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Mining Favorable Salt-tolerant QTL from Rice Germplasm Using a Backcrossing
Introgression Line Population
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Abstract: Knowledge of the genetics of salt tolerance and mining of favorable alleles from germplasm should help develop
rice varieties with high salt tolerance. QTLs affecting six salt-tolerance related traits including score of salt toxicity (SST),
survival days of seedlings (SDS), shoot K* concentration (SKC), shoot Na* concentration (SNC), root K* concentration
(RKC), root Na* concentration (RNC) were detected using 85 backcrossing introgression lines derived from a indice
cultivar IR64 and a japonica upland cultivar Tarom Molaii from Iran under salt stress with the concentration of 140 mmol
L-! NaCl at the seedling stage. Continuous variation and transgression for all six traits were observed in the BIL population
although there were only significant differences in SDS and SNC between the parents. Correlation analysis indicated that
SDS had highly negative correlation with SNC and positive correlation with SKC but no correlations with RKC and RNC,
suggesting that salt toxicity of leaves Ited from over-accumulation of Na* in shoots. RKC highly positively correlated
with RNC while both of them had no correlations with SKC and SNC, respectively, indicating different mechanisms in
uptake of K* and Na* in roots and their transport from roots to shoots. Twenty-three QTLs for the six traits on the ten
chrc except ch 5 and 10 were identified by single-marker ANOVA using SAS PROC GLM, including 5
for SST, 6 for SDS, 4 for SKC, 4 for SNC, 1 for RKC, and 3 for RNC. Among them, the region of RM240—RM112 on
chromosome 2 simultaneously affected SST, SDS, SKC, and SNC and the allele associated with improvement of salt
tolerance was from Tarom Molaii. This QTL could be useful for improvement of salt tolerance through marker assisted
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selection. The QTLs affecting SKC and SNC didn’ t share the same genomic region with the QTLs for RKC and RNC,
further confirming the view that different genetic mechanisms involved in uptake of K* and Na* between roots and shoots.
By comparative mapping, 12 (52.2%) QTLs for the six related traits located in the same or near genome regions on
chromosomes 1, 2, 3, 7, and 9 with the QTLs previously identified in different mapping populations. The advantages of

mapping QTLs using BILs and strategy of mining  hidden’ salt-tolerant main-effect QTL from rice gemmplasm were

discussed.
Keywords: Rice; Salt-tol ; Bacl
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1.1 EABRHH

L Bk RS BF 5K B B AL B9 B S IR L L R IR64
HEEES, KR PR RF R Tarom Molaii J i
ER BT A ERIEE H 85 4~ BC,F, FAIXF
ARBERBTHHR.,
1.2 WEHEEE

¥ 2k BE VR WK RO BF T ZE SOC T 5d ITRESR
W, 3 0.5% WEMMBALE 10 min HITREWHE, &
JAWKMEEE T 28CEM 48 h, KBIRHFHMT
BEREEREMMBREENF, BN F.§
WA LIH107L,3 REX , AR R R AT LR
HFl, BKBREZ 0 —L08, BH KBRS 140
mmol L' NaCl i) Yoshida Z 5t ¥, ME7ERE
B EIBTNHESHERANTREE, EEMER
T 8 3 1) A B - 28 B 4 B % 30C N 25T X2
H.BEANO%, BR—AH —-KEFW,BX
W% pH Z 5.5 &4, #MB/EH 10X, #H SES
N IRERS SEQ RAREWRE,9 E N BB R
Y RO G Bk R S E B2 F R 5 (score of salt
toxicity at 10 days after salinity, SST), 825 B ¥ 7E3h B
G B AFE X B (survival days of seedlings after
salinity, SDS)o

S E AR Nat A0 KW, BB
SEHAT 140 mmol L™ NaCl b3, #EAT A4S IR 4L 2 AT fH]
BENEEFRENTERER, REIE Na* \K*
Ve B2 BB KB R BURERT 1] o R A BRI RS
LHARMKEREFHTAE, A8 d 5 aHBK
e ERARE, SR BARRBREBARGH, &
SOCHAEHZIEE, FRE/S A 100 mmol L' BB T
TCIHEEKBIFER 2 h BREHSBFL, A
82 B K KGR T RO X (52 B KGR T IR o6 i
N EERBRAFAEE)SWEm LW K RE
(shoot K* concentration, SKC)# Na* ¥ JBf (shoot Na®
SNC) K H 3 & K' (ot K*
concentration, RKC ) # Na* ¥ B (ot Na*
concentration, RNC) , ¥ B B4 % pmol mg ™' 6

concentration,
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MAKR 12 KRk BBk 5 476 B A
HEAK 162 1~ SSR #7iE, M MR FA#AITHEER
S 5% Comell K2 i BB 18 HRIDER
Bl LN ERREER. 12 MricEREEA
21 1179.5 cM, HSEHRICHE T IIEE R 7.9 M.
1.4 ¥ELEE QTL Efk

F1 FJ SAS PROC GIM (SAS Institute 1996) 4347 4
R E B #I% . R SAS PROC GLM M # [T
ST BRI B R A YR B QTL, X P <0.005 B ¥
KEAENRE QIL WG RME. H11~QIL 524

REMTICEYN, L FERWHEENS QTL E
HIBRIEFI ™

2 HRESWH

2.1 EEHMBARBEHHERER

Exh 8 &4, R B SDS 1 SNC 4h, F
RANMHERBBERELR (R 1), BRAFIMESE
FHPEBE, HFEARBKY 6 MERBEHE
BB SR AR S, BE PR R 1Y SST B E T M
%E,SDS MIBFHK FRE, HHH 43 1(50.6%) #
RAYSDS 7 21 d L |, BRI RBAR IR,

1 FEER IR6H Tarom Molaii BC;F; SAREE 6 P MEHXERHRR

Tablel P of six salt related traits of the parents IR64, Tarom Molaii, and their introgression line population in BG; F,
MR IR64 (P,) Tarom Molaii (P;) W Hx2 AR Blls
Trait (Mean + SD) (Mean + SD) Difference between the parents Mean + SD cV (%) Range
SST 5.96+1.36 5.85+£0.667 -0.11 4.84£1.24 25.54 3.00-7.67
SDS 19.04+£3.93 17.41£0.79 1.63% 21.21%4.17 19.65 11.67 - 31.00
SKC 0.5422£0.04 3.5488 £ 0.03 0.0066 0.5494£0.10 18.68 0.4065 - 0.8890
SNC 1.3786 £ 0.09 1.7110£0.14 0.3324" 1.6088 £0.31 19.29 0.6621 - 2.3954
RKC 0.1041 £ 0.02 0.1327£0.07 0.0286 0.1573 £0.07 46.47 0.0559 - 0.3257
RNC 0.3938 +0.26 0.4580+0.13 0.0642 0.4616 £ 0.25 54.83 0.0948 - 1.0233
* FRTE 0.05 BREE BEKF.

* significant at P < 0.05. ¥ SST: score of salt toxicity of leaves; SDS: survival days of seedlings; SKC: shoot K* concentration; SNC: shoot Na*

concentration; RKC: root K* concentration; RNC: root Na* concentration.

2.2 HEEHRZEHEX

PR XM EHA(F2),5ST 5 SDS ERE
ERMX, MR AFRIBME, BEFBERERK,
PRI T S e L R ARTR . SST 55 SNC 2R BEIEM
*,5sps BERBERAMRX, BB FREFAR,
#LF N MERRE, FENARRK. SDS 5
SKCEBETHX, ESNC ERBERMHEX TS
RKC I RNC %, RSB FRRXE EERE Fiy
FEBS K FI Na* B93KE . RKC 5 RNC 2R BEEHM
2,7 SKC 5 SNC 24k BEHAX B RHX K |

%2 #%3i8 T IR64/Tarom Molaii BC,Fy B
REEO & R X R X R
Table 2 Correlation coefficients among six salt-tolerance
related traits of the introgression line population
derived from IR64/Tarom Molaii BC, Fy under salt stress

Trait! SST SDS SKC SNC RKC

SDS -0.689" " "

SKC -0.112 0.240"

SNC 0.322°° -0.510""" -0.669"" "

RKC -0.046 0.109 0.070 -0.147

RNC _ -0.032 0.185 0.231" -0.137 0.799°* "

T, TR AR 0.05.0.01 F0.001 AR BEKF.
DSee Table 1 for the trait abbreviations. *, ** and """ represent
significance at P < 0.05, 0.01 and 0.001.

Na* Wil fl P 808 ve 84k, 2 (07 3 b 328 48 B FF 72
R M, # B3P SKC F1 SNC 5B A RKC M
RNC I RFEAM XM, RERTA K Na” WHEK
Sht L HEHR T BFEERRKNIH. SKC5 RNC
ERETFHX, ZUBRE N BER EURERS
K" WREEZE#H EH, 3B LM AR K
WE

2.3 EMEHEXMERY QTL B

AW B) 23 4 QTL, A ZEBR S 5 1 10 LISHEY
10 %&pakE, LIEL A SST K 5 .SDS ) 6 4.
SKC #9 4 /~.SNC #J 4 4~ RKC # 1 ~H1 RNC i 3 4~
(£3,B 1.

EMBE ML T F R 5 QIL, A B
FES 2.3.4 17 Rk BB QSs2b AL LAk
Tarom Molaii £)% fir 2 B F& {5 1 A 48 3 4% 9 BI 3% o
kS0, D 4 ALK (QSst2a . QSst3 . QSsed
QSst7) 34k IR64 FIS M E MM I FRA . &
BN EmshE7E IS X EH 6 4 QTL, 43I0 T4 2.
3.4.7 f o Rtk b, 7 QSds2b T QSds9 WAL &
B9 Tarom Molaii 257 25 R FE K A7 38 KB, T fh 4 4~
i 5 ( QSds2a . QSds3 | QSds4 F1(QSds7 ) B [R64 % {if
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%3 M IR64/Tarom Molail BC,Fy SN\ RBEh R ME KM 6 W34 XERE QTL
Table3 QTLs of six salt traits in the introgr line p ion of IR64/Tarom Molaii BCFy
HARD Befutk iz Y B3 Parameter Py ¥t

Trait I Chromosome Marker imerval F P Additive effect
SST 05st2a 2 RM279-RM423 8.77 0.0041 0.42
SST QSs12b 2 RM240-RM112 14.47 0.0003 -0.63
SST QSu3 3 RM22-RM231 11.04 0.0013 0.65
SsT QSsi4 4 RM518-RM261 11.27 0.0012 1.02
ssT QSst7 7 RM436-RM481 13.1 0.0005 0.78
SDS QSds2a 2 RM279- RM423 11.13 0.0013 -1.5343
SDS 0Sds2b 2 RM240-RM112 8.87 0.0038 1.7031
SDS Q5ds3 3 RM22-RM231 11.22 0.0012 -2.1885
sDS QSds¢ 4 RM335-RM518 11.64 0.00L -3.4047
SDs QSds7 7 RM436-RM431 13.03 0.0005 - 2.6049
SDs Q5ds9 9 RM316-RM219 12.24 0.0008 1.6115
SKC QSkel 1 RM583-RM23 18.9 0.0001 0.0507
SKC QShe2 2 RM240-RM112 12.15 0.0008 0.0473
SKC QSke3 3 RM60-RM3202 16.72 0.0001 0.0535
SKC QSke8 8 RM408-RM152 9.59 0.0027 - 0.0426
SNC QSnc2 2 RM240-RM112 13.82 0.0004 -0.1533
SNC QSne3 3 OSR13-RM7 9.91 0.0023 0.2404
SNC QSnell 1 RM224-RM14 1.5 0.0011 0.1713
SNC QSncl2 12 RM20A-RM4A 11.42 0.0011 0.2533
RKC QRkcS 6 RM510-RM204 9.55 0.0027 -0.0363
RNC QRnct 6 RM204-RM217 11.79 0.0009 -0.1380
RNC QRnc7 7 RM7338- RM336 14.75 0.0002 0.1173
RNC QRnc® 9 RM409-RM257 9.59 0.0027 - 0.0864

VHEREBERRE 1. VW T RARMFIDRRRME QTL WHRIT. ¥ MBI [Ro4 #4:3 B WK Tarom Molaii #{UE B RL .

See Table 1 for the trait abbreviations. * The
substitution of TR64 alleles by Tarom Molaii alleles,

ERERFE X

FEH 1.2.3 718 ik b BB b R
K* ¥REERY 4 4~ QTL, B QSke8 {2550, EEF A 3 M
A (QSkel | QSke2 F11 QSke3) B4 fA Tarom Molaii % i
HERF EH K WRE, EH2.3. 11 W12 6
EERWE i £ Na® B 4 QTL, B
QSnc2 £ s, H R 3 ALK (QSnc3 . QSncll H
QSncl2) HE 4K Tarom Molaii B2 Ar 25 B 38 0 e £ 3
Na*VREE,

EFoRak FRMBERRIN K REM1
A QTL( QRke6) , 7ESE 6.7 T 9 Hefaff E RN BB ug
RER Na* WEEH 3 4~ QTL( QRnc6 - QRnc7 F1 QRnc9),
B QRnc S, b 3R T A 4R e Al A2 R /DR (B Y
e B A H 5k 5 4K Tarom Molaiio
3 it
3.1 W& QIL BMBEERUNRTEABRGER
MBI QTL It R

WY RN QIL R B #%k QTL MR WA &
FH™, UEHYSHHAEEAREETRF—

WS BB RATRE QTL 4, EHEFH
T A BB R T E R N MRS AR

derlined markers are those closer to the true QTL positions. *) The additive effect results from the effect of

HHRMEHTREFRIN EHEERNSE K
Na' ESEHNERUTERERCEHLEREERN
B4y B 3 ] 3k A0 o A A X 4 fkoR A B O AR
FHYTHEREER) MAXFHERMBERHN
AT R L B R BB IR BE RO AR T B,
B RBARMG AR WE, A ARAENEREE
iR, HE —EREBERERNBRKETR
BAAme—%™ ., Bit, BEEROLHERE LB EE
HBETRMHHREEH=ENFTRE R, AR
¥ R, T B A B B A Bl .
ARXSARBENEMRRFH SRR G 4HEHR
ik B, R RGN EFRA KA, EWiER
AR BE b PR 46 X QTL A 2 M3 QTL #&
AT, 7 QTL i ¥l M B>,

& B4R F) 60 SSR #R10 3K B2 0™ g A
MEEMBIME QIL S AR BB K E MBS
BHETIRE, B 1 Ref ik RMS83 ~ RM23 XA |
By SKC By QSkel 5 E K WE M ¢SKC-
17 ik AR E S MR DNA W
TSIPO F W K* & Na* /K* Bl QTL™ BRI £ R —
Peafh KR fr T 45 2 Je a4k RM240 ~ RM112 B 5]
& W5 SST, SDS . SKC 1 SNC i £ 3 QTL 5 ¥ M # §
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Chr.l Chr2 Chr.3 Chrd Chr6
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28 RM279 n 6 RM3202 85 RM537 13.4 RM510
1 RM22
25 RM34 202 RM423 b 157 31 . 214 RM335 . 177 RM204 A
27 RM220 263 RM555 238 RM175 255 RMS18 188 FJIFRM217
2 N
30 RM283 352 RMS45 354 RM261 26.2 %13
295 s
96 4 .
559 %33 576 RM300 2 i gbs;u 538 RM471 37.7 RM339
575 RMS83 o o RM262 " 685 RMS5749 a1} Bnvesd
702 RM23 743 RM341 794 RM251 X
o s 841 RM475 669 < J| *RM3
944 RM273
8.1 RM3874 100.9 ~f- RM282 1009 = RM275
1112 - rRv237 1062 ~[~ RM241
; 1141 RM106 108.7 RM338 5.5 RMATO 1142 -1~ RM528
1303 m‘;gl\ 1183 RM263 128.7 = RM411 1837 J| \RM317 126.1—f RM340
. 1345 RMS525 132.7 RM16 1383 RM348 137.8 RM176
144,74 RM212 1455 RM6 147.1 FHR-RM349
148.7: RM486 148.8 RM240 149.1 RM131
1568 Mt roaii: SEO® 1504 Jb s 1264 Yraoio
173.7 RM431 1609 RM250 156.1 RM559
1772 RM208 17247 || *RM168
189.5 =~ RM14 181 RM48
18 v 193.4 PHT RM520
1867 RM138 195,24 || LRM293
21027 rM130
2232 RM570
233.1—4 RMB8S
Chr7 Che8 Chr9 Chr.1t Chr.12
Y RM436 RM408 0 RM316 0 RM4B 0 RM20A
32 rvass NI 94 sz & o rvzo B 2 RMAA
N 176 RMI9
8 :l\h::; 28 RM38 302 RM321 27.8 RM332 29 RM247
301
347 RM214 418 RM409 416 RM120
393 RM7338 A 522 RM25 A 54 RM202 539 RM277
609 RM336 60.8 RMd4 643 RM257 686 RM287 622 RM313
635 RM10 721 RM339 714 RM242 g 712 RM309
0.4 TN RM223 793 RM201 ey RM209
882 RM234 03 RM310 s OSR28 77.8 RM229 88 RM235
Y 857 RM21
%0.4 RM18 889 RMI89 :
114 s 9.5 RM213 1029 [~ RM206 losg="- RMI17
1153 RMI72 103, RM149 1129 RM205
16,5 RM248 112.1 RM230 120.1 RM224.
- 12857 RMI84 12317 ‘RM144

B Major-QTL affecting SST and SDS

E 1
Fig.1

© @ Major-QTL affecting SKC and SNC

A A Major-QTL affecting RKC and RNC

MEEMEE M TR64 Tarom Molaii BC;F, S\ KB 42 W H KM SST.SDS.SKC.SNC.RKC #1 RNC £ QTL EEHETHHH
The linkage map and distribution of QTLs for score of salt toxicity at 10 days after treatmeat (SST), survival days of

seedlings under salinisation {SDS), shoot K* concentration {SKC), shoot Na* concentration (SNC), root K* concentration (RKC}, and
root Na* concentration { RNC}, identified in the introgression line population of IR64/Tarom Molaii BC,Fy

AT AMEEHY B Nat W R QT B fr e —i8;
F4 3 ffak RM60 ~ RM3202 X #2044 SKC &9 QTL
FAH 4B X 8] RM22 ~ RM231 E B 04 SST 1 SDS &y
QTL, 5k 5; cDNA 32k 752" \Na*/K* th R #h b
T HMBEE AN oSV-3"" AR ER QTL" £ AL
E—; % 7 Y4k RM436 ~ RM481 X ] £ m
SSTHI SDS B9 QTL 5 WL B 1 K E M ¢SDS-
7 AT FYE SDM-7™ M KW E
QTL™ B ML ZE R — Y ik X 4R, B e 5.4 RM7338 ~
RM336 X /] _F B W RNC 9 QTL 5L W5 cDNA 7%
B 753 B ME TRFRER SeM-7"Y R
55 RFLP #7ic RG4 B4 1 itk EXE @
[FAl— K3 ; 8 F5 9 4k RM316 ~ RM219 X 6] B
W SDS ) QSds9 SR Na* /K* b R BB THRE

B QTL™ @it —. W, A5 hig
XHERE QTL A —2 M L7 LA M A M E R B 4k
PR,
3.2 WEEXERNQILAHRK MNa'HXTR
EHIAE R B QTL i % % 2 (17 Al — 5 A
oL By 2 R R IR, A BFSE A, & SDS F1 SST
B QTL 7645 2.3.4 M 7 e s fk @ ZE R — XA,
THERMMKN T AYMHEE(ES, B 1), 5XH4
HRE R XIEYE. B H SKC.SNC By QTL &
TR 2 Rtk R — X AT, 2 BRSO O 1R 5 R A
B FME—30, W RKC # RNC iy QTL E %
6 Jefatk Ay A 4P X ], 2 RO — 3, S F A
HIEAHEEYE. —EEREEHARHEERE
R R FESRR T SRR EER.
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HRBEIA N, EEMET KA Na* RIER—
ARATARL M TR, AR EER S,
ZHHM RKC S5 RNC Z M ERBEEMRIFT
ERME, 1B SKC 5 SNC ZHFEERBFAMK, X
HIMREEA K* fl Na* M ER B FEEFEED
TEHLB., PR PR W SKC 1 RKC B
QTL kL E W SNC 0 RNC Y QTL 4Bl B E ML ER
[F#EA XS, #—5RARIN K F Na* HRE
5 EEERAEAR R MBS BLH .

3.3 K'#M Na' RESABYHENWEIEHE

Na' FEKBH BB HER E AT LK 48
HWEEERS SRR RER XL, A bR H
B Na* ZEREBRP BT & B H BB , R b SR Bl |
WREH Na* B£™ ., B4 Na* REMERRR
KW K REMOEGTHRESERN—TE
BERE™ ., e AT YHEFEXELH R
BHBRBH - RLER, CREHFENGR N
A, ABFKHPE SDS 5 SNC.RKC Fl RNC #48
KR, KBE PRI ERREFE DR Na' %
BHRIG, 5B K* A Na* ELE, BRELR
M8 KA T R A Na* 1E3% ZZHA AR
MR, BT A ZEERIR B Z R A B T AR,
BASHM A K%, SDS 5 SKC EBFIEH
%, 20 I K W B B I R T AT b
AR L, b B A Na* B RA K K/
Na* B3 MAFH— B IBE,

3.4 HEREWE QTL WEEWEFREME QTL
MRS

2 ARKPYLFA TESE, AT SEY
BRI R A B AR SRR, AT INE R R R
MARBIBHREBRES ., KBHEREEEQR
WHEBENHEHEEER™, —HUREFHE
A 4 T A8 SR FA R K 0 A R R AR (AR
REABSRIY AR R B HREEEIL, WA
HEAREHRME, 550 DB R K TP Pokkali 1
R ABOLA BT R FAR 2 — A T SR ik
BT R, B EAE R R A 2R R E 3T R
S B, EJLHAESK, BEE X E B R R QTL B
TRATEA, ATIZE AR B BOE Bh B B A 5 W
BARMER R M, (B AR W 1) Ui A
SAFERHRBER, RPIT P Taom Molaii 4
REPHNPSREGHF AKEXFREESH 1
A EE ER OTL QSke2 , HiF S M EEX B Tarom
Molaii , B %] SKC.SNC.SST #1 SDS £ #h R R,

BREEHNBME. SXFHUBE" TRNEFEETH
FERBEFHRBER, FFEXRARESSTHIC
BRI XK B E AR,
KBTS H P EPERZ LA QTL 8
BEAN QIL XM HERMARBER, WARALKR
AR & QTL B4 £ R WM KY M E ¥ %
Bl ABETE 85 MR R, 2 MR R ERE
BTEBREEERESAN 1 dM28 4, RAH
Bkt X 2 MRS, FIEET kKA Tarom
Molaii 9 2 4~ 34 & 4k [X 8] E (58 2 B f6 fk RM240 ~
RM112 F1%5 9 45 4& RM316 ~ RM219)#1 3 A3 68
P X | E AR £E QTL(SH 2 Jefafk RM240 ~ RM112,
# 3 et & RM60 ~ RM3202 #1455 9 3 {54k RM316 ~
RM219), XUSHIE T DNA AR QTL R&F# 2
BEAARERMLFARNERT®,

4 Hig

HASFFTERETHER N HRIEHER
B R¥ K \Na* W FRE S SR FE
ARMLE. ZER W 6 TR 23 4
QTL &, B miHh ¥ K* \Na* WE K QTL 5 ¥ i
WK Na* B QTL 476 76 KR W 25 B 41 XK i, #
—HFHEMAMEI K* Na* B RIFEE R F K 5
YLE A 12 4 52.2% )78 U R R B0 o i
3, 4 2 §ef5 0k RM240 ~ RM112 R @ T 3 1 8
W EERARA 4 TR ER AR S MR A9 0 QTL, H
D £k ¥ 89 R 2 H 5k B 4K Tarom Molaii, i B A
iR OB EE L B R Hw ., FERBER
RUBKERATETHRRES BT OXRARS
A TRICHEARBER A B EENARRE,
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