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Demography History and Genetic Divergence of Sibiraea laevigata( Rosaceae)
Based on Chalcone Synthase Gene
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Abstract The demography history and genetic divergence of alpine shrub Sibiraea laevigata were studied with
13 populations (139 individuals) collected in the whole distribution area in China using the intron of chalcone
sythase (CHS) as molecular marker. A total of 29 haplotypes were identified in S. laevigata indicating high
haplotype diversity and nucleotide diversity which were 0. 924 8 and 0. 007 545 respectively. Bayesian
calculation illustrated the genetic divergence in S. laevigata began at around 4.37 Ma proved that the uplift of
Qinghai-Tibetan Plateau triggered the genetic divergence. Neutrality test and mismatch distribution analysis
consistently indicated the populations of S. laevigata had experienced recent population expansion at about 55. 8 ka.
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Table 1 Sampling information of S. laevigata populations and their genetic diversity

Population No. Locality Voucher Ref. Altitude(m)  No. Haplotype diversity(h)  Nucleotide diversity(7r)

P1 Maqin Qinghai  chensl2011006 3 660 6 0.8667 +/-0.1291  0.003857 + / —0.003149
P2 Dari Qinghai chensl1367 4090 14 0.8571 +/-0.0736  0.005903 + / —0.003914
P3 Qilian Qinghai chens|2011081 2 880 19 0.9006 + / -0.0390 0.007024 + / -0.004410
P4 Menyuan Qinghai  chensl2011089 3 150 17 0.8750 +/ -0.0576  0.006158 + / —0.003992
P5 Huzhu Qinghai  chensl2011097 3250 4 1.0000 + / -0.1768  0.007805 + / —0.006156
P6 Ping’ an Qinghai  chen2012006 3160 16 0.8833 +/-0.0612 0.007140 + / —0.004518
p7 Xiahe Sichuan chen2012017 3210 17 0.8971 +/-0.0421  0.005915 + / - 0.003866
S. laevigata pg Ruoergai Sichuan chen2012023 3280 12 0.8939 +/-0.0777 0.007889 + / —0.005022
P9 Ruoergai Sichuan chen2012031 3150 4 1.0000 + / -0.1768  0.007805 + / —0.006156
P10 Ruoergai Sichuan chen2012035 3630 8 0.9286 +/ -0.0844  0.006002 + / —0.004220

P11 Banma Qinghai chen2012322 3630 4 0 0
P12 Yushu Qinghai chen2012349 4450 9 0.5556 + / -=0.1653  0.001684 + / —0.001657
P13 Weiyuan Gansu chen2013018 2550 9 0.8889 +/-0.0910 0.005357 + / —0.003793
Total 139 0.9248 +/ -0.0091  0.007545 + / —0.004457

Sorbus koehneana Aba Sichuan chenl193 2970 2
Sorbaria kirilowii Ruoergai Sichuan chen2034 3150 2
1.2 DNA N 3 .
CTAB P DNA 1% CHS-52 PCR
NanoDrop 2000 3. PCR
(Thermo Scientific)
10 ng * ul™' PCR o GenBank BigDye v3. 1 (Applied Biosystems USA) ABI
CHS 3 ( 2. 3730xl(Applied Biosystems USA) o
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Table 2 Primer sequences of CHS fragment amplification quin Tau W=
nrDNA ukg u k
nrDNA region Primer name Primer sequence(5” -3") Reference
CHSSIF  TCAARGGRAAATTYCAGCGCATGT & ’
CHSS1 This study CHS GenBank
CHSSIR  CGYTTCTTGATCATWGAYTTGTCRC 'MS study
CHSS2F  GTYGAGGAAGTYCGCAAGGCTCA P
CHS-$2 This study 1.5 x 10" ss
CHS-$2R GCATCRAKTGAAGGDGCCATGTACTC S Stucy »
yr ;
CHS-$3F  TNAARGAVAARTTYMAGCGMATGT
CHS-S3 This stud 5 o
CHS-S3R TTBYTDATCATNGAYTTKTCRC 1s study
BEAST 1.7.5 % -
3 CHS PCR

Table 3 Reaction system and amplification procedure for

CHS fragment amplification

Reaction system Amplification procedure

Ingredient Dosage (L) Te”épjg‘;t“m Time
ddH,0 18.1 94 4min
10 x Buffer( + Mg>*) 2.5 94 455
DMSO 1.5 57 40s
dANTP(10 mmol * L=") 0.3 72 35s
CHS-S2F (10 mmol » L.7") 0.4 72 7min
CHS-$2R(10 mmol * L.7") 0.4 16 1h
Taq polymerase(5 U » uL"') 0.3
DNA template 1.5(15 ng) 35cycles
Total 25
1.3
ClustalX 2. 0. 12 '
DnaSP5.1 "
(haplotype) o ARLEQUIN 3.5.1.3 "
(h)
(7). PERMUTCpSSR "
(average with-in population diversity AS) «
(total haplotype diversity AT)
Gy Ng ¥ G
Ng 1000
. ARLEQUIN

(analysis of molecu—

lar variance AMOVA) *

Fu’s Fs
match distribution) ARLEQUIN
(1000 )o L =

Tajima’ s D (mis—

(Bayesian MCMC)
o ModelTest
Akaike information criterion ( AIC)
Yule

3 7 24
process~ °

(65million years ago Ma) *
o 3
10 000 000 1 000
20% (Burn-in) 80%
o LogCombiner 1.7.5 % 3
Tracer 1.5 %
(effective sample size ESS)
200, TreeAnotator 1.7.5

FigTree 1.4

o

2
2.1
363 bp 1
11
29 ( GenBank
No. KJ161986-K]J162014) .
(h) () | 84.6%
h 0.80 76.9% T
0. 005 0.0(P11)
0.924 8
0. 007 545 o
hS  0.800
AT 0.926 Ny Gy 0.291
0.136  Ng Gy (P <0.01)
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. AMOVA
(21.99%)
(78.01%) ( 4.

4 AMOVA
Table 4 Result of AMOVA in S. leavigata

- Sum of Variance Percentage of
Source of variation  d.f. -
squares components variation
12 51.563 0.30636Va 21.99

Among populations

Within populations 126 136. 969 1.08706Vh 78.01
2.2
21 28
Tajima’s D Fu’s Fs
2930
1
o Fu’s Fs  -15.93
(P =0.00) ;Tajima’s D  0.556
(P=0.78).
Tau 3.04
5.58 o
1 CHS

Fig.1 Mismatch distribution analysis of S. laevigata
based on CHS

2.3
CHS GTR +
I+G BEAST
CHS 4.37 Ma

(2.26 ~6.98 Ma)
( 2).

CHS
Fig.2 Majority rule consensus phylogenetic tree of the
CHS sequence types in S. laevigata based on the Bayes—

ian inference and their divergence times with Sorbaria

kirilowii and Sorbus koehneana as outgroup

31 ~36

(LGM Last Glacial Maximum)

31~36

37 ~39



704 34
5.58 2.Gu C Z Alexander C. Sibiraea M .//Wu Z Y Raven P
H et al. Flora of China. Beijing: Science Press St. Louis:
Miss Bot Gard Press 2003:73 —74.
U 3. 3 M .
5 58 1973 :1554.
4.
N .
° 2010 21(2):148 - 149.
CHS 5 )
J. 2010 35(11):1466 - 1469.
0.80(84. 6%) hS 6. Ballian D Grebenc T Bozi¢ G et al. History genetic dif—
0. 800 hT  0.926, ferentiation and conservation strategies for disjunct popula—
( Picea tions of Sibiraea species from Southeastern Europe and A-
crassifolia 0.247 vs 0.272) 3L (Sibi- sia J . Conservation Genetics 2006 7(6) :895 —907.

raea angustata 0. 204 vs 0.796) * |
(Spiraea alpina 0. 238 vs 0. 817) * .
(Juniperus przewalskii 0. 130 vs 0.568) ¥

<)

o CHS

1.7 Ma) )
( ) (1.1~0.6 Ma)

~

o CHS
4.37 Ma

CHS o

1. . M . : 1999
(2):67.

10.

11

12.

13.

14.

15.

16.

. Martin C R. Structure function and regulation of the chal-

cone synthase J . International review of cytology 1993

147:233 -284.

. CHS 2
J.
2000 45(9) :942 -950.
Maarten A J.
J . 2004 26
( )91 -96.
Huang J] X Qu L J Yang J et al. A preliminary study on

the origin and evolution of chalcone synthase (CHS) gene
in angiosperms J . Acta Botanica Sinica-nglish Edition

2004 46(1):10 -19.

.Zhao B Liu L Tan D et al. Analysis of phylogenetic rela—

tionships of Brassicaceae species based on Chs sequences
J . Biochemical Systematics and Ecology 2010 38(4):

731 -739.

Koch M A Weisshaar B Kroymann J et al. Comparative

genomics and regulatory evolution: conservation and func—

tion of the Chs and Apetala3 promoters J . Molecular Bi-

ology and Evolution 2001 18(10) :1882 - 1891.

Caro S E Stampfle ] M Greene M J et al. Using a chal—-

cone synthase gene to infer phylogenies in the genus Saini—

paulia J . Bios 2006 77(3) :72 -176.

Carlsen M M Croat T B. A molecular phylogeny of the spe—

cies — rich Neotropical genus Anthurium ( Araceae) based

on combined chloroplast and nuclear DNA ] . Systematic

Botany 2013 38(3) :576 —588.

Doyle J J Doyle J L. A rapid DNA isolation procedure for

small quantities of fresh leaf material J . Phytochemical

Bulletin 1987 19:11 - 15.

Larkin M A Blackshields G Brown N P et al. Clustal W

and Clustal X version 2. 0 J . Bioinformatics 2007 23

(21) 12947 -2948.



705

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

Librado P Rozas J. DnaSP v5 :a software for comprehensive
analysis of DNA polymorphism data J . Bioinformatics
2009 25(11):1451 - 1452.
Excoffier L Lischer H E L. Arlequin suite ver 3. 5:a new
series of programs to perform population genetics analyses
under Linux and Windows J . Molecular ecology re—
sources 2010 10(3) :564 - 567.
Pons O Petit R J. Measwring and Testing Genetic Differen—
tiation With Ordered Versus Unordered Alleles J . Genet—
ics 1996 144(3) 11237 —1245.
Excoffier L Smouse P E Quattro J] M. Analysis of molecu—
lar variance inferred from metric distances among DNA
haplotypes : application to human mitochondrial DNA re—
striction data J . Genetics 1992 131(2) :479 —491.
Rogers A R Harpending H. Population growth makes waves
in the distribution of pairwise genetic differences J . Mo—
lecular biology and evolution 1992 9(3) :552 —569.
Koch M A Haubold B Mitchell-Olds T. Comparative evo—
lutionary analysis of chalcone synthase and alcohol dehy-
drogenase loci in Arabidopsis Arabis and related genera
(Brassicaceae) J . Molecular biology and evolution
2000 17(10) :1483 - 1498.
Drummond A J Suchard M A Xie D et al. Bayesian phylo—
genetics with BEAUt and the BEAST 1.7 ] . Molecular
biology and evolution 2012 29(8) :1969 —1973.
Posada D Crandall K A. Modeltest: testing the model of
DNA substitution J . Bioinformatics 1998 14(9) :817 -
818.

J. 1995 15(2):269 -274.
Rambaut A Drummond A J. Tracer v1.5. CP . Available

from http: beast. bio. ed. ac. uk/Tracer.

. Rambaut A. FigTree vl.4 CP . University of Edinburgh

Edinburgh UK. Available at:http://tree. bio. ed. ac. uk/

software /figtree 2012.

Rogers A R. Genetic evidence for a Pleistocene population

explosion ] . Evolution 1995:608 -615.

Fu Y X. Statistical tests of neutrality of mutations against

population growth hitchhiking and background selection
J . Genetics 1997 147(2) :915 - 925.

Knowles L L Futuyma D J Eanes W F et al. Insight into

speciation from historical demography in the phytophagous

beetle genus Ophraella J . Evolution 1999:1846 — 1856.

Meng L. Yang R Abbott R J et al. Mitochondrial and chlo—

roplast phylogeography of Picea crassifolia Kom. (Pinacea—

e) in the Qinghai-Tibetan Plateau and adjacent highlands
J . Molecular Ecology 2007 16(19) :4128 —4137.

Chen S Wu G Zhang D et al. Potential refugium on the

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Qinghai-Tibet Plateau revealed by the chloroplast DNA
phylogeography of the alpine species Metagentiana striata
(Gentianaceae) J . Botanical Journal of the Linnean So—
ciety 2008 157(1) :125 - 140.
Duan Y Gao Q Zhang F et al. Phylogeographic analysis of
the endemic species Sibiraea angustata reveals a marginal
refugium in the Qinghai-Tibet Plateau J . Nordic Journal
of Botany 2011 29(5) :615 - 624.
Gao Q Zhang D Duan Y et al. Intraspecific divergences of
Rhodiola alsia (Crassulaceae) based on plastid DNA and
internal transcribed spacer fragments J . Botanical Journal
of the Linnean Society 2012 168(2) :204 -215.
Zhang F Q Gao Q B Zhang D ] et al. Phylogeography of
Spiraea alpina(Rosaceae) in the Qinghai-Tibetan Plateau
inferred from chloroplast DNA sequence variations J .
Journal of Systematics and Evolution 2012 50(4) :276 —
283.
Hewitt G. The genetic legacy of the Quaternary ice ages
J . Nature 2000 405(6789) :907 —913.

Thompson L G
J. 1996 27
(5) :447 -452.
Zheng B Xu Q Shen Y. The relationship between climate

change and Quaternary glacial cycles on the Qinghai-Tibet—
an Plateau:review and speculation J . Quaternary Interna—

tional 2002 97:93 - 101.

J. 1999 54(1):10 -20.
Zhang Q Chiang T Y George M et al. Phylogeography of
the Qinghai-Tibetan Plateau endemic Juniperus przewalskii
(Cupressaceae) inferred from chloroplast DNA sequence
variation J . Molecular Ecology 2005 14:3513 —3524.

I

1999 19(1) :1 -11.
LiuJ Q Wang Y] Wang A L. et al. Radiation and diversi—
fication within the Ligularia-Cremanthodium-Parasenecio
complex (Asteraceae) triggered by uplift of the Qinghai —
Tibetan Plateau J . Molecular phylogenetics and evolu—
tion 2006 38(1):31 -49.
Xu T Abbott R Milne R et al. Phylogeography and allo—
patric divergence of cypress species( Cupressus L.) in the
Qinghai-Tibetan Plateau and adjacent regions J . BMC ev—
olutionary biology 2010 10(1) :194.
Tang LZ Wang LY Cai Z Y et al. Allopatric divergence
and phylogeographic structure of the plateau zokor( Eospal—
ax baileyt) a fossorial rodent endemic to the Qinghai-Ti-
betan Plateau J . Journal of Biogeography 2010 37(4):
657 - 668.



