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B B SRK g EEHERE R
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B BE Rty P BRI 2 2 A SC 12 X BT B 5
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iR EEIR AR - R BERE - KA AR
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7 8 B 58 B R’ g DTY,, , 2 A 6K s & 8
JBL in fE “Sabitri” P ER - EEZR T
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Fig. 1.

The backcross breeding scheme for transfer the drought-tolerant trait of ‘HY 15’ to ‘CNY911303” by mo-

lecular marker 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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Hi e E BC/F, éi\fa%%ﬁ 46 7{% » BC,F, ﬁ 22 HE
K BCF, A 1 ¥ » &R 2 bk & #7170
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mng 4 TTHE - BT 8 k> TTHREE S 30 cm x 15
cm > RNEEEAE 0 AT R 0 F o Bl URE B
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B i 2 oy BERTII TR R K EIRGR
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K=l s T K S E R > AR FERRZEFL > 774
By 02 REZFPEHEE (A) + 1 TERRER Ferl sl Mz b (B) ¢ 3 © fEMREER Jutmezii 1k (O) & 5 - AR &Y
1252k E1E (D) ¢ 7« TERREER 49 2/3 52K 81E (B) ¢ 9 * fEMRSE 2Rz a1k (F) -

Fig. 2. The different scales of rice morphology in response to drought treatment. Rice was treated with drought dur-
ing 3-leaf seeding and scaled as 0: none treatment (A); 1: Some leaves are rolled or discolored (B); 3: Some leaves
tips are drying (C); 5: About 1/2 leaves of the plant are drying (D); 7: About 2/3 leaves of the plant are drying (E); 9:
The whole plants are almost dead and dried, respectively (F).

H oW HAEKERE > SR FNHZEHE
1 i Z DL 6 HR/KAE4h e F 1 EEEHEAL > U5 3
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KAE R N4 DNA 7 ZEHL K %6 B4 47 +
TR I8 B 5 0 KA 5 7 B KBS DNA (genomic
DNA) ZZH = {&i4 5 benzyl chloride }% (Ka-
zuhiro et al. 1998) » 4EY4Y 5 cm EEHEE H Ky
A 2.0 mL BJE#ELE - WEA 1 FEMER > D
4H %5k BT B 1% Tissue-Lyser IT (Qiagen, German)

WESRE 30 Hz BE 2 min X ER -
B A 300 puL 27 Solution I (100 mM Tris-HCI,
pH 9.0; 40 mM EDTA, pH 8.0; 1.67% SDS) #l
150 uL 7 benzyl chloride (Acros, USA) 1% >
B IR 50C/KE H 15 min - H A% fjif A 150 uL
Z 3 M Bk #7942 1R (pH 5.0) > S AR S >
£ 4CTHEL21,380% g @0y 15 min = B FJF R
FEEHEELE > DA 700 uL 2 100% Z R
5] > DL 21,380x g #f 0» 10 min JJf % DNA »
B N DNA pellet » 3 fil A 500 pL 2 70% £
B > BFE S min > JFLEN - KFRAE®K > E
Hz DNA ° gz {2 il A 100 pL 2 TE 4 E & (10
mM Tris-HCI, pH 8.0; 1 mM EDTA, pH 8.0)
B DNA < i 77 + BRI Y Pk 28 72 5L /K $5% Hsu
et al. (2012) &R LRSI ER > BE
3 9 ¥ A CCNY911303° B “HY15 [ EL %
R 57 TR0 HE 1T 73 A > W EH S B T e ET
Z SSR ¢ Indel 73 FIEMEEAH A 2 fiL & - SSR
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EAAIHY SSR 43 1218 /7 51| (Supplementary
Table 18, IRGSP, 2005) > Indel 5% 2 HI 2 4R
8 Shen et al. (2004) fi3%3 Indel (F/EL B #
TR S35

PCR ~ 78k Bil 5 R RS HI[ 3 PCR S JEE
B fE fy 10 uL > A & 4720 ng 7Y DNA ~ 0.2
uM 7 5] F ~ 1x Tag DNA Polymerase Master
Mix Red (75 mM Tris-HCI, pH 8.5; 20 mM
(NH,),S0,; 1.5 mM MgCl,; 0.1% Tween 20";
0.2 mM dNTPs; 0.05 units mL"' Ampliqon Tag
DNA Polymerase; red dye; stabilizer) (Ampli-
qon, Denmark) F1 ddH,0 - { R # % 3 55 &%
Labcycler (Sensoquest, German) #E {7 2 JF& -
PCR Jii 12 3% € & 94°C fy 2 min » 1 {§ {& 5
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Scientific®, CA) » fit J7 & 110 mL #J 1x TBE
(Amresco”, USA) ~ 77 mL #Y 7 2 % /K ~ 33
mL Y 40% 19 : 1 ACRYL/BIS™ (Amresco®,
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Bl R 8 & M43 HE PCR E W) - Bk &SR &K
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(Y57 T H3 - (£ H] RAP-DB ki {ft IRGSO/
RAP build 5 £ BAC/PAC fir ‘B » # #a [ 17
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—H[E1%C 5 1E BC,F, [ 1& 4 » R #EH
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F 1. JEAIR CNY911303” Bd ‘HY 15 Ry st E 2B MER 73 TR LRS- s -
Table 1. List of the types and numbers of polymorphic markers used for background selection and their distribution
in chromosomes.

Genetic marker

Backcross generation Chr. SSR STS Indel Subtotal
BC, 1 3 0 1 4
2 2 0 2 4
3 3 0 1 4
4 2 0 2 4
5 3 0 1 4
6 3 0 1 4
7 1 1 2 4
8 3 0 1 4
9 2 0 2 4
10 3 0 1 4
11 1 0 3 4
12 4 0 0 4
Total 30 1 17 48
BC, 1 3 0 1 4
2 3 1 0 4
3 3 0 1 4
4 3 0 1 4
5 2 1 1 4
6 4 0 0 4
7 2 1 1 4
8 1 1 2 4
9 2 0 2 4
10 2 0 2 4
11 2 0 2 4
12 3 0 1 4
Total 30 4 14 48
BC, 1 3 1 0 4
2 2 0 2 4
3 4 0 0 4
4 1 0 3 4
5 4 0 0 4
6 2 0 2 4
7 1 0 3 4
8 2 0 2 4
9 3 1 0 4
10 3 0 1 4
11 2 2 0 4
12 3 0 1 4
Total 30 4 14 48
BC, 1 8 1 2 11
2 6 1 3 10
3 7 1 2 10
4 3 0 6 9
5 6 0 3 9
6 6 0 3 9
7 3 0 5 8
8 3 0 4 7
9 3 2 2 7
10 5 0 2 7
11 5 0 4 9
12 7 0 1 8
Total 62 5 37 104
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Fig. 4. The frequency distribution of recurrent par-
ent genome (RPG) recovered rate using marker-
assisted backcrossing in BC,F,, BC,F,, BC,F,, and
BC,F, population derived from the backcross of
‘CNY911303°/HY 15°. The numbers inside the right
side of frame indicate the mean values of RPG recov-
ered (+ SD) in each generation.

#*2.

FHEFTH RN > Bt EFE
BC,F, (X FIASARIEAR 12 a8 E
3104 {1 53 F R0 T 5 S BEE 60 {#
SSR ~ 5 {f STS K 37 {f Indel 43 T~ fZ % » b
It 104 (& 53 + 2% # 1T BC,F, [0 53 1& 2 %
S (R B 3) - EEGSERER EEY
13 BEMEREEL CNY911303 7 3 {# 45 L 1)
95.2-99.1% » 3 5] 95.9% ([& 4) » L HiHE
kB A ULHE N 1T BC,F, AL T HR K 1
FR %  JEME BC,F, Frfii A2 104 {5 TR
FE(T 1 SIS - SRER > EATESS
BC,F, [E%Z % A8 «CNY911303° §yi& EAa e
AL 92.4-100.0% > 132 96.6% (352 ~[E 4) -

M 2 GBS R TENE) SE S T HAMY I AR5

H o3 - 8 i B R A F 15 2 40 (B BC,F,
mn % FEUK Y BRETE N £ FREZ M A
DT73 ~ DT85 » DT86 } DT90 % 4 {5 % » 43
A =%l - TR R CERSE 3 (ER HET
s P RFAG - R ARSI 5 S AE A [F) 8 A 1
S i AR E M - SRR 3 R AE=HE
BRI IR RS | R M R AL P HERRIR
BRI A2 52 - SBR AT PRI 3 R &
HEZ 9K (B 5A) > FARDHERRENFF

LL 104 {E53 7R MAS 531t BC,F, Z B IRRGAIRL -

Table 2. The genome composition of each individuals of BC,F, calculated by the results of MAS-based 104 poly-

morphic markers.

Individual® A (%) B (%) H (%)" RPG recovered (%)  Recombinant H-segment"
CNY911303 0.0 100.0 0.0 100.0 0 0
3-10 0.0 100.0 0.0 100.0 0 0
3-11 0.0 100.0 0.0 100.0 0 0
3-12 0.0 100.0 0.0 100.0 0 0
4-12 0.0 100.0 0.0 100.0 0 0
15-10 0.0 100.0 0.0 100.0 0 0
15-11 0.0 100.0 0.0 100.0 0 0
15-12 0.0 100.0 0.0 100.0 0 0
3-4 0.0 98.4 1.6 99.2 2 1
11-12 0.0 97.7 2.3 98.9 2 1
20-11 0.0 97.2 2.8 98.6 4 2
27-12 0.0 97.2 2.8 98.6 5 3
8-11 0.0 97.0 3.0 98.5 2 1
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Table 2. The genome composition of each individuals of BC,F, calculated by the results of MAS-based 104 poly-
morphic markers (continued).

Individual® A (%) B (%)* H (%)" RPG recovered (%)  Recombinant H-segment"
11-17 1.0 97.7 1.3 98.4 3 1
11-11 1.3 97.7 1.0 98.2 3 1
13-12 0.0 96.4 3.6 98.2 3 2
11-10 0.0 96.0 4.0 98.0 4 2
12-16 0.0 95.9 4.1 98.0 1 1
6-9 0.6 96.2 3.2 97.8 4 2
12-27 1.6 96.9 1.5 97.7 4 2
6-8 0.0 93.7 6.3 96.9 6 3
7-8 1.0 94.7 43 96.9 6 3
6-4 3.1 96.5 0.4 96.7 2 1
13-11 0.0 93.2 6.8 96.6 4 2
25-20 0.4 93.3 6.3 96.5 5 2
2-15 3.2 95.5 1.3 96.2 6 2
1-5 2.7 94.3 2.9 95.8 6 2
17-10 2.0 93.4 4.5 95.7 5 2
7-7 2.3 93.6 4.0 95.6 5 2
12-18 3.8 95.0 1.2 95.6 5 1
5-26 1.3 92.3 6.4 95.5 7 3
7-12 2.4 93.4 4.2 95.5 5 2
5-25 2.2 93.1 4.7 95.5 6 2
12-17 3.5 94.3 2.2 95.4 4 2
6-6 0.4 91.1 8.5 95.4 8 4
16-7 2.4 92.8 4.8 95.2 7 3
5-12 0.0 90.1 9.9 95.1 8 4
6-10 3.8 92.7 3.5 94.5 8 2
6-7 3.1 91.5 5.5 943 6 2
10-8 3.5 91.7 4.8 94.1 8 3
16-11 1.0 88.9 10.1 94.0 6 3
7-11 4.8 92.2 3.0 93.7 6 2
16-10 2.4 89.7 7.9 93.7 5 2
5-27 4.7 91.1 4.1 93.2 8 2
5-10 4.0 90.1 5.9 93.1 9 3
5-11 5.9 91.1 3.0 92.6 8 1
16-12 5.6 90.4 4.0 92.4 7 2
Hang-Yu 15 100.0 0.0 0.0 0.0 0

* Variety name (Arrangement by RPG recovered of CNY911303).
¥ The percent of Hang-Yu 15 genome.

* The percent of recurrent parent genome.

“The percent of heterozygote.

" The frequency of cross-over happened in chromosome segment.
* Amount of heterozygote in all markers.
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‘HY15> ~ ‘CNY911303° ~ ‘IR64° F1 4 {iE BC,F, it Tt £ 3 (A [E 4 FHHTT 28% PEG-6000 FE -~ [iff

The scale of drought-tolerance in ‘HY'15°, ‘CNY911303°, ‘IR64°, and four BC,F, drought-tolerant rice

lines under the treatment of 28% PEG-6000 at three growing stages.

Scale of drought-tolerance”

Days after treatment

Stage Line or variety 1 2 3 4 5 6 7 8 9 10 11
Three-leaf  HY15 19 45a 58a 73 79  83a 84 87a 89a ; ;
seedling  oNy911303 19 43ab 52abc 69 72 77abc 81  85ab 87ab - ;
IR64 26 47a 54ab 67 75  78ab 83 89a 89a ; ;
DT73 19 37bc 48bc 62 69  73abc 77  79bec 83be - :
DT85 16 37bc 45¢ 55 63  67c 70 73c S8lc ; ;
DTS6 19 35¢ 47bc 56 64  69bc 71  74c 8lc ; ;
DT90 14 37bc 46c 58 67  69bc 73  79bc 79¢ ; ;
Five-leaf HY15 - 43a 5.1 59abc 6.4ab 65bc 75b 80ab 88a 9.0a -
seedling - \1yg11303 - 37abc 53  60ab 65ab 7.0ab 7.8ab 84a 86ab 9.0a -
IR64 - 42ab 5.8 63a 6.9a 73a 84a 86a 89a 9.0a -
DT73 - 34c 48  55cd 55cd 57de  67cd 74bc 80bc  86L -
DT85 - 35bc 47  54d 55cd 58de  64cd 76bc 83abc 87b -
DT86 - 37abe 51 57bed 60bc 63cd  7T.dbe 76bc T8¢  86b -
DT90 - 33c¢ 47  53d 55cd S56e  63d 7lc 8lIbc  87b -
Seven-leaf HY15 - 33b 4.3 5.5abc 590 6.5abc 6.7 7.6b 85abc 83 8.7
seedling - \1yg11303 . 38a 45  63a 66a 68ab 69 8la 87ab 90 9.0
IR64 . 39a 48  62a 67a 70a 70 8la 89a 89 9.0
DT73 - 31b 41  S5lbe 57bc 6lcd 65 70d 8led 84 87
DT85 - 33b 38  47c¢ 52¢  59d 64 7led 77d 83 87
DTS6 - 31b 38  53bc 60b 65bc 65 73bed 85abc 84 88
DT90 - 31b 41  53bc 59b 64bed 66  75bc 84bc 87 89

“ Means with none or the same letter of a row are not significantly different at 5% level by least significant difference (LSD) test.
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5. M FanfE ‘HY1S » 8258 anfE IR64” ~
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L&A BCF, MR im0 =55 (A) ~ 7B (B) K
THE (C) #1T 28% PEG-6000 5 fkiH: /K 2335 iz 7
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Fig. 5. The drought-tolerance scale evaluated in
drought-tolerant line ‘HY15°, drought-susceptible va-
riety ‘IR64’, recurrent parent ‘CNY911303” and five
BC,F, drought-tolerant lines derived from the backcross
of ‘CNY911303°/‘HY 15’ at three-leaf (A), five-leaf (B),

and seven-leaf (C) stages under the treatment of 28%
PEG-6000.
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IR64 ARIRIBEE 4 K> GLARTESE 5 REF]S
WL FEE S RERH TR L KEHESH
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ChEsas a3 - DL ‘DT85 Al ‘DT73° M4 (it &
MR RLE > 4 [l R SRR BE T NE
B EBER ‘CNY911303 Bl ‘IR64 (32 3) - ffif
S ERER ) CERNFERE 4 K
BEMERAMERAZEEER - B4
{8 i 52t &~ WA AR B IR > 78 3 {E R [H]
EBERTHKy SRR & HENE
HRFW - AR, DTS 1£ 3 (HEE
B ERF R > DT73 HIfE AT EwmE
PR E BRAF 5 75 3 [MEERAEE > HIRA
‘[R64> Ed ko5 ‘CNY911303° 7 Ft /K i B 3
B2 FERE(LRE TR 4 Hif 2m AR #8n
‘CNY911303°/*HY 15 FY5EAC4H & » R Ih b i
‘HY 15 1Y SR E] |CNY9I11303 o -

M2 mAEE L REEEN E R 5
R e B LSS ¢ 1E BC,F, AR

‘CNY911303 #1

Ja B 1R I TE AT IE Ik T’%*EBAEHF%IZ(«EX@
HETTE AR > HLETS 40 {8 BC,F, i % > 10

2013 £ — EHL(T;:D/\F;H:@J%E MR
ERVCHERGHREREEE - FR—K
FH e FE AR & 20 B 220,000 PRELE ISR » 1581
NENERE > ERORIFR - BLAREEN
14 997-5,005 kg ha > 75 31 {f dfh % (1 FE &K
12 3,000 kg ha > DLt DT102° fik i & 5
=5 5,005 kg ha! » HYk DT74 K ‘DT76
& By 4,579 kg ha! F2 4311 kg ha! » HEEY
B F R A «CNY 9113037 (1,100 kg ha™) «

iR 5 FHE R 2 Bl DU SRR i8R
Ff &5 3% 2 DT73’ ~ ‘DT85’ ~ ‘DT86” 1 DTV’
% 4 {5 BC,F, it B it & B A1 - % 2014 4E
WA AEHAEEXN KRR ETHRES
P o HRFT - ERHREARET  DH
B CNY911303° et E 2585 100% -
MEAREMELAZBERESERBUNR
90.7-142.9% (% 5) » H DL DT73” ~ ‘DTS’
1 ‘DT86” % 3 {ifl iif F i Z 2 3 5% 2 & 77 7l
B 5,404 ~ 4,595 F% 4,560 kg ha = A ¥ 835
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4. 2013 F—HAfE ‘HY15" ~ ‘CNY911303" K 40 {[ BC,F, i 5t et b fge s R -
Table 4. The grain yield of ‘HY15’, ‘CY911303” and 40 BC,F, drought-tolerant rice lines in yield trial in the first

cropping season of 2013.
Line or variety Grain yield (kg ha™) Line or variety Grain yield (kg ha™)
Y15 5,129 DT88 1,210
CNY911303 1,100 DT89 1,341
DT69 1,884 DT90 1,348
DT70 1,939 DT91 3,383
DT71 2,186 DT92 1,925
DT72 2,028 DT93 2,482
DT73 2,021 DT94 1,712
DT74 4,579 DT95 2,008
DT75 3,252 DT96 1,506
DT76 4,311 DT97 4,153
DT77 2,111 DT98 2,441
DT78 3,004 DT99 2,998
DT79 2,729 DT100 3,355
DT80 2,578 DT101 2,516
DT81 1,293 DT102 5,005
DT82 1,052 DT103 2,970
DT83 1,107 DT104 2,393
DT84 2,654 DT105 1,121
DT85 3,279 DT106 2,393
DT86 1,224 DT107 1,203
DT87 1,540 DT108 997

5. 2014 FHAPE ‘CNY911303° F1 4 {1 BC,F; it 5t £ Bl fege s B R -
Table 5. The grain yield of ‘CNY911303” and 4 BC,F; drought-tolerant rice lines in yield trial in the second crop-

ping season of 2014.
Line or variety Grain yield (kg ha™) Yield index (%)
CNYO911303 3,781 b 100.0
DT73 5,404 a 142.9
DT85 4,595 ab 121.5
DT86 4,560 ab 120.6
DT90 34320 90.7

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

fE - ‘DT73° (Y7 & 8 5,000 kg ha” - BR
B Z 3 BN F a0 R0 7 HEE T - HER
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MR Z TERE
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D FIZMEERADE N

TP 40 ] 5 7 T 5 < [ 1 5 i A
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HEE RV SHECRAEE Y 5
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BT > GRS O AT A O] F e R A R A
HYEE R SR (B K (Collard ef al. 2005) © DL4Y
TR B LS S R E A 7% 0 I DAE
FRZBEPZET  NREHAETREBEER
HYEERR - HFR[EAT 3-4 2 » B o] [O]{8 2 dm (o] 3R
B A i 95% » 2RIy TR 2 R E
210 ecM 2 - |52 2 REIFZ T HEE - R’
It o o TR B R A RCR g 2 O AR R
N~ BAERWEE ~ IRl B AR R
PE R AN AT R T SRR VAR B B P R
(Collard et al. 2008; Xu & Crouch 2008) °

A E B AC 4 B AE 15T 4 2 BC,
WA EEE R 95.2-99.1% [ » &
T EIAZ 1% AR E B8 1220 i A2 R A B RS - AR
T FH P $k 28 5 104 (& 53 1 K28 53 i BC,F, K¢
BC,F, £ & 5 95.9% K 96.6% > H[A|{E & (K
EEEmE LT B AN a B P 2 A AT A
HYIE B 5 R A ReEE - SRR R R - 2
gwmﬁiéﬁ%E$%EEIM%E@$°
BURHRERIRE MR A B8 2w R A N e 2
P& AR o A DLAY 8 i &5 5t A1 At i 26 55 69
Ze 33 5 54 ¢ Neeraja et al. (2007) |
ZKAE A R il 5 49 89 {5 15 8% 73 A A 5] [
LA Z M EERE R &R H[OEZRE BC,
4y 67.9% - BC, {47 90.7% ~ BC,F, {it
&7 96.2% ~ BC,F, tHE A HIAHE PR B {8 b i
100% ; Kuo et al. (2013) [EEF] /KA R E
i b 113 o 1R - #ETTI A [E] (5] 5S
Rz 73#r - BHEZRAE BC, &) 75% ~ BC, it
247 89% ~ BC, tH{£4796.4% : Li et al. (2014)
R KR A R 8 58 3t 104 {# 55+ 1220 - #
T EAE B R Z 5 - EEERE BC,

47 91.6% ~ BC, tH{£47 91.6% ~ BC, ft
&1 94.5% o KB O] 52 1% (X — P B IE L

BC,F, £, » P FH 58 204 B R A (L AR
BC.Fy S % » IR MEAT 2 M R348 -
HopEE W$W%EﬂK%ﬁLZﬁ%E%ﬁ@
AT -

[t PR NGk TN =Y e e o
7R R AL B T AE Rl BB T

Ho HfRE T2 IR B (Ragime-
kula et al. 2013) » fEx 5 T-AEE L IR 5 EL (K]

Fe4ts 4

R B B R RSN R A R R
PR (Yu et al. 2000) - Dixit et al. (2012) £
F it 5 L7 ‘Vandana® EE K UG fE Way
Raremy’ 52 ﬁt%?@%ﬁ%@ﬁﬁ@%
gDTY,; 81 ¢DTY,, & HANH gDTY,,, 1] ‘Way
Raremy’ t » {E#dfL1% 35 d #EfTHZ 2R AL >
LR E /NN -50 kPa A FLUEAK - H
BC,F, Gidt 4 R » TR ah /K R ER BE i AR 5%
o #5H gDTY,, Bl gDTY,,, 1% TR84996-
50-4-B-4 i A Way Raremy’ fiif 514 H i
7 o Li et al. (2014) F[f] ‘TK9” Bl ‘HY 15" 2
EARZBAR F= ~ A TEEKIREHAE
o BREIA %A DT F ‘DT39 %5 2 ([ ik
AT BN R I B R TR64
FmE ¥ TKY Y RBAA LR CERAEH
EEE S BOR HYLS Y 55 R R oh & A K
finfE TKY 1 o AT T i % > H BCF,
A ESL AN R FRAEH - DT73 -
‘DT85’ ~ ‘DT8C’ K ‘DT % 4 {f L % » HAE
w AN R H BB ENN R - B
HHIE L CTRO4” g E ¥ ‘CNY911303 (Y5
HEAKCERAEZEFEESZR  HERS R
MR A T AR - NI 0 4 ([l ARTEE
Mt R RVCEZENRERKE  BER
sl B R FH 73 - AR ek i B e i 7K 20 55 B 286 1Y [
REMEER > RERRIIF HY1S Wit R 12 A
‘CNY911303° 1 » &5 IR R M R -
ﬁﬂj$ﬂﬂ$éin$1agﬂu@

KRG e FHEL A BRI S Ry R 0 7 [ e
H Bt A [8 (Jongdee et al. 2002; Gowda et al.
2011; Shih et al. 2012) » /K& 4 &4 HA#Z e AR HA
e oK 2 SRR BB 4 s a1
B2 AE 0] DAER 2 H AR BT AR AV HE
PR+ I8 A] 18 R A A 28R (5] 20 R B 52 2 Mk
Wu (2013) FJH PEG-6000 7£ 7K e f8 2 176k /K

B HEREEN I EN 4w Ah
KM =21 2 2888 i % HrR 6 il i 2 (E AR
o B K 2 14 5540 3 i i 2 RIS FE B, -
AT R 5305 T #oh E & it 257285
B CZRWESEEESR > fla: FAER
A qDTY,,, NMER{HEE A i A ez R 25
BOO[ M 247 0.5 Mg ha'' > A A gDTY
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AT 2 = 10-30% HY & & - 4944 fin 150-500
kg ha™ - HHEEIE B AC 5225 (Babu et al.
2003; Lanceras et al. 2004; Kumar et al. 2008;
Venuprasad et al. 2008; Swamy et al. 2013) °
Li et al. (2014) FF] ‘TK9 Ed ‘HY15 Z[8]%5
&R DABRZKI R R oy AR i il B B O AT B
o A 12 (8 BC,F, [B3dn & &L
PRI EHRETIN S50 - S5 RBHA 4 Em Al
P & 5,000 kg ha”  BIREER S TKY’
HT 51 R 7 o B ZE A R K B E
o PRETEEL T PEG-6000 &ii 88 (R 5t 28410
Kooy REW R B ey BB ATS 2 4 (855 i
TERCHR B FHETIN M= 5 (E RS AT &
Mok > DT73> ~ ‘DTS f1 ‘DT8E % 3 T &
TERHBKEIERSE T - HEREE SR iRE
#CCNY911303 > Heft (Ll DT73 a5 E &
41F 5,000 kg ha' BLE > $EE4Y 42.9% > BR
‘DT73 £ FHERE T B E S EE -

AHHFELL PEG-6000 H#ETT Fij SRR - A&
AIETS 4 e B AR R o B R A R KRS A
FICIR BRI S8R 2 fm %+ B A1 Al S A 238 ]
B A FEAFE RN S 2G5k - St
I 7 47 i B B B R S0 3 /K B 2 B 2 1 A
iy - BT REAE A [ 3 B I HI & A R F AT 573
1] o Zhou et al. (2006) FIFHEF AR Oryza
rufipogon S Flll % 5 78 Guichao 2 #E 17 [H] %2 >
H1FT & BeAY BC,Fs F1 BC,F A L {THL/K i
SRR ER o Mt 5 A B A B R T E AL
HERDRIES 2~ 6 F1 12 B A8 L E fir
F 4 {8 QTL » HA {5 12 WO RSBy
qSDT12-2 » £ 4y i B 7K By 30 858 N 1 2 3%
R 2l P A R U498 R P RE & A A [FIHY
LEHARE o AWZEREH EISCH A & 7 T
% By 338 £ Kz PEG-6000 5 $5¢ fif 7K 335 35 1) i 138
R ATARGETII 5 R ROE A LAF
AR AR AL A TIN R B2 2%
A A 4-5 £ B BN KAEE B SRR 2
M RERRNG RAE TR EENTK -

5| SRk

Babu, R. C., B. D. Nguyen, V. Chamarerk, P. Shanmugas-
undaram, P. Chezhian, P. Jeyaprakash, S. K. Ganesh,

A. Palchamy, S. Sadasivam, S. Sarkarung, L. J.
Wade, and H. T. Nguyen. 2003. Genetic analysis of
drought resistance in rice by molecular markers: As-
sociation between secondary traits and field perfor-
mance. Crop Sci. 43:1457-1469.

Bernier, J., A. Kumar, R. Serraj, D. Spaner, and G. N.
Atlin. 2008. Breeding upland rice for drought resis-
tance. J. Sci. Food Agric. 88:927-939.

Bernier, J., A. Kumar, R. Venuprasad, D. Spaner, S. Ver-
ulkar, N. P. Mandal, P. K. Sinha, P. Peeraju, P. R.
Dongre, R. N. Mahto, and G. Atlin. 2009. Character-
ization of the effect of a QTL for drought resistance
in rice, gt/12.1, over a range of environments in the
Philippines and eastern India. Euphytica 166:207—
217.

Bemnier, J., A. Kumar, V. Ramaiah, D. Spaner, and G. At-
lin. 2007. A large-effect QTL for grain yield under
reproductive-stage drought stress in upland rice.
Crop Sci. 47:507-516.

Bruinsma, J. 2009. The Resource Outlook to 2050: By
How Much do Land, Water and Crop Yields Need to
Increase by 2050? Food and Agriculture Organiza-
tion of the United Nations. Rome. 33 pp.

Chutia, J. and S. Borah. 2012. Water stress effects on leaf
growth and chlorophyll content but not the grain
yield in traditional rice (Oryza sativa Linn.) geno-
types of Assam, India II. Protein and proline status
in seedlings under PEG induced water stress. Amer. J.
Plant Sci. 3:971-980.

Collard, B. C. Y., C. Vera Cruz, K. L. McNally, P. Virk, and
D. Mackill. 2008. Rice molecular breeding labora-
tories in the genomics era: Current status and future
considerations. Intl. J. Plant Genomics 2008:1-25.

Collard, B. C.Y. and D. J. Mackill. 2008. Marker-assisted
selection: An approach for precision plant breeding
in the twenty-first century. Philos. Trans. R. Soc. B
Biol. Sci. 363:557-572.

Collard, B. C. Y., M. Z. Z. Jahufer, J. B. Brouwer, and E. C.
K. Pang. 2005. An introduction to markers, quantita-
tive trait loci (QTL) mapping and marker-assisted
selection for crop improvement: The basic concepts.
Euphytica 142:169-196.

Datta, K. and S. K. Datta. 2006. Indica rice (Oryza sativa,
BR29 and IR64). Methods Mol. Biol. 343:201-212.

Dixit, S., B. P. Mallikarjuna Swamy, P. Vikram, J. Bernier,
M. T. Sta Cruz, M. Amante, D. Atri, and A. Kumar.
2012. Increased drought tolerance and wider adapt-
ability of ¢DTY,,, conferred by its interaction with
qDTY,; and ¢DTY;,. Mol. Breeding 30:1767-1779.

Evenson, R. E. and D. Gollin. 2003. Assessing the im-
pact of the green revolution, 1960 to 2000. Science
300:758-762.



314 BRI

Fukai, S., G. Pantuwan, B. Jongdee, and M. Cooper. 1999.
Screening for drought resistance in rainfed lowland
rice. Field Crops Res. 64:61-74.

Gowda, V. R. P, A. Henry, A. Yamauchi, H. E. Shashid-
har, and R. Serraj. 2011. Root biology and genetic
improvement for drought avoidance in rice. Field
Crops Res. 122:1-13.

Hsu, J. H., Y. R. Lin, C. W. Kuo, and Y. P. Wu. 2012. Es-
tablishing the platform of polymorphic markers for
rice. Crop Environ. Bioinform. 9:137-159. (in Chi-
nese with English abstract)

Hu, J., M. Cheng, G. Gao, Q. Zhang, J. Xiao, and Y. He.
2013. Pyramiding and evaluation of three dominant
brown planthopper resistance genes in the elite
indica rice 9311 and its hybrids. Pest Manage. Sci.
69:802-808.

International Rice Genome Sequencing Project. 2005.
The map-based sequence of the rice genome. Nature
436:793-800.

International Rice Research Institute. 1996. Standard
Evaluation System for Rice. International Rice Re-
search Institute. Los Banos. 56 pp.

Jiang, H., Y. Feng, L. Bao, X. Li, G. Gao, Q. Zhang, J.
Xiao, C. Xu, and Y. He. 2012. Improving blast resis-
tance of Jin 23B and its hybrid rice by marker-assist-
ed gene pyramiding. Mol. Breeding 30:1679-688.

Jongdee, B., S. Fukaib, and M. Cooper. 2002. Leaf water
potential and osmotic adjustment as physiological
traits to improve drought tolerance in rice. Field
Crops Res. 76:153-163.

Kazuhiro, K., Y. Niwa, T. Yamaguchi, H. Sunohara, H.
Hirano, and M. Umeda. 1998. A rapid and easy-han-
dling procedure for isolation of DNA from rice, Ara-
bidopsis and tobacco. Plant Biotechnol. 15:45-48.

Khush, G. S. 2001. Green revolution: The way forward.
Nat. Rev. Genet. 2:815-822.

Kumar, A., J. Bernier, S. Verulkar, H. R. Lafitte, and G. N.
Atlin. 2008. Direct selection for yield, response to
selection and use of drought-tolerant donors in up-
land and lowland-adapted populations. Field Crops
Res. 107:221-231.

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. 62:137-156.
(in Chinese with English abstract)

Lanceras, J. C., G. Pantuwan, B. Jongdee, and T. Toojinda.
2004. Quantitative trait loci associated with drought
tolerance at reproductive stage in rice. Plant Physiol.
135:384-399.

Levitt, J. 1980. Response of Plants to Environmental
Stresses, Water, Radiation, Salt and Other Stresses.
Academic Press. New York. 607 pp.

Fe4ts 4

Li, K. H., C. W. Kuo, Y. C. Hsu, Y. R. Lin, and Y. P. Wu.
2014. Increasing drought tolerance of rice cultivar
‘TK9’ using marker-assisted selection. Crop Environ.
Bioinform. 11:143-164. (in Chinese with English
abstract)

Luo, L. J. 2010. Breeding for water-saving and drought-
resistance rice (WDR) in China. J. Exp. Bot.
61:3509-3517.

Maclean, J. L., D. C. Dawe, B. Hardy, and G. P. Hettel.
2002. Source Book for the Most Important Econom-
ic Activity on Earth. CABI Press. Oxon. 153 pp.

Mishra, K. K., P. Vikram, R. B. Yadaw, B. P. Swamy, S.
Dixit, M. T. Cruz, P. Maturan, S. Marker, and A. Ku-
mar. 2013. ¢DTY,, : A locus with a consistent effect
on grain yield under drought in rice. BMC Genet.
14:12.

Neeraja, C. N., R. Maghirang-Rodriguez, A. Pamplona, S.
Heuer, B. C. Collard, E. M. Septiningsih, G. Vergara,
D. Sanchez, K. Xu, A. M. Ismail, and D. J. Mackill.
2007. A marker-assisted backcross approach for de-
veloping submergence-tolerant rice cultivars. Theor.
Appl. Genet. 115:767-776.

Pantuwan, G., S. Fukai, M. Cooper, S. Rajatasereckul, and
J. C. O’Toole. 2002. Yield response of rice (Oryza
sativa L.) to drought under rainfed lowlands: 3. plant
factors contributing to drought resistance. Field
Crops Res. 73:181-200.

Price, A. and B. Courtois. 1999. Mapping QTLs associated
with drought resistance in rice: Progress, problems
and prospects. Plant Growth Regul. 29:123-133.

Ragimekula, N., N. Varadarajula, S. Mallapuram, G.
Gangimeni, R. Reddy, and H. Kondreddy. 2013.
Marker assisted selection in disease resistance breed-
ing. J. Plant Breed. Gene. 1:90-109.

Salgotra, R. K., B. B. Gupta, R. Millwood, M. Balasubra-
maniam, and C. N. Stewart, Jr. 2012. Introgression
of bacterial leaf blight resistance and aroma genes
using functional marker-assisted selection in rice
(Oryza sativa L.). Euphytica 187:313-323.

Shen, Y. J., H. Jiang, J. P. Jin, Z. B. Zhang, B. Xi, Y. Y.
He, G. Wang, C. Wang, L. Qian, X. Li, Q. B. Yu, H.
J. Liu, D. H. Chen, J. H. Gao, H. Huang, T. L. Shi,
and Z. N. Yang. 2004. Development of genome-wide
DNA polymorphism database for map-based cloning
of rice genes. Plant Physiol. 135:1198-1205.

Shih, C. L., R. K. Chen, C. N. Tsai, P. H. Liu, J. C. Lo, and
W. L. Huang. 2012. Correlation analysis for drought
tolerance between seedling stage and active tillering
stage in rice. J. Agric. For. 9:55-69. (in Chinese with
English abstract)

Steele, K. A., A. H. Price, H. E. Shashidhar, and J. R. Wit-
combe. 2006. Marker-assisted selection to introgress



73T REAR B DK 315

rice QTLs controlling root traits into an Indian up-
land rice variety. Theor. Appl. Genet. 112:208-221.

Steele, K. A., A. H. Price, J. R. Witcombe, R. Shrestha,
B. N. Singh, J. M. Gibbons, and D. S. Virk. 2013.
QTLs associated with root traits increase yield in up-
land rice when transferred through marker-assisted
selection. Theor. Appl. Genet. 126:101-108.

Steele, K. A., D. S. Virka, R. Kumar, S. C. Prasad, and J.
R. Witcombe. 2007. Field evaluation of upland rice
lines selected for QTLs controlling root traits. Field
Crops Res. 101:180-186.

Swamy, B. P. and A. Kumar. 2013. Genomics-based preci-
sion breeding approaches to improve drought toler-
ance in rice. Biotechnol. Adv. 31:1308-1318.

Thomson, M. J., M. D. Ocampo, J. Egdane, M. A. Rah-
man, A. Sajise, D. L. Adorada, E. Tumimbang-Raiz,
E. Blumwald, Z. I. Seraj, R. K. Singh, G. B. Gre-
gorio, and A. M. Ismail. 2010. Characterizing the
Saltol quantitative trait locus for salinity tolerance in
rice. Rice 3:148-160.

Toorchi, M., H. E. Shashidhar, T. M. Gireesha, and S. Hit-
talmani. 2003. Performance of backcross involving
trangressant doubled haploid lines in rice under con-
trasting moisture regimes. Crop Sci. 43:1448-1456.

Uga, Y., K. Sugimoto, S. Ogawa, J. Rane, M. Ishitani, N.
Hara, Y. Kitomi, Y. Inukai, K. Ono, N. Kanno, H.
Inoue, H. Takehisa, R. Motoyama, Y. Nagamura,
J. Wu, T. Matsumoto, T. Takai, K. Okuno, and M.

Yano. 2013. Control of root system architecture by
deeperrooting 1 increases rice yield under drought
conditions. Nat. Genet. 45:1097-1102.

Venuprasad, R., M. T. Sta Cruz, M. Amante, R. Mag-
banua, A. Kumar, and G. N. Atlin. 2008. Response
to two cycles of divergent selection for grain yield
under drought stress in four rice breeding popula-
tions. Field Crops Res. 107:232-244.

Wu, Y. P. 2013. Drought tolerant rice lines by screening an
‘IR64* mutant stock. J. Taiwan Agric. Res. 62:195—
208. (in Chinese with English abstract)

Xu, Y. and J. H. Crouch. 2008. Marker-assisted selection
in plant breeding: From publications to practice.
Crop Sci. 48:391-407.

Yoshida, S., D. A. Forno, J. H. Cook, and K. A. Gomez.
1976. Laboratory Manual for Physiological Studies
of Rice. International Rice Research Institute. Los
Banos. 82 pp.

Yu, K., S. J. Park, and V. Poysa. 2000. Marker-assisted
selection of common beans for resistance to com-
mon bacterial blight: Efficacy and economics. Plant
Breed. 119:411-415.

Zhou, S. X., F. Tian, Z. F. Zhu, Y. C. Fu, X. K. Wang, and
C. Q. Sun. 2006. Identification of quantitative trait
loci controlling drought tolerance at seedling stage
in Chinese Dongxiang common wild rice (Oryza ru-
fipogon Griff.). Acta Genet. Sin. 33:551-558.



316 BEEENR FedB 4l

Increasing Drought Tolerance of Aroma Rice
‘CNY911303° Using Marker-Assisted Selection

Chieh-Wei Kuo', Keung-Hung Lin%, Yong-Pei Wu, Yann-Rong Lin*, Jen-Hao Hsu?, and Yu-Chia Hsu®"

Abstract

Kuo, C. W., K. H. Lin, Y. P. Wu, Y. R. Lin, J. H. Hsu, and Y. C. Hsu. 2015. Increasing
drought tolerance of aroma rice ‘CNY911303” using marker-assisted selection. J. Taiwan
Agric. Res. 64(4):299-316.

To introgress the gene(s) conferring drought-tolerance to the Taiwanese aromatic japonica line
‘Tainung-Chianung-yu 931103’ (‘CNY911303”), the drought-tolerant variety ‘Hang-yu 15’ (‘HY15’)
was used as a donor parent crossed to ‘CNY911303°. Four backcrossings were conducted and the
progenies of each backcross generation BC,F, were screened for drought tolerance by the treatment
of 28% PEG-6000 solution and consequently selected by molecular markers to recover the recurrent
parent’s genome. The percentages of recurrent parent recovery within selected individuals were 74.1,
87.7, 95.9, and 96.6% in BC,F,, BC,F,, BC,F,, and BC,F, respectively. The ‘HY15’, ‘CNY911303’
and four BC,F, drought-tolerant lines were further evaluated for drought tolerance under the treatment
of 28% PEG-6000 at three-leaf, five-leaf, and seven-leaf stages. The four BC,F, lines exhibited higher
tolerance to drought stress than the recurrent parent, implying that the drought-tolerant characteristic
of ‘HY15” was successfully transferred to ‘CNY911303” using marker assisted selection (MAS). In
addition, 4 drought-tolerant BC,F, lines were evaluated for grain yields. Among them, ‘DT73’, ‘DT8S’,
and ‘DT86’ have significant better yield than ‘CNY911303’, and ‘DT73’ produced more than 5,000
kg per hectare, indicating that these three drought-tolerant lines can be grown in fields underwater
saving cultivation system. These drought-tolerant lines will be registered as new aromatic rice variet-
ies for water-saving rice production in Taiwan in the future.

Key words: Marker-Assisted Selection (MAS), Drought tolerance, Rice.
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