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ALLOZYME VARIATION IN LOCAL POPULATIONS OF THE
BROWN PLANTHOPPER, NILAPARVATA LUGENS (STAL)
IN THE PHILIPPINES!

C. G. Demayoz, R.C. Saxenaz, and A.A. Barrion®
ABSTRACT

N. lugens from 10 localities in the Philippines were assayed, compared, and
determined to have significant differences in allelic frequencies at 4 -
polychromatic gene loci coding for soluble enzymes. Based on Shannon infor-
mation index (H) and Nei’s modification of Wright's F-statistics, most of the
genic diversity among populations of N. lugens existed within- subdivisions. An
average of 8% of the total gene diversily was attributed to between group
diversity.
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INTRODUCTION

. Rice is the world’s most important staple food crop being utilized by ap-
proximately half of the population on earth (Kush and Coffman, 1977). However,
rice yield is often reduced because of the existence of numerous species of insect
pests that feed on it. Among insects, the brown planthopper, Nilaparvata lugens
(Stal), is highly destructive. The insect not only causes complete wilting and drying
of rice plants (Dyck and Thomas, 1979) but also transmits the grassy stunt and
ragged stunt virus diseases (Ling 1972, 1977). Epidemics of these virus diseases
have followed major outbreaks of N. lugens. The pest is widely distributed - from
India and Pakistan in the West, to Japan and Korea in the North, to the Solomon
Islands and Fiji in the East, and to North Australia in the South (Saxena and
Barrion, 1985).

Variations among N. lugens populations collected from different areas in
Southeast Asia have been reported (Claridge et al.,1981) Comparisons of the
Australian population with other geographically distant populations of N. lugens
revealed differences in terms of morphology, biochemistry (electrophoresis),
mating behavior, and hybridization. At IRRI in the Philippines, different popula-
tions with distinct patterns of virulence on resistant rice varieties have been
isolated and termed biotypes (IRRI, 1976; Pathak and Saxena, 1980). Differences
in pest behavior and physiology in response to plants of known genotypes, pest
morphometrics, and chromosome behavior were observed (Saxena and Rueda
1982, Saxena and Barrion 1985).
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The above studies suggest adoption and possible genetic variation in N.
lugens. We therefore investigated the gene pools of N. lugens populations sampled
from ten different localities in the Philippines.

MATERIALS AND METHODS

N. lugens adults were collected from 10 localities in the Philippines: four
localities in Luzon -- Albay, Camarines Sur, Isabela and Laguna; three localities in
Mindanao - North and South Cotabato, and Zamboanga del Sur; and islands of
Mindoro, Negros Occidental, and Palawan. The insects were brought to the
laboratory and assayed by electrophoresis. Polymorphic loci were determined and
their inheritance investigated by single pair crosses. Rare alleles were also observed
but their inheritance was not studied. Phenotypes and gene frequencies of the four
loci investigated were determined from starch gel on single hopper homogenates.
Chi-square tests were performed to compare observed numbers of phenotypic
classes with those expected under equilibrium conditions. The principal com-
ponent method (Workman and Niswande, 1970) was used to analyze the gene
frequency data. Genetic variability among populations was partitioned using
Wright’s modified F-statistics (Nei 1977) and Shannon information index (H)
(Lewontin, 1972).

RESULTS AND DISCUSSION

The genetic structures of field populations of N. lugens collected from 10
different localities in the Philippines (Table 1) were determined and compared with

Table1. Localities where N. lugens were collected for electrophoretic analysis.

Localities Number of N. lugens

specimens sampled
(no.)

Albay 111

Camarines Sur, 45

Isabela . 96

Laguna 92

Mindoro 0! 120

Negros Occidental 158

North Cotabato 132

South Cotabato 233

Palawan 109

Zamboanga 92
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each other based on four polymorphic gene loci, namely: alkaline phosphatase
(Alkp), adenyl kinase (Ak), isocitric dehydrogenase (Idh), and malate
dehydrogenase (Mdh). The genetic basis of the alleles observed among the four loci
was based on single pair crosses (Table 2).

Table 2. Segregation in different crosses made to determine the inheritance of
Ak, Alkp, Idh, and Mdh variation in N. lugens.

GENOTYPE OF PROGENIES (F1)

Ak
Cross i
(P1X Py) 100/100 91/91 x*
A} 100/100 . 4, 100/100 53(53) < ONS
ARIL ML 8 = 57(57) ONS
Alkp
97/87 97/100 100/100 100/103 103/103 X2
Alkp 100/100 x Alkp 100/100 = 2 53(53) = <, ONS
Allep 007100 Alkgloonoa : : 33(35) 37(35) - ONS
Alkp97/97A % Alkpl 0/100 2 48(48) £ = = ONS
Idh

100/100 93/100 93/93 X2
Idh109/100 ; 1q;100/100 97(97) : . ONS
1dR100/100 _ 145,93/93 - 53(53) - ONS
IdthO/lOO = Idh93/100 37(35) 33(35) 3 0.2 NS

Mdh
100/100  100/109 109/109 XF
Mdh!00/100 y g, 100/100 177(177) - = e ONS
Mdh10%/100 x pqp, 100/109 39(48) 58(48) - 8.4NS

Mdh10%/109 4 pqp, 100/109 24(22) 43(43) 20(22) 0.3NS
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Significant deviations from expected proportions were observed in allele
frequencies for Ak and Idh loci. For instance, the Mindoro population of N. lugens
had significant deviation in allele frequencies for Ak, while the populations from
Albay, North Cotabato, and South Cotabato had allele frequencies for Idh which
deviated significantly from expected proportions (Tables 3-6).

In the Alkp locus, five phenotypes with 3 alleles designated as 97, 100, 103 --
were observed. The most common allele was Alkp 190 with frequency ranging from
0.928 to 1.0. The populations from Lagluna and Zamboanga del Sur were monomor-
phic for the most common allele Alkp 0 , while others were polymorphic for 2 to 3
alleles (Table 3). No population was observed to deviate from Hardy-Weinberg
equilibrium condition when the frequency of the expected genotypes were com-
pared with the observed Geographic variation in allelic frequencies for Alkp locus
was significant (x% = 47. 84, P<0.001, df = 16) (Table 3).

Table 3. Allele frequencies for Alkp locus in local populations of N. lugens.

LOCALITY ALLELES GENES X% SIGNIFICANCE
(no.) '

97 10 103
Albay 0024 0976 - 42 0.020 0.89
Isabela - 0.956 0.043 48 0.100 0.75
Laguna - 1.0 - 91 0
Mindoro 0.007 0.964 0.029 70 0.094 0.76
Negros 0.050 0.928 0.022 88 2.856 0.09
Occidental :
North 0.033 0967 - 30 0.030 0.86
Cotabato
Palawan 0.0085 0.983 0.0085 59 0.020 0.89
South 0.004 0.988 0.008 133 0.378 0.54
Cotabato
Zamboanga - 1.0 - 92 0

X% = 47.841, P<0.001, df = 16

2 Tests the goodness-of-it of observed genotypic proportlonb to the proportion expected
according to Hardy-Weinberg Law

b Tests the homogeneity of gene frequencies among N. lugens populat]ons using the method
of Workman and Niswander (1970)
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The allele frequencies in the Ak locus in seven N. lugens populations are
presented in Table 4. Five alleles were observed and des1gnated based on their
relative distances from their most common allele Ak ! Frequenc1es of the most
common allele ranged from 0.633 to 1.0, while rare alleles ranged from as low as
0.004 to as high as 0.361. Only one population, the Mindoro population, showed
significant deviation from equlhbnum Geographic variation was observed in allele
frequencies in this locus (X% = 391. 36, P<.001, df = 24).

Table 4. Allele frequencies in the Ak locus in local populations of N. lugens.

LOCALITY ALLELES GENES X% SIGNIFI-
; \ ; (No.) CANCE

94 97 100 103 106

Albay 0 0.361 633 0 0.006 93 1.99 0.16
Camarines 0 0.033 .889 0.078 0O 45 0.71 0.40
Sur

Mindoro 0.020 0259 .721 0 0 120 0.509 0.02
Negros 0.020 0 976 0 0.004 128 0.081 0.78
Occidental

North 0.008 0 988 0.004 0 129 0.021 0.88
Cotabato

Palawan 0 0 100 O 0 100 0

South 0 0 1.00 0 0 34 0

Cotabato

b _ 391.36, P<0.001, df = 24

8 Tests the goodness-of-fit of observed genotypic proportions expected according to Hardy-Wein-
berg Law

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

Idh locus was the most polymorphic Iocus in N. lugens since 6 alleles were
observed. The most common allele was idh'%; ; its frequency ranged from 0.625 in
South Cotabato to 1.0 in Camarines Sur, and Zamboanga del Sur. The frequency
of rare alleles varied, ranging from as low as 0.006 in Negros Occidental to 0.186
in South Cotabato. The expected genotype frequencies at Hardy-Wienberg equi-
librium obtained from the given gene frequencies differed significantly in these
populations (Table 5). Slgmﬁcant variation was observed at this locus among the
ten local populations x? = 386. 65, P<0.001, df = 45).




THE PHILIPPINE ENTOMOLOGIST

T42

(0L6T) 19PUBMSIN puB UBUWNI0A Jo poyjawr o) Suisn suorye[ndod suafn; '\ Suours satouanba.aj ouad jo feuadoway ay) 3597,

q

‘wnrqnby 81aquiap -Apre o) Surpiodow pejoadxa uortodoad ayy 0 suonaodiod ord{jouad pastasqo Jo 313-0)-sseupoos o) 1S9 ], s

g% = JP ‘T00°0>d ‘999'988 = ;X

0 26 000'T Ing {ap edueoquiez
3690 LST0 60T ; €960  L800 UBME[E]
o-0TXLE 070'12 8¥1 - 9810 %200 LE00 9290 8310 0JBqBI0D YInog
11-0TX9°L 69°'19 281 €100 9800 6100 6100 S¥80 . €300 01eq®I0) YHON
8L°0 180°0 8GT 7660 9000 [B}usp10Q so1daN
gL0 LTIT0 021 8500 8000 €160 1200 0I0PUIN
88°0 ¥20°0 26 9100 6L6°0 G000 eungde]
68°0 z0'0 74 1200 8S6°0 1300 B[9qES]
0 sid 000'T Ing SOULIBWE))
11-0T%X9'L 0LT'TG THl 660°0 1680 0900 Keqry
ZIT 601 90T £0T 00T L6
('oON)
HONVOILIINDIS wX SANHD SHTATIV ALITVOOT

‘suoryendod suaSn) N (8907 Ul SNO[ YpJ 10J sarouenbaiy o[8[y ‘G 9[qBL




743

DEMAYO, C.G., SAXENA, R.C. & BARRION, A.A,, 737-748

(0LBT) IOpPUBMSIN pUB UBUL.IOA JO POYISW ay) uo paseq suorjendod Suoure satouanbagj auad jo Aruadowoy ay) s1s9],

q

-umuqrmbry Sxaquis gy -Ap.ref] 03 Sutp.aodow pajoadxa suorpiodiod ordXjoued paalasqo Jo 11J-03-SSaupood ay) 1S9 ], 4

8T =JP ‘100°0>d ‘QLY0TT = ;X

120 F1°0 26 £80°0 196°0 900°0 ang [op e3uroquiey
¥6°0 G00°0 ed 8660 200'0 078q®)10) YINog
0 60T = i 5 uemereq
631 - G96°0 #20°0 03eqEI0D) YIION
Ge'0 68°0 031 820°0 036°0 gro'0 0I0puIy
26°0 10°0 16 110°0 686°0 eunger
0 96 F 01 £ B[aqEs]
0 a1 0 0T 0 [eIUspIQ SOL3BN
0 sid 0 0T 0 Ing SaULIBUIR))
LZ'0 TG T 68 £L0°0 G68°0 ¥£0°0 Keqry

e01 001 L6

(oND)

HONVIIIINDIS e SANTD SHTITIV ALI'TVOOT

'suadny ‘N 3o suonyeindod [ed0] ur SNY0] YPA 10] seusnbaiy opR[Y "9 9[qBL




744 THE PHILIPPINE ENTOMOLOGIST

Mdh locus showed as many as 3 alleles. Populations of N. lugens from
Camarines Sur, Negros Occidental, Isabela, and Palawan were found fixed for the
most common allele Mdh*'¥ (Table 6). The differences between the observed and
the expected genotypic values tested using X2 analysis revealed insignificant
variation, suggesting that for this locus all the populations were in equilibrium.
However, when frequencies of alleles were comgared between populations, sig-
nificant geographic variations were observed (X 110.67, P<0.001, df = 18).
Frequency of the most common allele ranged from 0.895 in Albay population to 1.0
in populations from Camarines Sur, Negros Occidental, Isabela, and Palawan.

The total variability observed in N. lugens collected from different localities
was partitioned into within and between population components. Using the Shan-
non information index (H) (Lewontin, 1972) and the modification of Wright’s
F-statistics (Nei, 1977), the variability was found to be within groups. The mean
proportions were determined to be 91.86% and 91.02%, respectively (Table 7).
Furthermore, the measurement of genetic variation, using the index of genetic
similarly (I) (Nei 1972), showed that the I-values ranged from 0.95 to 1.0, indeed
very close to unity (Table 8). Strictly these are not "standard genetic distances” (Nei

Table 7. Partitioning of genetic variability in populations of N. lugens using the
Shannon information index (H) (Lewontin, 1972), and Nei’ (1977)
modification of F-statistics.

SHANNON INDEX NEI METHOD
LOCUS - Hpop Hgrp % Within Ht Hs Dst Gst
groups
ALKP 0.138 0.120 98.20 0.062  0.051 0.001  0.019
AK 0.424 0.266 84.29 0205 0.165 0.040 0.195
IDH 0.399 0.278 87.86 0.164 0.145 0.017 0.106
MDH 0.143 0.114 97.10 0.053 0.051 0.002 0.039
Mean 0.276 0.195 91.86 0.119 0.103 0.015 0.089
% = 91.02
where y:
H=23 5 pi In pi, where n is the number of alleles at a given locus and pj is the
" frequency of the ith allele

Hyop =  H value for the whole population =

Hgp =  total gene diversity (subdivided into gene diversity within populations
(Dst)

Ggt = genetic differentation among populations
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1977) as they are based on only 4 loci which show genetic variation in one or more
natural populations. However, the distances do indicate levels of population dif-
ferentiation within the species but are not strictly comparable to values determined
in other species. It is of interest to point out from the data reported here for the
four loci that the common alleles are not necessarily found in higher frequencies
and that the frequencies differ between the population in a statistically significant
manner. The different N. lugens populations seemed to have attained different
polymorphic balance equilibrium under natural conditions. This can be explained
by a selective process that is acting on this species as has been suggested in
Drosophila species (Prakash, 1969, Berger, 1970).

Geographically widespread distribution of N. lugens conforms with studies
on several insect pests which showed genetic differences among different areas of
their distribution. The differences observed in the sympatric populations of N.
lugens as shown by this study presumably must have arisen from degree of isolation
by ecologicalbarrierssuch as resistant hosts or non-host plants, or mere distance
with natural selection favoring genotypes in different areas. Isolation of the dif-
ferent N. lugens populations is presumed to be a prerequisite for selection to
produce statistically demonstrable genetic differentiation, as indicated in this study.
Genetic uniformity is always taken to indicate free gene flow among localities and
this was not observed in all the populations of N. lugens collected from different
ricefields in the Philippines. This phenomenon was also observed in studies of
Drosophila pseudoobscura (Prakash et al., 1969).
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SMITHSONIAN RESEARCH FELLOWSHIPS
IN HISTORY, ART, AND SCIENCE

The Smithsonian Institutions announces its research fellowships for 1991-
1992 in the fields of History of Science and Technology, Social and Cultural History,
History of Art, Anthropology, Biological Sciences, Earth Sciences, and Materials
Analysis.

Smithsonian Fellowships are awarded to support independent research in
residence at the Smithsonian in association with the research staff and using the
Institution’s resources. Predoctoral fellowship appointments for six to twelve
months, and graduate student appointments for ten weeks are awarded. Proposals
for research in the following areas may be made:

History of Science and Technology: History of computers, communication, and
society; history of agriculture; air and space; electrical technology,
engineering; industrial archaeology; mathematics; medicine and phar-
macy; natural history; physical sciences; social dimensions of science

. and technology; and transportation.

Social and Cultural History: American political, military, social, and cultural
history; American business history; American folklore; history of money
and metallic art; history of music and musical instruments; and
material aspects of American everyday life.

History of Art: African art; American art of the 18th, 19th, and 20th centuries;
decorative arts; modern art; Asian and Near Eastern art, and twentieth-
century American crafts.

Anthropology: Archaeology; cultural anthropology, folklife; linguistics; and physi-
cal anthropology.

Biologfcal Sciences: Animal behavior and pathology; ecology; environmental
studies; evolutionary biology; marine biology, natural history; paleobiol-
ogy; systematics; and tropical biology.

Earth Sciences: Meteoritics, mineralogy; paleobiology, petrology; planetary geol-
- ogy; sedimentology; and volcanology.

Materials Analysis: Archaeometry and conservation science.
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Applications are due January 15, 1991. Stipends supporting these awards are
$26.,000 per year plus allowances for senior postdoctoral fellows; $21,000 per year
plus allowances for postdoctoral fellows; $13.000 per year plus allowances for
predoctoral fellows; and $3.000 for graduate students for the ten-week tenure
period. Pre-, p st-, and senior postdoctoral stipendsare prorated on a monthly basis
for periods less than twelve months.

Awards are based on merit. Smithsonian fellowships are open to all qualified
individuals without reference to race, color, religion, sex, national origin, age, or
condition of handicap of any applicant. For more information and applications
forms, please write: Smithsonian Institution, Office of Fellowships and Grants,
Suite 7300, 955 L’Enfant Plaza, Washington, D.C. 20560. Please indicate the
particular area in which you propose to conduct research and give the dates of
degrees received or expected. :
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