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QTL Mapping Revealed Salt Tolerance Traits from Oryza rufipogon
using Chromosome Segment Substitution Lines
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Abstract: Within this study, a QTL mapping of salt tolerance was conducted by using a population of
chromosome segment substitution lines ( CSSLs ), which were generated from common wild rice as donor parent
and cultivated rice ( 9311 ) as receive parent. Genotyping for CSSLs were performed with types of markers ( SSR,
InDel and genotyping-by-sequencing markers ) . The phenotypic datasets were assessed by systemically evaluating
the salt tolerance at different growth periods. As a result, two QTLs at germination stage and 13 QTLs at seedling
stage were obtained. Among QTLs, ¢gSSR5.1 and ¢SSG5.1 were found at the same locus, which synergistically
contributed to the seedling survival rate ( 6.36% ) and salt tolerance grade ( 8.13% ). Within the target interval,
one candidate gene OsDil9-1 which associated with abiotic stress was found. Sequence alignment showed an
obvious sequence variation between 9311 and wild rice in the promoter region of OsDil9-1. Notably, the line
CSSL72 showed a higher germination rate, while CSSL23 and CSSL153 exhibited higher seedling rates. A down-
regulation on gene expression was observed in CSSL23 and CSSL153, if relative to 9311 under salt treatment.
Taken together, our data indicated that OsDil9-1 from wild rice might contribute to the salt tolerance, and these
elite lines might become useful in future rice salt tolerance breeding.
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Fig. 1 The linkage map of CSSLs
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Fig. 2 Graphical representation of CSSL genotyping result
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QTL Icimapping X {4#£47 QTL %125 % 7 , 4L 7 o7 5]
154 QTL (£ 3), 704 T 1.2.5.6.7.8. 11 SYL(afk,
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Table 2 Phenotypic datasets of CSSLs upon salt treatment

HA T 6 S YL (a R gSSR6.1 B PRIANFI 4> F4%
1 (RM30.S6 29003916 ) R B 5 137 ; gSSR5.1 . ¢SSGS5.1
BEFIRSENLT S S Y tafk S5 27886769 i kb, ASHE
FEENIN 11 428 A BPAERERY QTL XK SRR F)
BEZEVER A 4 4 QTL BYMIESE N hy T (i, RS
AR KR SRR SE

[BEENCEZ A 9311 CSSL
Indices of salt tolerance Farents /MHE. f N SEH
s Min. Max. Mean
K 2% (% ) Germination rate 472248 0.00 74.23 24.12
BTG (% ) Seedling survival rate 54.17 + 6.80 16.67 88.89 55.41
TR 454 Seedling salt-tolerant grade 1 9 1 3.32
TIAEG KA (d ) Seedling survival days 8.7 +0.02 6.6 115 93
b 3R (g ) Seedling dry weight of above-ground parts 0.85+0.10 0.56 1.52 1.00
b FERT- 5 (g ) Seedling dry weight of under-ground parts 0.83 £0.03 0.55 1.37 1.00
%3 CSSL fit#h QTLs( SSR/InDel #RiZ )
Table 3  Salt-tolerant QTLs of CSSL ( SSR/InDel marker )
E——
PR BEE WD PR LODI IR i om ik
Treatments Chr. Peak marker Flanking markers value PVE Add effect QTL name
K 2E#& Germination rate
1.3% NaCl % 7 S7 23160626 S7_23077850-S7_23293939 6.0353 11.0283 0.1168 qGR7.1
11 S11 16987307 S11_16849537-S11_17292444  6.7571 12.4518 0.0760 qGRI11.1
W75 R Seedling survival rate
0.7% NaCl % 2 Indel2-10 RM475-RM6318 3.9369 8.7851 7.0447 qSSR2.1
2 S2 1049672 S2 989128-S2 1227422 4.2003 6.3572 7.5950 qSSR2.2
2 S2 24278397 S2 24128850-S2 24387301 3.6938 5.5573 6.3315 qSSR2.3
5 S5 27886769 S5 27733816-S5 27973430 5.6221 8.6531 6.8374 qSSRS5.1
6 RM30 RM20438-RM494 3.9455 8.8056 7.9058 qSSR6.1
6 S6 29003916 S6 28999115-S6 29194924 7.3310 11.5132 11.9654 qSSR6.1
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Treatments Chr. Peak marker Flanking markers value PVE Add effect QTL name

TR ER 4% Seedling salt-tolerant grade

0.7% NaCl %1% 5 S5 27886769 S5 27733816-S5 27973430  3.6025 8.1340 0.7271 qSSG5.1

T IAFTG RAL Seedling survival days

0.7% NaCl ¥ 1 Indell-16 RM128-RM472 3.0878 72669  -0.4618 gSSD1.1
1 S1 38368329  S1 38292070-S1 38409107  6.0902 9.7907  -0.4110 qSSD1.2
8 S8 2689486 S8 2513855-S8 2786791 6.6480  10.7585 0.4111 qSSD8.1
11 S11_24264059 S11_24103036-S11_24349408  3.4826 54272 -0.5131 qSSD11.1

i R BT Seedling dry weight of underground

0.7% NaCl ¥ 1 S1_35391843 S1_35267727-S1_35428764  5.1812 7.3688 0.0764 qUDW1.1
1 S1.38409107  S1_38368329-S1_38524922 3.1496 43755  -0.0854 qUDW1.2
11 S11_14555474 S11_14492837-S11_14682925 4.4734 6.3103 0.0779 qUDWI1.1
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FRA A 25.3 mm, FEIEAR 9311 = 83.79% (&l 3A ).
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H AR R B B, AT 7 11 ek, i
FRER AP EA WK A B AR 0 ERAHOC QTL
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Wang %54 5 {37 19 7K R % 25 % QTL qGL7-1 i
AR R, {H S AR5 KA A TF 5 UK e i &
875 kb X [H] P, ASHIF 8 1k B Ay 5 R 1) SNP ARicle
HAGEI4E/N2 108 kb IX[H], % B P HAT 14 A3
P E A SR TR O s B O R
P et (N TETR (SRS 3 S P EP S OE - TS IESPIN
Rt & 2 B AR O ) i 3 SE RO e % 3

S

W
(=

i

9311

CSSL72

A R FRERRY, 5 b3 4d, RO ALEE 10d; B: BhALHE R & ZFAR C: CSSL72 LKA
A': Salt treatment phenotype of 9311 and CSSL72 line at germination stage, the upper panel is seed treated with 1.30% NaCl solution for 4 days, the lower
panel is seed treated with 1.30% NaCl solution for 10 days. B: Germination rate of CSSL72 and 9311 under salt treatment. C: The genotype of CSSL72
B3 CSSL72 REREFEE
Fig. 3 Phenotype and genotype of CSSL72 line
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S50 VDT R0 S A BT CSSL23 A1 CSSL153,
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CSSLI153 [ J7 Tt £7 76 4 i Fk e ah, it g {4
EIIEFE IR AR AR I F ARSI 2K

T 9311 (& 4C.D ), CSSL23.CSSL153 [ 7F 1% %
I35 K 88.64% . 83.33% , W Wi i T 3E AR 9311 W FE
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PR 20 S GERE A TR 10.75d 1 11.5d, W #1ET 9311
(18 4E ), B¥EFH CSSL23 . CSSL153 7E i i HA
SR AR
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A-B: The genotype of CSSL72 and CSSL153, C-D: Germination rate of CSSL72 and 9311 under salt treatment,
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B4 CSSL23,CSSL153 EFE K KA
Fig. 4 CSSL72 and CSSL153's genotype and phenotype

CSSL23 JE A & 47 7 AW AE Ff 4 i B (&
AA), B F 5 A SAETE R R S L AT R
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gSSG5.1.9SSD6.1( % 3 ), CSSL153 JEHTI4nfk 4B
JIE s, A E i S R AH OC QTL ¢SSR2.2, gSSR5.1
gSSR6.1.qSSGS5.1.qSSD11.1 .qUDWI.1( %3 ),

X POD Fl1 SOD P v isk 480 £k 9y Tl 17% P Az I
P, £ iR 38 b B S CSSL23 . CSSL153 14 P 14 33 48
FEYIBEEPEY =T 9311 (& 5A, B ). MDA # il
FE 25 LRI, oK A BT CSSL23  CSSL153 14 4 Y
MDA ¥ 5 T 9311, CSSL23 B /2 b % %5 T 9311;
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SR A T M, T 9311 1Y MDA & B AT 75 34
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6B ). Wil T, 9311 Zh i B KT A i i
ik, CSSL153 4h i i i K& & 2 A W A8 1k, 4R
1M CSSL23 #k & H K* & it S Mi b A i (B 6A ),
CSSL23 . CSSL153 5 9311 3% £k W 31 J5 Na'/K™ 4

A FEYE BT, 9311 FhiE T 45.67 %, 1 CSSL23,
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LA SR I FEAE 9311 Ry Rk B E R T
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Fig. 5 Physiological indicators related to salt stress Fig. 6 Na' and K' contents of CSSL23,
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1 10 20 30 40 50 60 70 80 90
CSSL23 TTTTAATAATTATTAMAAGAT TGAAAARNTAAATTTATTTCGTATTTTGAAGCAACTTTTATATAGAARNATTCTTTCAAGAAACGCAGCAT,)
CSSL153 TTTTAATAATTATTA[MAAGATTGAAAARNTAAAT TTATTTCGTATTTTGAAGCAACTTTTATATAGAARNATTCTTTCAAGAAACGCAGCAT,
9311 TTTTAATAATTATTA[AAGATTGAAAA[TAAATTTATTTCGTATTTTGAAGCAACTTTTATATAGAA[ATTCTTTCAAGAAACGCAGCAT)
100 110 120 130 140 150 160 170 180
CSSL23 TTGACACATTTAACCGTTTAAAAATTATAATGACTGAACTGAGTTACIGCTAGTAACTCCTACTCCCTCCGTTCTAAARYNGACACTCTCT
CSSL153 TTGACACATTTAACCGTTTAAAAATTATAATGACTGAACTGAGTTACIWGCTAGTAACTCCTACTCCCTCCGTTCTAAARNNGACACTCTCT,
9311 TTGACACATTTAACCGTTTAAAAATTATAATGACTGAACTGAGTTACMGCTAGTAACTCCTACTCCCTCCGTTCTAAANMNGACACTCTCT
190 200 210 220 230 240 250 260
CSSL23 CCGCTCEAAAAAANNGACTCAAT TMT T[GATTTCCGTGTCAAACGTTTGATCGTMCGTOTTATATGAATTTTTTTWATGATTAGTAAT(
CSSL153 CCGCTCMAAAAAANNNGACTCAATTMT T[gGATTTCCGTGTCAAACGTTTGATCGT[MCGTTTATATGAATTTTTTTWATGATTAGTAAT(
9311 CCGCTCEN\AAAAAAIYNNGACTCAATTIWT TWGATTTCCGTGTCAAACGTTTGATCGTIWCGTWTTATATGAATTTTTTTHATGATTAGTAATHN
270 280 290 300 310 320 330
CSSL23 TTATTGTTGT TAGATGATAAAA[MATACT T TATGCATGAC T TA T C T T T T TAAA T A T T T T T A T A | ATTT T
CSSL153 TTATTGTTGT TAGATGATAAAA[MATACT T TATGCATGAC T TA T C T T T T T AAA T A T T T T T A T A | ATTT T
9311 TTATTGTTGTTAGATGATAAAANMATACTTTATGCATGACTTATCTTTTTAAATATTTTTA T A NN SO b N NN V- 0: 0 AN M NN A W\ A T T T T
340 350 360 370 380 390 400 410 420
CSSL23 TTMAAATAA[EA[MGGACGGTCAAACGTTATATACGGAAACAGGCTGTGTTTAGTTCACAMTGAAATTGGTTTGGTTAAAATTACGATGATEN
CSSL153 TTMAAATAA[GAMGGACGGTCAAACGTTATATACGGAAACAGGCTGTGTTTAGTTCACAMTGAAATTGGTTTGGTTAAAATTACGATGATEN
9311 TTIRAAATAANANWGGACGGTCAAACGTTATATACGGAAACAGGCTGTGTTTAGTTCACANWTGAAATTGGTTTGGTTAAAATTACGATGAT(Y
430 440 450 460 470 480 490 500 510
CSSL23 TGATE AAAAAGTTGGAAGTTTGIWGTGEGTAGE\AAAGTTTTGATGTGATG[EAAAINGTTAGAAGTTTGGAAAAAAAAATTRGGAACTAACGT
CSSL153 TGATE\AAAAAGT TGGAAGTTTGIWG TGEGTAGINAAAGTTTTGATGTGATG[EAAARNGTTAGAAGTTTGGAAAAAAAAATTRGGAACTAACGT,
9311 TGATEAAAAAGTTGGAAGTTTGEGTGINGTAG[EAAAGTTTTGATGTGATGINAAA[GTTAGAAGTTTGGAAAAAAAAATTINGGAACTAACGT)
520 530 540 550 560 570 580 590 600
CSSL23 TAGGAATTGAGTTTTTTTTT TRAAGACTAGGGACTAGGGAGTAMTGAGAGAAGAATGGACGTATACTCGTCCGGTCGTCCCGATGTGCCA]
CSSL153 TAGGAATTGAGTTTTTTTTT TRAAGACTAGGGACTAGGGAGTAMTGAGAGAAGAATGGACGTATACTCGTCCGGTCGTCCCGATGTGCCA]
9311 TAGGAATTGAGTTTTTTTTT TWAAGACTAGGGACTAGGGAGTARNTGAGAGAAGAATGGACGTATACTCGTCCGGTCGTCCCGATGTGCCA]
610 620 630 640 650 660 670 680 690
CSSL23 TGGCTACCAACACGCGTCGCTGGAGCGACACCACCACGCTGTTGCCGACACACGAACTCCANWCCCACGGCCCACGCTAGCCCGACCATGC
CSSL153 TGGCTACCAACACGCGTCGCTGGAGCGACACCACCACGCTGTTGCCGACACACGAACTCCAWCCCACGGCCCACGCTAGCCCGACCATGC
9311 TGGCTACCAACACGCGTCGCTGGAGCGACACCACCACGCTGTTGCCGACACACGAACTCCA[MCCCACGGCCCACGCTAGCCCGACCATGC
700 710 720
CSSL23 GCCGACCTCACGCGGTCAAGCGGAGCCCGGCTCA]
CSSL153 GCCGACCTCACGCGGTCAAGCGGAGCCCGGCTCA]
9311 GCCGACCTCACGCGGTCAAGCGGAGCCCGGCTCA|
B 7 CSSL23.CSSL153. 9311 #J OsDi19-1 F3hF X8 5 5l bk 3¢
Fig. 7 Sequence alignment of OsDi19-1 promoter sequence among CSSL23, CSSL153 and 9311
4 CSSL23.CSSL153 #1 9311 Bsh FR&EFBIRXMEH TH
Table 4 Cis-element in the promoter sequences specific of OsDi19-1 gene between CSSL23, CSSL153 and 9311
A SR e L »
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Various site LERS s [ivAs FHMES Il
Line Site Position Sequence signal Function
(9311/CSSL153)
T/C 9311 WUN-motif - AAATTACTA WU B o
T/C CSSL23/CSSL153 ATC-motif + AGTAATCT S5ama A OG Y DNA JRSFALE
G/A CSSL23/CSSL153 CTAG-motif - ACTAGCAGAA BELE 45 1A OGS 1
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