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QTLs Analysis for Salinity Tolerance at Seedling Stage Using
Chromosome Segment Substitution Lines of Dongxiang
Common Wild Rice (Oryza rufipogon Griff.)
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Abstract: In our laboratory, we created a chromosome fragment substitution line CSSL91, with high
salinity-tolerance, using Dongxiang common wild rice and Nipponbare as parents. In this study, it was
compared with Nipponbare and Pokkali, a strong salt-tolerant germplasm, and the results showed that the salt
tolerance of CSSL91 was comparable to that of Pokkali. Using the F, ; population constructed by CSSLI1 and
Nipponbare, the phenotypes were normally distributed with salt tolerance grade and seedling survival rate as
indicators. QTL linkage location analysis showed that a total of five salinity tolerance-related QTLs were

detected, which were distributed on chromosomes 4, 9, and 10, with the LOD values ranging from 2.95 to
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3.97, and the phenotypic contribution rates ranging from 9.83% to 18.48%. Among that QTL-¢ST4 is the highest
phenotypic contribution in the salt tolerance grade, which was located between DX-C4-1 and DX-S4-16 markers
on chromosome 4. Simultaneously, the bulked segregation analysis (BSA) detected a QTL exceeding the
threshold value in the interval of 0-5.0 Mb on chromosome 4, which was overlapped with QTL-¢S74, indicating
that QTL-¢ST4 was a reliable salinity tolerance locus; QTL-¢ST4-/ and QTL-qSSR4 based on salt tolerance
grade and seedling survival, respectively, were both located between markers DX-C4-12 and DX-C4-13 on
chromosome 4, with LOD values of 3.36 and 3.92, and phenotypic contributions of 13.97% and 9.49%,
respectively. Two QTLs based on salt tolerance grades, QTL-¢S79 and QTL-¢ST/0, were located on
chromosomes 9 and 10, respectively. QTL-¢ST4-1, QTL-gSSR4 and QTL-¢ST10 are the new QTLs with salinity

tolerance in this study. The results of the present study will lay a foundation for the cloning of salinity tolerance-

related genes and molecular markers to assist in the improvement of rice varieties in terms of salt tolerance.

Key words: salt tolerant grade ; seedling survival rate; bulked segregation analysis (BSA)
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Table 1 Primers complement with polymorphism between CSSL91 and Nipponbare

brid LSRN EEGI#(57-37) Felm5#)(57-37)

Marker Chromosome Forward sequence (5°-3") Reverse sequence (5°-3")
DX-S4-16 4 CGTTAACCATGTGGGCTTGGGAAA AGCAGCAAGTGCTCGCAAACA
DX-S4-13 4 TGCAGTTGCATGGCACAGTCAC ATCGTCTCGGTACACCTGAGTAACA
DX-S4-6 4 GTGCATCGGGGACAGGGTA CACCGTCCCCACGGTGATA
DX-S4-9 4 GCAATCGATCCAGGCATCC TTCGATCTGGAGCTCGCAA
DX-S4-10 4 AAACTAGCATTGGAAGACTTGAGTG TTCAATGTGTAATTTTATTTCGTGGT
DX-S9-3 9 GCCAAAACACGAGATTTTCGA CATGTTCACCCAAATTTAAGTCCT
DX-S9-6 9 GCCTATGGCATTTCTTTCGC TCCTTTCCACCCAACTATAGCTT
DX-S9-7 9 ACCACCGTAACAGGACCGG GCATGTGTGCACCCCTCAATA
DX-S9-5 9 CTGCTTCTCTTGTAATTTTCAGCTT CTTCGAGGAAACTCGAGATTCTAAG
DX-S10-1-1 10 CACCCGACCAACATCACCA CTCCGCTGCTCTGCCTGAC
DX-S10-3-2 10 TCCTGAATCCTGCCGTACAAA CCAGGAGGAGAGGTCATTGATC
DX-S10-4-2 10 CAATAGCGTGGTGACCCCTACT CAAACCATCTTAATGCACTATCACA
DX-S10-5-2 10 CGCCGTTCTCGTGTCCAT AGTATCCTGCATGCCACAACAA
DX-S10-8-3 10 TAGTGCTAAGGTGTGACATCTTGG CCTCCCGAAATTGTGAAGAATT
DX-S10-8-1 10 GGTCCACGACAGCAGCAAGT GAGCTCGAAGCCATGGACAA
DX-S10-8-s4 10 CACACGTAGTGACGTAGACGCC TGAGATGTACCAAGAGGTATCAATTC
DX-S10-8-6 10 AAAAACTGCAGTGGCAAGAGGT ACCTTTGTGCTACTGTGATGGC
DX-S10-9-5 10 TCGATTCCAAGCCGTCTAGC TCCATCACAACTGCACACTTCA
DX-S10-9-6 10 GCACGGCAGACCACATCACT TGCAACCTATGCAACGTGTCA
DX-S10-9-7 10 AATTTTTGCGCCATCGGG GCGCAGGAAATAGCTCAGCT
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Fig. 1 Comparison of salt tolerance of Nip, CSSL91 and Pokkali at seedling stage
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Fig.2 [Evaluation of salt tolerance in F, ;population at seedling stage
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Table 2 Summary of detection and genetic effects of QTL related salt tolerance at seedling stage in F,_; isolated populations

of rice
FRIUTTHRA (%)
[E2/N 7 A FR PSERIN Fric X [a] LOD{H Phenotypic JinPERL
Character Locus name Chromosome Marker interval LOD value variation Additive effect
expelained
[HEDE=1 qST4 4 DX-C4-1~DX-S4-16 3.97 18.48 0.92
Salt tolerance grade qST4-1 4 DX-C4-12~DX-C4-13 3.36 13.97 0.77
qST9 9 DX-C9-5~DX-S89-7 3.02 9.83 0.62
gSTI0 10 DX-C10-7~DX-S10-8-3 2.95 9.93 -0.23
WIHATIER qSSR4 4 DX-C4-12~DX-C4-13 3.92 9.49 0.04
Seeding survival rate
Chr.4 Chr.9 Chr.10
(Mb) Mb) o (Mb) A
0.55 :i: DX-C4-1 0.84 DX-C9-1 0.84 DX-S10-1-1
278 DX-S4-16 314 $9-2-1
421 DX-S10-3-2
5.85 DX-C4-3 5.56 Indel-c9-3 578 Indel-c10-3
7.05 DX-S9-3
7.98 DX-54-13 7.93 DX-S10-4-2
912 DX-$9-6
10.87 DX-C4-5 10.74 DX-C9-5 9.94 DX-810-5-2
11.77 = DX-89-7
13.71 DX-C4-6 13.18 $9-6-2
. DX-C9-6
15.99 DX-C4-7 0 14.84 I DX-C10-7
16.27 DX-S9-5 16.33 DX-S10-8-3
18.47 DX-C4-8 18.15 DX-C9-8 17.19 DX-S10-8-1
: 18.60 DX-S10-8-s4
19.77 DX-S10-8-6
20.58 59-9-1 20.84 DX-S10-9-5
23.25 Indel-c4-10 22.55 DX-C9-10 21.31 7 || - DX-S10-9-6
~ 23.19 DX-S10-9-7
E: 7/
26.29 DX-S4-6
28.01 DX-C4-12
28.47 54-12-2
31.04 DX-C4-13
31.68 04-027
32.48 DX-54-9
34.09 DX-S4-10

e R ZeMbRiC A R P3ROL B A ARG ARG B E TR IC i 2 E 231 QTL
The left side of the chromosome is marked with the physical location, and the right side is marked with the marker;
The thick black square marks the QTL that is located
E3 wHmEEIIER QTLAERBME LML H

Fig.3 Mapping locations of QTLs associated with salt tolerant related traits at seedling stage in rice
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Fig.4 The distribution of square values of the Euclidean distance for each SNP on the chromosomes
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