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Fig. 1. The backcross breeding scheme for transfering
the salt-tolerant trait to ‘HY 15’ by marker-assisted se-
lection (MAS), with details of the treatment of 200 mM
NaCl solution and markers used for background selec-

tion. The numbers of plants selected in each generation
are indicated in parentheses.
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Fig. 2. The frequence distribution of salt-tolerance in 259 F, individuals derived from CWY981126/TNGS82’ after
200 mM NacCl treatment and one day water recovery. Arrows indicate the mean of salt-tolerance score for two par-

ents.
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Fig. 3. The frequence distribution of salt-tolerance in 257 F, individuals derived from CWY981126/TCS17” after
200 mM NacCl treatment and one day water recovery. Arrows indicate the mean of salt-tolerance score for two par-

ents.
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Table 1. The number of polymorphic markers between CWY981126 and ‘HY 15’ lines.

Genetic marker

Backcross generation Chromosome SSR STS Indel Subtotal
BC/F, 1 5 0 2 7
2 6 0 1 7
3 3 1 1 5
4 1 1 3 5
5 5 0 0 5
6 2 0 3 5
7 3 0 0 3
8 3 0 1 4
9 1 1 1 3
10 3 0 1 4
11 2 0 1 3
12 5 0 0 5
Total 39 3 14 56
BC,F, 1 6 0 1 7
2 2 0 4 6
3 5 0 1 6
4 1 0 4 5
5 1 2 1 4
6 3 1 0 4
7 3 1 1 5
8 0 1 3 4
9 0 2 2 4
10 2 0 1 3
11 3 1 1 5
12 4 0 1 5
Total 30 8 20 58
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Fig. 4. The polymorphic markers used for background selection of indica-type gene pyramiding population. 56
markers among all markers were applied to BC,F, background selection (pentacle), and 58 markers among all mark-
ers were applied to BC,F, background selection (round). The prefixes RM indicates SSR markers, C, R, S or E indi-
cates STS markers, and CH, STS, SLS or RI indicates indel markers.
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Table 2. The genome composition of BC,F, by 56 polymorphic markers used for marker-assisted selection (MAS).
Individual® A (%) B (%) H(%)" -(%)" RPG recovered (%) Total (cM)  Recombinant' H-segment'
HY15 0 100.0 0.0 0 100.00 638.9 0 0
32 0 96.4 3.6 0 98.20 638.9 1 1
27 0 76.8 23.2 0 88.40 638.9 14 7
8 0 74.9 25.1 0 87.45 638.9 15 8
17 0 74.9 25.1 0 87.45 638.9 16 8
25 0 71.7 28.3 0 85.85 638.9 16 8
9 0 69.4 30.6 0 84.70 638.9 13 7
10 0 68.6 31.4 0 84.30 638.9 15 8
24 0 64.8 35.2 0 82.40 638.9 16 8
7 0 59.3 40.7 0 79.65 638.9 13 7
29 0 57.3 42.7 0 78.65 638.9 14 7
12 0 56.3 43.7 0 78.15 638.9 20 10
4 0 52.6 47.4 0 76.30 638.9 11 6
22 0 50.7 49.3 0 75.35 638.9 11 6
15 0 48.9 51.1 0 74.45 638.9 12 6
5 0 48.6 51.4 0 74.30 638.9 14 7
21 0 48.5 459 5.7 71.45 638.9 15 7
0 48.1 51.9 0 74.05 638.9 11 6
2 0 47.2 52.8 0 73.60 638.9 19 10
16 0 46.4 53.6 0 73.20 638.9 14 7
28 0 45.5 54.5 0 72.75 638.9 17 9
13 0 43.6 56.4 0 71.80 638.9 17 9
26 0 429 57.1 0 71.45 638.9 17 9
31 0 423 57.7 0 71.15 638.9 11 6
1 0 30.2 69.8 0 65.10 638.9 13 7
CWY981126 100 0 0 0 0 638.9 0 0

“ Arrangement by the percent of RPG (recurrent parent genome) recovered.

¥ The percent of CWY981126 genome.

* The percent of HY 15 genome.

“The percent of heterozygote.

" The percent of missing data.

“ The frequency of cross-over happened in chromosome segment.
 Amount of heterozygote in all markers.
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Fig. 5. Graph of GGT 2.0 analysis of RPG recovery
of indica-type gene pyramiding population using mark-
er-assisted backcrossing.
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Fig. 6. The grain yield of 183 rice stress-tolerant lines
under upland cultivation at 2nd crop season in 2015.
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Table 3. The genome composition of BC;F, by 58 polymorphic markers used for marker-assisted selection (MAS).

Individual® A (%) B (%) H(%)" -(%)" RPG recovered (%) Total (cM)  Recombinant' H-segment'
HY15 0 100.0 0.0 0 100.0 1,439 0 0
27 0 98.0 2.0 0 99.0 1,439 2 1
13 0 96.3 3.7 0 98.2 1,439 2 1
40 0 96.1 3.9 0 98.1 1,439 2 1
31 0 95.8 4.2 0 97.9 1,439 4 2
12 0 95.2 4.8 0 97.6 1,439 3 2
45 0 95.2 4.8 0 97.6 1,439 5 3
11 0 92.8 7.2 0 96.4 1,439 8 4
35 0 92.8 7.2 0 96.4 1,439 5 3
43 0 91.7 8.3 0 95.9 1,439 4 2
32 0 91.3 8.7 0 95.7 1,439 5 3
21 0 91.2 7.9 0.9 95.2 1,439 6 3
22 0 91.0 9.0 0 95.5 1,439 3 2
24 0 90.1 9.9 0 95.1 1,439 7 4
4 0 89.4 10.6 0 94.7 1,439 5 3
28 0 88.1 11.9 0 94.1 1,439 7 4
25 0 88.0 10.0 2 93.0 1,439 11 5
29 0 88.0 12.0 0 94.0 1,439 4 2
16 0 87.8 12.2 0 93.9 1,439 10 5
44 0 87.5 12.5 0 93.8 1,439 7 4
5 0 87.2 12.8 0 93.6 1,439 6 3
20 0 86.9 13.1 0 93.5 1,439 5 3
3 0 86.7 133 0 93.4 1,439 7 4
17 0 84.6 15.4 0 92.3 1,439 9 5
6 0 84.4 15.6 0 92.2 1,439 7 4
7 0 84.3 15.7 0 92.2 1,439 6 3
15 0 83.6 16.4 0 91.8 1,439 10 5
26 0 83.0 17.0 0 91.5 1,439 8 4
23 0 82.2 17.8 0 91.1 1,439 6 3
9 0 80.2 19.8 0 90.1 1,439 13 7
41 0 75.5 24.5 0 87.8 1,439 13 7
CWY9811266 100 0 0 0 0 1,439 0 0

“ Arrangement by the percent of RPG (recurrent parent genome) recovered.
¥ The percent of CWY981126 genome.

* The percent of HY 15 genome.

“The percent of heterozygote.

" The percent of missing data.

" The frequency of cross-over happened in chromosome segment.
 Amount of heterozygote in all markers.

Mt B8R RIS R T & Re o Am (18 2 ~ [8 3) > B 4R[ifE8, 5 f# ‘Pokkali’ ~ ‘Nona Bokra® J ‘Kararata’
CWY981126 Z B it Z AR T &S RERNEE  AIMEHEEEESXCEFRARE - —#&ins > |
B M E 2 HEmAER BEEER > BE  PMELEE SRS &S T R I S i R i s



53T AR B KR R DR 39

4. 2015 2 BfF HY1S J 27 (Eiit F i A HEZ e F 2R ER -
Table 4. The grain yield of ‘HY'15 and 27 drought-tolerant rice lines in yield trial under water deficient condition at

the second cropping season of 2015.

Line/variety Grain yield (kg ha')  Grain yield index (%)  Line/variety Grain yield (kg ha')  Grain yield index (%)
LS1 4,280 76.2 LS17 5,496 97.9
LS2 4,747 84.6 LS18 4,521 80.5
LS3 5,474 97.5 LS20 7,516 133.9
Ls4 4,415 78.7 LS22 4,674 83.3
LS5 5,261 93.7 LS23 4,791 85.4
LS7 5,475 97.5 LS24 4,319 76.9
LS8 5,802 103.4 LS25 4,662 83.0
LS9 5,029 89.6 LS30 7,780 138.6
LS10 5,034 89.7 LS32 4,175 74.4
LSI1 5,464 97.3 LS33 4,806 85.6
LS12 6,420 114.4 LS35 4,857 86.5
LS13 5,821 103.7 LS37 4,769 85.0
LS15 5,489 97.8 LS38 5,391 96.0
LS16 5,770 102.8 HY15 5,613 100.0
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The Pyramiding of Drought and Salt Tolerance of
New Rice Lines Using Marker-Assisted Selection

Dah-Jing Liao', Chieh-Wei Kuo’, Su-Chen Kuo’, I-Chun Lien®, Yann-Rong Lin’, and Yong-Pei Wu®"

Abstract

Liao, D. J., C. W. Kuo, S. C. Kuo, I. C. Lien, Y. R. Lin, and Y. P. Wu. 2018. The pyramiding
of drought and salt tolerance of new rice lines using marker-assisted selection. J. Taiwan
Agric. Res. 67(1):28-43.

The salt tolerence of rice accession, CWY981126, was inherited from two complementary
genes, revealed by the two F, segregation populations of CWY981126 x “TNG82’ and CWY981126 x
‘TCS17°, for which the segregation ratio of 9 (salt sensitive) : 7 (salt tolerance) was detected in the F,
progenies treated with 200 mM NaCl at 5-6th leaf seedling stage. In the following, salt tolerant char-
acteristic was transfered from CWY981126 to the drought tolerant variety, ‘HY 15°, by marker-assisted
backcrossing selection (MAB) for three generations. In the MAB breeding, CWY981126 and ‘HY'15’
were used as the donor parent and recurrent parent, respectively. In each backcross genernation, prog-
enies exhibiting salt tolerence with scale 3—5 were selected first after 200 mM NaCl treatment, and
then were selected by marker-assisted selection for background selection. The genome recovery rates
of BC,F, and BC,F, were 78.34% and 93.37%, respctivley, which were higher than theoretical recov-
ery rates of traditional backcrosses. The BC,F; generation was evaluated for drought tolerenace, indi-
cating that 183 lines exhibited drought-tolerant characteristics. Consequently, these 183 linese were
evaluated for yield potential in the field under water deficient condition. The yields were ranged from
2,280 kg ha' to 7,294 kg ha™'. A total of 6 out of 27 BC,F; lines exhibited higher yields than the recur-
rent parent ‘HY 15 after yield test. As a result, these new indica accessions possessing both drought
and salt tolerance bred by MAB may be applied to cultivate in water-deficient and saline fields in the
future in Taiwan and other countries.
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