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Genetic Analysis of Resistance to Brown Planthopper, Nilaparvata lugens
Stal., in Rice

Ryoichi Ixepa and Chukichi Kanepa
Central Agvicultural Experiment Station, Konosu, Saitama 365, Japan

In order to determine whether it is possible to combine two or more resistance genes
to the brown planthopper (BPH), allelic relationships among four resistance genes, Bph
1, bph2, Bph3 and bph4, were studied. Results indicate that bph 2, as well as Bphl,
segregates independently of both Bph 3 and bph 4, while Bph3 and bph4 as well as Bph
1 and bph2 were found to be closely linked. Therefore the combination of Bphl with
Bph 3, Bph1l with bph 4, bph 2 with Bph3 or bph 2 with bph 4, respectively, in a cultivar
could be achieved without any difficulty. Then, in order to search for new resistace
genes, unclassified resistant cultivars were analyzed. The resistance of the cultivars,
‘Andaragahawewa’ and ‘PTB 34’ was found to be monogenically controlled by Bphl and
bph 2, respectively while the resistance in ‘PTB 21’ appeared to be controlled by the gene
pair bph 2 and Bph 3. Thirdly, according to the results of trisomic analysis, it was as-
sumed that Bph 3 and bph 4 are located on chremosome 7. ' '

Introduction

For the past decade, the brown planthopper, Nilaparvata lugens Stal., (abbr. BPH), has
become the most serious rice pest in Southeast and South Asia. The first BPH resistant
cultivar, ‘IR 26’, was released in 1973, and the breakdown of the resistance was observed
in 1975 in the Philippines, Indonesia and elsewhere. ‘IR 36’ and other cultivars with a
new genotype were substituted for the older ones, and are still successfully being grown
in these countries. The reliance on the use of the BPH resistant cultivars is of the greatest
concern to plant breeders as well as rice growers in the tropics.

Inheritance studies of resistance to BPH were initiated by Artnwar et al. (1971). They
identified two genes for resistance, Bph1l and bph2, and reported that Bph 1l was closely
linked or allelic to #pA2. On the other hand, Martinez and Kuusu (1974) showed that
the rice cultivar ‘TKM 6’ is homozygous for Bph1l as well as for the inhibitory gene I-
Bph1l. LaxsamiNarRaYANA and Kruusu (1977) identified the third and fourth genes, Bph3
and dph 4, which are independent of Bph1l and bph 2, respectively.

As the search for new resistance genes and efforts for accumulating genes is important
for the use of resistant cultivars, we report in this paper the results of allelism tests of

the four resistance genes, gene analysis of several resistant cultivars, and trisomic analysis

of Bph3 and bph 4.

Materials and Methods

1. Allelism tests of the four resistance genes

Crosses, backcrosses or test crosses were made in 1977 and 1978 among the four resistant
cultivars, ‘Mudgo’, ‘ASD 7°, ‘Rathu Heenati’ and ‘Babawee’, representing Bphl, bph2,
Bph 3 and bph 4, respectively. F,, F,, and B,F, or F, of test crosses (T,) were tested for
the BPH resistance by the bulk seedling test as stated later.
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2. Gene analysis of unclassified resistant cultivars

One cultivar from Sri Lanka,‘Andaragahawewa’ and two from India, ‘PTB 34’ and ‘PTB 21°,
were crossed in 1975 with resistant and susceptible testers. ‘Mudgo’ or ‘IR 1414-67-3-2
were used for Bphl, ‘ASD7 or ‘IR 1154-243’ for bph 2, ‘Rathu Heenati’ for Bph3, and
‘Babawee’ for bph4, as resistant testers, and ‘Kochihibiki’ or ‘Taichung Native 1, (T(IN)1)
as susceptible tester. The bulk seedling test was applied to the F, populations of each
cross to identify the genotype.

3. Trisomic analysis of Bph3 and bph4

To identify the linkage group of Bphi3 and bph4, ‘Rathu Heenati’ and ‘Babawee’ were
crossed in 1977 with the nine trisomic lines (Iwata and Owmura, 1975, 1976), which were
supplied by Prof. Owmura and co-workers of Kyushu University. F, plants were tested
under the microscope at the metaphase of the first meiotic division of pollen mother cell to
determine whether or not they were trisomics. Then the F, populations derived from
trisomic F, plant were tested by the bulk seedling test. .

The bulk seedling test, modified from the one described by AtnwarL et al. (1971), was
used to test plants for BPH resistance. Two shallow trays, each containing 18 rows of
hybrids and two rows of check cultivars, 15 or 17 plants per row, were accommodated in
a cage. Cages were placed under fluorescent lamps in the insectary under controlled con-
ditions at 27°C-light and 23°C-dark, with 16 Hr daylength. Seedlings were infested at the
second leaf stage by the second to third instar nymphs of the wild type (biotype I) of BPH.
Reactions of plants to BPH were recorded when seedlings of the susceptible check were
killed, generally five to six days after the infestation. The method is described in detail
elsewhere (Kangepa, 1975a,b).

Results

1. Allelic relationships among four resistance genes

Reactions of ¥, F, and B,F, or T, progenies from crosses among four resistant cultivars
are presznted in Table 1.

No susceptible plants were found in the F, and B,F; populations of the cross between
‘Mudgo’ and ‘ASD 7. This finding is in agreement with the results of ATuwaL et al.
(1971) who showed that Bph 1l was closely linked or allelic to bph 2.

Secondly, the proportion of resistant and susceptible seedlings fitted to the ratio of 15: 1
in the F, of Mudgo/Rathu Heenati and 3 : 1 in the T, population of Mudgo/Rathu Heenati//
Nipponbare, suggesting independent segregation of the two dominant genes. This result
was in agreement with the report of Laksuminaravana and Krusu (1977) who demonstrated
that Bph 3 was independent of Bphl.

Thirdly, according to the results of the segregation in the F, and B,F, populations of
the crosses between ‘Mudgo’ and ‘Babawee’, it appears that bph 4 is independent of Bph 1.

As the segregation in the F, population of Rathu Heenati/ASD 7 was found to fit to the
13 : 3 ratio expected for independent segregation of one dominant and one recessive gene,
it was concluded that bph 2 is independent of Bph 3.

All of the F; progenies of Babawee/ASD 7 were found to be susceptible. Furthermore
the segregation in the F, population of this cross fitted closely to the 7 :9 ratio expected
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Table 1. Segregation for resistance to the brown planthopper in crosses among four resistant
cultivars representing Bph1l, bph2, Bph3 and bph4, respectively

Genes of Number of seedlings A
resistance Cross Steiger— gﬁ?; vaJICLie P. value
involved 0 Res. Sus. Total
Bph1-bph2  Mudgo/ASD7 F, 10 0 10
F, 276 0 276 ANIIR.®
Mudgo/ASD 72 B,F, 69 0 69 AllR.
Bph1-Bph3 Mudgo/R. H.(D F, 11 0 11
o F, 426 39 465 15:1 3.624 . 05—.10
Mudgo/R. H.// q @) 75 26 101 3:1 0.030  .80—. 90
Nipponbare
Bph 1-bph 4  Mudgo/Babawee F, 13 0 13
F, 297 66 363 13:3 0. 077 .70—.80
Mudgo/Babawee? B;F, 44 11 55 3:1 1.100 .70—. 80
bph2-Bph3 R.H./ASD7 F, 10 0 10
F, 557 144 701 13:3 1.478 .70
bph 2-bph 4 Babawee/ASD7 F, 0 13 13
F, 237 303 540 7:9 0. 004 .90—. 95
Bph 3-bph 4  R.H./Babawee Fy 10 0 10
F, 1025 1 1026 AllR.
Babawee/R. H. F, 11 0 11
F, 629 0 629 AllLR.

’(1)' R. H.;Rathu Heenati, (2) T, ; F, of test cross, (3) All R.; No susceptible segregants.
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Bph 1 bph 2 ; Closely linked or
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~
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Bph 38 bph 4 ; dent
P P — — — hdependen the results of LAKSHMINARAYANA
Fig.1 Relationship among four resistance genes. and Kuusa (1977).

Lastly, with respéct to the relation between Bph 3 and bph 4, the reciprocal crosses bet-
ween ‘Rathu Heenati’ and ‘Babawee’ produced only one susceptible seedlings. From this
result, it may be concluded that Bph3 is closely linked or allelic to bph 4 as reported by
Sipau and Kuusu (1979).

Therefore, from the above mentioned results, the relationships among the four BPH

resistance genes can be illustrated as shown in Fig. 1.

Table 2. F, segregations for resistance to the brown planthopper in crosses of testers and
unclassified resistant cultivars

Gene Number of F, seedlings Hypo- ¥2

Cross of - P. value
tester Res. Sus. Total thesis  value

Andaragahawewa/T (N) 1 (Sus.) 544 179 723 3:1 0.023 . 80-—. 90
Andaragahawewa/IR 1414-67-3-2 Bph 1 872 1 873 AILR.®™
PTB34/T (N) 1 (Sus.) 79 233 312 1:3 0. 017 . 80—. 90
PTB 34/IR 1414-67-3-2 Bph1 873 8 831 AllR.
PTB 34/IR 1154-243 bph 2 235 3 238 AllR.
PTB 21/Rathu Heenati Bph 3 517 1 518 AllR.
Rathu Heenati/PTB 21 Bph 3 272 0 272  AllR.
PTB 21/Babawee bph 4 1039 0 1039 AllR.

(1) All R.; No susceptible segregants.
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According to Fig.1, it appears possible to combine Bph 1l with Bph 3, Bphl with bph 4,
bph 2 with Bph3, or bph2 with bph4 in a cultivar. On the other hand, it may be dif-
ficult or impossible to combine Bphl with b6ph 2 or Bph 3 with bph 4.

2. Gene analysis of unclassified resistant cultivars

Table 2 shows the F, data of crosses between genetic testers and the three cultivars.
In the cross, Andaragahawewa/IR 1414-67, only one of the 873 seedlings was classified
as susceptible. On the other hand, the F, data of Andaragahawewa/T (N) 1 fitted to the
3 :1 ratio expected for one dominant genic control of resistance in ‘Andaragahawewa’. It
can thus be concluded that the cultivar has Bph 1l gene.

Similarly, it may be concluded that the resistance in ‘PTB 34’ is controlled by &ph2
because the F, of PTB 34/T (N) 1 appeared clearly to fit to the 1: 3 ratio expected for one
recessive gene, and the presence of a few susceptible seedlings in the F, population of both
crosses, PTB 34/IR 1414-67 and PTB 34/IR 1154-243 did not indicate genetic segregation for
susceptibility.

With regard to ‘PTB 21°, Laksuminaravana and Kuusu (1977) concluded that the resistance
in this cultivar was controlled by one dominant and one recessive gene, segregating inde-
pendently of each other, and that one of them was either Bph 1l or bph2. Our data on
the ‘PTB 21’ crosses with Bph 3 and bph 4 indicate that the second gene in ‘PTB 21’ may
be either Bph3 or bph4, and not a new gene, for no suscepﬁble seedlings were observed
in the F, populations of the three crosses except one seedling in the cross of PTB 21/Rathu
Heenati. | '

3. Trisomic analysis of Bph 3 and bph 4

To identify the chromosome on which Bph3 or bph4 is located, nine types of trisomics
were crossed as female parent with ‘Rathu Heenati’ or ‘Babawee’. However, due to hybrid
sterility, only 7 F, populations of crosses involving 6 types of trisomic were examined for
BPH resistance, as shown in Table 3. Disomic and trisomic portions of the F, populations

Table 3. F, segregation for resistarice to the brown planthopper in the crosses between trisomic
lines and Rathu Heenati (Bph3) or Babawee (bph 4)

Resistance Number of F, seedlings X% for
- Parent or Cross

gene Resistant  Susceptible Total 3:1 1:3
Trisomic C, Parent 0 17 17
Trisomic H, Parent 0 12 12

Bph 3 Rathu Heenati, Parent 24 0 24
Trisomic C/Rathu Heenatl, F, 78 42 120 7. 600%*
Trisomic H/Rathu Heenati, F, 168 52 220 0.218
Control (disomic), F, 161 64 225 1. 424
Trisomic A, Parent 0 11 11
Trisomic E, Parent 0 18 18
Trisomic F, Parent 0 9 9
Trisomic L, Parent 0 7 7

bph 4 Babawee, Parent 15 0 15
Trisomic A/Babawee, F, 29 96 125 0. 216
Trisomic C/Babawee, F, 8 306 314 84, 420%#%*
Trisomic E/Babawee, F, 70 186 256 0.750
Trisomic F/Babawee, F, 82 263 345 0. 279
Trisomic L/Babawee, F, 117 3_37 - 454 0. 144 .
Control (disomic), F, 203 . 634 . 837 o 0. 249
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were investigated in the lump for segregation of BPH resistance.

According to the results, the segregation of Bph3 or bfh4 deviated significantly from
the disomic ratio of 3:1 or 1:3 in the F, of crosses with C type of trisomics.

On the other hand, in the crosses with A, E, F, H or L type of trisomics, the segrega-
tion of Bph3 or bph 4 fitted very well to the disomic segregations. Accodingly, it is sug-
gested that Bph 3 and bph 4 are carried on the extra-chromosome of C type.

- It has been reported by Iwata and Owmura (1975) that the extra-chromosome of C type
carries fI and pgl marker genes. On the other hand, Yosummura, Iwata and Omura (1979)
reported that fI and pgl genes are carried by chromosome 7.

Therefore, it is concluded that Bph 3 and bph4 are located on chromosome 7.

Discussion

BPH resistance of the two cultivars ‘Andaragahawewa’ and ‘PTB 34’ was found to be
monogenically controlled by Bphl and bph2, respectively. Such results were also cor-
roborated by the reactions of the cultivars to BPH biotypes (Kanepa, Ito and Ixepa, 1981).

For the reliable use of BPH resistant cultivars, it is very important to have two or more
resistance genes in one cultivars and ‘PTB 21’ is an example of this fact. This cutivar
shows more stable resistance than other IRBPHN (International Rice Brown Planthopper
Nursery) entries with monogenic resistance throughout the countries of Southeast and
South Asia (IRBPHN Report, 1976~1978). Results of our gene analysis revealed that
BPH resistance of this cultivar is controlled by two sets of genes, either Bph1l and bph4
or bph 2 and Bph 3.

In order to determine whether the gene pair in ‘PTB 21’ is Bphl and bph4 or bph2
and Bph3, 12 T, lines of Kochihibiki/PTB 21//Asominori were tested for resistance by
using the biotypes I, II and III (Kanepa, ITo and Ixepa, 1981) of BPH. Six lines of them
 were homozygous for susceptibility to the biotype III and segregating to the both biotype
I and II. From this results, it may be concluded that one of the two genes in ‘PTB 21
is bph 2. Therefore, the resistance in ‘PTB 21’ is controlled by the gene pair bph 2 and
Bph 3.

In F, of some crosses between resistant cultivars, a small number of susceptible seedlings
were sometimes found. As this is also found even in the resistant culjcivars such as ‘Mudgo’,
‘ASD 7’, and others, those susceptible seedlings were considered not segregants originating
from the recombination of resistance genes. AtrwaL et al. (1971) discussed the factors of
the occurrence of dead seedlings in such crosses in detail. According to them, it is difficult
to determine whether the dead seedlings occasionally observed in crosses between resistant
cultivars are the result of genetic recombination between ncnallelic genes or whether they
were killed by another pathogen or by an unusually heavy infestation on some of the
seedlings. In addition to the discussion of ArtuwaL et al. (1971), it is possible that delayed
growth of some seedlings in early stage or the occurrence of the damping-off to some
seedlings may obscure the judgement of resistance or susceptibility in F, populations.

The locus (or loci) of Bph3 and bph 4 was considered to be on chromosome 7 on the
basis of trisomic analysis. Since a complete set of trisomic lines is not yet available, our

assumption must be corroborated by linkage analysis using the marker genes located on
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chromosome 7. However, this.is realized after breeding of japonica lines with either Bph
3 or bph 4 achieved. The breeding is now in progress, and the question is to be solved in

the near future.
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LA 2D PEASA vy VIBREDODBES W

hHE R—-&H &AF
CGEFRARS (FHH)

NEA Ry Y W EHMRET Boh1, bph2, BphS R X 0% bphd OMEBGE W bMCT B0, SHET
REFFTBIEBESE Mudgo, ASD7, Rathu Heenati s X% Babawee [HCHAELZM A T/ oo -S4 X
A7IDy v (FE4FEOWTHGERELRT) 2HWT, F,Fe kX0 B F; USRI 2 EHiEDO S
HERR~Ic L &5, (1) Bphl & bph2 I ONC Bph3 L bph 4 3EECEPEL T BB LEET OV
nHTHY, (2) Bphl L Bph3, Bphl L bph4, bph2 L Bph3 JeBHUNC bph2 & bph 4 T HE NI T
BBHEHEINIC, D&MD, VML 2 BETFTOOERIMENAS CTHHY, FBEICHHL T
WA OBMRICH S 2 BETOERIRECTH S LRI,

¥, REEOEINMEIREOBETFIN LT ¥3 Andaragahawewa %% Bph1l, PTB34 »3 bph
2B FENThFE2LHEI NI, kit PTB21 ik Bphl & bphd s bph2 L Bph3 DOFaubs 2 BIETH
FoLELLNIDT, PTB2LHED Fs Rtk 44 & 4 FHBELICL D, A4A x4 71 LT (Bph
1 %4 oREENE it (78D 2573 TKE, I (0ph2 24 oRELIE) IXENtLYRTF2H0M8
Tehhotee Lindio T PTB21 13 bph2 b Bph3 % &0 kiR S i,

—J5, Bph3 BIU bphd OEFLAELEONTTHID, YV Iy 25 ERTR ok SUNKEND
BAINICIEEDO VYV 3 v 7 %# % Rathu Heenati % 7-13 Babawee 271, F, st oy
DG EER Bilco BOR3 B XV 0phd T Thb b U Y v 7 CEABED Fp iKIs\T, 3:1 74z 1:3 0
BREERCR 52 RL, CHERFOBFELREMATHDE T REKCER TS LHEEI R,
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