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#1 HELEEHINERBETEHMIESINER
Tab.1 Thirty-nine SSR primers available to PCR amplification in Leuciscus waleckii
(53" /C GenBank
locus primer sequence (5'-3") motif annealing temperature GenBank accession No.
F: ACACGTGCAGACCTGTGGAT
HLJYLO007 (CAT)s 55 HM467015
R: TTTGCCAGCAGATGAAGATG
F: TCTCTTCCATACGTCACCTGTC
HLJYLO10 (TCA); 55 HM467016
R: TGTGGCTGACAGCTTGAAAC
F: GGGACATTCAACAACATTCAAC
HLJYLO17 (AC)s 55 HM467018
R: GAGGCTTCCTGGTTTCATCA
F: CTCAAGACATCCGTCAAGCA
HLJYLO026 (AGAT),; 55 HM467020
R: TGCGTATTCCTCTTCCCATC
F: AGGGACTCCCACTCCACATA
HLJYLO31 (ATCC)s 60 HM467021
R: AGACAGACGGATGGATGGAT
F: AAACCACTGGACACAGGTACA
HLJYLO035 (TCTA), 55 HM467022
R: ACCAACCAACACATCAACCA
F: CGGTTCATAAACAGGATGCAG
HLJYLO042 (TGGA)¢/(TGGA)s 60 HM467023
R: AACATAAGGTTGCGACAAACG
F: CAGCTGATTCACATGCACAA
HLJYLO046 (GATA);s 60 KF312878
R: TGCACTCTGCTACAGCCAAT
F: CACGACCACTAGAAGGCAGTC
HLJYLO048 (AGAT);s 60 KF312879
R: GAGGGTTCATGGGAGTTTGA
F: AGAATGTGACGGACGGATGT
HLJYLO052 (ATGG)s 60 HM467024
R: ATTGCATGCAGCCATCTTTC
F: CAGAAACGTCGCACCTCATA
HLJYL100 (AGAT), 60 HM467026
R: CTACACGCAGGTGAAGGTGA
F: TCGTTCTATCATCGGTTCTGTC
HLJYL101 (CATC), 60 HM467027
R: TGGTGGCCCAACAACATA
F: CATTGCTGCAGGTATGGTGT
HLJYL106 (CT)¢/(CT)y7 60 HM467029
R: CTCTGAGTCTGAGCCGATCC
F: AACAACGGTCGGATGAAGAG
HLJYL110 (TGA)s/(GAC)s/(GAT)s 60 HM467030
R: ATCAGGCTCCAACCAAATGA
F: TAGACGTCTGGGTGTGTTGC
HLJYLOI18 (GT)s 60 KF312877
R: GGGACAGACAAGGACTCCAA
F: GACCTGGCCTGTGTTCATCT
HLICS7 (CT)51/(GT)as 60 FJ213552
R: TCGACGATCTCTGCATCATC
F: GAAACTGAGACCGTTGCACA
HLIC87 (GT)2s 60 FI213562
R: TCGACGATCAAAGCAATCTCT
F: TGGAGAAAAGGGCTGTAGGA
HLJC91 (GA)a 60 FI213564
R: ACTCCCCTCCCTTCCTCATA
F: GTTCTGTCAAGTGTGCATTCCT
HLIC114 (GA), 60 KF312876
R: GTCGACGATCTCAGAGCTATAAA
F: ACTTTACATTGGTGCTA
HLJYLeO1 (TGTT), 55 o
R: GATTTGGTCAAAGAAGA Z1.201310494896.91""
F: TGTCTGAGAAAGGTETGTGCA
HLJYLe22 R (TG)s 55 KP168468

: CAGCACAGTCCTGATCCCTG

(

to be continued)
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1 Tab.l continued)

(5'-3") /C GenBank
locus primer sequence (5'-3") motif annealing temperature  GenBank accession No.
F: TCTGCTGTTCTCTGCTCTCC
HLJYLe24 (ATTC); 55 KP168469
R: GTCTCATTTTAGAATCTTAAGAGCTACA
F: GGTGAATTCAGGTAAAGTGGGC
HLJYLe25 (AT)s 55 KP168470
R: AGACACTTGTTGCGGTTTTCA
F: GGTGAATTCAGGTAAAGTGGGC
HLJYLe26 (AT)s 55 KP168471
R: AGACACTTGTTGCGGTTTTCA
F: CCTGTTTGCACTTTTGGACCA
HLJYLe64 (TGTT)s 55 KP168472
R: TCTCAACCCAACCAAACCCG
F: GCCTCGATGTAGGTGCTCAA
HLJYLe94 (CA)s 55 KP168473
R: ACTCAAACGCGGGACTAGAA
F: AAAGGACCATGCAACTACAGT
HLJYLel14 (TAT), 55 KP168474
R: GCAGGGGCTTCAAGTGGTTA
F: CCTAAACCTACCGCCACAGG
HLJYLel15 (TA)12 55 KP168475
R: GACGGACTTAGAGGCTTTTGC
F: CTCAAAATCTGTTCTGCTGGgET
HLJYLel18 (TTTTC), 55 KP168476
R: AGAACAGACATTCCACAATTGGT
F: TTGACTGGAGCAGGTGTGAC
HLJYLel140 (TG)o 52 KP168477
R: GAGGCCAAAGCTGAGGTGAT
F: TGACGAGTCTTATTGATGGCA
HLJYLel53 (AT)y 55 KP168478
R: TAACACATCAGTGCTGGCCA
F: CACTCGACAACATCAGAACGC
HLJYLel75 (GT)o 55 KP168479
R: AAGGTATGGCTCATAAGCGC
F: GATGCTCTGCGGATGGAGTT
HLJYLel81 (TGC)4 52 KP168480
R: TGGGCAGAGAATTGTGGGTC
F: GGGCTATTTAACCTCTAGTAATTGTACA
HLJYLe192 (AAAAT) 55 KP168481
R: GACACTTGTTGCGGTTTTCA
F: AGCTGGGAGAAATATTTATTTTTGGGT
HLJYLe234 (TAAAA); 55 KP168482
R: GGCGGTCAGGACAAGACTTT
F: TTGACACAGTTGCTCAGCTT
HLJYLe242 (GA), 55 KP168483
R: GTCTCTTTCTGTGCTCCAGTCA
F: GGGCTATTTAACCTCTAGTAATTGTACA
HLJYLe254 (AAAAT)y 55 KP168484
R: GACACTTGTTGCGGTTTTCA
F: GGCAGCAATCATTGGCTCAC
HLJYLe274 (CA)s 52 KP168485
R: CCACAATGACATATCCCAATAGCA
F: TGCACGAAACACAGGAGGAT
HLJYLe289 (CA)13 52 KP168486
R: GTATCCACTTCAAATGTTGACGT
, F, 2, ( 64~77, 14
( 4 95 3
2.3 F, Fisher ,
¢ 3, , 2
6d ( 1~43,43 ) , HLIYLe289 (P=0.043)
1,7~14d ( 44~63,20 ) HLJYL100 (P=0.023)( 2)

)
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4 HLJYL100 F,
1~77: s ZF: s ZM: s F: s M: ; BB, CC, BC:
Fig. 4 Electrophoresis fingerprint locus HLJYL100 in hybridized F,

1~77: Number of the experimental fishes; ZF: Grandfather; ZM: Grandmother; F: Father; M: Mother; BB, CC, BC: Genotypes of the
experimental fishes.

1 23 45 67 8 91011121314 1516171819 202122 232425 26 27 282930 313233 34 353637ZFZMF M

3839 4041 4243 4445 46474849 505152 5354555657 585960 616263 646566 67686970 7172 7374757677 ZFZMF M

5 HLJYLe289 F,
1~77: s ZF: 3 ZM: ; F: s M: ; AC, AD, BC, BD:
Fig. 5 Electrophoresis fingerprint locus HLJYLe289 in hybridized F,

1~77: Number of the experimental fishes; ZF: Grandfather; ZM: Grandmother; F: Father; M: Mothe; AC, AD, BC, BD: Genotype of the ex-
perimental fishes.

% 2 #7i2 HLIYLe289 71 HLJC100 Fisher # {11 5 #r45 R
Tab. 2 Fisher exact probability analysis results of HLJYLe289 and HLJYL100

the number of individuals Fisher
marker genotype | 5 3 total Fisher’s exact test

AC 9 9 3 21
AD 13 2 5 20

HLJYLe289 0.043
BC 16 6 1 23
BD 5 3 5 13
BB 8 5 0 13

HLJYL100 BC 18 12 12 42 0.023
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Abstract: Saline-alkaline water use has broadened the development of Chinese fisheries. Breeding new varieties of
alkaline-resistant fish is a fundamental task, and elucidating fish alkaline-resistant mechanisms, identifying candidate
genes, and exploring their functions are crucial. Decoding genome information promotes the use of molecular markers
and selection of candidate genes. Leuciscus waleckii (Dybowski) is highly tolerant to high salinity and alkalinity and
survives in Dali Lake (Inner Mongolia) with alkalinity up to 53.57 mmol/L (pH 9.6). Therefore, this fish species is a
good subject to investigate the evolutionary mechanism of high salinity and alkalinity adaptation. L. waleckii in Dali
Lake differ from their freshwater counterparts because they are characterized by a breeding migration in which they
spawn in freshwater and grow in alkaline water. Marked differences are observed during acute-phase alkaline tolerance
between the alkaline population from Dali Lake and the freshwater population from the Songhuajiang River, indicating
the genetic heritability of alkaline tolerance. However, the mechanism of high tolerance to alkalinity remains unknown,
and very few physiological and genetic studies have been performed. Thus, we prepared a hybrid F, system (alkaline
Dali Leuciscus x freshwater Songhua Leuciscus). A large number of candidate genes are associated with alka-
line-resistance traits, and microsatellites, single nucleotide polymorphisms, and other molecular markers have been ap-
plied in fish population genetics studies. We used the gene recombination principle to select molecular markers closely
related to alkaline-resistance traits and located functional genes using molecular markers. In this study, we examined
and genotyped alkaline tolerance in 77 hybrid F, individuals using 39 simple sequence repeat (SSR) markers, including
19 expressed sequence tag EST-SSRs. The individuals were divided into three groups of 43, 20, and 14 individuals
based on their alkaline tolerance. Fisher’s exact probability test was used to examine the associations between markers
and the trait. The results showed that two markers were strongly linked to alkaline tolerance (P<0.05), and one was an
EST-SSR. Sequence alignment of that EST-SSR showed that it was highly homologous with the hypoxia inducible fac-
tor HIF-3a gene of Wuchang bream (Megalobrama amblycephala) and the HIF-4« gene of grass carp (Ctenopharyn-
godon idellus). These genes are involved in the response to hypoxia and increased hypoxia tolerance in fish. The ap-
proach was to select a functional gene using molecular markers, localize the functional gene, and narrow the range of
candidate genes to lay the foundation for breeding new varieties of alkaline-resistant fish. In-depth study of this func-
tional gene will be conducted in the future. Our results suggest further analyses of candidate alkaline-responsive genes,
which will help in the understanding of teleost adaptation under extreme environmental stress and ultimately benefit
future breeding for an alkaline-tolerant fish strain.
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