http.//journal.gxzw.gxib.cn
[ &M4 Guihaia Feb. 2017, 37(2) .153-161 http ://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw201603011

SISCER: KA, BRE. T LT G IFE ST EMBEMRGEA (1], )R, 2017, 37(2) :153-161
ZHANG HJ, LI QJ. Phylogenetic analysis of Primula chungensis and P. cockburniana [ J]. Guihaia, 2017, 37(2) :153-161

TR ERESHBENEHRENRREL
Kaed, FRE

( PEBEBRE VISR A, B 650201 )

i ZE. PR SIREAGET S MEETEE LEOVHLL 8 E BIA R E RS R KRBT MR, %P5
FZEEA TS JPHN RIS A4 ernL-F R 53 FAmic, IR DL 07 i 77 vk A 2 R e, 76 PP 0 F A 10 A8 2 ) R 4
By PR R AR ILL 0.81 1S R — 4332, BA AR T IR R DAL OR AP OC R . B G, 3 ad e BOR A~ b
P FATEA AR AT 0 AT, SRISEE R b AN R4 B AR50 1 SR AE PR B DI, 2 BH I F i 3 1
BEARIR AT W0 oA, B kT S A AR A MR W] 0 K TR BAT S ik 4, RUIEIBLR B IE &
BREMUAHCEER, K5, W 8 X SSR /- FHric XTI B Fl i F#E 1T STRUCTURE 5284347, 45 R Aa il K
MY (B A 2, BB b ) KT 5 4 R B AT 5 R A5 19 IS8 B DA (] 1362 3R B0 PR TR I 1% T e DXl 78 17
PR R B TE S K B =4 7 g miase 19404k, i i Tma2 B0, KA SRR EX & e 51 3T T BRI R
FA) 3 A B i) R 240 2 AR T T A0 3K P9 A AL ek o P 0 o e 52 0 0488 ) 9 T — S b o 77 o8 4R A 52
)5 , 32 F maxent FRAF AT ISR AR A A 25 5, S5 SRR BT 21 FROK B AR S8 IR K R R R T PR R K i
X kT & A 0 o A A E SN B 2 AR e T R AR R R K R 2R Y P K X R BT
G A B, PR R A SO AR T Ak, DN SRR A A A 1) 22 SRR PRl Ak 2
S R Bt 2 P i ] 22 G Ak Y B 28K B0 )

KA PTG, ELT G, KR, SSR, AR

RESHES: Q949  XEHRIRRE: A XEHS: 1000-3142(2017)02-0153-10

Phylogenetic analysis of Primula chungensis
and P. cockburniana

ZHANG Hua-Jie, LI Qing-Jun"

(' Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming 650201, China )

Abstract ; Primula chungensis and P. cockburniana, are usually considered as close species for the similar morphological
traits. We reconstructed the phylogenetic trees with the Bayesian inference method based on two DNA fragments, the mo-
lecular marker we chose was internal transcribed spacer and chloroplast fragment trnL-F, among the two phylogenetic
trees we reconstructed, P. chungensis and P. cockburniana got into a branch with 0.81 support, which indicated that
P. chungensis and P. cockburniana were sister species. we also utilized principle component analysis based on five mor-
phological traits, and the two species got into two clusters, which indicated that in term of the morphology, there was

significant differentiation between the two species, and this differentiation had an important relationship with the mating

Wi EE: 2016-06-11  fEEIAHE: 2016-07-29
ELTH: HEAZ A BUN HREHFBE 24 (U1202261) ; FRK A R FH2E 5 4 4F Symbol@ @ @ (31500194 ) ; o [ B} 2% e < 1357 11435 H
(XTBG-FO1,TO1) [ Supported by the Joint Funds of the National Science Foundation of China and Yunnan Provincial Government (U1202261) ; National
Natural Science Foundation of China (31500194 ) ; “The 13rd Five-Year Plan” of Chinese Academy of Sciences (XTBG-FO1, TO1) ],
PEE R TRAEAN(1990-) , L Wl JH N WA 5 A B9 07 1) At idt Ak A= 452 | ( E-mail ) zhanghuajie@ xtbg.ac.cn,

CBEIEE R WL BT DRSO ) AR A AR S | (E-mail) gjli@ xtbg.ac.cn,



154

U0 MW

system, and we discussed the relationship between flora syndrome and breeding system of these two species. We chose
eight pairs of SSR primers and sent the polymerase chain reaction production to the company to measure the peak value,
according to the anlysis of the softwae STRUCTUER based on the nuclear microsatellite marker, the appropriate value of
K was two, the result of structure consisted of two area and with different colors, the red area represented the population
of P. cockburniana, and the green area represented the populations of P. chungensis, which meant that there was signifi-
cant and stable differentiations between the two species on the molecular level. Then we calculated the differentiation
time between the two species with Ima2 based on the united chloroplast fragments, which showed turbulent environment
and geological and historical accidents in Pleistocene may have an important effect on the differentiation of the two spe-
cies. Finally we analysed the ecological niches of the two species with the software maxent. The results indicated that the
precipitation of the driest quarter, range of annual temperature, isothermality and the annual average precipitation had
important effects on the distribution of P. chungensis, the mean temperature of the coldest quarter, precipitation of the
driest month, annual average precipitation and the precipitation seasonality had an important effect on the distribution of

P. cockburniana. We speculate that the different ecological niches had been influenced by the phylogenetic evolution of

37 %

the species, and in turn the different niches can also promote the phylogenetic evolution process.

Key words; Primula chungensis, P. cockburniana, sister species, SSR, ecological niche
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Yo, TE T AN RS , AN B R GA I 1 1/4;
AEEH 1M, BNl T By, R e
TEF . AW 5-6 H  BpAE4ei 4~6 d, M EBRAEI
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[ BRI LA T 48, 5 i A B R i SRR, A kT
BRI B, 7 AR A (B R
1990) o, B T AE @A F (022 5740, ISPy i a] £z
HMERIET PRI S MBI R,
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Table 1

Differences between Primula chungensis and P. cockburniana

Y A

Species Color of the flower

IR

Shape of the leaves

i
Patten of the style

WO

Light orange-yellow

T IR

Primula chungensis

WEROEBL6

Deep orange-yellow to orange-red

KHAT BB

P. cockburniana

I R AR AR B 7
Base of the leaf is wedge-shaped and
gradully narrow

I el [5)  F AE J LA T S , S
A Ik P SR PR

KACKERD AL R0 4 e e A Y
Long-styled morph, short-styled
morph and homo-styled morph

WA T AL
Homo-styled morph

Base of the leaf is obtuse or wide wedge-
shaped, there is a fine line between the

leaf and leafstalk

1.2 TRASFFAE

TERPAM G HERAE R AR rh | BEALR SRR T 6 4
30 S TP AE , S T AT SR =R e
FERAY R AP R AR 30 2%, HLBEHE 90 =it E
PV L XS R AR B AR AL AT YN ) A ), T bR
FUB— 5 B 1 R, BEAR 5 DR AT 38 3 3R Tmage)
(Abramoff, 2004 ) il & 5C 5 i) AL A MR, A6
BTG AR AEEE K A B B KT AT
LT85 AR (BN 2) o DX 5 A HbR L R 7 2%
e FE R axi.1,axi.2, JEH R BB kon £1
f) kmeans PRELHETT R A7, PR geplot2 A1 LT
geom_point PRELZE I ZRIE A,
1.3 RS SSR 5if

FHE DNA B $R BOR B KL CTAB /97735
(Doyle,1987) . ITS(internal transcribed spacer) ¥
FII- 24K 51 S A8 ) b 3R e 0 A 20 5B i
( Ngamriabsakul et al, 2000; Martins et al, 2003)

ITS JEHY 4R B9 5190 1TS1 (5'-AGAAGTCG-
TAACAAGGTTTCCGTAGG-3") Fl ITS4 ( 5'-TCCTC-
CGCTTATTGATAT GC-3') ( White et al, 1990),
trnL-F P34 38 % A i 514 4 (5'-CGAAATCGG-
TAGACGCTACG-3") Fi 5149 (5'-ATTTGAACTG-
GTGACACGAG-3") ( Taberlet et al, 1991), &4
FREEEL 2~ 3 ASMEBEAT B A3, PCR 1Y RN
KFR A 15 pL, FER R, E 94 °C fAEPE 4
min, 94 CAME 1 min,:}EJ{ 52~55 °C 1 min,72 C
FEAH 1.5 min, B E 35 DMEFR, 72 CALEf 10 min,
P17 AT IR DR A O B R LT, 2R Y S LS
50 PR A R AT FRATEEE T AT B
I 16 NITGFPIET 1ITS A E RS KB,
BB B B & (Primula sikkimensis ) 1E
RANEEE, Hob 8 R R F Y ITS F ¥ 7E Genebank
TELEAE HARAT G (P. japonica) JIZRIT G4k
H (P. mallophylla) JEANLT 6 #4 (P. burmanica) |
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Table 2 Sampling of the populations of primula cockburniana and P. chungensis

R RS seskr itk
. . . . Altitude
Population code Location Latitude & Longitude (m)
E1 AKHEE 912 101°10'3.504" E, 28°12'26.053" N 3353
Muli County 912 forest farm
E2 AR LB 101°8'17.025" E, 28°13'51.752" N 3354
Muli County Yazui
E3 AKHEE 916 100°59'8.602" E, 28°31'1.597" N 3354
Muli County 916 forest farm
E4 HEVT B 358 7 Bagrh 101°21'44.379" E, 30°43'09.635" N 3 809
Site between Yajiang County and Daofu County
ES ) A= S T N 101°57'49.374" E, 29°56'55.038” N 3118
Laoyulin Township, Kangding County
E6 B B AEAT 101°59'03.012" E, 29°55'36.786" N 3738
Yajiageng Township, Kangding County
E7 Nk Eah % 102°14'03.091" E, 28°44'15.979" N 2382
Tanggu Township, Jiulong County
E8 Julp BRI 101°28'18.376" E, 29°16'20.331"” N 3 864
Wahui Mountain, Jiulong County
E9 NUIB BARUEAR AT 99°35'37.355" E, 26°34'39.815" N 3 498
Wuxu Village , Jiulong County
71 MR B A A B 94°44'37.675" E, 29°33'675" N 3328
Ecology Station in Lulang Town, Linzhi County
72 V== % i P 94°43'52.68" E, 29°41'22.2" N 3450
Military Depot in Lulang Town, Linzhi County
73 MR aFRIL 94°33'12.48" E, 29°33'40.5" N 3729
Shergyla Mountain, Linzhi County
74 W E 05°41'29.82" E, 29°47'14.46" N 3 689

Bomi County

BT HREAEAERIR A AL P sl AR AE RS s B AT AR AR S AR 2
C. AT S IFRBIEREZEEL; D, R G, A — Rl B A2

Fig. 1 Antomy picture of the primrose A. Flower of longstyle of P. chungensis; B. Flower of shortstyle of

P. chungensis; C. Flower of homostyle of P. chungensis; D. Flower of P. cockburniana, the flower is homostyle.
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doxa) . EIET G 4R E (P. miyabeana) . BT & umbellata ) YE R HNIERE, Hrb |7 R E B 24487
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Fig. 2 Anatomical model picture of the primrose

HI7E Genebank Tk, (UGB LLAT 5 4 (P. auranti-
ana) WiMAT A (P. serratifolia) /MEXT G
(P. prenantha) JI G 4R (P. prolifera) JFEHLLT &K
F (P. helodoxa) . £ 1L 55445 ( P. miyabeana) .7
/@:ﬂhﬂx’%(F wilsoni) , PCR Ja W= e AT LI
RS A B Sequencher 4.14 ( Codes, 2000) it
1748, F MegAlign (Clewley, 1997) 44 B ik 5 51 it
FHE AR, MEGA4.0 ( Tamura et al,2007) 3T
T # ga 48 7 51, H jmodeltest 0.1 ( Posada, 2008)
PR IE A Y | ] mesquite ( Maddison , 2001 ) K¢ 5
MR 2 B nex B A =X, H MrBayes ( Ronquist &
Huelsenbeck , 2003 ) #4473 5l % 1TS J¥ 51 #1 trnL-F
JE AT DU S AR

SSR ('sequence tagged microsatellite site) |5 51| J&
AT B YRR A T R E R YA TR
WF5 8 T 0 35 A% 5 AB RO b ) ) SR 2% 00 R A5 T T
HZAEH (Barker, 1997 ; Mateus et al, 2004) , =22
AITRAC T (2010) TR SR TT K T IR B 1Y
54 X%J SSR 5|y, AWFE NP 8 XA 5 14 £
YRS SSR 51T A (K 3) o W 14 W) Sk
9 EhRic fa il R AR AT IEE R I o EEUh AT
B 4 A TEREE 154 DK R BEIT B ME 9 A4
JEREIE 203 ANAMAIEAT 0T, 2R IC PCR B9 S
A H K PCR(Schuelke,2000) , 8 94 °C A4S

P 4 min, Bk 52~55 °C,72 CIEMf 1.5 min;i% & 30
AMEFR,94 CAEHE 1 min, Rk 52~55 C,72 C LA
1.5 min; W& 8 MFIF, 45 R H K F GeneMaker
v2.2.0( Lukashin & Borodovsky , 1998 ) #£4 7 I4 (B %2 .
1.4 YFh L BT E AT E R E SR LR

Ima (isolation with migration analysis) f& & T &
B —IE RS | Xof B DAL gt ) 1) 22 S M AT 0 A, 416
RS ICFR B R S Rl OC R R (Hey &
Nielsen, 2007) , &1 X3 AS 6] YA A5, AT AR FHAS [6] )
R TR A AR A 3, FRAT T e B 44 e Bt
HEAT Ima 7307, Hob RGBT B 14 DMK, th
763 21 SAK, BEA 444K psbA-trmH , apB-
rbeL, trnL-F F B, 5 B SR AR A7 o5 B3 AT 1) 28
ARZRE 5k 1.52x107°( Yamane et al, 2006) , B {5 X
[] 15 & A (0.000 001,0.000 1) (Li & Graur, 1991;
Richardson et al, 2001), Maxent BJ f K5 f5% %l
( maximum entropy mode ) , 18 1< XF 4 Fh B 1 43 i 4L
P ARG | AR TS Wy o 53 A 52 Wl dse R i) e P
F (Phillips et al, 2006) , 35 Ho >R 5 (P FR 5 B S
fE CVH 48 3 1945 B A T8 5 BB TEAR AR rh 3
SEE B TR FRIE AN, A\ wordelim BLF #8519 44
ST iz A PR oA 45 2 I A 25 2 7Y
FESt.

2 HERH4M

2.1 FEAITERENBETEARENRELEXR

W HE TS JP A HES G e Bt Bk 631 bp, H
jModelTest 0.1 F-48H T Bayesian 3 #7 (#E R | 38 5o
AIC I RS & Rl TPM Luf+1+G , 2R JE ]
FEFIHES o e BEK B 657 bp, HI AIC J7 8 i i
IR R GTR ., 78 DU b 2 i W > R e i (A
3) AT SRR IS BT 5 R AR LA 1 3
FE 0.81 REL—A53 32, 8O A, kT &G Bl
FEHAT B WA RGO R AR YA IR T
22 BMRENEEZER

ME 4 FIEOS ARl DU W R R A i
RGBT S A B AR 53 50 R AE P H IX 8k, H 3k
D3] XA B i, 3 TS 2 R U, PN AL R el
[B] Y 22 52 0 g FL RS, WA LR Fh 2 1) 7= A TIESS
2 FRUGEM . IS RS S5 A B L mT RV
BT AIRER R B E R TR 6 A, K
AT A LR ARAE S BL R G % AN W] 43, AEFRIE
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B3 AR EERARGEIN  (A) 3T ITS PR IBEHR, (B) 5T aml-F 5o 8 3R]
TEX ARG, T SR E ARG T SRR LL 0.81 B RpR B — 1403,

Fig. 3 Phylogenetic tree based on the Bayesian method

(A) Phylogenetic tree based on ITS sequences. (B) Phylogenetic tree

based on trn L-F sequences. In the phylogenetic tree, P. chungensis and P. cockburniana in a branch with 0.81 support rate.

AXVTAE R O AERR AT AT BB, RO EAT &5
AR B F SR T T A R
PEATEARSIR R, A4 B AU R A AT B R AR 9 5
S I AT AR R I SRR, HAE RSN S g A
ARSE O HAT AL M3 3 SO X TG BT 5 R R

i, T B R AL TH RBEIRIR AR Z
AERIIESE R, 2 AL R G AE 8 3 4B IR o
PR EZAEH
2.3 SSR Y structure BBFE 531

3 X X AN AP AL 357 ASAMASEAT structure
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Table 3  Information of the SSR primers

s EEGIY(5'— 3")

Number Forward primer (5'— 3")

B s 5191 (5'— 3")

Reverse primer (5'— 3")

0 N N R WD =

TGTAAAACGACGGCCAGTCATGTTCCCACAGGGAAATTAT
TGTAAAACGACGGCCAGTCAGCTGTCGCCATCAATTAG
TGTAAAACGACGGCCAGTTTTTTGGAAATTCACTTGCTCA
TGTAAAACGACGGCCAGTTCGGAGAGGGTTCACTTTTG
TGTAAAACGACGGCCAGTGGCCAAACTTTAGTTTCTGTTTTT
TGTAAAACGACGGCCAGTACACCACAGAAGCGAGAGTG
TGTAAAACGACGGCCAGTTGACGCAGTTGTGAAAGTCTC
TGTAAAACGACGGCCAGTTCCCCATCTCTCTCTCAAACTC

GGTGTTTGGTTGGGAAAGAA
TGGAAGCGAAGGGATAAATG
AGACCCTTTGATCTGCTCCA
CTAGCGCCGAGGAGCTTAT
GAAGAAGGTTGATGGGGTGA
AGAGATGAGCCGGTGAAGAA
GGGGTGGATCGCTCAGAA
GCGACGAGCCCATAAGACTA

A Primula
cockburniana

© P. chungensis

K4 PRI E W8 30 =itk
BT AR, 90 AR AR PHIT B RE .

Fig. 4 Principal component analysis of the two

kinds of the primroses  The 30 triangles represent

P. cockburniana, the 90 dots represent P. chungensis.

RIS, BATEF, i L' (K) {2 Delta K
{H, #JE7E K AN 2 i, HAE B A B A Pr i, |
K IBGEE R 2,24 K=2 i), 1] DL B R 2K 45 08
B €A 5 BRI A 433, e g ) 2 T fa) KT 65 4
BRI BT S IRAEN A, WA
S5 (K S) T LLE , hAaLT & i ARG T S 4
FAE TR LRI B AR, BIPA4
T (%) 23 A o A 22 30 B S 6 7 0 I, A
YyRh = A T R B o4k
2.4 ¥y FhiE B9 43 11 Bt 1]
RGBSR AR 1 7 90K BE R 1 650 bp, i i
Ima2 15, A4 Ff (8] 1) 43 AR B ] K 29 76 13.058 2
JTAEI, AL T ST TS0, SR I S s Bk 22 Ty TR
FUR SN AN b SO it B . X S ok Ui, B

B TR A A 1) 235 X5 0 b T LRI A3 A L B 43 A
K& Jry A HL B FE R AR ) S XA TR BH IR A 2z ] 1Y)
TE A5 B2 B AE T (Soltis, 2013) . X Ak
S T] A S0 09 ) B0 AR b T BEXT X PR AR A TR I
o Aer=E T EZ AR,
2.5 YMBEESMNER

Y T AT B HE 9 AN HEEE A E R, 1S
BT RE 18 AN M5 B @k xRS
PEHEATAI , NS PR 1 BTk 3 T LA ok, FE v
AT G4 FHE T, biol7  bio7  bio3  biol2 Hl i T2
WK i ARSI AR A R | S5 RN AR S8 R K 0 H
SIHAEENN (R 4), ERETERED,
biol1 biol4 biol2 biol5 Bl & Z= 17 - ¥EE &
T A Bk A5 7K RN 1 e A K X L A
AEZERFL (R 5) . BRI, IR E RS
PR T — BB

3 itk

AL LT B A HIA B G R AR AL
SIRIAER L R R I A A S AR
Flia) 5 2 32 (Wilkins, 2011) , PRI, 1 1 £2 05 1 #8
SEEE LN R G 2 | X 4R AR AL T8 B B R AR Ak
HEEE X, ABTEE I A e T
R AR SR AR 0 R G, AR — SR BT T )
fT G MEMIS LT B MBI R , BrIfer:
SERLRRAE  FRATTF 59 A0 1AL TR A5 2 R AT 2 R
R, R FP AR MR AR T RSO 1Y 43
b, B ) T 5 48 1 & R B R R TS 34T 4
A, MiEE SSR BT BdER M, 5 LA
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Table 4  Analysis of variable contributions of P. chungensis

AR R
Ecological factor

variable

Contribution rate

7t HES) A
Permutation importance
value

biol7
bio7
bio3
biol2
biol5
biol3
biol9
biol8
biol6
biol4
bio9
bio8
bio6
bio5
bio4
bio2
bioll
biol0
biol

34.1
28.7
12.5
12.2
11.8

36.8
43.5
1.7
14.3

SRR A IEAL 15 St & AR T RS E T E 1 A,
X PR AR R R OC AR 1Y FEE , R W Rh S | R L
P T S EME, Ima M5BT R, X450k
ARG E WA IR | I3 A s 1] K 24 J2 7 507 T B
91 AT TR S i A Y Bl s, b D s Y
TE U39 R Sl 2 K A0 ) oK A 1) sz 52 7 3 % 4 R
B RE N X AR Y 234 A T — e IR AT

AEAE S A2 ply — o 45 o7 5 R 42 i A P IR ( Wed -
derburn & Richards 1992; Nowak et al, 2015) ., F&Al]
EDUE T T g 35, S A ) e [T AH S e A T
PRI | X 58 748 BE PR RY | 7338 5 45 19 AR B, 7
WA A BB AT H, PR AR Y 20 A
PR T —E A AN R AR S Y R TR S LAY AN
[F], PRSI R] IR SS e R G832 B, 7= A T
ANRIRZZRC R G, ABVE TR Kha e e, B
AR e (728 S Ay 3 I AN (] 7 B 5 AR 4 40 1Y)
GRS S, AL MR T 7 Az i M 9 #E 4K ( Dafini
1996 ; Bynum & Smith, 2001; Galen, 2005), % T
IEEAT B IF BB RS, H A SR AERGS,
FTREXT A48 B H A O M/ T AE R A 4T 5 i
AR B HO A KT B R A SRR I A R Y
DURRAS ORI X T 88 BOXT 3 AR, X AE SR 1 Bt
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Table 5 Analysis of variable contributions of P. cockburniana

A T N A k9 T B
hcologlgal factor Contribution rate Permutation importance
variable value
bioll 70.3 40.2
biol4 9.6 0.7
biol2 5.7 24.7
biol5 4 2.8
bio6 3.9 0
biol9 3.1 13.9
biol3 1.9 1.3
biol8 1.1 15
bio7 0.2 0.1
bio2 0.1 1.5
biol6 0.1 0
bio9 0 0
bio8 0 0
bio5 0 0
bio4 0 0
bio3 0 0
biol7 0 0
biol0 0 0
biol 0 0

IR AR Z kT 5 F A RIS
A 3 Xk P AR R 1 oA D S AT RS, O SR it
IR Sl G e 2E 0 b 5 A BB T 2%
[FIE 7R T AEFREE S I T RETRIA A IR .
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