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CWY981126 ~ CWY981127 f1 CWY981128 =
4 (E P I 2 IR M EE 2 5 & o I 4 (L A R
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PPk RN R IAEE - DIEHE 7 TR B S
T B AR A -

HEEA S R S EL © DLHY15 ~ IR29”
‘IR64* Jz SM1 2 4 {f Fill 75 (O. sativa ssp. indica)
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SM1 f% IR64” DL E (L8 B P s ML &
B R 2 fm % - 4 @il (R) ERKE 5
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HELTI B T AR R 4G - [FIRF DUBUEEY ‘TR64” {8y
SOt e o 1 B S B R R ] A B et
PR [R]85 R P T i 2 M 2 R AT - M T
FEHBN H 2 BC,F, [BI5X& A > HIIN B
B ETEKEE - BRI R AE TR647
i B8 5 4 P 3 2 7 ARRF > BT IR KR B (1E]
) - FFEERRAR EHEEE > LREER
fETHH -

ik 5% BB B S AR R A < ORHE T [E B R A
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Fig. 1.

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; and (F) whole plant nearly dead

and wilted, the scale of salt-tolerance is denoted 9.
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B2 KA SR AR ~(A)-(F) By SR S K o i R - R R RS e
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gtk SR O -

Fig. 2. The different scales of rice morphology in response to drought treatment. (A)—(F) Rice was treated with 28%
PEG 6000 at 3-leaf-old stage and scaled as (A) none treatment, the scale of drought-tolerance is denoted 0. (B) Some
leaves are rolled or discolored, the scale of drought-tolerance is denoted 1. (C) Some leaves tips are drying, the scale
of drought-tolerance is denoted 3. (D) About 1/2 leaves of the plant are drying, the scale of drought-tolerance is de-
noted 5. (E) About 2/3 leaves of the plant are drying, the scale of drought-tolerance is denoted 7. (F) The whole plants

are almost dead and drying, the scale of drought-tolerance is denoted 1, respectively.
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\L | 28% PEG treatment
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BC,F,
\L | 28% PEG treatment

Selected BC,F, (44)

\L | Background selection by 51 markers

Selected BC,F, (7) x CWY981126

BC,F,
\L | 28% PEG treatment
Selected BC,F, (34)

| Background selection by 57 markers
Selected BC,F, (9)

BC,F,

| 28% PEG treatment
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| Background selection by 76 markers

Selected BC,F, (9)

BC,F| 28% PEG or 200 mM NaCl |

3. TR BN RS 22 CWY981126 B H AL - B 28% PEG 6000 /Koy pa st K FHH
S T RMBER Y - SR BUE Rt 1 (BB 3 AP E AR, -

Fig. 3. The backcross breeding scheme for transfering the drought-tolerant trait to CWY981126 by MAS (marker-
assisted selection), with details of the treatment of 28% PEG 6000 and markers used for background selection. The
numbers of plants selected in each generation are indicated in parentheses.
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PSR LT 2 {1 i A R B R RO ] L % AL
iY77 T - (£ H] RAP-DB kg it IRGSO/
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H R EREE R - SE3HER SM61 Fh o Hifk 4 (85 %
& 100 mM BBy iR B 5 d BF 2 3 &% 0 1M
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DLHY 15 YR ERE > WL 8 d 2t &
FH = A B B S TR29° (3R 2) »

bt 4 {5 2 3 EEHR 28% PEG 6000 £5
BHOKPIREE 2 ERAHEE R Hrp
‘HY 15 48 HA 2 i 52 22 3R 30 oK B 2 15 T LR
G E IR64 K IR29 > HJFEATFE R ‘HY 15
i SR T R IR IR 4D B - AR
A FE A RS M 4 REFHAR A RIR it 247
ME o b Lin et al. (2014) S8 > ‘HY1S
B B L M R AAEAOE 4 K e
*%E ‘TKY’ ?ﬁ ’ \le:l:% ‘HY15 & BC4F4 l:IElI:l%’lZ
ERMREREZRVFHEEN  BRTEEEE
R HH B A AR R AR Y =5 FE i 5214 - 280
A T RE BT B A R T A B 2 B
RIEBRZZE > S{ENE L5 HERE > &
P 3 25 70 43 e B LR AR R AL G B 2 T S R
(%£2)-
IKFE MY SR EA MY EB S I T I R B 2 ST’

[mZZ AL (BC,F, & BC,F,) 5 T1E%E
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[ A > SR ETHE 3 BERS BRI /K 2 5 iR B
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%2 4 (ERIRGSTELE 3 SERANHILL 28% PEG 6000 3 i 554045 -
Table 2. The scale of drought-tolerance on 1-9 scales of four indica rice treated with 28% PEG 6000 at three-leaf-

old seedling stage.

Scale of drought-tolerance

Days after treatment

Line or variety 1 2 3 4 5 6 7 8

HY15 2.56 5.50 6.69 7.63 7.56 7.75 8.25 8.88
IR64 2.88 5.75 6.50 7.31 7.50 7.56 8.13 8.81
SM1 2.75 5.44 6.44 7.19 7.19 7.44 7.94 8.63
IR29 3.31 5.88 7.06 7.50 7.50 7.56 8.25 9.00
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(0] A8 T A5 A 2 53 F ARk 3 R A T 5 i 34 F&
BC,F, fE R 38 HE IR AL G LBk 5 Xk %
B4 JE1S 28 1% BC,F, THIRET A7 - HEEH
CWY981126 Hy EHAHLIE /12 75.3-95.3% »
34 85.5% (& 5) - BEFEEMAMUE &S
Z 9Bk > HEE M ULE 5 A R 95.3 ~ 90.1
89.5+89.3 - 88.888.6 88.6 " 88.4
87.8% > It 9 1k BC,F, fH KT B 1% J557 AU
J& BC,F, fd 1 -

BC,F, t {7 F R 58K © & BC,F,
HERRE BT s Rl 25 M fE T A
JRER BC,F, R o ARRBE BB K T 25t
EiEniets o DSl RacfE 46 HEIE - DL 76 E
Sy T REMRMETT R BB (R 3~ B 4) 0 HIE 41
{E SSR ~ 4 {lil STS % 31 {i indel 53 F-fZi - F&
indel 73 T 1Z % CHO0448 4p > LA {EH >~ 5
FAEE TR LT R [E] © S ATaS SREER > 46
6 BC2F2 ff 1 81 CWY981126 f 38 (& 48 (bl /&
A 78.2-96.5% (3= 4) » “F+5 88% (& 5) - i
{# KDL FE 95.4 ~ 90 ~ 90.4 ~ 89.9 ~ 92.9 ~ 95 ~
93.95+92.5~ 96.3 K 91.8% (1] 10 £ BC,F, f5

HREIZ » 7 HIUiE BC,F, 1 H1& &M 2 Kt
kg e i -

BC,F, Rk &taE « LUEEE ~ BC,F,
B A fE B 1L BC,F, i & 0 AGF A BE 10 i b
ZRETR ST > B HY1S 2
RE R Ih 2 A CWY981126 H < 10 {[ i Z fiif
BERHEAER MRS AT - HELANTE
FRFEN > BHGKEHES AN i REHEA
‘HY15 Wi £REEEBNIA LML H#EE
ERMEEA - FREE1IZESdN RTmAR
LD2 ~ LD4 } LD6 % 3 fifl i Z 2 fiif 5 72 31 B
CWY981126 HYif F 40 HH [F sii = 4h » H ik
i Z i R F R R AR & HY15 > Hif 2%
AR B E S BRI A CWY981126 - 554h
Fy T 71 BC,F, it B8 M 2 5 ) R B A [ 58
%A BHEE Bt 2 EREEEN 7 {8 BC,F,
fim 2o T I B M AOH > SE R A0SR 6 iR o H
BRIV R 5 d FR R M E SR 2
F=E S TS A CWY981126 Ky &8 Bl 5 2
LD1 - LD7 ~ LD8 Jy LD10 FEH 48831 > U
LLLD10 FYfit B8 v 22 3 a2 - 8K IR
¥4 > HJPLLDI ~ LD5 ~ LD7 ~ LD8 K LDI10 &
PR -

HE:]
AR EMEIR R E
Yen & Lin (2011) f# CNY911303 > EMS
B LAES I {ENE S & H6ERE
L4300 mM NaCl B84y i 55 5 3 d > &5 2 D
SM61 Y175 % 83.33% i (£ BEE = N H A
it B b % o ARFZELL 5 (B S AR ELNEH 5 Bl



KRB B B i 5 o B2 163

3. CWY981126 8 ‘HY15" RN B SR S A TR B & -
Table 3. The number of polymorphic markers between CWY981126 and ‘HY 15’ used for background selection.

Genetic marker

Backcross generation Chromosome SSR STS Indel Subtotal
LD-BC/F, 1 6 0 1 7
2 2 0 4 6
3 5 0 0 5
4 1 0 4 5
5 1 1 1 3
6 2 1 0 3
7 3 1 1 5
8 0 0 2 2
9 0 1 2 3
10 1 0 1 2
11 3 1 1 5
12 4 0 1 5
Total 28 5 18 51
LD-BGC,F, 1 5 0 2 7
2 6 0 1 7
3 3 1 2 6
4 1 1 3 5
5 4 0 0 4
6 2 1 1 4
7 3 0 1 4
8 3 0 1 4
9 1 1 3 5
10 1 0 1 2
11 2 1 1 4
12 5 0 0 5
Total 36 5 16 57
LD-BC,F, 1 14 0 6 9
2 14 1 1 8
3 10 1 3 6
4 3 0 4 5
5 11 0 1 7
6 9 1 1 7
7 10 0 2 6
8 6 1 4 8
9 3 0 3 5
10 4 0 3 5
11 7 0 3 5
12 14 0 0 5
Total 41 4 31 76
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Fig. 4. The polymorphic markers used for background selection in backcross population. 51 markers among all
markers were applied to BC,F, background selection (star), 57 markers among all markers were applied to BC,F,
background selection (triangle), and 76 markers among all markers were applied to BC,F, background selection (cir-
cle). The prefixes RM indicates SSR markers, C, R, S or E indicates STS markers, and CH, STS, SLS or RI indicates
indel markers.
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5. CWY981126/'HY 15> 73 T8k B [ 5S JEE+E BCF, ~ BC,F, fil BC,F, [Bl{EHH AL CWY981126 FLA#GEL
BRI » fo EAREFEACHIE » FEINABUE BIREE -
Fig. 5. The frequency distribution of recurrent parent genome (RPG) recovered rate using marker-assisted back-

crossing in BC,F,, BC,F,, and BC,F, populations derived from the backcross of CWY981126/‘HY 15°. The numbers
in the upper left indicate the mean values of RPG recovered (+ SD) in each generation.

4. LLT76 (85 THHEIE R o3 T RIS B B LA A CWY981126 B ‘HY 1S RS & (X BC,F, Z A NASH

BZ °
Table 4. Marker-assisted selection analysis of genome composition of BC,F, derived from cross between
CWY981126 and ‘HY'15’ by 76 polymorphic markers.

A B* H" - RPG recovered Total
Individual® (%) (%) (%) (%) (%) (cM) Recombinant" H-segment'
CWY981126 0.0 100.0 0.0 0.0 100.00 1,363.2 0 0
38 0.0 92.9 7.1 0.0 96.45 1,363.2 9 5
4 1.1 92.4 6.5 0.0 95.65 1,363.2 8 3
18 0.0 88.9 11.1 0.0 94.45 1,363.2 13 7
37 2.5 88.4 9.1 0.0 92.95 1,363.2 7 4
3 8.7 87.7 3.6 0.0 89.50 1,363.2 6 2
13 5.6 87.4 7.0 0.0 90.90 1,363.2 9 3
46 4.9 87.3 3.7 1.4 89.15 1,363.2 14 3
9 4.4 86.1 9.5 0.0 90.85 1,363.2 6 1
40 1.2 85.9 13.0 0.0 92.40 1,363.2 10 5
14 7.3 85.8 6.9 0.0 89.25 1,363.2 9 4
17 4.8 85.8 9.5 0.0 90.55 1,363.2 11 6
11 0.0 85.6 14.4 0.0 92.80 1,363.2 7 4
10 5.8 85.5 8.7 0.0 89.85 1,363.2 10 4
8 4.1 85.3 10.7 0.0 90.65 1,363.2 13 4
6 3.7 85.0 11.3 0.0 90.65 1,363.2 3
16 8.4 85.0 6.7 0.0 88.35 1,363.2 9 3
32 6.5 85.0 8.5 0.0 89.25 1,363.2 12 4
19 0.8 84.8 14.4 0.0 92.00 1,363.2 9 4
29 5.5 84.7 8.4 1.4 88.90 1,363.2 14 5
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Table 4.

Marker-assisted selection analysis of genome composition of BC,F, derived from cross between
CWY981126 and ‘HY'15” by 76 polymorphic markers (continued).

A B* H" - RPG recovered Total
Individual” (%) (%) (%) (%) (%) (cM) Recombinant' H-segment'
22 8.5 84.6 6.3 0.6 87.75 1,363.2 15 5
12 8.2 84.1 6.3 1.4 87.25 1,363.2 11 3
20 9.5 84.1 6.4 0.0 87.30 1,363.2 11 4
35 5.6 83.8 10.6 0.0 89.10 1,363.2 9 4
7 9.3 83.4 7.3 0.0 87.05 1,363.2 7 2
24 8.8 83.0 8.2 0.0 87.10 1,363.2 13 2
21 7.1 82.7 5.8 4.4 85.60 1,363.2 14 4
34 2.1 82.6 15.3 0.0 90.25 1,363.2 14 7
25 11.8 81.9 49 1.4 84.35 1,363.2 14 3
44 23 81.3 16.4 0.0 89.50 1,363.2 12 6
1 6.1 80.9 11.9 1.1 86.85 1,363.2 17 7
5 4.1 80.8 15.1 0.0 88.35 1,363.2 16 7
15 0.0 80.4 19.6 0.0 90.20 1,363.2 11 6
41 7.6 80.2 12.1 0.0 86.25 1,363.2 14 5
31 7.8 80.0 9.7 2.5 84.85 1,363.2 20 5
2 4.0 79.4 13.9 2.7 86.35 1,363.2 14 6
45 0.6 79.2 18.7 1.4 88.55 1,363.2 17 8
28 10.7 79.1 8.8 1.4 83.50 1,363.2 16 5
26 6.6 78.6 10.8 4.0 84.00 1,363.2 16 4
39 9.0 78.2 12.8 0.0 84.60 1,363.2 16 7
43 11.0 78.1 9.5 1.4 82.85 1,363.2 14 4
27 9.1 76.9 12.6 1.4 83.20 1,363.2 12 3
30 5.1 75.8 19.1 0.0 85.35 1,363.2 18 8
36 14.4 75.6 10 0.0 80.60 1,363.2 16 5
23 14.0 73.8 12.2 0.0 79.90 1,363.2 20 8
42 9.0 73.7 17.3 0.0 82.35 1,363.2 14 6
33 13.5 71.2 13.9 1.4 78.15 1,363.2 15 6
HY15 100.0 0.0 0.0 0.0 0.00 1,363.2 0 0

“ Arrangement by the percentage of RPG (recurrent parent genome) recovered.
* The percentage of ‘HY 15’ genome.

* The percentage of CWY981126 genome.
“The percentage of heterozygote.
" The percentage of missing data.

“ The frequency of crossing-over happened in chromosome segments.

 Amount of heterozygote in all markers.
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#5. HY15 ~ CWY981126 FI 10 {E[fif 55 % 3 TEESHE 1L 28% PEG 6000 [ {4 2 [if 525547 7 JE -

Table 5. The scale of drought-tolerance in ‘HY'15’, drought sensitive parent CWY981126, and 10 drought-tolerant
BC,F, lines by the treatment of 28% PEG 6000 solution at 3-leaf-old seedling stage.

Score of drought tolerance

Days after treatment

Line or variety 1 2 3 4 5 6 7 8
HY15 5.00 ¢ 4.67¢ 450d 450¢ 450d 5.00 ¢ 4.67¢ 450d
CWY981126 6.17b 6.67 ab 6.67 ab 7.17 ab 7.00 ab 6.17b 6.67 ab 6.67 ab
LD1 6.33b 6.17 bed 6.50 abc 6.50 bed 6.50 abc 6.33b 6.17 bed 6.50 abc
LD2 7.67a 7.50a 7.67a 783 a 7.83a 7.67a 7.50 a 7.67 a
LD3 5.67 be 5.67 bede 6.00 be 6.17 bed 6.50 abc 5.67 be 5.67 bede 6.00 be
LD4 5.50 be 5.67bcde  6.67 ab 7.00 abc 7.00 ab 5.50 be 5.67bcde  6.67 ab
LD5 6.33b 6.33 abc 6.50 abc 6.33 bed 6.33 be 6.33b 6.33 abc 6.50 abc
LD6 5.83 be 6.00 bed 6.67 ab 6.83 abcd  7.00 ab 5.83 be 6.00 bed 6.67 ab
LD7 5.00 ¢ 5.00 de 533 cd 5.67 de 517 cd 5.00 ¢ 5.00 de 533 cd
LD8 5.33 be 5.33 cde 6.00 be 6.00 bed 5.83 bed 5.33 be 5.33 cde 6.00 be
LD9 5.17 be 5.17 cde 5.67 bed 5.83 cd 6.00 be 5.17 be 5.17 cde 5.67 bed
LD10 6.00 be 6.17 bed 6.33 be 6.33 bed 6.50 abc 6.00 be 6.17 bed 6.33 be

“ Means with the same letter of a row are not significantly different at 5% level by LSD test.

6. HYI5 -~ CWY981126 F1 7 {55 % 5 BEHSHF DL 200 mM NaCl fE B % 7 MifEE 40 S JE -

Table 6. The scale of salt-tolerance in ‘HY15’, CWY981126, and 7 drought-tolerant BC,F, lines by the treatment of
200 mM NaCl at 5-leaf-old seedling stage.

Score of salt tolerance
Days after treatment

Days after rewater treatment

Line or variety 4 5 6 7 8 2 4 6
HY15 32a 40a 4.7a 6.2a 7.0a 72a 72a 7.0a
CWY981126 30a 3.3 ab 3.8 ab 56a 7.0a 72a 72a 7.5 ab
LDI1 30a 30b 3.7 ab 4.3 be 6.0 ab 7.0 ab 6.7a 6.5 ab
LD3 33a 3.7 ab 4.0 ab 6.0 ab 72 a 73a 72a 7.2 ab
LD5 30a 30b 3.5ab 5.2 ab 6.2 ab 6.7 ab 6.3 ab 6.3 ab
LD7 30a 30b 33D 4.7 abc 5.0 ab 6.7 ab 6.7 ab 6.7 ab
LD8 30a 33 ab 33b 4.5 abe 6.0 ab 6.5 ab 5.8 ab 6.2 ab
LD9 33a 3.3 ab 3.5ab 5.5ab 6.8 ab 73a 7.2 ab 6.7 ab
LDI10 30a 3.2 ab 30b 33¢ 57b 5.7b 6.0b 6.0b

“ Means with the same letter of a row are not significantly different at 5% level by LSD test.
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Increasing Drought Tolerance in a Salt-Tolerant
Japonica Rice Cultivar Using Marker-Assisted Selection

I-Chun Lien', Chieh-Wei Kuo’, Su-Chen Kuo®, Yann-Rong Lin*, and Yong-Pei Wu™>"

Abstract

Lien, I. C., C. W. Kuo, S. C. Kuo, Y. R. Lin, and Y. P. Wu. 2016. Increasing drought
tolerance in a salt-tolerant Japonica rice cultivar using marker-assisted selection. J. Taiwan
Agric. Res. 65(2):154-172.

Five mutant lines of Oryza sativa ssp. japonica, SM61, CWY981126, CWY981127,
CWY9811268, and CNY911303, were evaluated for salt tolerance by treated with 100, 150, 200, 250,
and 300 mM NacCl solutions, respectively. The CWY981126 showed the most tolerant cultivar under
all concentrations except 150 mM of NaCl. On the other hand, drought tolerant cultivars were evalu-
ated among four indica rice cultivars including ‘HY'15°, ‘IR29’, ‘IR64’, and SM1 by treated with 28%
PEG 6000. The ‘HY 15’ showed the best tolerance to drought stress. To improve drought tolerance in
the salt-tolerant japonica cultivar, the ‘HY 15’ was used as a donor parent to pyramid the drought tol-
erant trait into the CWY981126. After two backcross generations, the drought tolerant trait was suc-
cessfully introgressed into the salinity tolerant line, CWY981126. For each generation, all progenies
were visually screened by drought or salinity stress tolerant phenotypes combined with a background
selection using molecular markers. The recovery rates of recurrent parental genome in BC,F,, BC,F,,
and BC,F, were 73.6%, 85.5%, and 88%, respectively. Seven accessions of BC,F, exhibited better
drought tolerance than the recurrent parent, and four of them such as LD1, LD7, LDS, and LD10 also
showed good salinity tolerance, indicating that these lines have dual tolerance to drought and salinity.
Thus, new accessions harboring both drought and salinity tolerance were bred and could be applied to
cultivate in fields with water deficiency and high salinity in Taiwan.

Key words: Marker-assisted selection, Drought tolerance, Salinity tolerance, Rice.
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