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Fig. 2. Standards used for evaluating salt-tolerance in rice seedlings. (A) When plant growth is normal, the scale of

salt-tolerance is denoted 0; (B) some leaves are rolled or discolored, the scale of salt-tolerance is denoted 1; (C) some
leaf tips are drying, the scale of salt-tolerance is denoted 3; (D) about 1/2 leaves are drying, the scale of salt-tolerance
is denoted 5; (E) about 2/3 leaves are drying, the scale of salt-tolerance is denoted 7; (F) and whole plant nearly dead

and wilted, the scale of salt-tolerance is denoted 9.
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F1. T SM61” = (IR64” U] S! LE([Ef0T 5 AR > K T;F%E'JE?;FTFFJ R VR -
Table 1. The number of polymorphic markers between ‘SM61° and ‘IR64” used for background selection.

Genetic marker

Backcross

generation Chromosome SSR STS Indel Subtotal

BC, 1 1 1 1 3

2 3 0 0 3

3 1 1 1 3

4 1 1 1 3

5 2 0 0 2

6 2 0 1 3

7 3 0 0 3

8 3 0 2 5

9 3 1 0 4

10 2 0 0 2

11 2 0 1 3

12 2 0 0 2

Total 25 4 7 36

BC, 1 3 0 0 3

2 2 0 1 3

3 2 0 1 3

4 2 0 1 3

5 2 0 1 3

6 3 0 0 3

7 2 0 1 3

8 1 0 2 3

9 1 0 2 3

10 2 0 1 3

11 2 0 1 3

12 2 0 1 3

Total 24 0 12 36

BC; 1 12 2 4 18

2 7 0 4 11

3 6 2 3 11

4 6 1 1 8

5 5 1 2 8

6 4 2 1 7

7 5 0 2 7

8 1 0 7 8

9 3 0 1 4

10 5 0 2 7

11 4 0 1 5

12 4 1 1 6

Total 62 9 29 100
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Fig. 3. The polymorphic markers used for background selection. There are thirty-six markers indicated by red stars,
36 markers indicated by blue stars, and 100 markers indicated by purple stars and were applied to BC,F,, BC,F,, and
BC;F,, respectively, for background selection. The prefixes RM indicates SSR markers; C, R and S indicate STS
markers; CH, STS, SLS and RI indicate indel markers.
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Fig. 4. The frequency distribution of recurrent parent genome (RPG) recovered rate using marker-assisted back-
crossing in BC,F,, BC,F, and BC;F, populations and conventional backcrossing in TBC;F, population derived from
the backcross of ‘SM61°/‘IR64°. The numbers inside the right side of frame indicate the mean values of RPG recov-

ered (+ SD) in each generation.
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Table 2. The genome composition of BC,F, by 100 polymorphic markers used for marker-assisted selection (MAS).
Individual” A(%)  B(%)" H(%)" - (%)" RPG recovered (%)  Total (¢cM)  Recombinant®  H-segment'
IR64 0 100 0 0 100 1,359.7 0 0
1 0 98.3 1.7 0 99.2 1,359.7 3 2
2 0 97.7 23 0 98.9 1,359.7 3 2
3 0 96.3 3.7 0 98.2 1,359.7 3 2
4 0 96.0 4.0 0 98.0 1,359.7 4 2
5 0 96.0 4.0 0 98.0 1,359.7 3 2
6 0 95.6 4.4 0 97.8 1,359.7 4 2
7 0 96.2 2.7 1.1 97.6 1,359.7 7 3
8 0 94.6 5.4 0 97.3 1,359.7 4 2
9 0 94.4 5.6 0 97.2 1,359.7 3 2
10 0 93.2 6.8 0 96.6 1,359.7 5 3
11 0 93.2 6.8 0 96.6 1,359.7 5 3
12 0 95.2 2.6 23 96.5 1,359.7 8 3
13 0 94.5 4.0 1.6 96.5 1,359.7 4 1
14 0 93.0 7.0 0 96.5 1,359.7 9 5
15 0 93.0 7.0 0 96.5 1,359.7 4 2
16 0 92.5 7.5 0 96.3 1,359.7 4 2
17 0 922 7.8 0 96.1 1,359.7 5 3
18 0 90.9 9.1 0 95.5 1,359.7 10 5
19 0 91.6 7.6 0.8 95.4 1,359.7 10 4
20 0 91.8 6.8 1.4 95.2 1,359.7 16 4
21 0 89.7 10.3 0 94.9 1,359.7 12 6
22 0 89.5 10.5 0 94.8 1,359.7 5
23 0 88.9 11.1 0 94.5 1,359.7 4 2
24 0 89.0 9.4 1.6 93.7 1,359.7 7 3
25 0 87.9 11.1 0.9 93.5 1,359.7 11 5
SM61 100 0 0 0 0 1,359.7 0 0
“ Arranged by the percent of RPG (recurrent parent genome) recovered.
¥ The percent of ‘SM61° genome.
* The percent of ‘IR64’ 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.
Y &8 R R IR AN SR E S AR el 7 A & 0,000 Ff el i - E!J
VIR AR ¢ 7 BC.F, ] (R Jﬁ43 ?F §°ﬁ% ﬁ* "
3,090-6,670 kg ha™' » E flrl) «STL> ~ “ST2” »

T AP ORI » PR TS 1R s
FIRISFE > (11 BCSF, i A PUEL ST
= ST20° filfif 7 2 = ¥Rk % BI RER > SN
Fo 5 - o 11220 (R E o H AR
AT B PRFRRISTEL B > B[~ 4

‘ST3> ~ “ST7’ ~ ‘STY9* ~ “ST10* ~ ‘STI1> -
‘ST14’ ~ “ST17” =79 fj il = FHAEE B
75,000 kg ha » # Bl 55 [ £% 6,670 ~ 6,109

5,990 ~ 5,110 ~ 5,080 ~ 5,790 ~ 5,300 ~ 5,240
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Table 3. The genome composition of TBC,F; by 100 polymorphic markers.
Individual” A(%)  B(%)" H(%)" - (%)" RPG recovered (%)  Total (¢cM)  Recombinant®  H-segment'

1IR64 0 100 0 0 100 1,359.7 0 0
1 0 96.7 33 0 98.4 1,359.7 3 2
2 0 96.3 3.7 0 98.2 1,359.7 3 2
3 0 96.0 4.0 0 98.0 1,359.7 2 1
4 0 95.6 44 0 97.8 1,359.7 5 3
5 0 95.4 4.6 0 97.7 1,359.7 1 1
6 0 97.2 0.8 2.0 97.6 1,359.7 5 1
7 0 95.0 5.0 0 97.5 1,359.7 5 3
8 0 94.4 5.6 0 97.2 1,359.7 2 1
9 0 94.3 5.7 0 97.2 1,359.7 8 4

10 0 94.1 59 0 97.1 1,359.7 6 3

11 0 93.5 6.5 0 96.8 1,359.7 7 4

12 0 932 6.8 0 96.6 1,359.7 4 2

13 0 93.0 7.0 0 96.5 1,359.7 9 5

14 0 92.3 7.7 0 96.2 1,359.7 8 4

15 0 922 7.8 0 96.1 1,359.7 9 5

16 0 91.9 8.1 0 96.0 1,359.7 8 4

17 0 92.5 6.5 1.0 95.8 1,359.7 8 3

18 0 91.1 7.1 1.7 94.7 1,359.7 12 5

19 0 89.0 11.0 0 94.5 1,359.7 6 3

20 0 88.9 11.1 0 94.5 1,359.7 9 5

21 0 88.3 11.7 0 94.2 1,359.7 11 6

22 0 87.8 12.2 0 93.9 1,359.7 7 4

23 0 88.6 10.0 1.4 93.6 1,359.7 9 4

24 0 86.6 134 0 93.3 1,359.7 8 4

25 0 86.4 13.6 0 93.2 1,359.7 8 4

26 0 88.8 8.7 2.6 93.2 1,359.7 8 3

27 0 86.2 13.8 0 93.1 1,359.7 8 4

28 0 86.1 13.9 0 93.1 1,359.7 13 7

29 0 85.7 14.3 0 92.9 1,359.7 10 5

30 0 85.6 14.4 0 92.8 1,359.7 6 3

31 0 85.8 13.3 0.9 92.5 1,359.7 11 5

32 0 84.6 15.4 0 923 1,359.7 7 4

33 0 84.5 15.5 0 923 1,359.7 13 7

34 0 84.1 15.9 0 92.1 1,359.7 9 5

35 0 85.7 12.2 2.1 91.8 1,359.7 11 4

36 0 89.3 4.9 5.8 91.8 1,359.7 20 5

37 0 83.0 17.0 0 91.5 1,359.7 8 4

38 0 82.9 17.1 0 91.5 1,359.7 10 5

39 0 81.1 18.9 0 90.6 1,359.7 10 5
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Table 3. The genome composition of TBC,F, by 100 polymorphic markers. (continued)
Individual” A (%) B (%) H(%)" - (%)" RPG recovered (%)  Total (¢cM)  Recombinant®  H-segment'

40 0 83.2 14.2 2.6 90.3 1,359.7 9 4
41 0 83.7 12.8 35 90.1 1,359.7 20 6
42 0 86.0 7.3 6.8 89.7 1,359.7 16 2
43 0 79.1 20.9 0 89.6 1,359.7 7 4
44 0 84.0 7.7 8.3 87.9 1,359.7 18 3
45 0 74.3 244 1.3 86.5 1,359.7 13 6
46 0 71.2 28.8 0 85.6 1,359.7 13 7
SMeé6l 100 0 0 0 0 1,359.7 0 0

“ Arranged by the percent of RPG (recurrent parent genome) recovered.
¥ The percent of ‘SM61° genome.

* The percent of ‘IR64” 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. The salt-tolerance scale evaluated by salt-tolerant line ‘SM61°, salt-susceptible variety ‘IR64 and six BC;F,

salt-tolerant lines derived from the backcross of ‘SM61°/‘IR64” at (A) three-leaf, (B) five-leaf, (C) seven-leaf, and (D)
after maximum tillering stages under the treatment of 200 mM NaCl.
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Table 5. The grain yield of twenty rice salt-tolerant

lines in preliminary yield trial in the second cropping
season of 2011.

Line Grain yield (kg ha')  Line

Grain yield (kg ha™)

ST1 6,670 STI11 5,300
ST2 6,100 ST12 4,750
ST3 5,990 ST13 4,460
ST4 3,090 ST14 5,240
ST5 4,700 ST15 4,790
STé 4,580 ST16 4,550
ST7 5,110 ST17 5,710
ST8 4,760 ST18 4,950
ST9 5,080 ST19 4,670
ST10 5,790 ST20 3,110

5,710 kg ha™ - B B il o
PPSTI? % “ST2” Sl iy o 1] “ST4 W
‘ST20° VA3 % £ » [££753,090 kg ha' 3,110
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Table 6. The grain yield of 20 salt-tolerant lines and ‘IR64” and 19 salt-tolerant lines in advanced yield trials in the

first and second cropping season of 2012.

Line Grain yield of Ist crop (kg ha)* Grain yield of 2nd crop (kg ha)’
ST1 6,950 abc 5,690 bede
ST2 7,530 a 7,370 a
ST3 6,590 abcdef 5,980 bed
ST4 6,010 cdefghi 4,660 f
ST5 7,400 ab 6,310b
ST6 5,840 defghi 5,870 bed
ST7 5,730 fghi 5,760 bede
ST8 5,530 ghi 5,300 def
ST9 6,260 cdefg 6,090 bed
ST10 6,760 abcde 5,760 bede
ST11 6,800 abed 5,640 bede
ST12 6,510 bedefg 5,300 def
ST13 5,760 efghi 5,010 ef
ST14 6,160 cdefghi 5,900 bed
ST15 5,990 cdefghi 6,240 be
ST16 6,770 abcd 5,860 bed
ST17 5,830 defghi 6,360 b
ST18 5,160 i 5,430 cde
ST19 5,230 hi 5,870 bed
ST20 6,180 cdefgh

1IR64 - 7,090 a

“Means with the same letter of a row are not significantly different at 5% level by least significant difference (LSD) test.
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Marker-Assisted Selection of Salt Tolerance in Rice
(Oryza sativa L.)

Su-Chen Kuo', Chieh-Wei Kuo’, Yann-Rong Lin®, and Yong-Pei Wu*"
g

Abstract

Kuo, S. C., C. W. Kuo, Y. R. Lin, and Y. P. Wu. 2013. Marker-assisted selection of salt
tolerance in rice (Oryza sativa L.). J. Taiwan Agric. Res. 62(2):137-156.

The salt-tolerant mutant line ‘SM61° was crossed to IR64, an elite indica variety which
is widely grown in the world, to introgress gene(s) conferring salt tolerance to ‘IR64’ as the
recurrent parent by backcrossing. The progenies of each backcross generation were screened
salt tolerance by the treatment of 200 mM NaCl and consequently selected by markers for
background selection to recover the recurrent parent’s genome. The means of recurrent par-
ent’s genome were 75.0, 89.0 and 96.4% in selected BC,F,, BC,F, and BC,F, individuals,
respectively. As compared to the mean recovery genome of BC,F, plants by conventional
backcrossing was 88.4%, background selection by marker-assisted selection (MAS) was more
efficient to breed salt-tolerant lines. ‘SM61°, ‘IR64’ and six BC,F, salt-tolerant lines derived
from the backcross of ‘SM61°/‘IR64” were evaluated for salt tolerance under the treatment of
200 mM NaCl at three-leaf, five-leaf, seven-leaf, and after maximum tillering stages. Three
salt-tolerant lines, ‘ST12°, ‘ST18’ and ‘ST59°, exhibited higher tolerance to salt stress than
both the donor parent and the recurrent parent did, implying that the salt-tolerant characteristic
of ‘SM61° was successfully transferred to ‘IR64° and generated new high salt-tolerant indica
lines by MAS. In addition, the grain yields of twenty salt-tolerant BC,F, lines were produced
more than 5,000 kg per hectare, indicating that these twenty salt-tolerant lines can be grown in
fields for cultivation. Hopefully these salt-tolerant lines will be registered as new rice varieties
and be available for rice production on saline fields locally and internationally.

Key words: Marker-assisted selection (MAS), Mutant lines, Salt-tolerant Rice.
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