1 90430 confirmed that the inheri-
tance of resistance to M jovanica was con-
ditloned by a single recessive gene. F,
from all crosses segregated in a ratio of 1
resistant:3 susceptible, and progeny of the
BC, (to LI 90430) segregated in a ratio ol
1 resistant:] susceptible { Table 3). Genetic
background had no influence on the in-
heritance of resistance, and thus the gene
was expressed in a stable manner and was
not affected by epistatic interactions.
Resistant F, plants that were self-polli-
nated to make F; families (F.; resistant
families) produced progeny that were en-
tirely resistant {Table 4), with gall indices
ranging from 0 to 25%. Susceptible F,, fam-
ilies fit the expected ratio of 1 susceptible:
2 segregating (Table 4). The five crosses
had the same pattern ( Table 4}, indicating
that genetic background had no influence
on the expression of the gene. [t was ap-
parent from F, family data that resistance
to M javanica in the C sativus var. hard-
wickii line LJ 90430 was consistent with
the hypothesis that resistance was con-
trolled by a single recessive gene,

New Gene for Resistance

The results obtained from all tests indi-
cated that resistance to M jovarica in L]
90430 was controlled by a single recessive
gene. The pooled F, data from all experl-
ments showed 183 plants resistant and
550 susceptible [conforming exactly to the
expected numbers for a 3:1 ratio; ¥* = 0.0,
F = 1.0). The pooled data for the BC, to
LI 90430 had 130 resistant and 127 suscep-



TabI: 3. Evaluation of the mf gene In five cucomber backgrounds utllizing segregation ratios In the F,

and BC, to LT 90430 generations

Mo, observed  No, expected  Fitted ratio

Generatlon (R:5) ] (R:3) it P

Fz
{Addiz = LI 90430% 332 1030 1:3 {51 AR
(Sumter = L7 204010 130 130 1:3 LEEH 1,00
(Gy 14 % L 90430} 2 L0 13 53 48
(Poinsett 87 » LI S04H) 1337 130 1:3 120 28
(G 5Tu = LI 504007 8:32 130 1:3 .53 A8
Prled ars 50:150 1:3 .24 &5

BC, 1o recessive parent
(Addis = L 804307 114 110 1:4 0.20 it
(Sumter = L] 904300 =11 10:10 1:1 020 Lt
Gy 14 = LJ 90430) 12:8 1010 141 0L.ED A
(Poinsett BT = L) 904300 a1 1010 1:1 20 G
(G 57w = L1 90430} 11:% 10:10 1:1 020 R
Paoled ad:48 50:50 1:1 o6 71

= Gall indes: resistant =35% ol rools galled, susceptible =35% of ronts galled,

tible (125 expected of each; x* = 0.04, P =
6.

We propose that the single recessive
gene for resistance to M jovanica be des-
ignated my. This is the first gene identified
in cucumber that confers resistance to a
nematade (Pierce and Wehner 1990; Weh-
ner 1993), The genotype for resistance in
LI 90430 is therefore myjfmf, The simple na-
ture of inheritance of resistance to M jo-
vanica Indicates that it could be incorpo-
rated easily into elite inbreds using back-
cross methods., Cucumber cultivars with
M. javanica resistance would benefit grow-
ers in the southeastern United States, as
well as in Texas, Arizona, and California,
because this nematode species is widely
distributed in those areas (Walters and
Barker 1994),

From the Department of Horticultural Science {Walters

and Wehner} and the Department of Plant Pathology
(Barker), Worth Carolina State University, Ralelgh, NC
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Service and Pickle Packers International, The use of
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ment ol the requirements for a PhD, degres.
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