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ABSTRACT: The Asian rice gall midge (Orseolia oryzae; GM) is a significant pest of rice crops across Asia, causing
substantial reductions in rice yield. This study investigates the genetic resistance to the GM in the cultivated rice
variety RD22, compared to the landrace variety Muey Nawng 62M (MN62M). The research evaluated the interactions
of two F, rice populations with the GM. These populations were derived from crosses between PYO16-001-3-24B x
MN62M, and PYO16-001-3-24B x RD22. The experiments were conducted in greenhouse conditions using a GM
population from Phrae province. The segregation ratios for susceptibility and resistance traits in the progeny were
analyzed using a chi-square test. The results showed a 9:7 ratio, indicating that both MN62M and RD22 possess two
recessive genes that control resistance to the GM. This resistance pattern follows a duplicate recessive gene
interaction. Genotyping with the SSR markers in the gm12 region revealed that the RM3340 marker is associated with
GM resistance in MN62M. Further testing was performed on fifteen F, progeny lines that carry the gm12 region,
including three lines obtained from MN62M and twelve lines obtained from RD22. These progenies were evaluated
for their interactions with three GM populations from Chiangrai, Nan and Phrae provinces. Four lines exhibited
resistance (R) or moderate resistance (MR) across all three GM populations, suggesting that RD22 carries the gm12
region, which likely originated from MN62M, an ancestor of RD22. These results demonstrate that RD22 can be
utilized as a valuable genetic resource for developing other rice varieties resistant to the GM by inheriting the
segment of gm12 through marker-assisted selection.

Keywords: rice gall midge; quantitative trait loci; marker-assisted selection
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Figure 1 Symptom of rice gall midge infestation, where the affected plants exhibit a characteristic silver-shoot (A)

and gall midge-induced dwarfism (B) comparing with normal plant (C).
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Table 1 SSR primers used to narrow down in region the gm12 locus

Marker name Forward primer (5’—>3’) Reverse primer (5'—>»3’) Amplicon size (bp)
RM109 GCCGCCGGAGAGGGAGAGAGAG CCCCGACGGGATCTCCATCGTC 97
RM6800 GTCCACGAGATGGACTCCTC TTCTGAAGGCCAGGCCAG 158
RM3340 TCTTGGCAAGCTCTCCTCTC CCATCATCTCGATCTTGACG 117
RM6938 CTCCGCGGAGTCGATTTTA AACCAACCACTGATTATTCCAACT 206

RM110 TCGAAGCCATCCACCAACGAAG TCCGTACGCCGACGAGGTCGAG 156

OSR14 AAATCCACGCACATTTGCG AGGTAAACGAGCTTGAGGTG 167

RM211 CCGATCTCATCAACCAACTG CTTCACGAGGATCTCAAAGG 161

RM233 CCAAATGAACCTACATGTTG GCATTGCAGACAGCTATTGA 162

RM279 GCGGGAGAGGGATCTCCT GGCTAGGAGTTAACCTCGCG 174

Note: The nucleotide sequences of the primers were obtained from the Gramene database

(https://archive.gramene.org/markers/).
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U3t gm12 dwmateds mwindesiduinsidiriats uaswlanaiiomsziuanusi Uy uouasiinuLInSsIuYes
SES (IRRI, 2002)
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Figure 2 The distribution of the occurrence of silver shoot caused by gall midges from Phrae Province in the F,
rice population derived from the crosses between rice varieties PYO16-001-3-24B x MN 62 M and PYO16-
001-3-24B x RD22, evaluated under greenhouse conditions.
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Table 2 Testing the genetic inheritance of resistance to gall midge using the chi-square (X?) test was conducted in the F, rice populations derived from the crosses

between the rice varieties PYO16-001-3-24B x MN62M and PYO16-001-3-24B x RD22, evaluated using gall midges from Phrae Province under greenhouse

conditions
F, (PYO16-001-3-24B x MN62M) F, (PYO16-001-3-24B x RD22)
Parents
Observed Expected Observed Expected

PYO16-001-3-24B  MN62M RD22 3:1 15:1 9:7 13:3 3:1 15:1 9:7 13:3
Susceptible 26 0 1 62 71.25 89.06 53.44 77.19 121 144.75 18094 108.56 156.81
Resistance 74 100 99 33 2375 594 4156 17.81 72 48.25 1206 8444  36.19

Total 100 100 100 95 95 95 95 95 193 193 193 193 193
480 131.57 314 1393 1559 317.68 3.25 43.62

-y

*%

If df = 1, the value of )2 at 0.05 = 3.84 and the value of (2 at 0.01 = 6.63

Note: * indicates that the observed value significantly differs from the expected genetic inheritance ratio at p < 0.05, ** indicates that the observed value

significantly differs from the expected genetic inheritance ratio at p < 0.01 and ns indicates that the observed value does not differ from the expected

genetic inheritance ratio.
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nsraaeuilulndvestnifliifuneuiy 6 Wus/meus deiedomansiiue ola SSR $1um 9 wedowmny il
Fumiseguu gmi2 (Table 1) wuin fiAdesmnedutefianusausnmuuane19szming PYO16-001-3-248 fiu
WMNEUBY 620U 31U 8 Lﬂ%‘IEN'VTlHEJ Tawn RM109, RM3340, RM6938, RM110, OSR14, RM211, RM233 gy
RM279 Tushuauiifindomnefidueiivanaauiduenazuonilulndlddaau 1wy 4 13 oomne ldud
RM3340, RM110, RM233 war RM279 Fsazihlunmageuilulndluszannsdndai F, aoll dunadommneibu
L7 ANUNSALNAILANANITENING PYO16-001-3-24B U nu22 ¢ 811w 3 n3eeviane leaun RM3340, RM233
uay RM279 (Table 3) wiidletlunsivaeuilulndlulszvinsdndad F, nguauiaaes wuin Tudsseinsdian
INANANTENIN PYO16-001-3-248 x 122 fifisspsosmneisue RM279 flanunsauaniuauiiduiovewuiis
Tulnduvuiemelsladalddaau diuad omunefiduie RM3340 waz RM233 wanwauiiduolddaau Sl

thuldnsavaeuilulndussensdail F, fanangseau PYO16-001-3-24B x Nv22

Table 3 Genotyping results of six rice parents were analyzed using 9 SSR markers in the gm12 region

Genotypes

Parents RM10 RM680 RM334 RM693 RMI11  OSR1  RM21 RM23  RM27

9 0 0 8 0 4 1 3 9
PYO16-001-3-24B a a b a b b a b c
RD22 a a b a b b a a b
MN62M b a a b a a b a a
PYO13-001-3-7-3-4B b b c c a b a b C
PYO13-034-12-65-2-2-

b C b b b a a c

1B
PYO16-012-140-4-78 - b C - a - - - -

Note: The same English letters in the same column indicate the same genotype and - = no band.

¥ =
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Audmiusivdeyanudumuioutads TagdinsenAnisanneeidaduetneing wud luguas PYO16-001-

3-20B x WANEUDY 62 151 LATDINLNEALEULE RM3340 AUSN¥ULAMUAIUNIUAawIaI danuduiusiueeiedl

o o

o aad Yy & 1 o A v ! o A v s
ugaAynIednnn 0.05 LLaﬂﬂIWL‘Mu’J’] EJ‘LW|ﬂ’JUﬂﬂJﬂ'ﬂqumqquumaLLlIa\TU']WWUSL‘NGU"IFJLWNEJH@Q 62 19U LAY
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Feulpauniommneidue RM3340 Ssdenndatiun1sdneves Leelasud et al. (2020) fisea1udn ey
Adue RM3340, RM6800 way RM110 dealaaiunnusumusieuuassa waznuludniugmueuD 62 15w g
138071 gm12 wiinsnaaesil wuin RML10 lideslesfudumusieusasth (Table 4) fafuannsaliiniomune
Aduie RM3340 Aadandudafildsunisanenen em12 wnandramuesuss 62 181 1§ daunanishasiesily
Usznsadi F, ﬁmwmnq’mamwdw PYO16-001-3-24B x n922 Wu31 RM279 lalfianuduius fuanwag Ay

Fumusiewuas’a (Table 4) WuAediuNaN1TIATIZAINENEL PYO16-001-3-24B X N8R 62 1Y
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Table 4 Phenotype — genotype association analysis using ANOVA and simple linear regression analysis in the F, populations from the cross between PYO16-001-3-

24B x MN62M and PY016-001-3-24B x RD22

Mean of RGM scores

PYO16-001-3-24B x MN62M PYO16-001-3-24B x RD22
Marker
PYO16-001-3-24B MN62M PYO16-001-3-24B RD22
Hetero. P-value R? Hetero. P-value R?
allele allele allele allele
RM3340 0.734 0.588 0.357 ** 0.006 0.07970 - - - - -
RM110 0.720 0.474 0.500 ns 0.065  0.00379 - - - - -
RM233 0.633 0.650 0.500 ns 0.507 0.01917 - - - - -
RM279 0.689 0.650 0.500 ns 0.481  0.01830 0.760 0.600 0.679 ns 0.185 0.00391

Note: ** indicates that the DNA marker is highly significantly associated with rice gall midge resistance, while ns indicates that the DNA marker is not associated with

rice gall midge resistance.
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Table 5 Mean percentage of infestation and resistance reactions in F, rice lines with gm12 from MN62M and RD22 against three populations of RGM tested under

greenhouse conditions

454

Percent of infestation in greenhouse test (%) Mean of Resistance
Genotyping (homozygous)
Entry  Lines/varieties Crossing Phare RGM Nan RGM Chiangrai RGM infestation reactions
RM6800 RM3340 RM110 RM279 mean s.e. reaction mean s.e. reaction mean s.e. reaction (%)
1 PY021-001-8-4-2 PYO12-001-8-6-3-7-4B x RD22 b a b b 8.6 1.9 MR 8.4 0.7 MR 7.2 39 MR 8.1 MR
2 PY021-001-8-5-5 PYO12-001-8-6-3-7-4B x RD22 b a b b 43.2 0.8 S 34.8 33 S a2.7 10.7 S 40.2 S
3 PY021-002-5-2-8 PYO13-034-12-65-2-2-1B x RD22 b a b b 8.4 1.5 MR 9.7 57 MR 14 1.4 R 6.5 MR
4 PY021-002-18-1-1 PYO13-034-12-65-2-2-1B x RD22 b a b b 333 24 S 429 14.3 S 30.9 0.3 S 35.7 S
5 PY021-002-18-1-2 PYO13-034-12-65-2-2-1B x RD22 b a b b 35.1 2.2 S 60.1 1.8 HS 51.9 8.1 HS 49.0 S
6 PY021-002-18-7-2 PYO13-034-12-65-2-2-1B x RD22 b a b b 26.8 24 S 32.6 13.6 S 43.2 0.3 S 34.2 S
7 PY021-002-18-7-3 PYO13-034-12-65-2-2-1B x RD22 b a b b 17.9 21 MS 34.1 0.7 S 33.0 11.8 S 28.3 S
8 PYO21-002-18-7-4 PYO13-034-12-65-2-2-1B x RD22 b a b b 15.1 4.7 MS 77 3.8 MR 0.0 0.0 HR 7.6 MR
9 PY021-002-18-7-5 PYO13-034-12-65-2-2-1B x RD22 b a b b 14.7 29 MS 14.3 4.3 MS 73 52 MR 12.1 MS
10 PY021-002-18-7-6 PYO13-034-12-65-2-2-1B x RD22 b a b b 28.4 7.2 S 33.0 14.8 S 32.1 9.2 S 31.2 S
11 PY021-005-6-5-2 PYO16-012-140-4-78 x RD22 b a b b 21.0 54 S 26.7 29 S 28.5 29 S 254 S
12 PY021-005-6-5-5 PYO16-012-140-4-78 x RD22 b a b b 3.6 1.9 R 22 22 R 0.0 0.0 HR 1.9 R
13 PY021-020-6-5-3 PYO16-012-140-4-7B x MN62M a a a a 14.3 1.8 MS 27.8 4.0 S 15.3 0.4 MS 19.1 MS
14 PY021-020-6-5-6 PYO16-012-140-4-7B x MN62M a a a a 4.2 2.8 R 0.0 0.0 HR 0.0 0.0 HR 1.4 R
15 PY021-020-6-5-7 PYO16-012-140-4-7B x MN62M a a a a 27.7 2.0 S 16.3 0.3 MS 21.7 4.3 S 219 S
16 PYO12-001-8-6-3-7-4B Parent b b b c 36.2 2.0 S 62.4 5.8 HS 48.6 9.5 S 49.1 S
17 PYO13-034-12-65-2-2-1B Parent b b b C 44.6 54 S 60.4 10.4 HS 46.4 3.6 S 50.5 HS
18 PYO16-012-140-4-78 Parent b b b C 32.1 4.4 S 423 77 S 37.3 3.2 S 37.2 S
19 MN62M Donor for RGM resistance a a a a 5.6 2.8 MR 10.7 27 MS 1.6 1.6 R 59 MR
20 RD22 Donor for RGM resistance a a b b 6.8 0.5 MR 16.0 8.0 MS 10.6 8.1 MS 11.2 MS

Note: HR (Highly resistant), R (Resistant), MR (Moderately resistant), MS (Moderately susceptible), S (Susceptible), HS (Highly susceptible).
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