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Abstract The experiment was conducted to studygenetic structure and phylogeographic history of Saxifraga
egregia by using two chloroplast DNA sequences rpl20-+ps12 and trnl-4rnF and a sampling strategy of 151
individuals from 13 populations in the Himalaya-Hengduan Mountains. Nineteen haplotypes( HI-H19) were
detected based on the concatenated sequences of rpl20-rps12 and irnlL+rnF. Haplotype H2 was wide-spread
across the distribution range of S. egregia while 63% were private haplotypes. Genetic structure analysis
detected a high level of total gene diversity( H, =0. 868) however average within-population diversity was

relatively low( H, =0.466) . By analysis of molecular variance 57.37% of the total variation was described as
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within-population variation while among-population variation was represented as 42. 63% . An estimation of
non-significantly larger N (0.463) than G,(0.438 P >0.05) value suggested an absence of phylogeographic
structure across the whole distribution range of S. egregia. Recent range expansion or demographic expansion at
the level of total gene pool of S. egregia were rejected according to neutrality tests and mismatch distribution
analysis. Genetic signal of a stochastic distribution of private haplotypes as well as populations with high gene
diversity and nucleotide diversity suggesting the existence of multi—microrefugia of S. egregia during Quaternary
glaciations. Repeated expansion and contraction of distribution range of S. egregia during Quaternary glaciations
could have finally fragmented its distribution range into isolated “alpine islands” and have facilitated allopatric
divergence resulting in the formation of high proportion of private haplotypes across the distribution range of S.
egregia. It has been reported that some trees and shrubs inhabited by S. egregia showed multi microrefugiain the
Qinghai-Tibetan Plateau during Quaternary glaciations which may have provided suitable micro-environment for
the in situ survival of S. egregia during glacials.
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Fig. 1 Geographic distribution pattern of the 19 detected cpDNA haplotypes in S. egregia Pie charts show the proportions of

haplotypes within each population.
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Table 2 Variable sites of the aligned sequences among 19 haplotypes of combined cpDNA fragments of S. egregia
Mutation sites
trnlA4rmF 1pl20-ps12
1111t 1 1 1 1t 1 111 11
Hap 11 2 2 2 33 3 3 3 4 4 46 6 6 6 6 6 9 0 0 1 1 2 2 3 3 3 4 4 4 55
39 3 6 9 22 46 7 0 4 6 00 2 57971916 79 2 586 7 9 55
g 1 9 9 1 07 0 00 9 4 9 7 8 0 2 8 6 3 08 9 6 6 I 4 6 5 4 3 719
HI Ar6—-—1———-—6A—AANGIOC———83G—C16CGGCCCTTIWT—TSG6 G
H2 A . Lo . . . . T 19
H3 A 2 7 C A 11 — T 7 A AT A o= 19
H4 . A . . . . C .
H5 G A 8 G A 14 T 19
Hé6 A . . .
H7 A T 19 T
H8 A . . T G 19
H9 A 9 G T 19
HI0 A . T .2 C .
HI3 A .0 T T 18 21 A
HI2 A . 8 G . . T 19
HI3 AT 2 5 7 A A A — T AT 18 22
Hl4 A T .
HIS A - . — . T 19
H16 A . A T 19
H17 A . . 9 . T 19
HI8 A 2 57 12 T 19
HI19 A 3 — T 19
5°3° : 1. TTATTATTATGTATACGTA; 2. AAATACTATATAAAAAT; 3. AATTATTA; 4. ACTA-

AAAAAAAA; 5. AAAAAAG; 6. AA; 7. AAAA; 8. TTTTT; 9. TTTT; 10. ATTAATC; 11. TTTGACTCCTTTTGACTCCT; 12. AACTAT; 13.

CCTATACTTCAATT; 14. CCTATACTTCAAATT;
TATCCT; 20. ATTCATATTCTATTTCTATCCTA; 21. ATTCATATTCTATTTCTAGCCT; 22. ATTCATATTCGATTTCTATCCT

Note: Sequences are numbered from 5’3" end Representations of No. in the table are as follows: 1.

15.

TATATA; 16.

TTCCTGCAT;

17. CCCTA; 18. TCCTA; 19. ATTCATATTCTATTTC-

TTATTATTATGTATACGTA; 2. AAATAC-
TATATAAAAAT; 3. AATTATTA; 4. ACTAAAAAAAAA; 5. AAAAAAG; 6. AA; 7. AAAA; 8. TTTTT; 9. TTTT; 10. ATTAATC; 11.

TTT-

GACTCCTTTTGACTCCT; 12. AACTAT; 13. CCTATACTTCAATT; 14. CCTATACTTCAAATT; 15. TATATA; 16. TTCCTGCAT; 17. CCCTA;
18. TCCTA; 19. ATTCATATTCTATTTCTATCCT; 20. ATTCATATTCTATTTCTATCCTA; 21. ATTCATATTCTATTTCTAGCCT; 22. ATTCATAT-

TCGATTTCTATCCT
3 13 .
Table 3 Gene diversity ( H,) nucleotide diversity( 77) and haplotype composition of the 13 populations of S. egregia

(

Pop. Sampling size Gene diversity( H,) Nucleotide diversity( 7r) Haplotype composition( no. of individuals)

P1 19 0.6725 2.664 3 HI1(9) ; H2(5) ; H3(5)

P2 24 0.5217 0.8238 H2( 12) ; H4( 12)

P3 10 0.200 0 0.4194 H5(9) ; H6( 1)

P4 15 0.5619 0.040 1 H2(9) ; H7(5) ; H8( 1)

P5 19 0.690 1 1.009 0 HO( 10) : H10(2) ; HI1( 1) ; HI2(4) ; HI3(2)

P6 22 0.1775 0.256 6 H6(20) ; H14( 1) ; HI5( 1)

P7 8 0.4286 0.6767 H2(6) ; H4(2)

P8 9 0.666 7 0.1276 H2(5) ; H16(2) ; H17(2)

P9 8 0.607 1 0.506 2 H2(5) ; H4( 1) ; HI17(2)

P10 3 1.0000 1.798 3 HI2( 1) ; HI8( 1) ; HI9( 1)

P11 6 0.5333 1.1340 H2(2) ; H18(4)

P12 4 0.0000 0.000 0 H2(4)

P13 4 0.0000 0.000 0 H1(4)
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Table 5 Results of the neutrality tests and mismatch dis—

tribution analysis for the 151 individuals and the 11 popu-—

lations which have intra-population differentiation using

the cpDNA combined fragments of S. egregia

Raggedness

Population code Tajima’s D Fu’s F.” SSD ;
index

Total individuals —1.34832 18.91572 0.0418" 0.0390"

2 19 P1 1.81968 29.36468 0.2461 0.4270"
Fig. 2 Medianjoining network for the 19 detected P2 2.08537 21.07984 0.5444° 0.7732
haplotypes in S. egregia P3 ~1.66706° 8.85842 0.0577° 0.7200
P4 -0.02381 -0.06433 0.0333 0.2259
4 13 ( AMOVA)
Ps -1.01090 11.45943 0.5702" 0.1128
Table 4 Analysis of molecular variation ( AMOVA) for P6 -0.64112  6.54805 0.0103 0.563 4
the 13 populations of S. egregia P7 0.41421 10.01981 0.2483" 0.6939
o o P8 0.15647 1.72467 0.0825  0.1975
- Sum of  Variation Variation
Source of variation Degrees pe »
squares component (%) P9 -1.31009 5.54726 0.5332° 0.4834
Among populations 12 75.210 0.49709 42.63 P10 0.000 00 2.21006 0.3017 0.666 7
138 92.302 0.66885 57.37 P11 0.85057 10.32710 0.5689" 0.7867
Within populations o ' ’ )
* P>0.05

Total 150 167.512 1.16595 .
Note: = sign P >0.05

F,=0.426( P < 0.001)

Fixation index( F,)
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2.4 0.3 \/R\ —o— MLEObs
13 11 g
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Fu’s Fs K 01f
P3  Tajima’s D 0 .
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( 5) . Arlee YR 22 S Pairwise differences
quin 3 151 cpDNA
SSD  (0.0418) Ragged-
ness index  (0.0390) Fig.3 Mismatch distribution analysis for the 151 in—

dividuals based on the cpDNA combined fragments of

° P1.P2.P3.P5.P7. S. egregia
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