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Population Genetic Analysis of a Qilian Mountains Endemic

Species Saxifraga atrata (Saxifragaceae)
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Abstract: Chloroplast DNA fragments (rbcL, trnS-G) and nuclear ribosomal DNA internal transcribed
spacer (ITS) were employed for studing population genetic diversity of Saxifraga atrata, which has a
narrow distribution range endemic to the Qilian Mountains. The aim was to reveal genetic structure and
population historical evolution of S. atrata. The results showed that: (1) four cpDNA and nine ITS haplo-
types were isolated among the 115 individuals. Populations from the southeast edge of the Qilian

Mountains showed high haplotype richness and uniqueness, whereas northwest populations only harbored
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a few widespread haplotypes and usually showed low levels of genetic diversity. (2) Analysis of molecular
variance (AMOVA) based on both ¢cpDNA and ITS datasets showed that most variations were from
within-populations. (3) Neutrality tests based on cpDNA dataset exhibited negative values, but not signifi-
cant. However, mismatch distribution analysis strongly supported a recent expansion of S. atrata. Accord-
ing to extant genetic structure, we speculated that S. atrata retreated to the southeastern refugia of the
Qilian Mountains during the Quaternary. The northwest populations were the result of recolonization dur-
ing inter-glacial or post-glacial periods. Founder effect associated with recolonization should be responsible
for haplotype impoverishment and low levels of genetic diversity of northwest populations. Bottleneck
effect and genetic drift might be much severe in this narrow endemic species due to small population size
and fragmentation, resulting in extremely low levels of total genetic diversity and average within-
population diversity compared with other Saxifraga species widespread in the Qinghai-Tibet Plateau and
Himalayas.

Key words: Saxifraga atrata Engl.; narrow endemic species; population genetic diversity; the Qilian

Mountains; genetic structure
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Table 1  Collecting information of eight populations of S. atrata

Code Voucher Locality Latitude(N) /° Longitude(E) /° Altitude/m Number
P1 Gao2015001 Guide, Qinghai 36.359 8 101.447 7 3795 10
P2 Gao2017008 Qilian, Qinghai 38.026 6 100.230 7 3 895 15
P3 (Gao2017020 Qilian, Qinghai 38.585 5 98.926 7 3 893 19
P4 Gao2017036 Qilian, Qinghai 38.610 4 99.475 1 4 145 13
P5 Gao2017053 Qilian, Qinghai 38.314 6 99.310 6 3 784 14
P6 Gao2017072 Qilian, Qinghai 37.999 8 100.917 7 3 654 15
P7 Gao2017080 Menyuan, Qinghai 37.636 1 101.531 0 3922 14
P8 Gao2017095 Datong. Qinghai 37.211 5 101.800 8 3 681 15
pl) Taq DNA (TaKaRa, )39 pL
., PCR .94 °C 5 min; 94 C .
45 5,58 °C 305,72 °C 45 s, 35 . NETWORK 10.1.0.0 cpDNA
72 °C 3 min, PCR 2% ITS e
. / ;
. PCR . . .
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5 ; H1 H4 (P7.P8) .,

P1 P8 (C 1,b; 3D, ITS (h) 0~
cpDNA (h) 0~ 0.609 2; (m) 0~
0.538 53 () 0~ 0.003 589C 3),

0.002 130C  3), 2.2
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+ITS2 . . . Network
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G1 , 8 ,
2 cpDNA C 1l,c.d),
Table 2 Mutation sites of cpDNA haplotypes of S. atrata 2.3
Mutation site cpDNA
Haplowpe L S G (Hs) 0.257, (H)
104 821 846 1109 0.464, Gsr Ngp 0.447
H1 c - TAA TCTTA 0.513, Ngr Gsr ,
H2 C - - - o ITS
H3 C - - TCTTA :Hs= 0.194, Hr= 0
. . AA B CTTA 219,Gsr= 0.112,Ngr= 0.122; Ngr > Gsr (P > 0.
05). cpDNA  ITS
, ITS ,
96°E 98°E 100°E 102°E 104°E
96°E
a.b cpDNAC ) ITSC ) seud cpDNA  ITS
1 8 cpDNA  ITS

a and b pie charts show the proportion of haplotypes of cpDNA (solid line) and ITS (dashed line) within each population;
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Table 3 Haplotype/genotype composition and diversity of the eight sampled populations of S. atrata

cpDNA ITS
. ( . .) . Nucleotide . ( .. ) Gene Nucleotide
Cole Haglowpecomposion_ Gene | diveriy oo comeiin
: (xr X10%) : (h) (r X10%)
P1 H1 (8); H2 (1); H3 (1) 0.377 8 1.631 G1/G1 (10) 0.000 0 0.000
P2 H2 (15) 0.000 0 0.000 G1/G1 (14); G1/G2 (D) 0.066 7 0.163
P3 H2 (19 0.000 0 0.000 G1/G1 (14); G1/G3 (5) 0.234 7 0.575
P4 H2 (7); H3 (6) 0.538 5 2.130 G1/G1 (13) 0.000 0 0.000
P5 H2 (14) 0.000 0 0.000 G1/G1 (95 G1/G2 (4); G1/G4 (1) 0.314 8 0.921
P6 H2 (12); H3 (3) 0.342 9 1.356 G1/G1 (15) 0.000 0 0.000
P7  H2 (D; H3 (D 0.538 5 2.130 E},Eé 8; H,E? EB GL/G5 (205 3980 1.712
P8 H2 (13); H3 (1); H4 (D) 0.257 1 1.294 ((Jl((); E?; g};gg Eig é’l’//é’g ((2])” 0.609 2 3.589
4 ITS
Table 4 Mutation sites of ITS haplotypes of S. atrata
Mutation site
Haplotype 234 235 238 248 271 288 355 368 371 390
Gl T A G G G G G G C G
G2 T A G G G G G G T G
G3 T T G G G G G G C G
G4 T A G G G G G G T C
G5 G A G G C
G6 I A G T C
G7 T A G A G G G G C G
G8 G A A A 3 G G G C G
G9 T A G A T G C
5 8
Table 5 Analysis of molecular variance for the eight populations of S. atrata
Fagmen Sounccotwrinion  UpErgnel Swmel  Vemee | Pecgeof
Among populations 7 62.188 0.577 02 48.17
cpDNA Within populations 107 66.421 0.620 75 51.83
Total 114 128.609 1.197 78 0.481 75 (P < 0.01)
Among populations 7 6.423 0.025 58 12.16
ITS Within populations 222 41.042 0.184 87 87.84
Total 229 47.465 0.210 46 0.121 56 (P < 0.01)
, 2.4 cpDNA
(cpDNA: 51.83%; ITS: cpDNA
87.84%), (Fsr) 0.481 75 , , Tajima’s D(—1.012 30,P >

0.121156C-=59 0108 Hobw RAILITED 16220066 NTPP/ =V 0.05)
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