1136-1146 33 6
6/2016 PRATACULTURAL SCIENCE Vol. 33,No. 6

DOI.:10. 11829/j. issn. 1001-0629. 2015-0529

) s . trnl~trnF . ,2016,33(6) .
1136-1146.
Wu X P, Shen Y F, Wang H Q. Analysis of genetic diversity and population genetic structure of Medicago archiducis—nolai and

Medicago ruthenica populations based on cpDNA trnl-trnF sequences. Pratacultural Science,2016,33(6):1136-1146.

trnl—trnF

1,2 1,2 1
’ ’
(1. s 810008 ;
2. . 100049)
7 (Medicago archiducisnicolai) , 3
(M. ruthenica) s trnl-trnF s
161 trnl~trnF s 11 s 14 R
. K-2P
; strnl-trnF ;
:S5517.703;Q943 (A :1001-0629(2016)6-1136-11"

Analysis of genetic diversity and population genetic structure of
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Abstract: Genetic diversity and population genetic structure of seven Medicago archiducisnicolai and three
M. ruthenica populations distributed at Qinghai-Tibet plateau(QTP)or adjacent areas and Inner Mongolia were
analyzed. The results showed that, 11 polymorphic sites were detected based on the alignment of 161 trnl-trnF
fragments, 14 haplotypes were identified(H1~H14). Analysis of genetic diversity and distribution of haplo-
types in each population showed that the southeast edge of the Qinghai-Tibet plateau might be a refugia for

M. archiducisnicolai and gene invasion could happened across M. archiducisnicolai to M. ruthenica in this

* :2015-09-24 :2016-03-11
: (2014-Z]J-764) “ 7
(1992-), . s s . E-mail; xiaopeiwunanyang(@163. com
(19715, s , ,

E-mail: wanghq@nwipb. cas. cn

http://cykx. 1zu. edu. cm



6 : trnl~trnF

1137

area. Both spatial analysis of molecular variance and N-J clustering of populations based on K-2P genetic dis-

tance divided the 10 populations into two groups, that is, M. archiducisnicolai and M. ruthenica. Analysis of

molecular variation suggested that most of the genetic variation existed within populations, high population dif-

ferentiation was found among some populations. Both of the two species did not experience recent population

expansion based on mismatch distribution and neutrality tests. These results suggested that the genetic struc-

ture of the two species might be caused by complex topography and climate oscillations during glacial periods of

the QTP. The evolutionary history of these species could also play an important role.
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Fig. 1 Geographical localities and distributions of 14 chloroplast haplotypes (H1~H14)
found in 10 collected populations

s 1.

Note: Different colors are assigned for each population shown in the rectangle box.

1

Table 1 Source of materials for wild M. archiducis-colai and M. ruthenica populations

Species Population Locality Longtitude(E)  Latitude(N)  Altitude/m Sample size
TD Tongde, Qinghai 100°38'52" 35°15'46" 3234 17
XN Xining, Qinghai 101°44'46" 36°37'21" 2 339 21
HZ Huangzhong, Qinghai 101°33'06" 36°32'40" 2 676 16
M. archiducismicolai T Tiebujia, Qinghai 99°32'38" 37°03'58" 3232 21
GN Gannan, Gansu 102°53'24" 34°56'27" 2 986 15
PA Pingan, Qinghai 101°54"40" 36°20"12" 2 695 16
HD Hudong, Qinghai 100°42'53" 36°31'38" 3226 11
ZN Zhuoni, Gansu 103°29'41" 34°32'39" 2 689 17
NM 116°43'00" 42°24'00" 1360 15
M. ruthenica Xilinhaote, Inner Mongolia
LD Ledu, Qinghai 102°13'48" 36°28'37" 2 009 12
,1 000 , (Neigh-
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Table 2 Variable nucleotidesites of 14 trnl-trnF haplotypes
Polymorphic site GenBank
Haplotype 17 22 24 29 131 134 336 460 550 565 583 GenBank Acc. No.
H1 C A C A A G C T A T KT750921
H2 C KT750922
H3 T KT750923
H4 C C KT750924
H5 T A KT750925
H6 T C KT750926
H7 T C KT750927
HS8 T A A KT750928
H9 T C A A KT750929
H10 C A A KT750930
H11 T T A A KT750931
H12 T G A A G C KT750932
H13 T G KT750933
H14 T T A A KT750934
H1, H1

Note: All sequences are compared to haplotype H1 and the number at the top indicates polymorphic sites. Dots represent nucleotide sites identical to HI.
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3 trnL-trnF
Table 3 Distribution of trnl-trnF haplotypes in each population

Haplotype
Species Population Hl H2 H3 H4 H5 H6 H7 HS8 HY9 HI0 HIll HI2 HI3 Hl4
TD 15 1
XN 1 13 3 3 1
HZ 11 4 1
. o ) T 1 5 13 2
M. archiducisnicolai
GN 2 4 5 1 1 1 1
PA 4 8 4
HD 2 8 1
ZN 1 2 1 12 1
NM 11 3 1
M. ruthenica
LD 9 2 1
Total 4 54 41 3 1 2 13 32 2 1 3 1 1 1
o , (ZND (hd=0. 650)
H3.H4 H6 s (x=20.001 83),
(hd=0. 470)
o (r=0.002 06), ,
o (GN)
s H2 H3,H7 HS8 (hd=0.838,7=0. 002 47), (TD)
s s (hd=0. 228, x=0. 000 58),
« .3 ,
C 2A), s s (ZN)
2.2
trnl~trnF (hd=0.507,7=0.002 82);
b
A B N .
Hl4 H12 Ak Population
HI11l - ?]%
T XN
HEfE GN
H9 Population PA
s H3 H7 =oN T
. ® HI0 - L———— 1D
¢ =i o
e Hl TN ' ' + : :
% ZN
H4 0.002 0 0.0015 0.001 0 0.0005 0.000 0
2
Fig.2 Network of trnL-trnF haplotypes and clustering of 10 populations
AL trnl~trnF o s . B. K-2P
10 N-J . s 1.

Note: A, Median-jointing network of trnl~trnF haplotypes. The size of circumference is in proportion to haplotype frequency and different colors are
assigned for each population shown in the rectangle box. B, Neighbor-joining clustering of 10 populations based on K-2P genetic distance of trnlL-trnF

sequences among populations. The scale is the genetic distance and population symbols are consisitent with Table 1.
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(LD) (hd=0. 439, x= . .
0.000 99), . . 63.71% (Fer =0. 637 12,
i P=0.002 93), .
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K-2P N-J . ,
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Table 4 Genetic diversity indexes of M. ruthenica and M. archiducisnicolai populations

Average number

Species Population Haplotype diversity(hd) of nucleotide difference(K) Nucletide diversity(zx)
TD 0.228+0.129 0. 338 0. 000 5840. 000 35
XN 0.600=40. 109 0.943 0.001 63740. 000 35
HZ 0.49240.117 0. 858 0.001 4840. 000 35
T 0.576+0.099 0. 895 0.001 5440. 000 26
M. archiducisnicolai GN 0.838-0. 068 1429 0.002 47£0. 000 32
PA 0.66740.075 0.933 0.001 6140.000 22
HD 0.473+0.162 0. 764 0.001 3240. 000 46
Total 0.650240. 026 1. 063 0.001 834-0. 000 07
ZN 0.50740. 140 1.632 0.002 8240. 000 92
NM 0.448+0. 134 0.952 0.001 6440.000 87
M. ruthenica LD 0.43940. 158 0.576 0. 000 9940. 000 40
Total 0.47040.092 1.195 0.002 06=40. 000 59
5 10 SAMOVA

Table 5 Fixation indices corresponding to groups of populations inferred by SAMOVA for 10 populations

K
K value Population grouping FeT P
2 (LD.ZN. NM) (GN,HD,HZ,PA.T.TD,XN) 0.637 12 0.004 89
3 (NM) (LD.ZN)(GN,HD,HZ.PA.T.TD,XN) 0.615 89 0.002 93
4 (LD)(NM) (ZN)(GN,HD,HZ,PA.T.TD,XN) 0. 600 56 0.010 75
5 (LD)(NM) (ZN) (HZ,TD,XN)(GN,HD,PA.,T) 0.592 10 0. 000 00
6 (LD)(NM) (ZN) (TD) (HZ,XN)(GN,HD,PA,T) 0.582 98 0. 000 00
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(P<C0.05) (P<<0.01) 2.5 trnl-trnF
, trnl-trnF
Tajima’s D.Fu and Li’s F % ,Fu and
C 6), Li’s D% s « &,
6 trnL-trnF SAMOVA
Table 6 Analysis of molecular variance for overall populations and SAMOVA grouped
populations according to trnl-trnF regions
Source of Degrees of Sum of Variance Percentage of Fixation index
variance freedom squares component variation/ %
Among species 1 65.711 0.996 74 63.71 Fer=0.637 12(P=0.002 93)
Among population within species 8 16. 122 0.095 94 6.13 Fee=0.169 01(P=0.000 00)
Within populations 151 71.235 0.471 75 30. 15 Fgr=0.698 45(P=0.000 00)
Total 160 153. 068 1.564 44
M. archiducismnicolai
Among populations 6 13. 333 0.107 33 19.63 Fsr=0.196 28(P=0.000 00)
Within populations 110 48. 343 0.439 48 80. 37
Total 116 61.676 0.546 80
M. ruthenica
Among populations 2 4. 648 0.102 59 10. 95 Fsr=0.109 54(P=0.000 00)
Within populations 41 34.193 0.833 98 89.03
Total 43 38. 841 0.936 57
7
Table 7 Pairwise FST among populations
Population TD XN HZ T GN PA HD ZN NM LD
TD 0.000 0
XN 0.062 6 0. 000 0
HZ 0.0616 —0.0545 0.000 0
T 0.516 2** 0.238 2** 0.2458* 0.0000
GN 0.3392** 0.102 2* 0.0959 —0.0039 0.000 0
PA 0.470 6** 0.170 4" 0.181 0" —0.023 7 0.002 9 0.000 0
HD 0.642 0** 0.319 9** 0.338 9* —0.055 2 0.024 4 —0.0118 0.000 0
ZN - - - - - - 0. 000 0
NM — — — — — — 0.138 2* 0.000 0
LD — — — — — — — 0.047 1 0.137 0* 0.000 0
Lk % (P<<0.01); * (P<<0.05),

Note: * * indicates significant difference at 0. 01 level; * indicates significant difference at 0. 05 level.
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Table 8 Results of three neutrality tests for M. archiducisnicolai and M. ruthenica based on trnlL-trnF sequences

Neutrality tests

Species Tajima’s D test

Fuand Li’s D% test

—1.142 (P>0.1)

Fu and Li’s F* test

0.794 (P>0.1)

0.279 (P>0.D

M. archiducisnicolai

—0.981 (P>0.1)

—1.317 (P>0.1)

M. ruthenica

—1.407 (P>0.1)
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Fig. 3 Mismatch distribution of M. archiducis—colai and M. ruthenica based on trnL-trnF sequences
b ’
C 3,
[29]
b b
o 3 (ZN)
b b .
b
3 ’
3.1
(Spiraea alpi-
na) (S. mongolica) )
bra) [36-37]
b
[30
b
o b
b
b
/ [31-33]
, (TD)
b
[34-35]
o b
(GN)



1144 33
3.2 s
b b o b
. (Picea crassfolia) R
b
4
[31]
b
b b b
[33,41]
b N Y o
(SMOVA) s .
. Laz-13] trnl -
o , trnF
’
o ’ ’
. b o
[10]
b
. b
b o
b b b
. b
b o Y
b b
b o

(1]
[2]

[3]

[4]

[6]

[7]

(r=—0.1259,P=0.698 2),

References:
Small E,Jomphe M. A synopsis of the genus Medicago (LLeguminosae). Canadian Journal of Botany,1989,67(11):3260-3294.
Campbell T A,Bao G,Xia Z L. Agronomic evaluation of Medicago ruthenica collected in Inner Mongolia. Genetic Resources and
Crop Evolution,1997,37:599-604.
,1995.:3-4.

Geng H Z. Chinese Alfalfa. Beijing: China Agriculture Press,1995:3-4. (in Chinese)

s . . .2006,8(3) :39-43.
Hao J H,Shi F L. Study on drought resistance of Melilotoides ruthenica accessions. Chinese Journal of Grassland.2006,8(3):
39-43. (in Chinese)
Balabaev G A. Yellow lucernes of Siberia,Medicago ruthenica (L.) Lebd. and M. platycarpos (L.) Lebd. Bulletin of Applied
Botanical Genetics and Plant Breed Services,1934,7.:113-123.

,1987.337-340.

Jia S X. Flora of Chinese Forage. Beijing:China Agriculture Press,1987:337-340. (in Chinese)

s s s . . ,2007,24(12) ,34-39.
Huang Y X,Zhou D W, Yue X Q, Yang ] Y. Research progress of Medicago ruthenica. Pratacultural Science,2007,24(12)
34-39. (in Chinese)

http://cykx. lzu. edu. cn



6

trnl~trnF 1145

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

Jin D,Ma J,Ma W, Liang C,Shi Y, He J S. Legumes in Chinese natural grasslands: Species, biomass and distribution. Rangeland
Ecology and Management,2013,66(6) ;648656
, .42 SSR . ,2015,32(3) :372-381.
Chen L Q, Shi S L. Genetic diversity of 42 alfalfa accessions revealed by SSR markers. Pratacultural Science, 2015, 32(3):
372-381. (in Chinese)
,2006,28(4) :87-91.
Eerdungaridi. Analysis of wild Medicago in the middle and east Inner Mongolia mountains based on multivariate analysis of
morphological characters. Chinese Journal of Grassland,2006,28(4) :87-91. (in Chinese)
N POD . ,1994(2) :53-56.
Yang Q C. Studies on peroxidaseisozymes in Mediacgo sativa cultivars and Mediacgo ruthenica cultivars. Grassland of China,
1994(2) :53-56. (in Chinese)
,1998(2) :59-63.
Xia L Q. The study on the esterase isozyme diversity of Medicago ruthenica and its geographical distribution in Inner Mongo-
lia. Grassland of China,1998(2) :59-63. (in Chinese)
LiH Y.Li Z Y.Shi W G,Mi F G, Shi F L. Analysis of genetic diversity of Ruthenia Medic (Medicago ruthenica (L.)
Trautv. ) in Inner Mongolia using ISSR and SSR markers. Genetic Resources and Crop Evolution,2013,60(5):1687-1694.
s s s s , . . ,2014,31(7):1290-
1297.
Gong L,LiJ S,Liu X Y,Zhao X J,Deng Z Z,Zhao C Y. Genetic diversity of Spartina alterni flora in coastal areas of China.
Pratacultural Science,2014,31(7):1290-1297. (in Chinese)
s s , . cpDNA trnT-trnF . ,2012,21(4)
134-140.
Wu J Z,Wang Q,Zhong X X,Chen J Q. Analysis of the genetic structure of Spartina alterni flora populations in China based
on cpDNA trnT-trnF sequences. Acta Prataculturae Sinica,2012,21(4):134-140. (in Chinese)
. . s s s . ITS  wrnl-trnF . s
2014,34(2),265-269.
Di H Y,Luo K,Zhang J Y,Duan Z,Huo Y X, Wang Y R. Genetic diversity analysis of Melilotus populations based on ITS and
trnl~trnF sequences. Acta Botanica Boreali-Occidentalia Sinica,2014,34(2):265-269. (in Chinese)
Doyle J J. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochemical Bulletin,1987,19.:11-15.
Taberlet P,Gielly L,Pautou G,Bouvet J. Univeral primers for amplification of three noncoding regions of chloroplast DNA.
Plant Molecular Biology,1991.17(5):1105-1109.
Tamura K, Stecher G, Peterson D, Filipski A,Kumar S. MEGAG6 ; Molecular evolutionary genetics analysis version 6. 0. Molec-
ular Biology and Evolution,2013,30:2725-2279.
Librado P, Rozas J. DnaSP v5. Asoftware for comprehensive analysis of DNA polymorphism data. Bioinformatics, 2009,
25(11) :1451-1452.
Bandelt H J,Forster P,Rohl A. Median-joining networks for inferring intraspecific phylogenies. Molecular Biology and Evolu-
tion,1999.16(1) .37-48.
Dupanloup I, Schneider S, Excoffier L. A simulated annealing approach to define the genetic structure of populations. Molecular
Ecology,2002,11(12) :2571-2581.
Excoffier L,Laval G,Schneider S. Arlequin(version 3. 1) : An integrated software package for population genetics data analy-
sis. Evolution Bioinformatics Online,2005,1:47-50.
Excoffier L,Smouse P, Quatto J. Analysis of molecular variance inferred from metric distance among DNA haplotypes: Appli-
cation to human mitochondrial DNA restriction data. Genetics,1992,131(2) :479-491.
Slatkin M. Inbreeding coefficients and coalescence times. Genetical Research,1991,58(2):167-175.

Slatkin M. A measure of population subdivision based on microsatellite allele frequencies. Genetics,1995,139(1) :457-462.

http://cykx. lzu. edu. cn



1146

33

[27]
[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Nei M. Molecular Evolutionary Genetics. New York:Columbia University Press,1987:158-162.

Tajima F. Statistical method for testing the neutral mutation hypothesis by DNA polymorphism. Genetics, 1989, 123(3)
585-595.

Fu Y X.Li W H. Statistical tests of neutrality of mutations. Genetics,1993,133(3):693-709.

Rogers A R, Harpending H. Population growth makes waves in the distribution of pairwise genetic differences. Molecular Biol-

ogy and Evolution,1992,9(3) :552-569.

2012.

Zhang F Q. Molecular phylogeography and speciation of two Spiraea species(Rosaceae) on the Qing-hai-Tibetan Plateau. PhD
Thesis. Xining; Northwest Insititute of Plateau Biology,2012. (in Chinese)

Zhang Q,Ching T Y,George M, Liu J Q,Abbott R. Phylogeography of the Qinghai-Tibetan Plateau endemic Juniperus prze-
walskii (Cupressaceae) inferred from chloroplast DNA sequence variation. Molecular Ecology,2005,14(11) :3513-3524.
Meng L, Yang R, Abbott R J, Miehe G, Hu T, Liu J Q. Mitochondrial and chloroplast phylogeography of Picea crassifolia
Kom. (Pinaceae)in the Qinghai-Tibetan Plateau and adjacent highlands. Molecular Ecology,2007,16(19):4128-4137.

Yang F S,Li Y F,Ding X,Wang X Q. Extensive population expansion of Pedicularis longiflora (Orobanchaceae)on the Qing-
hai-Tibetan Plateau and its correlation with the quaternary climate change. Molecular Ecology,2008,17(23) :5135-5145.
Templeton A R,Routman E,Phillips C A. Separating population structure from population history: A cladistic analysis of the
geographical distribution of mitochondrial DNA haplotypes in the Tiger Salaman-der, Ambystoma tigrinum. Genetics, 1995,
140(2) . 767-782.

Comes H P,Kadereit ] W. The effect of quaternary climatic changes on plant distribution and evolution. Trends in Plant Sci~
ence,1998,3(11) :432-438.

Wang L, Abbott R J,Zheng W,Chen P,Wang Y.Liu ] Q. History and evolution of alpine plants endemic to the Qinghai-Tibet-
an Plateau: Aconitum gymnandrum (Ranunculaceae). Molecular Ecology,2009,18(4) :709-721.

Wang L. Y,lkeda H,Liu T LL,Wang Y J,LiuJ Q. Repeated range expansion and glacial endurance of Potentilla glabra (Rosa-
ceae)in the Qinghai-Tibetan Plateau. Journal of Integrative Plant Biology,2009,51(7) :698-706.

Gao Q B,Zhang D J,Chen S Y,Duan Y Z,Zhang F Q,Li Y H,Chen S L. Chloroplast DNA phylogeography of Rhodiola alsia
(Crassulaceae) in the Qinghai-Tibet Plateau. Botany,2009,87(11):1077-1088.

Yan J,Chu H J,Wang H C,LiJ Q,Sang T. Population genetic structure of two Medicago species shaped by distinct life form,
mating system and seed dispersal. Annals of Botany,2009,103(6) :824-834.

Gao Q B,Zhang D J,Duan Y Z,Zhang F Q,Li Y H,Fu P C,Chen S L. Intraspecific divergences of Rhodiola alsia (Crassulace-
ae) based on plastid DNA and internal transcribed spacer fragments. Botanical Journal of Linnean Society, 2012, 168 (2):
204-215.

Soltis P S, Soltis D E. Genetic variation in endemic and widespread plant species: Examples from Saxifragageae and Polysti-
chum(Dryopteridaceae). Aliso,1991,13(1):215-223.

Slatkin M. Gene flow and the geographic structure of natural populations. Science,1987,236:787-792.

http://cykx. lzu. edu. cn



