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BRI M > 200 H MER Y S REDORE & RSO - AR
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The weedy red rice had become an emerging constraint to Taiwan rice
production within past years. The wide range in phenological maturation of weedy
red rice including the early onset of shattering, deep dormancy, high diversity in
dormancy expression, and longevity of buried seed makes weedy rice very difficult
to manage, or eliminate, following its introduction on Taiwan paddy. Through the

proposed international collaboration - it aim at facilitating scientific and personnel

exchanges between Taiwan and USDA-ARS (Agricultural Research Service, ARS)
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on rice research relevant to the prevention of weedy red rice. This collaborative
project focuses on the identification of ecological distribution, morphological
characters, genetic diversity, spread pattern and ancestral origin of Taiwan weedy
rice. Those results will be helpful to establish the effective controlling strategies for
mass propagation practice in field. In addition, the other goal will be to study about
the introgression of herbicide resistant genes into commercial rice varieties based on
marker-assisted selection program including germplasm evaluation, high throughout
genotyping approach and development strategy. The breeding and genetic studies
will improve selection efficiency and economic value for us on rice production. The
project will expand the exchange of genetic information on weedy red rice between
Taiwan and USDA-ARS to sustain future breeding efforts. Young local rice
researchers will obtain multiple trainings of breeding, genetics, modern marker
technologies from USA. These activities sum up will lead to the closely
collaboration between Taiwan and USDA-ARS.
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PR AR SRR e -t 3T 60 {3 5 Ay Fl A A RAAE & et e DR A o {16 ot [ 2
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ERISORAVE AN EAEE AR T GB R AIATOR G £ 0738 EAH P B i R s AH B
2N RIECER EAIRG - o] DLSEEREL S M ALK L Rl - FEREITRA RS > B1E K3
I B G ER EHILDOR G R B S — 8 —ZUREE - B RIsEARA A S B 1K
TERERETT S - (HRTRIZOGRE A E H AR - FEfEEHEAA (Fig. 3) -

LI EERE 3T (Principal coordinate analysis) 5325 i S E RV ERE (7 5% 041574
TAERIE EEERE AR - SBUFERAY O TAE TR GBS R H B &V
RILT R b 2 155 B S R AR S 2 RO A RS S AR BRI 3t 7 A 2 o > ] DA IR B oy
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ot 2 U e B Wu-Ko 18 LR A (X - BEAE T2 82.8% » ELA R MU RA LL IR
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Tablel. the performance of weedy rice and cultivated rice were evaluated at three locations for 9 traits.

Phenotyping Materials Number PN HD PH AP PS BC GW GL GLW
Inga%l:g: indica Landrace 60 190 B 1270 a 1458 a 010 a 007 b 37 b 291 ¢ 728 b 252 b
indica Variety 2 120 C 1205 ab 1160 bc 000 a 0.03 b 15 ¢ 272 ¢ 817 a 301 a
japonica Variety 15 141 C 118.8 ab 1185 b 0.00 a 0.03 b 15 ¢ 33 a 679 ¢ 203 d
Weedy rice (#1-217) 191 214 A 1055 b 109.0 ¢ 018 a 014 a 50 a 321 b 770 a 241 ¢
-Il—iic(::iuonng indica Landrace 58 69 B 1184 a 147.4 a 033 a 010 b 33 b 309 c 805 b 262 b
indica Variety 2 55 Bc 1085 ab 1135 b 000 b 003 ¢ 10 c 272 d 904 a 333 a
japonica Variety 15 40 C 108.9 ab 100.3 b 0.00 b 0.05 c 10 c¢c 353 a 732 d 208 d
Weedy rice (#218-430) 194 82 A 1024 b 102.7 b 0.15 b 0.14 a 46 a 314 b 7795 c 247 ¢
Igg;':%“n indica Landrace 52 - 938 b 133.6 a 013 a - 30 b 28 c 7.8 b 272 b
indica Variety 2 - 1100 a 106.0 bc 0.00 a - 10 ¢ 257 d 878 a 342 a
japonica Variety 15 - 109.1 a 96.1 c 0.07 a - 10 ¢ 333 a 734 d 221 d
Weedy rice (#431-643) 167 - 101.0 a 1065 b 011 a - 39 a 298 b 763 c 257 ¢

PN, panicle number; HD, heading day; PH, plant height; AP, Awn presence; PS, Panicle shattering; BC, bran color; GW, grain width; GL, grain length; GLW,

grain length-width ratio.
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Table2. the 30 SSR primer pairs used in this study with background information and detected
allele number within different materials.

Primer ID Ch  Position Molecular weight Allele number

(Mb) (bp) Overall TWR UWR Ind Lan Jap
RM495 1 0.2 140-159 4 2 3 2 3 1
RM5 1 24.0 100-115 8 2 4 3 6 2
RM237 1 26.8 116-132 6 3 3 2 4 2
RM431 1 38.9 243-257 7 4 2 2 6 3
RM154 2 1.1 164-198 12 6 3 4 9 3
RM208 2 35.2 163-179 8 6 2 4 8 2
RM22 3 1.5 184-206 10 6 2 3 9 2
RM282 3 12.4 123-135 4 4 3 3 4 1
RM338 3 13.2 178-181 3 1 2 1 2 2
RM307 4 13.0 120-182 12 7 2 3 10 2
RM124 4 34.5 265-271 3 3 3 3 3 1
RM507 5 0.1 255-262 3 2 2 1 3 2
RM161 5 20.7 161-184 6 3 3 2 4 2
RM178 5 24.9 114-120 3 2 2 2 3 1
RM133 6 0.2 226-228 2 2 2 2 2 1
RM454 6 23.3 268-273 3 3 1 1 3 2
RM125 7 55 115-134 5 2 2 1 4 2
RM11 7 19.3 120-146 10 4 3 4 9 2
RM118 7 26.6 156-160 3 2 1 1 3 2
RM408 8 0.1 112-129 7 3 2 2 7 1
RM152 8 0.7 131-154 8 6 3 3 5 3
RM284 8 21.0 142-148 4 4 3 1 3 2
RM433 8 25.7 221-229 4 3 3 2 4 1
RM316 9 1.0 164-214 9 5 4 2 5 3
RM215 9 20.8 141-152 6 4 2 3 5 3
RM171 10 18.6 324-348 5 3 1 3 5 1
RM484 10 20.6 292-297 3 2 2 1 3 1
RM202 11 8.9 158-187 12 7 3 2 9 5
RM536 11 9.0 221-245 5 4 3 1 4 4
RM277 12 18.3 113-117 2 2 1 1 2 1
Mean 5. 3. 2. 2. 4. 2.
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Table 3. Parameters of genetic diversity in weedy rice and cultivated rice groups based on 30
SSR loci.

Population code Size Na Ne Ho He F
TWR 521 3.6(0.3) 1.3 (0.1) 0.013(0.001) 0.185(0.033) 0.867 (0.019)

TWR -Clusterl (93) 1.7(0.2) 1.1 (01) 0 0.068 (0.024) 1

TWR -Cluster2 (221) 3.0(0.2) 1.1(<0.1)  0.008 (0.001) 0.084 (0.017) 0.808 (0.031)

TWR -Cluster3 (17) 21(0.2) 14 (0.1) 0.063(0.018) 0.217(0.043) 0.689 (0.065)

TWR -Cluster4 (50) 2.1(0.2) 1.2 (0.1) 0.003(0.001) 0.150(0.031) 0.937 (0.040)

TWR -Cluster5 (125) 1.8(0.2) 1.1(<0.1) 0 0.074 (0.021) 1

TWR -Cluster6 (15) 2.3(0.1) 1.7 (0.1) 0.254(0.027) 0.387(0.033) 0.300 (0.055)
UWR 12 24(0.1) 18 (0.1) 0.046(0.012) 0.407(0.039) 0.891 (0.026)
Lan 59 4.9(04) 22 (0.2) 0.038(0.004) 0.463(0.041) 0.907 (0.010)
Ind 10 2.2(0.2) 16 (0.1) 0.017(0.007) 0.303(0.043) 0.946 (0.018)
Jap 36 20(0.2) 12 (0.1) 0.021(0.018) 0.145(0.033) 0.923(0.054)
Overall 638 5.9(0.6) 1.6 (0.1) 0.016(0.002) 0.309 (0.031) 0.941 (0.007)

Na: number of observed allels; Ne: number of effective alleles; Ho: observed heterozygosity: He:
Nei’s unbiased expected heterozygosity; F: fixation index (inbreeding coefficient).
Numbers in parentheses indicate standard error.

17



Table 4. The inference origin genotypes of Taiwan weedy rice clusters based on the lowest
genetic distance between the weedy rice individual and other cultivated rice controls (cultivars or

landrace).
Clus Similar genotype  Gro Genetic distance Total Freq.
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-52 (%)
1 Wu-Ko Lan 0 0 0 29 38 6 3 0 1 1 77 82.8
D.S.Wied Lan 0 0 0 0 9 0 0 0 0 0 9 9.7
Taichung sen 10 Ind 0 0 0 2 0 2 0 0 0 0 4 4.3
Taichung sen waxy 2 Ind 0 0 0 0 1 0 0 0 0 0 1 11
Teqing Ind 0 0 0 0 0 1 0 0 0 0 1 11
Yang-Tao (B) Lan 0 0 0 0 0 0 0 1 0 0 1 1.1
Subtotal 0 0 0 31 48 9 3 1 1 1 93 100.0
2 D.S.Wied Lan 0 0 0 109 17 10 2 1 0 0 139 62.9
Taichung sen 10 Ind 0 1 0 18 24 7 0 0 1 1 51 23.1
Ling-Ho Lan 0 0 0 0 12 2 0 0 0 0 14 6.3
Wu-Ko Lan 0 0 0 1 1 1 1 0 0 0 4 1.8
Hsin-Chung Lan 0 0 0 0 0 0 0 0 1 2 2 0.9
Huang-Se-Ku Lan 0 0 0 0 0 1 1 0 0 0 2 0.9
Pai-K'o-Hung-Mi-Ku  Lan 0 0 0 0 2 0 0 0 0 0 2 0.9
Huang-K'ai-Shien Lan 0 0 0 0 0 0 0 1 0 0 1 0.5
Nan-Tzu-Shien Lan 0 0 0 0 0 0 1 0 0 0 1 0.5
Taichung sen waxy 2 Ind 0 0 0 0 0 0 0 1 0 0 1 0.5
Tainung 71 Jap 0 0 0 0 0 0 0 1 0 0 1 0.5
Taitung 30 Jap 0 0 0 0 0 0 0 1 0 0 1 0.5
Tong-Yang-Tsao Lan 0 0 0 0 0 0 0 0 0 1 1 0.5
Tsa0-9-57 Lan 0 0 0 1 0 0 0 0 0 0 1 0.5
Subtotal 0 1 0 129 56 21 5 5 2 4 221 100.0
3 Taichung sen waxy 2 Ind 0 2 4 3 0 1 1 0 0 0 1 64.7
Huang-Se-Ku Lan 0 0 0 0 0 0 1 2 0 0 3 17.6
Che-Chang 9 Lan 0 0 0 0 0 0 0 1 0 0 1 5.9
Pai-K'0-P'u-Chan Lan 0 0 0 0 0 1 0 0 0 0 1 5.9
Tsao-Pai Lan 0 0 0 0 0 0 0 0 1 1 1 5.9
Subtotal 0 2 4 3 0 2 2 3 1 1 17 100.0
4 Taichung sen 10 Ind 0 20 6 12 1 0 0 1 0 0 40 80.0
D.S.Wied Lan 0 0 0 3 1 0 0 0 0 0 4 8.0
Ling-Ho Lan 0 0 0 0 1 1 0 0 0 0 2 4.0
Taichung sen waxy 2 Ind 0 0 0 1 0 0 1 0 0 0 2 4.0
Pai-K'0-P'u-Chan Lan 0 0 0 0 0 1 0 0 0 0 1 2.0
Wu-Ko Lan 0 0 0 0 0 0 1 0 0 0 1 2.0
Subtotal 0 20 6 16 3 2 2 1 0 0 50 100.0
5 Ling-Ho Lan 0 0 0 0 59 35 5 0 0 0 99 79.2
Taichung sen 10 Ind 0 0 0 6 1 3 0 0 0 0 10 8.0
Wu-Ko Lan 0 0 0 1 3 0 1 0 0 0 5 4.0
D.S.Wied Lan 0 0 0 2 1 0 0 0 0 0 3 24
Teqing Ind 0 0 0 0 0 2 0 0 0 0 2 1.6
TNGSW 26 Ind 0 0 0 0 0 0 2 0 0 0 2 1.6
Tsao0-9-57 Lan 0 0 0 2 0 0 0 0 0 0 2 1.6
Pai-K'o-Hung-Mi-Ku Lan 0 0 0 0 1 0 0 0 0 0 1 0.8
TCSW2 Ind 0 0 0 0 0 0 1 0 0 0 1 0.8
Subtotal 0 0 0 11 65 40 9 0 0 0 125 100.0
6 Tainan 11 Jap 3 0 0 0 1 2 0 2 0 0 8 53.0
Hualien 21 Jap 0 0 0 0 0 0 0 2 0 0 2 13.0
Taitung 30 Jap 1 1 0 0 0 0 0 0 0 0 2 13.0
Kaohsiung 139 Jap 0 0 0 0 0 0 1 0 0 0 1 7.0
Taikeng 14 Jap 0 0 0 0 0 0 1 0 0 0 1 7.0
Yang-Tao (B) Lan 0 0 0 0 0 0 0 1 0 0 1 7.0
Subtotal 4 1 0 0 1 2 2 5 0 0 15 100.0

Clu, Cluster; Gro, Group;
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Taoyuan

Fig. 1. The collection sits of 643 weedy rice samples were plotted on the geographic map of
Taiwan. Red dots indicated collection location of weedy rice individuals. The three station
locations of trait evaluation were noted at Taoyuan district agricultural research and extension
station (DARES), Taoyuan county, at Taichung DARES, Chunghua county and Tainan DARES,

Chiayi county.
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Fig. 2a. The two-dimensional plot of the Principal Component Analysis (PCA) of ten traits
collected from Taoyuan location showed the morphological clusters of cultivated rice and weedy
rice. The first and second principal coordinates account for 29.9% and 21.6% of total variation,
respectively. Lan, indica landrace; Ind, Taiwan indica cultivars; Jap, Taiwan japonica cultivars;
TWR-subgroupl, Taiwan weedy rice accessions from #1 to #217.
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Flg 2b. The two-dimensional plOt of uic ri nivipa \./unlpOnent AnalySiS (PCA) of ten traits
collected from Taichung location showed the morphological clusters of cultivated rice and weedy
rice. The first and second principal coordinates account for 21.1% and 18.3% of total variation,
respectively. Lan, indica landrace; Ind, Taiwan indica cultivars; Jap, Taiwan japonica cultivars;
TWR-subgroup2, Taiwan weedy rice accessions from #218 to #430.

21



Lan
Ind
Jap
TWR-subgroup3

0.1-

0.0-

PC2 (24.6%)

-0.1-

-0.2- Sample label
1. japonica ‘TK8’
2. japonica ‘TC192’
3. japonica ‘TNG71’
4. indica ‘TCS10’
5. indica ‘TCSW2’
6. landrace “Wu-Ko’
7. landrace ‘D.S. Wied’
8. landrace ‘Ling-Ho’

-0.3- 1 1 1 1
-0.2 -0.1 0.0 0.1

_ o PC1 (32.1%) _ _
Flg. 2c¢. The two-dimensional p|0t of thie ri nivipar vutnipuiic it AnaIyS|s (PCA) of ten traits
collected from Tainan location showed the morphological clusters of cultivated rice and weedy
rice. The first and second principal coordinates account for 32.1% and 24.6% of total variation,
respectively. Lan, indica landrace; Ind, Taiwan indica cultivars; Jap, Taiwan japonica cultivars;
TWR-subgroup2, Taiwan weedy rice accessions from #431 to #643.
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Fig. 4. The two-dimensional plot of the Principal Coordinate Analysis (PCoA) of SSR data
showed the clustering of populations of cultivated rice and weedy rice. The first and second
principal coordinates account for 30.7% and 11.7% of total variation, respectively. TWR, Taiwan
weedy rice from #1 to #643; UWR, US. weedy rice; Lan, indica landrace; Ind, indica cultivar;
Jap, japonica cultivar.
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Fig. 5. Dispersal patterns of six Taiwan weedy rice clusters were displayed by the interpolated
values of ancestry coefficients on the geographical map. The 6th cluster was few samples and their
origin diverse resulting in disappearing the representative color.
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