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SUMMARY

The genetics of resistance to whitebacked planthopper (WBPH) was
investigated in six donors. Three donors were known to possess
whitebacked planthopper resistance genes viz.,, ADR 52 (Whph 3), Podiwi
AB (whph 4), and ARC 6650 {whph 4). Three other donors viz, ARC
5984, Velluthecherra, and MO 1 are suspected to possess unknown genes
for resistance based on their reaction to WBPH, Each of the donors was
crossed with a susceptible check (Taichung Native 1). Further, the crosses
of ARC 6650 x ARC 5984, Podiwi A8 x MO 1, ADR 52 x Velluthecherra,
Podiwi A8 x ARC 6650, and ARC 6650 x ADR 52 were made to ~
investigate the allelic relationship of resistance genes. The parents, F;s and
F, progenies were screened in the greenhouse against a local population of
the whitebacked planthopper. The inheritance pattern of resistance
indicated a single dominant gene in ADR 52; a single recessive gene in
ARC 6650, ARC 5984, and Podiwi A8; two dominant genes in
Velluthecherra; and one dominant and one recessive gene in MO 1, Test
of allelism revealed that the recessive gene present in ARC 5984 and ARC
6650 was allelic to that of Podiwi A8 (wbph 4). The recessive gene of MO
1 was non-alelic to that of Podiwi A8 (wbph 4). The dominant gene
present in ADR 52 was different from that in Velluthecherra.
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The whitebacked planthopper (WBPH), Sogatella furcifera (Horvath), causes
considerable yicld losses in rice (Khan and Saxena, 1985). It is distributed throughout
South, Southeast, and East Asia (Nasu, 1967). Nymphs and adults suck phloem sap
(Auclair and Baldos, 1982; Khan and Saxena, 1984) from leaves and leaf sheaths turning
them yellow and reducing plant height, tillering, and filled grains. Severe' infestation of the
insect leads to hopper-bum resulting in complete drying and death of the crop (Pathak,
1968). In India, severe outbreaks of whitebacked planthopper incidence have been reported
in the past across the states {Gunathilagaraj and Ganesh Kumar, 1997). During 1997 to
1998, the sudden outbreak in southern India caused total crop failure (Ambikadevi et al.,
1998). The main approach for the management of planthoppers in India and elsewhere
involves the use of germplasm with diverse genes for resistance (Khush, 1980). A large
number of donors, germplasm accessions, and breeding material have been screened in the -
greenhouse and various donors of resistance have been identified (Anonymous, 1998).
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Studies on the inheritance of WBPH resistance revealed eight major geneg, ie.,
Whph 1 in N22 (Sidhu ef al., 1979), Wbph 2 in ARC 10239 (Angeles et al., 1981), Wbph 3
in ADR 52 (Hernandez and Khush, 1981), whph 4 in Podiwi A8 (Hernandez and Khush,
1981), Wbph 5 in N° Diang Marie (Wu and Khush, 1985), Wbph 6¢1) in Giu-yi-gu (Brar and
Khush, 1991), and Whph 7(t) and Whph 8(2) in BS (Tan et al., 2002). Among these genes,
whph 4 is recessive, whereas, the other seven are dominant genes. These studies indicated
that resistance to WBPH is simply inherited and is controlled by either a single dominant or
by a single recessive gene (Angeles ef al, 1981; Nair e al., 1982; Saini et al., 1982;
Krishna er al,, 1984; Singh et al, 1984; Gupta and Shukla, 1986; Gunathilagaraj and
Ganesh Kumar, 1997) or two independent genes, either both dominant or one dominant and
one recessive (Angeles ef al,, 1981 and 1986; Hemandez and Khush, 1981). In addition to
these genes, involvement of minor genes conferring resistance has also been reported
(Yamasaki et al., 1999; Kadirvel er af., 1999; Geethanjali, 2001; Sogawa et al., 2001). The
genetics of resistance in several donors still remain unelucidated. Therefore, an
investigation was made to identify novel genes for resistance to WBPH in dofiors that are
frequently used in breeding for resistance to this insect pest.

MATERIALS AND METHODS

The seeds of six genotypes that have consistently shown a high level of resistant
reaction to WBPH in the greenhouse dt DRR were obtained from the DRR germplasm
centre and used as parents in this study (Table 1). The cultivar TN1 was also included as
susceptible check in the tests. The three donors with known resistance genes (ADR 52,
Podiwi A8, and ARC 6650) were crossed with three other donors with unknown resistance
genes (ARC 5984, Velluthecherra, and MO 1). In the free-choice seedling test, the crossed
seeds (F,) and the F; progenies along with parents and checks were sown in trays. A basal
dose of di-ammonium phosphate (40N:4C0P Kg/ha) was given at the time of soil mixing,
filling trays up to a depth of 5 cm. Seeds were sown in lines in plastic trays (60 x 40 cm) at
a spacing of 5 cm between lines. In cach tray, the middle row was sown with resistant MO
1 and two border rows on either side with susceptible TN1, In addition to parents and Fis
(each comprised of 25-30 seedlings), all the seedlings in the F; progenies of all crosses were
also evaluated for their reaction to WBPH. A local virulent population of WBPH, obtained
from fields and maintained at DRR, was used in the tests. The rice seedlings (10-15 days
old) were exposed to WBPH by releasing nymphs (2°* and 3" instar) at a rate of 8-
10/seedling. Care was exercised by using separate cubicles to prevent insects from flying
away, from the trays. All the plants were provided with irrigation as and when required.
After inoculation, the plants were kept under high humid conditions in a greenhouse
equipped with.a water cooling system. Observations were recorded 14 days after infestation
on the severity of WBPH reaction based on a.0-9 scale (IRRI, 1996) with 0= no damage; 1=
very slight damage; 3= 1% and 2™ leaves of most seedlings with partial yellowing; 5=
pronounced yellowing and stunting or 10-25% of the seedlings wilting; 7= >50% seedlings
wilting or dead and the remaining plants severely stunted and dying; and 9= all seedlings
dead. The data on reaction to WBPH weie rearranged by treating the mean damage scores <
3 as resistant and scores >5 as susceptible to be able to draw inference on seedling
performance. Based on the reaction of the seedlings, the progeny was grouped as
susceptible or resistant to arrive at the segregation ratio. These ratios were further tested for
their goodness of fit using the chi-square test. Statistical analyses were done as per Gomez
and Gomez (1984).
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Table 1. Reaction to whitebacked planthopper of rice used as parents in repeat tests.

Cultivar Origin Damage score
(0-9 scale)*

Donors with known genes

ADR 52 (Wbph 3) India 3.0
Podiwi A8 (whph 4) Sri Lanka 2.5
ARC 6650 (whph 4) India 2.8
Donors with unknown genes

ARC 5984 , India 3.0
Velluthecherra india : 2.0
MO 1 (Resistant check) India 1.5
Taichung Native 1 Taiwan 9.0
(Susceptible check)

*IRRI, (1996).
RESULTS AND INSCUSSION

Mode of inheritance of resistance

The resistant donors ie, ADR 52, Podiwi A8, ARC 06650, ARC 5984,
Velluthecherra, and MO 1 used in the present study recorded resistance and TNI, a
susceptible reaction (Table 1). Hemandez and Khush (1981) reporied that Podiwi A8 was
effective against a WBPH population of the Philippines where it was rated as moderately
resistant (score of 4.2) in the free choice test and susceptible (score of 4.6 to 7.8) in a no
choice test. In the present study, however, Podiwi A8 was highly resistant with a damage
score of 2.5 in the free choice test while also showing a resistant reaction (score of 3.0) in
the no choice test. This may indicate the possible occurrence of biotype variation and
Podiwi A8 can be used as a potential donor for WBPH resistance in India. The F)s derived
from the cross of TNI with ADR 52 (Wbph3) was resistant, indicating dominance of
resistance over susceptibility. In the F, population, the ratio of resistant and susceptible
seedlings in the cross TN1 x ADR 52 showed goodness of fit to the expected ratio of 3R:18
(¥2= 1.90, p= 0.20-0.10) (Table 2}, This finding confirmed the earlier report of Hernandez
and Khush (1981) about the monogenic and dominant gene control of WBPH resistance in
ADR 52 against the WBPH population of the Philippines. Since the Wbph3 gene has been
effective over the years against both the Philippine and Indian WBPH populations,
transferring this gene into high yielding varieties would help in obtaining long-lasting
WBPH resistance.

The F, seedlings of the crosses TNI x ARC 6650, TN1 x ARC 5984, and
TN1 x Podiwi A8 were found to be susceptible, The F, segregation showed a good fit to the
ratio of 3S:1R (x*= 1.86, 0.01, and 0.94, respectively) indicating that resistance in the
donors ARC 6650, ARC 5984, and Podiwi A% is governed by a single recessive gene
(Table 2). Hemnandez and Khush (1981) reported that Podiwi A8 possessed a single
recessive gene effective against the WBPH population of the Philippines. A similar type of
recessive gene control of WBPH resistance was reported by Gupta and Shukla (1986) in the
entries IET 4695, IET 6288, and NCS 212, and by Krishna et &/, (1984) in ARC 6650. The
present findings also indicated that the WBPH resistant genes, Wbph 3 and wbph 4, are
effective against the Philippines’ WBPH population.
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Table 2. Reaction to WBPH of F, and segregating F; populations from crosses between
rice cultivars.

Name of cross F, F, Ratio )(_2 P value
seedlings  population (R:5)
R S

Susceptible x Resistant

TN 1 xADR 52 R 112 48 31 1.90 0.20-0.10
TN 1 x ARC 6650 S 28 92 1:3 1.86 0.20-0.10
TN 1 x ARC 5984 S 42 122 1:3 0.01 0.95-0.90
TN I x Podiwi A8 R 99 265 1.3 0.94 0.56-0.30
TN1 x R 164 14 15:1 0.79 0.50-0.30
Velluthecherra
TN1xMO1 R 281 59 13:3 0.34 0.70-0.50
Resistant x Resistant
Podiwi A8 x R 501 7 - -
ARC 6650
ARC 6650 x ARC R 210 0 All -
5984 resis

' -tant
Podiwi A8 x MO 1 R 85 28 45:19 1.29 0.30-0.20
ADRS2 x R 186 14 ST.7 2.79 0.10-0.05
Velluthecherra
ARC 6650 x R 205 45 13:3 0.03 0.90-0.80
ADR 52 )

R-Resistant.

S-Susceptible.

The cross of TN 1 x Velluthecherra recorded a resistance reaction in the F, that
segregated into 15R:1S in the F, generation (3= 0.79, p= 0.50-0.30), indicating the
presence of two dominant genes conferring resistance.

The F, scedlings of the cross between TNt and MO 1, the most frequently used
susceptible and resistant checks, respectively, in WBPH screening programs was resistant
and the F, progeny showed a good fit to a segregation ratio of 13R:3S ratio (¥*= 0.34, p=
0.70-0.50) revealing the presence of one dominant and one recessive gene. Angeles et-al.
(1981) reported that the resistance in the cultivars WC 1240 and Colombo against the
Philippine population of WBPH was governed by one dominant and one recessive gene.

Studies on allelic relationship

The information on allelic relationships of the resistance genes was obtained from
the reactions of F, and F, populations from five crosses involving six donors. The F| plants
of the crosses ARC 6650 x ARC 5984, ARC 6630 x ADR 32, ADR 52 x Velluthecherra,
Podiwi A8 x MO 1, and Podiwi A8 x ARC 6650 were all found resistant (Table 2 ).

The F, scedlings of the cross ARC 6650 x ARC 5984 did not show amy

segregation for susceptibility. This indicated that the gene conferring resistance in ARC
5984 is allelic to that of ARC 6650 (wbph4). The F, segregation ratio of 45R:19S in the
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cross Podiwi A8 x MO 1 with a non significant y* vaiue (1.29) demonstrated a good fit
indicating the involvement of three genes. The recessive gene of MO 1 appears to be non-
allelic to that of Podiwi A8. Since the F; population of Podiwi A8 and MO 1 was small, the
three-gene ratio analysis may lead to a biased estimate; hence, this result needs to be
confirmed, '

When Velluthecherrra was crossed with ADR 52 (Wbph 3), resistant and
susceptible segregants were obtained in the ratio of 57R:7S (37 = 2.79, p= 0.10-0.05),
indicating the involvement of three dominant genes.

The F; scedlings derived from the cross Podiwi A8 x ARC 6650 showed no
segregation, Although seven Fps from a total of 508 Fys died due to chlorotic leaves, this
possibly was not due to insect damage. This further indicated that the recessive gene
present in Podiwi A8 and ARC 6650 were allelic (whph 4). In the cross ARC 6650 x ADR
52, one dominant and one recessive gene, as expected, were observed as revealed by the F;
segregation ratio of 13R:3S and a non significant y” value (0.03).

CONCLUSIONS

The present study provided insights on the spread of diverse WBPH resistance
genes across geographic boundaries and on the simple nature of their inheritance in rice
cultivars, The donor ARC 5984 possessed a single recessive gene (wbph 4). Velluthecherra
harbored Woph 3 gene, with a second dominant gene yet to be identified. Similarly, MO 1
contained a recessive gene (whphd), with another dominant gene still unidentified. The
present results confirm earlier findings indicating that the resistance genes Wbph 3 and
whph 4 are effective against the WBPH populations of India and the Philippines. These
WBPH resistance genes can, therefore, be incorporated into improved high yielding
cultivars to obtain stable resistance to this important insect pest.
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