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Screening of resistance genes using DNA markers and evaluation of
resistance level to brown plant hoppers in local rice varieties grown in
some areas of lower northern Thailand
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ABSTRACTS: Brown planthopper (Nilaparvata lugens) is one of the most destructive insect pests of rice in Thailand.
This insect has been adapting to their environment, making it difficult to control. Thailand is considered one of
the rice genetic resources, especially local rice varieties, which are the source of important insect resistance genes
and can be used in rice breeding programs for insect resistant varieties. This study aimed to determine
brown planthopper resistance genes using gene-specific primers (Bph3, Boh14, and Bph18(t)) and evaluate resistance
levels in 20 local rice varieties. The results showed that all 20 local rice varieties have at least one
brown planthopper resistance gene, and two rice varieties i.e., Hom Dong and Lon Khrok rice carried all three brown
planthopper resistance genes (Bph3, Bphl14, and Bphi8(t)). The evaluation for resistance to brown planthopper
infestation showed that Hom Dong rice had the resistance levels (R) and moderately resistant (MR) on the 7" and
14™ days after infestation, respectively. But the level of resistance decreased to susceptible level in Lon Khrok rice.
Meanwhile, Lueang Kaset and Khao Chalo rice had the same level of resistance as Hom Dong rice but contained
only one resistance gene (Bph3). Each local rice variety statistically differs in levels of resistance. Therefore, local
rice varieties tested here showed the genetic variations that were beneficial for breeding programs on rice resistance
varieties against brown plant hoppers.

Keywords: brown planthopper; local rice varieties; DNA marker; evaluation of resistance level
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Table 1 List of local rice varieties used in this study

No. Varieties name Source No. Varieties name Source
1 Hom Khrua (T1ve0un3$7) Phitsanulok 12 Lueang Luang (11L#@831a29) Tak
2 . . 13 Phuang Dokmali

Lon Khrok (917auAsn) Phitsanulok . - Tak
(VNINNDNNLA)
3 Khao Namkhang 14 Phuang Kradat
. v Phitsanulok . Tak
(UN1IUIANY) (VNIWINTLANY)
a4 . . 15 Sanpa Tong Luang
Saibua (¥M@"8U7) Phitsanulok .o Tak
(@MNMFUUINDINAT)
5 Kula Lut Ni 16 . W 4
5 P Sukhothai Kluai Pi (111na78) Tak
(UNaRAnL)
6  Ta Khaek (41011n) Sukhothai 17 Chet Ruang (41213n529) Phichit
7 Khat NaPho 18 Khao Ko Diao Nak
. . < Sukhothai . . . Phichit
(F1AAUILNG) (I 1IN BLAEINLN)
8 ) 3 19 Lueang Kaset (11aumidieq Phichit
ThongYoi (INneseay) Sukhothai
LNEAT)
9 Phut Tam ({12mms) Sukhothai | 20  Khao Chalo (#12912%0) Phichit
10 Hom Dong (T17auns) Sukhothai 21 Chainat 1 (Resistant check) -
11 v 22 Hom Mali 105 (susceptible -
Phichit (313Wang) Tak
check)

v
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Invitrogen (USA) waz10 UM Forward primer wae Reverse primer fisnimizsegusrunundsnsylnadiiaa s1uau 3 A
R

- Bph3 (Bph3-F; ATCATGGTCGGTGGCTTAAC wag Bph3-R; CAGGTTCCAACCAGACACTG) (Jairin et al., 2007),

- Boh14 (Bph14-F; AGACCAGAAGCTATTCGGACTCC wag Bph14-R; TGTGAAGGGTGTGTGTGTGTCAC) (Du et al., 2009),

- Bph18(t) (Bph18(t)-F;,ACGGCGGTGAGCATTGG wag Bph18(t) -R; TACAGCGAAAAGCATAAAGAGTC) (Jena et al., 2006)
mmfuﬁwﬂ’]sLﬁuﬁmmmsﬂ’uqmsuoﬁ’qaamwﬁ"mmzau il pre-denaturation flgumgfl 95 ssmiwailoa w1y 3 undl
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QaunQil 55 esmealTud Su Bph14 Neauminil 58 s waldua wagdu BphI8(t) Neamigil 50 srwalgya) Wiy 30 Juni

v
1Y

uUMBU extension Mg 72 asAngalByd w1l 30 U7 Yg1AAIUABY denaturation 14 extension 143U 35 58U
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wazdumnaugaving final extension RN 72 BeAmNwaIBEd UL 5 W1 LAEATINAOUNANENYDIEU Bph3, Bphld uay
Bph18(t) penseualniinlu 2% TBE agarose gel udmTI980UMELATBY Gel documentation
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YA 1UWITEUIUIUNA (Standard Evaluation System, SES) (IRRI, 2013)

Table 2 Standard evaluation system of brown planthopper resistance in rice

Scale Damage Resistance level
0 No damage (Audlifin1sideme) HR
1 Very slight damage (Futnailanudemeidniion) R

Frist and second leave of most plants partially yellowing.
3 , MR
(vl 1-2 Muanrsusdudinge)

Pronounced yellowing and stunting or about 10 to 25% of plants
5 severely stunted or drying (udniildwaeanazuaszunsy vseuseunn MS

10 - 25% Ypsisiiiielannsene)

7 More than half of the plants dead (Fud1meuInnI1 50%) S
9 Al plant dead (Fufnamesiom) HS

FEAUAIIUAIUNIU HR = highly resistant (A1UN1Ug4); R = resistant (A1Un11); MR = moderately resistant (f1un1uU1UNA19); MS =

moderately susceptible (8autaUunNag); S = susceptible (8ouLa); HS = highly susceptible (8aulauIn)
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YiAe8 sz A UAIUE UUT LA U1 AS 1z AuuYSUTIU (ANOVA) AIURNUNITNINADILUUE U UABNANTYTE]
(Randomized Complete Block Design, RCBD) LazlUSUEUANLLANANBIA NIRRT FUANLE UM UID I uAaz Y
WusA183% Duncan’s New Multiple Range Test (DMRT) fiszsiumnand ety 95 wesidus (P < 0.05) selusunsy SPSS
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Tudmaeiugiudlowis 20 @eius wudl Wensrvaeuniedu Bph3 Usinguavdidute Aidlvuin 200 bp (Figure 1A)
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200 bp wuheaiu luvaeiidisldlnsuesndnnzaedu Bph14 nuguillutareiugiuiled Wi 5 arenug (25%) Ao

q
v

dduasn Tanamannil 11amesdes 11anan wazd1aeuns lnananuaudueiidvuin 700 bp (Figure 1B)
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WULABINUN1II189UVBY Hu et al. (2018) finsivaeunudu Bph14 Tudianeiug R106 drududrumumasnselan

s

duena Bph18(t) anunsanvludaneiugiuios 91uau 9 aeiug (45%) Ae 11aeuATY 113auUASN T1IEnedl 917

q

AN T1IAAUIINE T1I%UAS T1IRIAT T1IN1NTEAY Lard1Ldn529 lnedlvuinndueuseuiad 1.1 kb (Figure 1C)

iU Nogoy et al. (2016) finulud it Oryza australiensis s%a IR65482-7-216-1-2 Tnenduueadaunusemnde

o %
Aselanduma
M 1 2 3 4 5 6 7 8 9 10 M 11 12 13 14 15 16 17 18 19 20 M 21 22
500 bp
(A) 2000p Bph3,200 bp
100 bp
M 1 2 3 4 5 6 7 8 9 10 M 11 12 13 14 15 16 17 18 19 20 M 21 22
1.5kb|
(B) oobn Bph14,700bp
600 by
500 bp)
M 10 M 11 12 13 14 15 16 17 18 19 20 M 21 22
1.5kb
1kb Bph18t),1.1kb
©

500 bp.

Figure 1 The banding pattern of 20 local rice varieties showed the presence and absence of the brown planthopper gene. (A) Bph3
gene; (B) Bph14 gene; (C) Boh18(t) gene; (M) 100 bp DNA ladder (1) Hom Khrua (2) Lon Khrok (3) Khao Namkhang (4) Saibua (5) Khao
Kula Lut Ni (6) Ta Khaek (7) Khat NaPho (8) ThongYoi (9) Phut Tam (10) Hom Dong (11) Phichit (12) Lueang Luang (13) Phuang Dokmali
(14) Phuang Kradat (15) Sanpa Tong Luang (16) Kluai Pi (17) Chet Ruang (18) Khao Ko Diao Nak (19) Lueang Kaset (20) Khao Chalo (21)
Chainat 1 and (22) Hom Mali 105
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]

(a8 ug 8auwd) 9835 standard seedbox screening test (SSST) WUI1TEAUAMUA1UNIUA BLNA ENTELARFUIAA
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Table 3 The reaction of 20 local rice varieties to an infestation of brown plant hopper (Nilaparvata ugens)

Brown planthopper
Level of resistance to brown planthopper
resistance genes
No
Varieties 7 days 14 days 21 days
Bph Bph18(t
3 Bph14 : Rating! Resistance Rating Resistance Rating Resistanc
(mean + SD) level” (mean + SD) level (mean + SD) e level

1 Hom Khrua v 3.40 + 0.89 bc MR 580+ 1.10 cd MS 9.00 £ 0.00 a HS
2 | Lon Khrok v v v 3.40 + 0.89 bc MR 7.00 + 0.00 bc S 9.00 +£ 0.00 a HS
3 Khao Namkhang v 7.00 £ 0.00 a S 780+ 1.10 ab S 9.00 £ 0.00 a HS
4 | Saibua v v 380+ 1.79b MR 7.80 + 1.10 ab S 9.00 £ 0.00 a HS
5 Khao Kula Lut Ni v v 380+ 1.79b MR 7.00 + 0.00 bc S 9.00 £ 0.00 a HS
6 Ta Khaek v v 3.40 + 0.89 bc MR 7.00 + 0.00 bc S 9.00 £ 0.00 a HS
7 | Khat NaPho v v 1.40 + 0.89 ¢ R 7.00 + 0.00 bc S 9.00 + 0.00 a HS
8 ThongYoi v v 3.40 + 0.89 bc MR 7.00 + 0.00 bc S 9.00 + 0.00 a HS
9 Phut Tam v v 1.40 +£0.89 ¢ R 5.80 + 1.10 cd MS 9.00 + 0.00 a HS
10 | Hom Dong v v v 1.40 + 0.89 ¢ R 4.60 +0.89 d MR 7.40 +0.89 b S
11 | Phichit v v 6.20 + 2.68 a MS 7.00 + 0.00 bc S 9.00 + 0.00a HS
12 | Lueang Luang v 1.80+ 1.79 bc R 7.80 + 1.10 ab S 9.00 £ 0.00 a HS
13 Phuang Dokmali v 6.60 + 2.19 a MS 780+ 1.10 ab S 9.00 + 0.00 a HS
14 | Phuang Kradat v v 1.40 +£0.89 ¢ R 5.80 + 1.10 cd MS 9.00 + 0.00 a HS

Sanpa Tong v
15 6.60 +2.19 a MS 7.80 + 1.10 ab MS 9.00 + 0.00 a HS

Luang
16 | Kluai Pi v 3.40 + 0.89 bc MR 7.80 + 1.10 ab S 9.00 + 0.00 a HS
17 | Chet Ruang v v 3.00 + 0.00 bc MR 7.80 + 1.10 ab S 9.00 + 0.00 a HS

Khao v
18 6.60 + 2.19 a MS 7.80 + 1.10 ab S 9.00 + 0.00 a HS

Ko Diao Nak
19 | Lueang Kaset v 1.40 + 0.89 ¢ R 4.60 +0.89 d MR 740 +0.89b S
20 | Khao Chalo v 1.40 + 0.89 ¢ R 4.60 +0.89 d MR 740 +0.89b S
21 | Chainat 1 v v 3.00 + 0.00 bc MR 4.60 + 1.67d MR 380+ 1.10c MR
22 | Hom Mali 105 v v 780+ 179a MS 9.00 £ 0.00 a HS 9.00 + 0.00 a HS

1/ Mean that follow the same letters were not statistically different at 95% by DMRT method; ® b ¢ @ Average of six replication; each
replication had ten nymphs BPH on 21 day old potted plants.
2/HR = highly resistant (ﬁmmuq&); R = resistant (AMun1); MR = moderately resistant (funulIunana); MS = moderately susceptible

(@aunau1unag); S = susceptible (8auwa); HS = highly susceptible (8auLoun)

HaNIUsTIuANNIUNIURamAnsElandUInaa N TATILUNAETUE T TR SERU AR U ULANGNS TULTe

Useiduludud 7 1adsll aneiugdandseiuanuiumu (R) Sseduanusumuiadeveswiudni wiiu 1.46 + 0.89 1wy

¢

7 aneiiug fie Aadaulng dramesn T1avieuns D1miemaie $1Imanseany MImieununs wast1IuIvEae aenug

]

Y £% s

F1fsEAUANUAMUNIUUILNAIE (MR) $37103u 8 aneiiud IseAumnusinunuedsveaiut1winiy 3.45 + 1.01 aeiug

a
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(Watanabe and Kitagawa, 2000; Cha-um et al. 2007; Kumar et al., 2021)

Figure 2 Examples of symptoms characteristic of each resistance level of brown planthopper infestation.
Resistance level: R = Resistant; MR = Moderately resistant; MS = Moderately susceptible; S = Susceptible;
HS = Highly susceptible.
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