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Molecular phylogeny and biogeography of Androsace
( Primulaceae) and the conver gent evd ution

o cushion mor phol ogy

YWANG Ywdin LI Xiao-Juan 2HAO Gang "L IU Jian-Quan *
1( Qinghai- Tibet Plateau Biological Evolution and Adaptation Laboratory, Northwest Plateau Ingtitute  Biology ,
the Chinese Academy d Sciences, Xining 810008, China)
2( South China Botanical Garden, the Chinese Academy d Sdences, Quangzhou 510620, Ching)
3( Key Laboratory d Arid and Grassland Ecology, Lanzhou University , Lanzhou 730000, China)

Abgract Androsace L. condgsaof nore than 100 gecies digributed mainly in rorthern termmperate
areas. This genus, typicdly characterized by having small flowers with a condricted corolla throat ,
was subdivided into Sx sections: sect. Samueia Schlechtd. , sect. Mirabiles (Hand.-Mazz.)
Yang & Huang, sect. Androsace, sct. Chamadgasme Koch. , sect. Aizoidium Hand.-Mazz. , and
sct. Orthocaulon Hand.-Mazz. In this genus, the ecieswith cushion-like gronth belong to sect.
Chamagiasme occurring in apine habitats. There are other three svdl genera in the tribe An-
drosaceae. Pomatosace Maxim. , with only one gecies, P. filicula Maxim. , endemic to Qinghal-
Tibetan Fateau , is traditiondly placed in the subtribe Sldandlinae because of its circumscisdle
capsaules, but other norphological characters and the recently reported evidence from cytology indi-
cate that its dfinity is closer with Androsace. Douglasia Lindley has eight honbgeneous gecies in
Northern American nountains. Vitaliana Seder , with only one ecies in the European Alps, is
usually consdered a congener of Douglasia. These four genera, norphologcaly smilar in having
gmall flowers with a condricted corolla throat and’ Andrasace pollen” , referred here as' Androsace
grouwp” , are digunctly digributed from the Qinghai- Tibetan Hateau , to Central- and Northern-Ada,
Europe and North America. It isan ided group to eucidate the origin and digersa patterns o the
Northern Hemi gohere flora, which has a digribution center in the easern Qinghai- Tibetan Hateau
and the Hengduan Mountains. In addition, the habits of this group range from annuas to rosette
perennids and cushiontlike perennids. The cushionlike Pecies are digunctly digributed in the
central Qinghai- Tibetan Hateau and European Alps mountains. Further sudies are needed to deter-
mine whether they are closdly related to each other or it is only the result of convergent evolution
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under the habitat pressure selection in separate Stes.

We firdly reported cpDNA trnL-F, nrDNA ITS sequences reectively or both for 29 popula
tionsdf 14 geciesin Androsace and Pomatasace mainly from the centra Qinghai- Tibetan Fateau.
A phylogeny was further congructed for these gecies, and those digributed in Europe and North
America it Androsace group” and related genera in Primulaceae based on nemy reported sequences
and those downloaded from GenBank. Phylogenetic irferences indicated that the four genera it An-
drasace group” form a well- supported nmorophyletic clade. Two main clades were discovered in the

Androsace group” : awholly Androsace clade, and the other comprisng Pomatosace, Douglasia,
Vitaliana and nine Androsace eciesin al anadyses. The grouping and pogtion of three ecies of
Fct. Samudia and two Peciesof sect. Andrasace varied acoording to the anadlyses of the different
datasts, trnL-F, ITSor a combination of them. The biogeographical mgpping of gecies digribu-
tion reveded that the basa ecies of each clade sted in southeagern China and the eagern Qing-
ha-Tibetan Hateau, which obvioudy supports the orign area hypotheses for“ Androsace group”
based on norphologcal gudies. Fom the eagern Qinghai- Tibetan FAateau multiple lineages goread
to and oolonized Europe in different ages. The crude timing based on ITS sequence differentiation
indicated a recent diverdfication of“ Androsace group” within Miocene of the Tertiary. The cushion
like goecies ewolved independently in Ada and Europe. The origin and diverdfication of cushion-like
gecies in the Qinghai- Tibetan HAateau might be earlier than those in Europe. Their occurrence in
the Qinghai- Tibetan Hateau area might be correlated with the large- scale uprisng of the plateau and
the mountains building Snce Miocene. But the gppearance of the cushion-like ecies in Europe
might result from the fag habitat i lation due to the climete oscillation and the cycles of developing
and retreating of the ice sheet in the Northern Hemigphere during the Quaternary. The large- scae
oolonization of cushion-like Andrasace gpecies in the Qinghai- Tibetan Hateau probably occurred in
the late Holocene when the doba climete re-cooled dter the end of dacia cycles. The intraecific
genetic differentiation in ome Pecies might partly reflect their retreat and re-colonization in the
Qinghai- Tibetan Hateau area during the climate otillation.

Key words Androsace, Pomatosace, phylogeny , biogeography , Qinghai- Tibetan Rateau, Heng
duan Mountains, cushion-like plants.

Androsace L. Pomatcsace Maxim. 14 29
ITS trnL-F DNA 21 25 “
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) 4000 m



6 483
( ,1985) , ,
; : ( ,1994)
( , ,1990)
, 13 17 70 ( : ,1990) Primul aceae
Androsace L .
100 )
773 7 , ,
( , ,1990)

(1986) 6 sct. Samudia Schlechtd. ct.
Mirabiles (Hand.-Mazz.) Yang & Huang sct. Androsace sct. Chamagasme
Koch. sect. Aizoidium Hand.-Mazz. sect. Orthocaulon Hand.-Mazz.

) 44 30
( Vitaliana Seder  Douglasia Lindley) , - 10
Pax  Knuth (1905) Primula L. ,
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1 ( Wendd o (1961) (1990) ,Vitaliana
Douglasia )
Table 1 Surced materids (The irfrageneric clasdfication of Androsace is acoording to Wendelbo (1961) and Yang
and Huang (1990) , but exduding Vitaliana and Douglasia)

1) 2 GerBank 3
Taon Locality Voucher? Distribution _ GerBank accesson number?
and hebit? ITS trol -E
Androsace L .
Sect. Androsace
A. filiformis Retz. (GenBank) / ANN AY275078 AY274955
A. maximal. (GenBank) / ANN AY275099 AY274958
A. septentrionalis L. (GenBank) A, /ANN AY275074 AY274959
Sect. Aizoidium Hand.-Mazz.
(GenBank) o/ANN, PRE AY275008  AY274953

A. integra (Maxim.) Hand.-Mazz.
Sect. Chamagiasme Koch.

®/ROS  AY545758 °  AY545783
A. alaschanica Maxim. var. zadeensis  Nanggén, Qingha (J. Q. Liu) 585
Y. C. Yang & R. F. Huang

o/ROS  AY545733° AY545761 "
A. bisulca Bur. & Franch. Negarzé, Xizang  (J. Q. Liu) 1125

AY545734 7 AYB45762
Sangri , Xizang  (J. Q. Liu) 1140

AY545735 7 AY545763
Graca, Xizang  (J. Q. Liu) 1160

®/ROS  AYS45756 "  AY545779 "

A. limprichtii Pax & Haffm. Cultivated in Genevese (J. Q. Liu) 708
Botanicd Garden
e ,0/ROS AYH45739° AYB45764 "
A. mariae Kanitz Nanggén, Qingha (J. Q. Liu) 622

AY545737 © AYB45765
Qilian, Qinghai (J. Q. Liu) 712

AYB545738 © AY545766
Qumerléb, Qingnai (J. Q. Liu) 974

AY545736 ©  AYB45767
Jomda, Xizang (J. Q. Liu) 1264

o/ QUS - AY545760
A. spinuifera (Franch.) R. Knuth Sangri , Xizang (3. Q. Liu) 1138
o/QUS  AY545747°  AYS45770 "
A. sguarrcsula Maxim. Xinghai , Qingha (J. Q. Liu) 630
o/ QUS - AY545772
A. tangulasharensis Y. C. Yang Zhidoi , Qinghai (J. Q. Liu) 681
& R. F. Huang
o/QUS  AYBISTRO -
A. tapete Maxim. Macoi , Qngha (3. Q. Liu) 627

o/ROS  AY545749 ° AY545773 "
A. wardii W. W. Srith Yushu, Qinghsi (J. Q. Liu) 884
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1( ) Table 1 (continued)

1) 2) GerBank 3)
Taxon Locdity Voucher? Didribution _ GerBank accesson number?
"))
and hahit ITS trol -
o/QUS  AYB45T46 " -
A. yargongensis Petitm. Hwzhu , Qinghai (J. Q. Liu) 442
AY545743 -
Macoi , Qnghai (3. Q. Liu) 523
AY545744 " AY545781 "
Nanggén, Qingha (J. Q. Liu) 594
AYB45745 °  AY545782 "
Chindu, Qngha (3. Q. Liu) 841
o/CQUS  AVYB45740 " AY545768 °
A. zambalenss (Petitm.) Hand.-Maz.  Magén, Qinghai (J. Q. Liu) 506
AY545741 © AY545769
Zhidoi , Qinghéi (J. Q. Liu) 683
AY545742 " -
Qumerléb, Qinghai (J. Q. Liu) 954
A. apina (L.) Lam. (GerBank) A/ QUS AY275053 AY2749
A. breds (Hegetschw.) Cesati (GerBank) A/ QUS AY275049  AY274964
A. chamagasme Wuf . (GerBank) A/ ROS AF402555 AF402437
A. ddavayi Franch. (GerBank) e/ ROS AY275101  AY274950
A. hestica (L.) All. (GerBank) A/ QUS AY275065  AY274981
A. hookeriana Klatt (GerBank) o/ ROS AY275096  AY274954
A. lactea L. (GerBank) A/ QUS AY275069  AY274986
A. lehmanniana Soreng. (GenBank) / ROS AY275088 AY274948
A. obtusifdia All. (GerBank) A/ ROS - AY274972
A. pubescens DC. (GenBank) A/ QUS AY275064 AY274978
A. rigida Hand.-Mazz. (GenBank) o/ ROS AY275095  AY274951
A. sempenivoides Jacq. (GenBank) / ROS AF402555 AF402436
A. studiosorum A. Kress (GenBank) / ROS - AY274946
A. vanddlii (Turra) Chiov. (GenBank) A/ QUS AY275060  AY274967
A. villsalL. (GenBank) A/ QUS AY275084  AY274944
A. wulfeniana Seber ex Koch (GenBank) A/ QUS AY274962  AY275047
(GenBank) o/ ROS AY275085  AY274952
A. senophylla (Petitm.) Hand.-Mazz.
Sect. Orthocaulon Hand.-Mazz.
e ,O/ANN AY545757°  AY545780
A. eeta Maxim. Bangda, Xizang (J. Q. Liu) 1224
Sect. Samuelia Schlechtd.
(GerBank) o/ PRE AY275105  AY274949
A. axllaris (Franch.) Franch.
O/PRE  AY545748°  AY545771°
A. henryi Qliv. Jidong, Schuan  (J. Q. Liu) 670
(GerBank) o/ PRE AY323705 -
A. paxiana R. Knuth
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1( ) Table 1 (continued)

b 2 GerBank 9
Taxon Locality Voucher? Digribution _ GenBank accesdon number®
and hebit” TS trrl -E

e ,O/ANN AYS45753° AY545776
Pomatcsace filicula Maxim. Madoi , Qinghai (J. Q. Liu) 628

(2n=20=18an + 2am) . .
AY545752 AY45775

Chindu, Ginghéi (3. Q. Liu) 649

AY545751 °  AYB45774 "
Zhidoi , Qinghéi  (J. Q. Liu) 686

AYB45755 °  AYB45777 "
Xinghai , Qinghai (J. Q. Liu) 738

AY545754 ©  AYB45778 "
Madbi , Qingha  (J. Q. Liu) 739

Douglasia nivalis Lind. (2n=38) ( GenBank) m/ CQUS AY275026 AY274991
Vitaliana primuliflora Bertol . (2n=40) ( GenBank) A/ QUS AY275050 AY274966
(GenBank) - AJ491428 -
Bryocarpum himal aicum AJ491672
Hook. f. & Thoms.
Sodandla rugesa L. B. Zhang (GenBank) - AJ306360
( GenBank) - AJ491669
Stimpsonia chamaedryoi des

Wright ex A. GQay
AY545759 © AYB45784 "

Primula gemmifera Batd . Nanggén, Qinghai (J. Q. Liu) 613
1) (HN\WP)  2) 1o,
;e . ; A, ;| :ANN ,
; QUS, ;. PRE, ; ROS, 3 *
1) Vouchers are preserved in HNWP. 2) Didribution: o , Sutheagern Qinghai- Tibetan Aateau and southwegern China; e , Cenr
trd Qinghai- Tibetan Hateau; , Centrd Ada, rorthern Asa and Caucasus; A, Europe nountains; ® , North America. Habit :

ANN , annud's, hiennidsor once seed st dter growing for more than two years; QUS, cushion-like perennids; PRE, perennids;
ROS, rosette perennids. 3) * , sequences are firgly reported in the present study.

Tris HA (pH9.2, 25 mmol/L KA, 1.5 mnol/L Mgdy) 5ML , dNTP 1ML (8 mmol/L)
2.5uL (5 nol/L) , Tag 1ML (3 Unit/ML) 2uL (12.5 mol/L)
94 4 mn, 94 40 s,55 20 s,72 50 s, 32 , 172 4
min PCR CASoure PCR Purification Kit (
) DYEnamic Dye Terminator Cycle Se-
quencing Kit (Amersham Biosciences Qorporation) PCR , 94 15
s50 155,60 90s, 25 Autoseq 96 Fates (Amersham Biosciences Compo-
ration) . MegaBACE 500 DNA Andyss Sygem
500 bp , 50 %
TrL-F  ITS GenBank ;
GenBank CGenBank Vitaliana Douglasia
GerBank 1
1.3
Qugd X (Thompson et d. |, 1997)

PAUP ™ 4.0b10 (Snofford , 2003) (parsnony) , (gap)
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, (heurigic) , 100 (random addition of
100 replicates) (idand) (Maddion, 1991) ; (oot-
srap) (1000 ) (Fesengein, 1985)
MrBayes 3. 0b4 (Huelsenbeck & Ronquig , 2001) Bayesan , GIR+ G ,
(random tree) 4 , .
200 (generations) , 100 , 2 , (likei-
hood val ue) , 1.6 50 %
GenBank ) ,
DNA
, PAUP” 4. 0b10 (Saofford, 2003) Partition- honmogeneity tes (PHT,
Farriset d. , 1995) DNA ,
1000
Primula gemmifera Batal . ,Soldandla rugosa L. B. Zhang

Stimpsonia chamaedryoi des Wright ex A. Qay

1.4
PAUP " 4. 0010 (Snofford, 2003) Modeltes 3. 06 (Posada & Cranddl ,
1998) ITS ,
(log likelihood) 2, (Gldman,
1993) ;
, , NPRS (nonparametric rate svoothing) (Sanderon, 1997)  TreekEdit
(Rambaut & Charlegon , 2000)
2
2.1
trnL- F 1091 bp; ,
210 89 144503 ,Cl =0.795,RI
=0.934, =536 Bayedan 50 % 1
,Bayesan 50 %
1 Tirl-F Bayesian 50 % Bayesan
ANDR SAMU CHAM AIZO  ORTH
AN,
; QUs, : PRE, : ROS,

Fig. 1.  Ffty percent Bayedan nmgjority rue consensus tree of trnl-F sequence data. Numbers above internodes indicate the
Bayedan poderior probahilities and below the MP bootgrgp val ue based on 1000 replicates. Dashed lines derote that collgpse in the
drict consensus tree of parsnonious andyss. ANDR, SAMU , CHAM , Al1ZO, and ORTH following each Androsace ecies are ab-
brevigtions of sect. Androsace, sect. Samudia, sect. Chamagasme, sect. Aizoidium, and sct. Orthocaulon , regectively. Habits
of each eciesfollowing section names are indicated as: ANN, annuds, biennids or once sed st dter growing for nore than two
yeas; QUS, cushion-like perennids; PRE, perennids; ROS, rostte perennids. The didribution of each eciesisillugrated in the
above |t corner o figure.
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Bayesan ( ),
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(O Southeastern Qinghai-Tibetan Plateau and southeastérn China Androsace samhalenniz 306 CHAM cus ®
@ Cenval Qinghi-Tibetan Plateau ',?,0 A, yergongersis 534 CHAM cus @
100 —— A himprichtn CHAM ROS @
A\ Central Asia, northern Asia and Caucasus o A wombatensis 683 CHAM cUs @
A European mountains LD-,? A yargongenss 841 CHAM cus @
97 A. chomaepasme CHAM ROS ‘
[l North Amenca — —r A lehmanniona CHAM RoS @
100 : A, studiusurum CHAM RoS A
100 A. sempervivordes CHAM ROS A
100 A, marae 622 ciaM  ROS @O
100 | 54 A wardi CHAM Ros
100 ° A mariae 1264 CHAM . ROS ”
% b A manae 712 CHAM . ROS
1;330 :; A mariae 914 CHAM ROS 8
% & integra ALZO ANNPRHD
100 —— A v fere CHAM RO5 O
(00 L—. A sivasiylla CEAN ROS O
W —— A buuics 1340 CHAM ROS QO
' _mj_‘.: — A bisulea 1125 CHAM ROS o
15.' ™ 10 L 4 bswico 1160 CHAM ROS o
g7 % A squarrosula CHAM  cus @
190_; 6 A lascharaco var zad CHAM Cus @
10 A umy s cHaM  Ccus @
100 9 [ A hovkeriana CHAM ROS (O
1o 62 L 4 gt CHAM ROS (O
A wiilosa CHAM Cus ‘
A delvsy CHAM ROS (O
A. erecra ORTH ANN ”
A alpina CHAaM  cus A
o A hoveica CHAM  CcUS A
- | A. obtusifol CHAM ROS A
¥ A laciea cHAM  cus A
Douglasice nrval Cus .
s | % A brews CHAM cCus A
68 L A wulfeniana CHAaM cus &
100 A pubescens CHAM CUS A
100 00 Visahana primulfi Cus A
100 A CHAM Ccus A
A wp i ANDR ANN  AA
™ 0 |: Pommtosace filrcule 686 ANN @O
P fillculz 739 ANN @O
100 P filicwla 628 ANN @O
95 10 P, filicuta 138 ANN @O
[T P Micala 649 ANN ”
100 A. henrys SAMU FRE o
.59 .IE A axillaris SAMU PRE O
Mmoo . l A mazinur ANDR  ANN A
A filifermis ANDR ANN A

Primila g
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2
) 8
Douglasia nivalis  Vitaliana primuliflora ( - ).
, , Dougla-
sia nivalis  Vitaliana primuliflora ; 2
ITS 554 Ip ; , 320
85 1209 ,Cl =0.558, Rl =0. 813, = 1224
Bayedan 50 % 2,
, 50 % 2 ,
“ " , Bayedan
, Soldandlla rugosa Stimpsonia chamaedryoi des , "
“ " ITS trnL- F ,
3 ; ;
“ " , trnL-F , ~\ -
! ITS+ trnL-F 45
1645 bp ; , 481
, PTP ,
(P=0.8, >0.05) 44 146
,Cl=0.662, R =0.870, =1512 Bayedan 50 % 3,
2.2
Moddtes 3.06 (Posada & Crandal , 1998) ITS GIR +
G, : (among- dte rate variaion)  gamma (gamma
diigribution) apha=1.0335; (subditution rate) R(a) =1.2119, R(b)
=2.2055,R(c) =1.5877,R(d) =0.4500,R(e) =3.6684, (base frequency) A

=0.2142 ,C=0.2724 ,G=0. 2695 ,T=0. 2439

(- 2InLR =2 (5387. 31218 - 5330.56928) =
113.4858, of =51, P<0.005)

( )
7.83%x10 %s s™ - a” * (subditution per ste per year) (Sangetd. , 1995)

, 18.02 Mya (million years agp ,
, ) NPRS 4

750 , 200
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O Southeageern (unghai-Tibetan Plateay and southeastern China

M': Androsace zombaiensiz 954 CHAM  CUS
@ Cenual Qinghai-Tibetan Plateau ke A, yorgongersis 42 CHAM  Cuis @
] A. yargongensiz 523 CHAM C(us ¢
A\ Central Asia, northern Asiaand Cawcasus 2% A yargongensis 841 CHAM CUs @
- A, yargang 394 CHAM Cus
A Curopean mountaing 4 vombolensis 306 CHAM  CUS :
Il ot America A rambatenses 633 CHAM cUs @
A, chamagrasme CHAM ROS 4
54 | A. fehmanmana CHAM ROS A
100 A. bisulce 1140 CHAM ROS O
100 A. bisvlea 1160 CHAM ROS (O
2 o1 A. bisulea 1123 CHAM ROS (O
A, sempervivades CHAM ROS A
100 . E A squorrasula CHAM CUS ®
100 A glaschanica vur. zadoensis CHAM ~ ROS [ ]
A bmprchti CHAM ROS @
7] %E A. marige 1264 CHAM ROS n
100 A wardn CHAM ROS (O
0 A. manae 622 CHAM  ROS n
o8 A imarige 974 CHAM ROS n
7 A marige 712 CHAM ROS @O
A, integra AIZ0  ANN/PRE)}
- e 4 tapere CHaM ¢z §
A delwvay wam ko 4D
A, sierophyte CHAM o5 @
———mrm= ), vaflorg CHAM  TUS ‘
10 _L—— A. hrokenan CHAM RO ()
.. T - A rgwa CHAM  ROS O
(= A erecic ORTH AN @0
A. marima ANDR ANN A
A. filiformis ANDR ANN A
A hevetica CHAM CUS A
A. puhescens CHAM  CUS A
A, loctea CHAM ROS &
100 | Douglasia mvalis Cus [ |
2 A. vandelin CHAM CUS A
A alpina CHAM CUs A
A, wulfeniona CHAM CUS A
A brevis CHAM CUS A
Vrafama promulsflora cus Fy
100 106 A veprenirionaiis ANDR  ANN AN
(47 | % Pomaiosace filrcula 739 ANN w
92 P filicula 649 ANN - @O
100 0 [— P filiculo 686 ANN @D
100 P filicula T38 ANN n
P Rliculo 628 AN @O
8l A pasiana SAMU PRE O
L0 i saMU  PRE O
190 A henryt saMU PRE O
10 Bryacarpum himalaicam
71 JW': q:‘: 5 rugasa
3 L Stimp ! Iryoides
Primula gemmife
2 ITS Bayesan 50 % 1

Fig. 2. Ffty percent Bayesan mgority rule consenaus tree of TS sequence data. The remaining explandions are the same as in
Fg. 1.
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() Southeastern Qinghar-Tibetan Plaieau and southeastern China

o Androsace zambulensis 506 CHAM
@ Central Quinghai-Tibetan Plateau %0 A, yargongensis 594 CHAM
A\ Central Asia, northern Asiaand Caucasus g’ A. yargongensis 841 CHAM
A European mountains A. zambulensis 683 CHAM
A. chamagjasme CHAM
. North America A. lehmanniana CHAM
A limprichyi CHAM
A. sempervivoides CHAM
A og [— A. bisuleu 1140 CHAM
. :g 5 A, bissles 1125 CHAM
B A biswlcw 1160 CHAM
LE A. squorrasuly CHAM
A. aluschanica var, zadoensls CHAM
56, 100 A marlge 622 CHAM
loo| 8 A wardii CHAM
'9‘:0 o A. marige 1264 CHAM
M 'g A. marioe 974 CHAM
57 _9“ A. marige 112 CHAM
Ist:' A. imtegra AlIZO
e A sirahyl CrAY
A, delavi CHAM
100 e = A. rigitia CHAM
' lm' 1% b A houtaron: CHAM
2| | — A villasa CHAM
| A, erecta ORTH
sl L A filiformis ANDR
100 A henryl SAMU
100 ,WE A. avillars SAMU
31 | S A. maximg ANDR
50 A. brevis CHAM
s A. wulfeniung CHAM
50| Vitallana primuliflory
— Dauglasia nlvelis
100 A. heverten CHAM
:2 2? 84 A. pubescens CHAM
A. locten CHAM
- A aipina CHAM
A. vandelii CHAM
0o A. septentrionalis ANDR
£y 99 Poinatoscece filiculi 686

M EE P fRlicula 739

P fiticulir TI8

P filicuks 49

P fiticulu 628

Primula gemmifera
3 ITS TmL-F Bayesan 50 % 1
Fig. 3. Hfty percent Bayesan mgjority rule consensustree of trnL- F + ITS sequence data. The remaining explanations are the same

asin Fg. 1.
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Androsace wardii
A. marige

A. integra

A. tapete

A. stenophylla
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