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Abstract The restriction-site associated DNA sequencing( RAD-seq) technology was used to analyze simple
sequence repeats( SSR) information of Halenia ellipitica D. Don; SSR markers for this species were developed
based on RAD=seq data. We identified 6 201 SSR loci with at least 100 bp at two ends including five types( di—
nucleotide tri-nucleotide tetra-nucleotide penta—nucleotide and hexa-nucleotide) . Primers of 3 865 loci
were designed successfully. Among which amount of tri-nucleotide SSR loci is the most. Repeat motif type
number is 316 and type number of penta-nucleotide motif is the most( 91) . Afterward 65 designed primers
were randomly selected to represent the five SSR types and tested using annealing temperature gradient PCR.

Subsequently 32 individuals from four natural populations of H. elliptica were employed to estimate the SSR

primers that can be amplified. One monomorphic and 13 polymorphic SSR loci were developed according to the
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result of PCR and Polyacrylamide gel electrophoresis. The number of alleles of the 13 polymorphic SSR loci is
and no linkage relation was found( P <0.01) ; ten loci deviate from HWE( P <0.01) and
have many homozygotes ( observed heterozygosity mean of 0. 226) ; the range of inbreeding coefficient is in
—0.443 - 1( mean of 0.656) ; the gene flow N is 0.474.

Key words Halenia ellipitica; RAD-seq; SSR molecular marker; simplified genome sequencing
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Table 1 Information on the populations of H. elliptica

/ /

Population Location Latitude/N  Longitude/E Altitude( m) }jl?lllrwlllzlja[i
chen2013577 Yunnan Shangrida 27°5347"  99°43°37 3331 8
chen2013014 G - 35°0000"  103°59°17" 2550 8

Gansu Weiyuan
zhang2014351 Qinghai Menyuan 37°46°50"  101°11°13 3424 8
chen2013453 Tibet Yadong 27°4438 88°5801 3065 8
1.3 SSR N N
SSR N N
14
o SR search ( Novogene )
contig SSR
SR search Primer 3 " SSR
o 65 2 -
6 ( motif) (
NCBI : KY315063-KY315127)
PCR
20 uL.  PCR
30 ng » pL.™'  DNA 0.9 pL 10 x

PCR Buffer 2. 0 pL. 10 pmol * L™
0.4 wL 10 mmol * L™" dNTPs 0.7 wL. Taq DNA
(5U <« wL™")0.1 ul ddH,0 15.5 pL. PCR
Mastercycler pro PCR  ( Eppendorf )
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Table 2 Information of SSR sequences in H. elliptica

SSR

Average otif type
SSR type Number Percentage length( bp) Mn IE rfl lt)};;r) >
Di-nucleotide 833 21.55% 14.51 10
Tricucleotide 1666 43.10% 13.27 58
Tetra-nucleotide 1133 29.31% 17.71 74
Penta-nucleotide 135 3.49% 2115 ol
Hexa—nucleotide 8 2.34% 25.22 83
SSR 12 ~ 36 bp
15.42 bp 12 bp
27 36 bp;
( 3), SSR 6.7
(68.79%) ; SSR 4.
5.6 (96.70%) : SSR
5 4.5 (91.62%) ; -
SSR 4 (80.26%) ,
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2189  (56.64%) . AAT(166 ) JAAAT(191 ) .AAAAT(7 )
585  (15.14%). 15 2 CCTAAA(6 ) SSR
(0.05%) - N 9.83% 4.29% \4.94% .0.18%  0.15% .
3 SSR

Table 3 Distribution of the length of repeat sequences of SSR loci of the H. ellipitica

SSR L
Length( bp) Di-nucleotide Tri-nucleotide ~ Tetra-nucleotide Penta-nucleotide Hexa-nucleotide ~Number of SSR loci Distribution
percentage( %)
12 396 1211 — — — 1 607 41.58
14 177 — — — — 177 4.58
15 — 297 — — — 297 7.68
16 98 — 791 — — 889 23.00
18 69 103 — — — 172 4.45
20 41 — 247 108 — 396 10.25
21 — 36 — — — 36 0.93
22 27 — — — — 27 0.70
24 13 11 62 — 79 165 4.27
25 — — — 23 — 23 0.60
26 9 — — — — 9 0.23
27 — 1 — — — 1 0.03
28 1 — 20 — — 21 0.54
30 2 4 — 4 18 28 0.72
32 — — 13 — — 13 0.34
33 — 3 — — — 3 0.08
36 — — — — 1 1 0.03
4 SSR
Table 4 Basic characteristics of SSR primers of the H. ellipitica
SSR . SSR .
QR Tt Primer sequences Repeat T (< Fragment || ", . Primer sequences Repeat T (T Fragment
SSR Toci (53 motif ol T) size( bp) S5R loci (539 motif ol ) size( bp)
F: AATGCGAATATGAGACGATTGAT F: GACACATTTTCATTCCATTCCAT ‘
HEl R: TGTATGGTTCGAATCTTTCCTAAA TTA 3 120 HE40 R: GTTAACTGCACCCTAATCGITTG ATTCC S 120
F: ATTCTTCTTTCTTCCCCAGCTTA F: CCACATCCATAATCATCCAATTT TITTT
HEI3 R: CAATTCACGATGACTCTCACATC AT 5 109 HE R: AGCGGTAGGGTTTATGATTTTCT A 333 133
. F: CAAATCTTTGACATAAAGAAAGCG o . F: AATAGTGATGAGTGGCGATAGGA vy
HELS R: TCGGATGTTTTAGTTTGGTTTIT A 3 160 HE4 R: GGGATGGAAGAAAAAGAAAAAGA TeTTT 5 142
. F: GGGGTATATGTTTGTATTCCACG o . F: CAACCTTCACTTCATTTGCCTTA e
HELT R: AATGTGAAACCCATCAATAATCG AT 5 123 HES0 R: GTGGCATTGAAGAGAAAACATTC CCATCT R 121
. F: GATTACCATCTGTGACCCAGAAC ‘ y F: TTAGCATTTGTCTTTTAAACCTTTG o
HE21 R: AAAAGTGGCAAGCTGACAATAAC oeA 3 157 HES6 R: GGGAAGTACTCTACTGCTTCTGC AGCAGA 3 133
F: AAACCCCATACCTATCCTCAAAA F: TATTGTTGTTGGACTTTGTTCCC ‘
HE22 R: TTTTCCGCTTATTTGTTTACTGC AGC 5 2 HE63 R: TCCGTCCATGTGAAAATAGAGAT CAG 3 145
HE36 F: AGCATGCTTCACAACTTAGTAACTC TTA 55 150 HE64 F: TCATCATCATTTTAGTGACGTTCC TATC s 151

R: GCATATCTTCTCACGTGACTTGT

R: TCTAAGTTCTTTGTTTGATGGGG
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1 HE21 EB
Fig.1 Image of EB staining for PCR products of primers HE21
5 13 SSR 4 Gengpop 013 SSR
Table 5 Characteristics of 13 SSR loci in four popula— 4 71
tions studied  SSR 3~
Lows A P M. HWE K 10 5.462; 0.347 ~
HE1 9 0 0.730 X 1.000 .
HE13 6 1 0.730 vV -0.374 0. 864 0.653; 0~
HEL5 7 0.344  0.821 x 0.585 1 0.226; HI3.H17 Ho4
HE17 10 0.563 0. 864 vV 0.353 . Fis
HE21 3 0.031 0.347 X 0.911 44 1 . p
HE36 4 0 0.561 x 1.000 =0.443 ~ 0. 656;
HE40 5 0.125  0.764 x 0.839 0.194; N, =0.474.
HE42 5 0.031 0.697 X 0.956
HE44 6 0.031 0.653 X 0.953 3
HES0 6 0.094 0.774 X 0.881
HES6 3 0.063  0.473 x 0.870 RAD
HE63 4 0 0.617 X 1.000
HE64 3 0.656 0.458 Vv -0.443 SSR
A . - A  HWE. 3865  SSR . 3
Note: A. Nur;qber of alleles per locus; H,. Observed heterozygosity; 865 SSR SSR 12 bp
HWE. Hardy-Weinberg’ s equilibrium; H,. Expected heterozygosity; ;
F,. Inbreeding coefficient , SSR
; 17
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