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GENETIC DIFFERENTIATIONS IN LOCAL
POPULATIONS OF THE RICE GREEN LEAFHOPPER.
NEPHOTETTIX VIRESCENS (DISTANT)
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T. Domingo

ABSTRACT

Variability in local populations of the green leafhopper, Nephotettix
virescens was investigated. Significant deficiencies in heterozygotes were
observed in populations showing a striking pattern in four polymorphic gene
loci. Heterogeneity in gene frequencies was observed between populations.
Genetic differences between the populations investigated using Shannon
information index and Wright’s F-statistics revealed that variability is found
within populations.
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INTRODUCTION

The rice green heathopper (GLH), Nephotettix virescens (Distant) is the
most important Nephotettix species attacking rice in South and Southeast Asia
(Heinrichs and Rapusas 1984). It damages the rice plants by sucking the sap
from the xylem and phloem and by plugging them with their feeding sheaths
and pieces of tissues pushed into these vessels during exploratory feeding (Karim
1978). It causes further damage by predisposing the plant to fungal and bacte-
rial infections through feeding and ovipositional marks inflicted on the plant
(Ruangsook 1986). In addition, it is a serious and efficient vector of tungro,
gall dwarf, transitory yellowing, and Waika ' viruses, and the MLO causing
vellow dwarf diseases (Hibino 1987, Siwi et al. 1987, Taulu et a. 1987).

Host plant resistance has played a very important role in the manage-
ment of this pest. However, several studies have shown the flexibility of the
pest to adapt to the resistant rice. Recently, screening at IRRI indicated that
several rice show some resistance to GLH. However, it is likely that the pest
will adapt to these rice as indicated in several studies (Heinrichs and Rapusas
1984). It was suggested that the rate of adaptation in the field will depend on
the genetic structure of the pest populations. Genetic structure refers to the
amount of genetic variation in the population, the ways in which variation is
distributed in time and space, that is, the extent and range of population sub-
division or intermixing. Large movement of susceptible individuals into treated
regions of resistant individuals will influence the rate of development of resis-
tance. Even the most limited gene flow may spread genes conferring resistance
from one population to another.

313




314 THE PHILIPPINE ENTOMOLOGIST

In this study, the population structure of the green leafhopper, being one
of the most important rice pest throughout Southeast Asia, was examined.

MATERIALS AND METHODS

Insects. Insects were collected from one rice field each in Camarines Sur,
Isabela, Laguna, North Cotabato, Quezon, and Zamboanga del Sur. They were
collected by a sweepnet and placed in cages containing rice plants and trans-
ported back to the laboratory. The insects were then sorted and deep frozen at
-45°C before use:

Electrophoresis. Several enzymes were assayed for activity in gel elec-
trophoresis. However, only the polymorphic loci were used to compare popula-
tions of the pest. These enzymes were: alkaline phosphatase (Alkp), esterase
(Est), isocitric dehydrogenase (Idh), and malate dehydrogenase (Mdh). The
staining procedure was patterned from the procedure deviced by Shaw and
Prassad (1970) and Brewer (1970).

Three buffer systems were used in this study. The gel solutmn was pre-
pared using 74.2 g starch, 26.5 ml system buffer, and 503.5 ml distilled water.
The mixed solution was heated in a liter separating flask with continuous swirl-
ing on a magnetic stirrer hot plate until the gel became transparent and vigor-
ously boiling. The gel was then degassed to removed the bubbles and then
poured into the mould. The gel was allowed to cool down at room temperature
and in the refrigerator for one hour before use.

Microliter amounts of crude tissue extracts of squashed whole insects
were absorbed on Whatman filter paper strip #3 and were inserted directly
into the gel slot. The gel was then subjected to a direct electric current for 4 h
at 4°C 40 mA/gel slab. Each protein in the gel was made to migrate in a direc-
tion and at a rate that depended on the protein net electric charge and molecu-
lar size. After electrophoresis, the gels were then sliced, and stained.

Interpretation of Data. The usefullness of the electrophoresis method
lies in the fact that the genotype at a gene locus coding for the enzyme can be
inferred for each individual in the sample from the number and position of the
bands in the gels. Genetic interpretation of the electrophoretic pattern was
based on the principle of Harris (1980), and the published enzyme structure by
Klotz (1967).

The utilization of electrophoretic data in population and evolutionary
studies involves direct scoring of genotypes from the colored spots in the gel.
Allele frequencies were obtained from these data. Heterozygosity at each lo-
cus was estimated by direct count of hetrerozygotes (Ho) and also by calculat-
ing the frequency of heterozygotes expected (He) at Hardy-Weinberg equilib-
rium (He) = 1-Epi2, where pi is the estimated frequency of the 9th allele in the
population) and an unbiased estimate, based on conditional expectations (Nei,
1972).

The percentage of polymorphic loci was calculated using three different
criteria for polymorphism, namely: (1) any variation was observed in the popu-
lation (“no criterion”); (2) the frequency of the most common allele is 0.99; and
(3) the frequency of the most common allele is 0.95

The goodness-of-fit of observed genotypic proportions to expected pro-
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portions was tested by Chi-square (z2) analysis performed for each of the poly-
morphic loci tested.

Genetic similarity/distance was measured by the coefficient of genetic
identity developed by Nei (1972). Heterogeneity of gene frequencies among
populations was tested using the method of Workman and Niswander (1970).
The other method developed by Nei (1977) was also used. The total diversity is
partitioned within and among the seven populations.

RESULTS AND DISCUSSION

Significant deficiencies of heterozygotes were detected in populations show-
ing a striking pattern in all four gene loci (ALKP, EST, IDH, and MDH). These
populations exhibited significant deviations from the Hardy-Weinberg equilib-
rium (Tables 1-4). Isabela population showed significant deviations in the Est
gene locus; Quezon for Est and Mdh loci; Zamboanga del Sur and Camarines
Sur, for the Est locus. The consistent heterozygote deficiencies was observed
on the EST locus for almost all populations. This finding reflects the breeding
structure of the populations. Since the insects were collected from one field in
each locality, this indicates that the observed heterozygote deficiencies sup-
port two or more subpopulations {e.g. adapted to specific host cultivars). These
differ in gene frequencies and mating between them was restricted. Only the
IRRI populations showed evidence of inbreeding since heterozygote deficiency
was observed in all four polymorphic genes investigated.

To determine the differences in genetic structure of the pest population,
geographic differences in gene frequencies among populations were investi-
gated. Significant spatial heterogeneity of gene frequencies among the popula-
tions of GLH was detected at three gene loci namely, EST and the two dehydro-
genase loci (Tables 2-4). Significant differences in gene frequencies were de-
tected among the populations. Camarines Sur had sigificant differences in three
loci when compared with Isabela, two loci each for IRRI and Quezon, and one
locus each for Pila, North Cotabato and Zamboanga del Sur. IRRI population
showed genetic differences for three loci when compared with each of the popu-
lations except for Camarines Sur with which only two were detected. The Pila
population showed variation in three gene loci when compared to IRRI, two
with North Cotabato and Zamboanga del Sur, one with Camarines Sur and
Quezon but exhibited no differences with the Isabela population. Isabela, when
compared to Camarines Sur and North Cotabato, showed differences in three
loci. Two loci were observed with IRRI and Zamboanga del Sur and only one
with Quezon. North Cotabato population showed variation on the three loci
when compared to IRRI and Isabela, two each to Pila Quezon and Zamboanga
del Sur and one to Camarines Sur (Tables 5 and 6). The data revealed that
populations of N. virescens possess diversity in their’ gene pool. Significant
heterogeneity of gene frequencies among seven populations of N. virescens
occurred in each of the gene loci investigated. For examp!le, the frequency of
the most common allele at Est ranged from as high as 0.82 in Zamboanga del
Sur to as low as 0.45 in North Cotabato. On the other hand, in Alkp, the most
common allele ranged from 0.98 in Zambaonga del Sur to 0.99in North Cotabato
(Tables 1 and 2).
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Source of genetic variation among populations was found mostly within
groups. (Table 7). Genetic similarity (I} and distance (Nei, 1972, 1978), range
from 0.94 t0 0.99 + and 0.001 to 0.062, respectively, indicating a very high degree
of similarity. (Table 8) The genetic distance, however, show some degree of popu-
lation differentiation within a species. Also, the common alleles observed among
populations were not found in higher frequencies and have differed significantly
between populations (Tables 1-4). Differences in sympatric populations of the
species presumably arise from some degree of isolation by ecological barriers, or
geographic distance. Natural selection would have favored certain genotypes in
different areas. Some degree of isolation is assumed to be a prerequisite for selec-
tion to produce statistically demonstrable genetic differentiation. Genetic unifor-
mity is taken to indicate free gene flow among localities, or the existence of bal-
ancing selection (Prakash et a. 1969) which was not observed in this study as
shown by differences in allozyme distribution.
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Table 1. Observed phenotypes and allelic frequencies in alkaline phosphatase lo-
cus in seven populations of the green leathopper, Nephotettix virescens.

Allele frequencies

Population Genes x2* Significance
(No.) 1 9 3

Camarines Sur 56 - .982 .018 .02 .887
Laguna (IRRI) 239 .006 981 013 475 <.0001
Laguna (Pila) T2 028 972 - .06 .804
Isabela 179 006 994 - .019 .890
North Cotabato 135 011 .985 004 . .03 .862
Quezon 67 .009 991 - .02 .887
Zamboanga Sur 143 .013 .981 .006 .05 .822

xdb= [500, P 0.1 df = 12

* Tests the goodness-of-fit of observed genotypic proportions expected to the Hardy-Weinberg Law.
® Tests the homogeneity of gene frequencies among populations based on the method of Workman and
Niswander (1970).

Table 2. Observed phenotypes and allelic frequencies in esterase locus in seven
pupolations of the green leathopper, Nephotettix virescens.

Allele frequencies

Population Genes x2¢  Significance
Wek |4 2 3
Camarines sur 58 .338 612 - 5.58 .0182
Isabela 98 .202 .798 - 24.45 <.0001
Laguna (IRRI) 176 .102 483 415 61.34 <.0001
Laguna (Pila) 45 .300 700 - 46 .5001
North Cotabato 76 b3 447 - 13.06 .0003
Quezon 67 .200 791 .009 32.01 <.0001
Zamboanga Sur 12 151 817 032 38.10 <.0001

x2b = 490.78, P >.001 df = 12 - -

a Tests the goodness-of-fit of observed genoi;ype proportions expected to the Hardy-Weinberg Law.
b Tests the homogeneity of gene frequencies among populations based on the method of Workman and
Niswander (1970).
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Table 3. Observed phenotypes and allelic frequencies in isocitric dehydrogenase
locus in seven populations of the green leathopper, Nephotettix virescens.

Allele frequencies

Population Genes x2*  Significance
(No.) 1 2 3
Camarines Sur 56 - .982 .018 .02 .887
Isbela 191 - = 2987 .013 .032 .858
Laguna (IRRI) 254 138 .860 .002 2.50 114
Laguna (Pila) 45 - .978 .022 022 882
North cotabato 137 .018 .967 .015 - 104 .308
Quezon 67, - 1.000 - = - -
Zamboanga Sur 142" =, - 997 .02 .02 .8798

x2b = 173.47, P <0.001 df = 12

a Tests the goodness-of-fit of observed genotypic genotypic proportions expected to the hardy-Weinberg
Law.

b Tests the homogeneity of gene frequencies among populations based on the method of Workman and
Niswander (1970).

Table 4. Observed phenotypes and allelic frequencies in malate dehydrogenase
locus in seven populations of the green leafhopper, Nephotettixz virescens.

Allele frequencies

Population Genes x2%  Significance
(No.) 1 9 3

Camarines Sur 58 o - 1.00 - - .

Isabela 167 - .953 .047 .126 23

Laguna (IRRI) 175 - 974 026 5:73 BT

Laguna (Pila) 45" = 978 .022 .022 .882

North Cotabato 1287 - 1.00 - - -

Quezon 55 .045 .864 32.52 32.52 <.0001

Zamboanga Sur 95 - 1.00 - - -

x2b =102.82, P<.001df=12

a Tests the goodness-of-fit of observed genotypic proportions expected to the Hardy-Weinberg Law.
b Tests the homogeneity of gene frequencies among populations based on the method of Workman and
Niswander (1970).
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Table 7. Partitioning of genetic variability in a population of N. virescens using
the Shannon information index, H (Lewontin, 1972), and Nei’ (1977) modi-
fication of F statistics.

Shannon index NEI method
Locus Hpop Hgrp % w/n Ht Hs Dst Gst
ALKP  .093 .086 086  99.3 0322 .0003 .0093
AK .743 647 90.4 414 4810 0670  .1390
IDM .162 124 96.2 .064 .0990 .0050 .0780
MDH .161 .129 96.8 .064 .0609 0030 .0470
Mean .289 247 95.68 144 .158 .019 .0683

% = 93.2
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