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Abstract: As an important ethnical medicinal plant in China, Gaultheria leucocarpa var. yunnanensis is a taxonomically
difficult complex and widely distributed throughout south of the Yangtze River. In order to understand its intraspecific re-
lationship, we sampled 241 individuals in 81 populations of G. leucocarpa var. yunnanensis complex (i.e., G. leucocarpa
var. crenulata, G. leucocarpa var. psilocarpa and G. leucocarpa var. yunnanensis) representing all Chinese varieties and
covering almost recorded distribution ranges in China. One population of G. leucocarpa var. psilocarpa from the Philip-
pines and one population of G. leucocarpa var. leucocarpa from Malaysia were also included. Based on the data from two
plastid DNA loci with variable sites in appropriate number, i.e., rpl33-psal] and trnl-rpl32, we reconstructed phyloge-
netic trees using both Maximum Likelihood and Bayesian Inference methods, and phylogenetic network using Neighbor-
Net method. The results were as follows: There was a distinct genetic differentiation in the G. leucocarpa var. yunnanensis
complex, and this differentiation was more correlated with geographical distribution rather than morphology. This complex
was mainly divided into three clades. One clade was composed of populations from Taiwan of China and the Davao del
Sur of Philippines that were previously categorized as G. leucocarpa var. psilocarpa; one clade included populations of the
G. leucocarpa var. yunnanensis and G. leucocarpa var. crenulata with a distribution in the Hengduan Mountains region;
and the remaining clade included the populations mainly distributed in the southeastern range of China, which was com-
posed of G. leucocarpa var. yunnanensis and G. leucocarpa var. crenulata as well. Molecular evidence supported G. leuco-
carpa var. pstlocarpa was treated as a variety but did not support G. leucocarpa var. crenulata as a variety. Such genetic
differentiation pattern may be caused by geographical isolation. This result lays a basic taxonomic framework for the
evaluation and protection of germplasm resources for this ethnical medicinal plant. However, the relationships among
populations of G. leucocarpa var. yunnanensis has not been well resolved in this study. In particular, it is still unable to
clarify genetic differentiation pattern among most populations in Southeast China. Therefore, it is necessary to further car-
ry out phylogeographic study at population level using higher variable nuclear markers in future.

Key words: Gaultheria leucocarpa var. yunnanensis complex, cpDNA, phylogeny, intraspecific genetic difference, in-
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T 12K ( Gaultheria leucocarpa var. yunnanensis )
EHFRHEZR(G. leucocarpa) AT & T HS 48
Bl (Ericaceae ) # 4% W #} ( Vaccinioideae ) [ 2k %
( Gaultherieae) F 2k ¥ J& ( Gaultheria Kalm & L.)
(Kron et al., 2002) . 7ER N Z /04 T VLI
IR &4 X, 46 6 B Ml 5, B KAk
3500 m LN B TR AR T o U Bk o2 3K E
B R 25 HIAE ), AR 22 Hh DX (R 1) 2 7Y R b
D) Y R S 0 A IR | PSR | B G L 9 P R LK
W BEWE MR AR 10 ARSI (B /N4,
2001) o VE I BRARL IR TR [ 15 24 S5 i) i kB O T
Yrda Rz iz & 2Rk s gy, B AT &
IAH 25 F236R L2 E 1Y ¢ 8 1 BRI (AL
35 25T 220040088 ) (V6T X MR Y © 4
B R (ST F 2 HEF 220080203) \ HA
T AL TR PR B Or B &R (it
WESCT - (R 25 15 220026850 ) 45 5 HoAS M5 & 07
il (KRR BE, 0 0.5% ~0.8%) , & Tl {4
SBORG I Y B 4 S

SE ARG T H AR 05 T H R (6. fra-
grantissima) |\ TLHE FH 2R ( G. semi-infera) | Z1 43 H Bk

( G. hookeri) JEM 1R (G. griffithiana) %5 , K HR
[F) 2 B2 b 5 A /K A% 2 PP T TR A L 1 B ) 3 i
(IR 30hR,2013)  HIZ | 3 SEAH ) 1 AN & R 2L
LA TG M B 77 —IH FH BR B 1 ( Gaultherin ) ( Liu et
al., 2013), L4 Y SEAKREES LEA
W 22 5, 45 5 HE AR 25 5 48 8 R 25 38 R K A
M SR VL R AR AR B i Ok A AR T il 2
Kot 2 m R, & B IR 5 (2002) | B /N EEAE
(2002) FF3CHR(2013) \Liu et al. (2015) ZE % A [F]
FEJ5/ 77 M AT LR T R T AR 2 1 A O 5T, K
WAL G SO B B s 2= 5, i
YR Ir EA R T —E M Eie 2%, |
B, IR T AR B R AT 25 W b A o i
g% b AR AW T IR R A A A W2 (A
WAL 2R Bk 5 o B A O R IFAE
SMEARA G S, RARZHEYIESERA
KAB SR 5% Ak i 3 (Bl 88 ,2009) |, & —A~ 73 25 A
MER S A RE, R KT R AR B AR (] AR dR )
FERA @ AT, FoAR AP S 4 vh o A T8 S i A -
FEWT L X ( Fang & Stevens,2005) . B& T 1 [ 2k DA
A, AR AR SIS H AL 5 AR IRERNA E
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2R (6. leucocarpa var. crenulata) F1FE H [ Bk
( G. leucocarpa var. psilocarpa) (437 FH E &) 2
NASFR ( Fang & Stevens, 2005) o 31X 3 A4 [# =48 Ff
RN BB MR THAKRE SR, Bl A
25, H¥Oh G E AR 5, A2k E A1
it Epk LT AR FUR SOE A — o R R
SEAHOR 1 2, ooy R AL 3 — B DLOR A &2 i
( Copeland , 1932 ; Sleumer, 1967 ; Ying, 1976 ; 1 4&
&, 1991; Fang & Stevens, 2005; Fritsch et al.,
2008) . BRT BHFHZRU B E LS, Ha 2 A~ E
AR TR RIVE (R A S R R IE TR RS AR B
B AREE S RIS BB T X . R B
ST N IR 2578 S A I T AR ] A S O HL gy 26
SR BRI T OMERE

HEAKRE G HA U WL 10, 7 585
i ) JE H B A1 Flora of China ( Fang & Stevens,
2005 ) HE R IE 1 2R 7 4 AL BRAY BE il L ER (6. leu-
cocarpa var. pingbienensis) ( B3k Aii F = F 44 B
HYREMIE, TR, M7 T B E A RS
B REETFT TR T 2 G RENTE M R4
KR SR trnL-trnF F1 rpl16 731 ) — L6
A/ R A R B T AR B T
e BE SRR TR AR RS R R AR R
— 3¢, 7S A E 1 BR A 508 25 5 i A2 Fh B E
BRI 5 — 3, 3K WA 43 M BCIH IR B OC & (Bl
#%,2009) o JXLELR R I H BRAE A BHE SA
WAL R — B, B TAL 58 8 25 93 28 Tt 125 W] I 1L
FIBRIE 5 A B b N 2 e In) il 22 1B A i A O B
HARMBEAKBRATEIES L EHIX I H
PR A7 30 B R AR R PR B 20 AR AR, 8 TR AR, H—
SEIE BRI g AR AR R, I, TR
FI BRI A R EAL J0 AA% R B AL TE 3
Xl 53 0728 b B A S, AR IR SR T R gt
oAb ds Jm 5 i B 8 A A G PE IR 9, A B SR
T U T BRI HETE Hh B 5 N R AT T ORI IR
FEUP I 1 B 5 N 2R SRR 20 A X
Il [ IS 6, 45 2R R 2 B 0% JE A R B R T 4% 1
AJERE I 8L AN (R LB o b ferp
[ 1) 2 B B (WD) A5 JH BBV (YHA) 73 51 R £
I PBEAZKER, DESE (HXQ) MAEA I/
KR (F) 43 5R 5 1 DFRR A BRERE, LUK DR 7
W (WH) 9 1A R BR 2 Fl fs e, 3
PEAL 3 AH X PR I 2% K DNA FE 4 5 X 5 571

pl33-psa] F trnL-rpl32 , B I JRIE IR E G
AR T R T RROTIE, 2N iE H
TR AL U E 25 A T 1 R O3 ) M B AT Y
(iSuias st Sy FRE N

1 AR5 T

1.1 ##

AT T AR E AR 81 DN EHEF 1
ANIF B A BRERE (TE AN ERE) 00 50 F MR, 4300 2R
A E R (17, Hp WD EREN BEAR) o E
BEIN (20, Horp YHA JEfEy BEH A ZR) b E )1
(3) REERE2) A EBAL(3) HERE (1),
VTP (4) P ERE(4) PETR9) P ET
U5 PEBE (L, RRAR) FEEERMIBIR(L,
FEREBR) ERPGLSCFE (1, R A BREAER) | H
A 76 MEEERSERE; A EHEK(FXO)RATES
FRHE, B ERERALPGE 3 AR L A 1
(EMS) {UL B 1 AN A 45Hb KL 244 4
MR ), REM B, BN AN AEZE D
B% 10 m, ot 5 5z R0 AR o ak i g, FEIEbR A
AT R BB R 2 25 22 B An A =
1.2 5| ¥ 75 1%

FE5 | Wy By B, FATT A TSR (I BR AR R E A
A% FE TR v MR 0 St TR T BB 5 A ) Bk o S v
zrB M (EAE) PEERE(BEAZE) .
W MR CE A ER) P ET P REE L (E
B) PEAEE EIL(ERAZE) DR
(R AR ) 3t 6 A B, A48 B ALk
W2 AR 3R 12 MK, AFE RS AERHIE 1 L
Bl (Theaceae) 1, BE B T AL BR AP 10 4>
4RSI F B (P37 .,P45 P57 . P58 P60 P61 P64 |
P69 P70 B} rpi33-psa] .P72) ( Yang et al., 2013) #£17
3T, Ee ik rpl33-psa) (F: 5'-TCCGGATGCGTTA-
ACATTCCCCTT-3", R: 5'-CCTTGGAAGGGTAACACA-
CAGGTGC-3") FILEH: BY AL B} b 3 A 4 /5 o BE R 1Y
trnL-rpl32 (tmL: 5'-CTGCTTCCTAAGAGCAGCGT-3',
pl32; 5'-CAGTTCCAAAAAAACGTACTTC-3') (Shaw et
al., 2007) VR ARG L BRI T B
1.3 DNA 2Hl5 PCR # 1%

TP 5 DNA A9 45 O FH 2c ik 7 4 x CTAB 2%,
FH 1% 19 BB W5 88 e Ha DK AG DU, AR 4l DNA 3274 119
HSE RN BE H B DNA B, TR 4N et
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Table 1 Sampling and voucher information of populations of the Gaultheria leucocarpa var. yunnanensis complex and related taxa

o pp1 I - D= A H . b
EH AR ERERS e RIS ARy st R
. Population . . Collection  Number of . . Aliitude
Name of variety Sampling location Latitude Longitude
code number samples (m)
TH Bk AN T E =ML T LRF-LU1001 3 24°39' N 102°20' E 2101
Gaultheria leucocarpa Anning, Yunnan, China
var. yunnanensis BS hE Z R E T LJ-Liul001 3 24°49' N 99°39' E 1746
Changning, Baoshan, Yunnan, China
BT v U A FE LL-2017-02 3 27°17' N 102°49' E 1 810
Butuo, Sichuan, China
CS v ] S IR LL-2017-19 3 26°00' N 106°21' E 1392
Changshun, Guizhou, China
DL P E R L LL-2019-03 3 25°48' N 100° 06' E 2179
Cangshan, Dali, Yunnan, China
DWS v E = R KL LRF, LU002 3 22°54' N 103°40' E 1578
Daweishan, Pingbian, Yunnan, China
DY13 o [ 5N AR A LL-2017-13 3 26°20' N 107°29' E 889
Duyun, Guizhou, China
DY14 v B A LL-2017-14 3 25°52' N 107°05' E 1038
Duyun, Guizhou, China
DYS TR E YRR LL-2012-03 3 24°4' N 110°13' E 900
Dayaoshan, Guangxi, China
EMS v )ik i L LL-2017-05 1 29°35' N 103°22' E 1005
Emeishan, Sichuan, China
FY HEAFEE R LL-2016-23 3 25°08' N 104°08' E 2097
Fuyuan, Yunnan, China
GDH v B 2% LL-2017-21 3 25°06' N 104°50' E 1 461
Xingren, Guizhou, China
GD o B 5 E LL-2017-16 3 26°26' N 107°09' E 1 004
Guiding, Guizhou, China
GLL Fp [ S g L LL-2017-17 3 26°24' N 106°54’ E 1 541
Longli, Guizhou, China
GY v [ S M B BH LL-2017-18 3 26°16' N 106°37' E 1 067
Guiyang, Guizhou, China
GZS v BN B T LL-2016-20 3 27°57" N 104°39' E 2222
Zhushi, Guizhou, China
HZ o [ 5 M LL-2016-14 3 27°17' N 104°47' E 1 845
Hezhang, Guizhou, China
D hE S R AR LL-0609 3 24°07' N 100°39' E 1 882
Jingdong, Yunnan, China
JWS YA LT LL-2012-01 3 25°13' N 108°40' E 900
Jiuwanshan, Liuzhou, Guangxi, China
LG TP I A LL-2012-02 3 25°32' N 109°59’ E 850
Lingui, Guangxi, China
LPS o SN S FK LL-2016-21 3 26°27' N 104°46' E 2072
Liupanshui, Guizhou, China
LSD SN L LL-2017-12 3 26°22' N 108°16' E 1269
Leishan, Guizhou, China
MG T EZ 5 LRF-09556 3 22°57' N 104°30’ E 1675
Maguan, Yunnan, China
PB i E Z g B LRF, 08017 3 22°53' N 103°42' E 2239
Pingbian, Yunnan, China
PT15 YIRS LL-2017-15 3 26°04’ N 107°05' E 914

Pingtang, Guizhou, China
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. Population . . . Collection ~ Number of . . Aliitude
Name of variety Sampling location Latitude Longitude
code number samples (m)
PT v [ 5 T3 LTX001 3 25°50' N 107°27' E 1083
Pingtang, Guizhou, China
QJ TEZ= MR LL-031607 3 27°02' N 103°12' E 21222
Yaoshan, Qiaojia, Yunnan, China
SB v 25 P A XU LL-2019-05 3 24°40' N 101°37' E 1979
Shuangbai, Chuxiong, Yunnan, China
SWT v [ 5 A B LL-2017-09 3 27°28' N 108°11' E 685
Shigian, Guizhou, China
TC GRlEsagta) ot v REAIN LL-07011 3 25°05' N 98°33' E 2290
Yawushan, Tengchong, Yunnan, China
WXC R E S B LL-2017-11 3 26°22' N 108°06' E 873
Leishan, Guizhou, China
WX [ = R 4E 7 LL-2014-62 3 27°58' N 99°03' E 2506
Weixi, Yunnan, China
XC HHE P PE & LL-2017-01 3 27°49' N 101°47' E 1702
Xichang, Sichuan, China
XR Fp S 241 LL-2017-20 3 25°26' N 105°23' E 1307
Xingren, Guizhou, China
XS P E e BBV L LL-2011-46 3 25°03' N 102°37' E 2182
Xishan, Kunming, Yunnan, China
YBS R PETE LL-2012-04 3 25°24' N 109°09' E 1 100
Yuanbaoshan, Guangxi, China
YJO7 rpE SN ER YL LL-2017-07 3 27°57" N 108°36' E 810
Yinjiang, Guizhou, China
YJ LRIESPag s pTwaR LL-0610 3 23°39' N 101°46' E 2 003
Yuanjiang, Yunnan, China
YS v B A B LL-2017-10 3 27°23' N 108°03' E 858
Shigian, Guizhou, China
YW o = SN ERTL LL-2017-08 3 27°54' N 108°36' E 1289
Yinjiang, Guizhou, China
7ZX v [ = e LL-2016-09 3 27°24' N 104°49' E 1876
Zhenxiong, Yunnan, China
Y T E = g LL-2019-02 3 25°04' N 102°37' E 2202
Zhanyi, Yunnan, China
JFS v R A L LL-2019-06 3 29°04’ N 107°11' E 1151
Jingfoshan, Chongging, China
HMB EIshEl N ES LL-2019-07 3 30°03' N 109°03' E 822
Maoba, Lichuan, Hubei, China
HMD v A ESE LL-2019-08 3 30°26' N 108°40' E 1 446
Moudao, Lichuan, Hubei, China
QFJ i I E R Y LL-2019-09 3 31°14’ N 109°17' E 788
Fengjie, Chongqing, China
HLF [ LR K LL-2019-15 3 29°27' N 109°06' E 588
Laifeng, Hubei, China
NXX v ] ) P A P AR LL-2019-17 3 28°25' N 109°29' E 809
Huayuan, Xiangxi, Hunan, China
NZJ v ) e T LL-2019-20 3 27°32' N 109°33’ E 796
Zhijiang, Huaihua, Hunan, China
NH]J i [l ) g ARV LL-2019-28 3 27°11' N 110°10’ E 403
Hongjiang, Huaihua, Hunan, China
NJZ v ) e P T LL-2019-29 3 26°47' N 109°37' E 370

Jingzhou, Huaihua, Hunan, China
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Name of variety Sampling location Latitude Longitude
code number samples (m)
NTD v [ ) g P8 LL-2019-30 3 26°17' N 109°55’ E 480
Tongdao, Huaihua, Hunan, China
NCB o ] 18 R BH 3k 2 LL-2019-31 3 26°21' N 110°16' E 588
Chengbu, Shaoyang, Hunan, China
NWG [ I R AR BA X 2 1 LL-2019-32 3 26°41' N 110°38’ E 504
Yunshan, Wugang, Shaoyang,
Hunan, China
YMS v ] 0 g 7 ] BE B L LL-2019-34 3 26°00' N 111°54’ E 1 057
Yangmingshan, Yongzhou, Hunan, China
DPL o ] 1 1 A M R B I LL-2019-35 3 25°34’ N 111°23' E 557
Dupangling, Yongzhou, Hunan, China
NMS o ] R AR 2 L LL-2019-36 3 24°57' N 112°57' E 1222
Mangshan, Chenzhou, Hunan, China
NGD v [ T A A AN R AR LL-2019-37 3 25°52' N 113°48' E 798
Guidong, Chenzhou, Hunan, China
Jsc RS R )] LL-2019-38 3 26°14' N 114°09' E 548
Suichuan, Jian, Jiangxi, China
JGS TP EVLYE R LRI LL-2019-39 3 26°34' N 114°10' E 828
Jinggangshan, Jian, Jiangxi, China
JLN o E VP N e R LL-2019-40 3 26°33' N 114°29' E 735
Longnan, Ganzhou, Jiangxi, China
JXW P EVL VG RN T LL-2019-41 3 24°55' N 115°50' E 974
Xunwu, Ganzhou, Jiangxi, China
FGT of E R R A LL-2019-42 3 25°15' N 116°51' E 839
Gutian, Longyan, Fujian, China
FMHS hE AR AR AR L LL-2019-45 3 25°27' N 116°47' E 918
Meihuashan, Longyan, Fujian, China
FHJS rhE A AR I LL-2019-47 3 25°03' N 117°09' E 773
Hongjianshan, Longyan, Fujian, China
FDQS o e R O L LL-2019-51 3 24°12' N 117°06' E 1091
Daqinshan, Zhangzhou, Fujian, China
DHY T AR TR LL-2019-52 3 24°29' N 114°44' E 847
Heyuan, Guangdong, China
DWY P AR TR LL-2019-53 3 24°24' N 113°54' E 781
Wengyuan, Shaoguan, Guangdong, China
DNX o ] AR e e LL-2019-54 3 25°10’' N 114°03' E 676
Nanxiong, Shaoguan, Guangdong, China
DLC RE T ARE R B LL-2019-55 3 25°21' N 113°30’ E 821
Lechang, Shaoguan, Guangdong, China
NL AR I FL IR e LL-2019-57 3 24°54' N 113°02' E 914
Nanling, Ruyuan, Shaoguan,
Guangdong, China
TJS W E AR SR LL-2019-58 3 24°41' N 113°01' E 728
Tianjingshan, Shoguan, Guangdong, China
DLN P AR LL-2019-59 3 24°38' N 112°11' E 533
Liannan, Lianzhou, Guangdong, China
DLS HE T AREMELL LL-2019-60 3 24°48' N 112°03' E 473
Lianshan, Lianzhou, Guangdong, China
DYDS HEARBE YL LL-2019-64 3 22°36' N 111°11' E 1055
Yadoushan, Yunfu, Guangdong, China
GBS TP R LL-2019-65 3 24°34' N 106°29' E 1121
Leye, Baise, Guangxi, China
EEHAK WD P E 7 E HJ-HE001 3 25°28' N 102°08' E 2334

G. leucocarpa var. crenulata

Wuding, Yunnan, China
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. Population . . . Collection ~ Number of . . Aliitude
Name of variety Sampling location Latitude Longitude
code number samples (m)
YHA o = 5N ER YL LL-2017-07 3 27°57" N 108°36' E 815
Yinjiang, Guizhou, China
ot SRS HXQ PEAEEL HXQ-1001 3 23°27' N 120°54' E 1774
G. leucocarpa Yushan, Taiwan, China
var. psilocarpa F R AR IR 2 5 Penneys 2355 3 6°59' N 125°16' E 2825
Mindanao, Davao del Sur, Philippines
PR B S WH EhOR P 3 5 2= T I WH-2011 3 3°25' N 101°47'E 1748
G. leucocarpa Genting Highlands, Pahang, Malaysia
var. leucocarpa
FF T EER(SPEHE) FX T E Z R LL-2019-04 3 25°48' N 100°06' E 2179

G. fragrantissima
(outgroup )

Cangshan, Dali, Yunnan, China

it (NanoDr0p® ND-1000, Thermo Fisher Scientific,
Delaware , USA) Ml %€ DNA A9 B A4l B, FH ddH, 0
FilEE 30~50 ng + pL' LL#E IS 42 PCR 8 4
PR &. 10 pl. PCR Master Mix ( 2 X ) ( Thermo
Scientific) ,9 pL ddH,0, IESZ [ 5147 (10 ng - wL™")
# 0.4 pL, 1 pL B4R DNA, PCR 473 5 F2 % .
94 C W ZAE M 4 min; 94 C M 45 5,52 C
(trnL-rpl32) /60 °C (1pl33-psa))iE K 1 min,72 C %E
1 45 s M 35 ¥ ;72 °C SEAf 10 min, B 2 pL ¥~
SEP AT 1.5% BRNEWE BRI B Uk , A 00 9 1 7 )
Fy = M, FAH) PCR ¥ 3= 4tk 5, R H
5.5 pl B9 R NLRRR, B4R 1.5 pl B0 IR &
(BigDye) .1 pLEYIF519 .1 pL K2k PCR =4
2 WL BXGZRIK, SRS ARREFY ;95 °C TS 40 s;
95 °C 20 5,50 °C 10 s.60 °C 1 min 30 s, 3t 35 I~
RBEATIN PP S S B e 759 L RIIE K
CPEAEALSE A 10 WL P RUGEIK 725315, FH ABIL
3730 xI H Wl ¥ 1% ( Applied Biosystems, Foster
City , California, USA ) #E47 7,
1.4 BiES

Frfg e 51 H Sequencher A4 #E1T8F . PHELF
(87 50 1 S8 — W g — A8 S st 14 i B 0 L R A 7
KX, BN TC R 5 F Se-al #4447 L X 44 HE 56 B
AR S 2 10 Bl 2R 155 V00 % 70 A > 9 & R B o i
A/ R (indel ) 20 B B FEAL S A b B
HIHT AR TR A] B R e AR OC R FRATTXS A -
& F Bt rpl33-psa) Fl irnL-rpl32 34T THEE 30T, A
WFFE 5 R AR 5 ( Maximum Likelihood , ML) 1 Il
772 ( Bayesian Inference , BI) #4 8 R G 8 , L) HE %
AR NG AE Y 53 Tm] , IF 3158 324748 (Stamatakis et

al., 2008 ) . | H %X F jmodeltest 2. 110 ( Darriba,
2012) , 53 311 00 810 4 A4~ P A R B 1) e A ik
B AUBRNER Jy GTR . d5 KAUSR AR S DNA J7%1)
GEAZJEREALAY X P AR B , 448l 28 GE A i 21 1 43
B EE SR E A A RSN AL 25 58k, R
S A AR A BT A R 3 ] 2l — 4 T AR B
(model of evolution) , #EHUEA e K0T REMERIMIAE K
Sk, 70 #r R g ik & &R, JFiF 5B SRR
(Bootstrap, BP) , I U1 i H7 ok 4y 8t 22 e a0 Ak ¢ R
BF 7 X 4 A A7 A EE #4111 000 07 B 57,
10 000FRARAF—BRIEAA , 73 531) 25 45 d5e ) i B s 7Y
25% ZGEHALBAE A “ bumn-in” o BN A AR
P ARAF (R R AR AR 3R )5 3 HE % ( posterior proba-
bility, PP) &7, J5 B A4 (H PP <0.95 AR E 44 55
R SCHF, 0.95 ~ 1.00 1 w8 B A S5, PR 4
J5 ik R i CIPRES M b & B F & (hitps://
www.phylo.org/) SEI, i J5 15 B Y AL T ML A1 BI ¥
(" A% — B A Figtree 1.43 3K 4 (hitp://tree.
bio.ed.ac.uk/software/figtree/ ) £ & . A T E WK
WL 1 2R 55 B R GE AL OC &, T Splitstreed 4
iz FH AR P 32 ( Neighbor-Net ) ¥4 8 R 45 & & N 4%
( Bryant,2003) , Bootstrapping i i 1 000 X & | 37
FERE KT 50% 0 R TE3L |

2 HEREH A

21 NEAHKEA#H 241 MHATIEBETES

IR 3 MEARIRE rpl33-psa) 0 truL-rpl32 R B
rpl33-psal Ji Bt L X FE A 678 bp, HA 241

S5, — A 25 (conserved site) A 665 4, A8
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37 15, ( variable site) f5 13 /™, &% @ 2015 B A7 45 (par-
simony informative site) A5 12 4~ ; trnL-rpl32 J Bt b
AR 599 bp, A 241 KFH), — B S H
592 4 AEFALA TA, STAEBALEA S,
FeF PIAS I ERAK - Bt rpl33-psa) Fl trnL-rpl32 [ EK
BT FER B 1277 bp, — 3 s 1 257
A AR 20 A, SR AE B S A 17 A
HAKRE AR AR G+C & &0 30.70% ~
30.90% , Her & — B AE trnL-rpl32 F5) E KR
31 bp BY 4 A/Bk 2K ¥ 51 AATTGAATTTCATATT-
GATTAGTCCAAAACA ,iZHfi A/ 751 0 65 15 TR
E(HXQ) FTHsA . Ibak,3 4141 215 bp BIF5HH
RFH, C+C &R 31.11% , %P AEE—B 31
bp I A/ 5 7 5] AATTGAATTTCATATTGATT-
AGTCCAAAACA (5 HXQ J& B () 3 A/ B 2% 5
—HUEAEAR ), B 1 BR T T (B M
B RGRE W, 2B 5 s KA SR (ML) 1
AR PSS — B, 7E BIAW BARIEE T ML BAY
ZFF#  Neighbor-Net fJ #EH AR E SRR AZ KL
B ML LR WE 2 FiR .,

2.2 EF ML #1 Bl IS &R

221 TR AARIGHALEF WAL
T ML Al BI &G0 A9 40 F 25 b 3 AR — 30, 1A
HERE G HEREB LU =KL R (BP =
100% ,PP=1.00, & 1), @& 1 77 50, o E 5
(HXQ) FEHEHE F Ik IR (F) B TR 2R 2R JE BEAE 5
FEERY 7 B R R — 43 L (A) (BP=91%,PP =
1.00) , 4 e R 2, 5 e i J& i
FHD , B 5 PIAS S BE S R % ARy — 32
(HXQ:BP =100%, PP =1.00; F: BP = 98%, PP =
1.00) 5 7 4% J& B AT LLAT A WA 2850 3, 55 =41
SR 3 A AR W LDk B R s T
J7AR AR R AR L B SR VG W B (WH) J&
RN — 3, B B LR (BP =90%, PP =
1.00) , X—43ZJEMMi 50 A 4 /N 4337 B ok
PUE B 19 AR (BRI AR B (WH) A7 TR TR Y
fLE BRI L — 32 (B1) 5 HAth J& #F 4> JF (BP =
96% ,PP=1.00) ; H1 [E /)P4 KB L (DYS-1) FIJ™
KW i 1l) ( DYDS-1, DYDS-2) B S — 32 (B2)
(BP = 97%,PP=1.00) ; H [5 % #i& 1 Je & ( FDQS-
1) F 4% £ 3 W (FMHS-1) %8 — 32 (B3) (BP =
99% ,PP=1.00) ; Bl T (AR5 5ok A b = 9 =
B AN(2) DL(1) .QJ(1) .WD(3) .EMS

(1).XC(3).SB(3) JEH#E, Mz KL EZN 4
(B4), H AP X0 JEBERNE =L (BP =
89% ,PP=1.00) , X —4r Z ¥ 1M 53 R 3 ~/INAY
93 3¢, BIES— 32 (C1) S A TR FR 1Y Bt 321 K [l 1
B PSSA (DWS-1, DWS-2) |, 15 5 1 4 5 1y 32 4%
K (BP=98%,PP=1.00) , fi & Je 75 WA~ Ja 1 04
K (FGT-3 Fl FHJS-3) 2 — 3 (C2) (BP =
95% ,PP=1.00) , | T (4 J& B A 1A 4 B — 4> Ky
S (C3), P8 b BB 80% (201 57 41) , X
S FR AN R Z 0] 1Y) OC 2R i R AR BIAR 4 b A o, B
BHRIMAFF(SWT-1) A= rE s i (2Y-2) BN —
X (C4) T HAbFF 5] 4 IF (BP = 95%, PP =
0.97) , Neighbor-Net [ R 454 /s H HER B &
BT AR A =A R (K 2) , & 2 a4,
W S | JE A R I TR ORI Ok P I B =AY
A % 53 A A6 BB L ik DX 3 1) S B ROl — 3 (4
B, IR, 5 ML Fl BI R4 K F 2 b4
30, E G0 A R R A b AR R
TR A AR 2R B R R — 3, REBOCRA
AR HIX R Ry — L (AT, HARM
Hi X3k B BRI R LU JE B ( DWS) SR Al — 32
(EEEE),

222 AOKRIAASFHH R X EHE —F AKX
HARAA ML A BL ¥ BR R H = m i E
(WD) MBI ENYT.( YHA) B9 B I ER SR BRI %A R
SR — SR 3 SRR [ A ] DX 3 4 U 1 3K S A ol
—3Z (1) ,Neighbor-Net 25 %48 /R BEA KRS K
T3 A ) DX 388 YL P B P SR e — A (B 2)

3 it

3 HEHREAHNERER

W T (80T ISR 3 A 30 35 T R AR ) S S )
PRI e s, = A 38t % 0 A 3 i 1% A B R 8 b o
KA AR T R B S B H RGN
7% PE %% ( Levin, 2003 ; Mallet, 2007 ; Rieseberg &
Willis,2007) , A BF 5, Bk A & HE o0 A )
12, 1A% 22 S AT 281 U, 15 1 B0 A A DG P B
Ko WHIIE FoRFE, BB T 90 R0,
A58 BRI L K A i — LV VI S A3 A B AR R b
DX, 4R E K2 500 m| K2 390 m, HFARE A
W ZAEY R 2 KA W0 R slUa BE | Sl
AR IR R 3 A TR ik Mty . AHOCHF SR A B, H
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100%, 1.00

100%, 1.00 FEBEK Gaultheria fragrantissima
o, 1.

B o EAEH FR A B R BB

Gaultheria leucocarpa var. yunnanensis Gaultheria leucocarpa var. crenulata L Gaultheria leucocarpa var. psilocarpa Gaultheria leucocarpa var. leucocarpa

RERBER EARE T ET ML 201193245256 5 BL AT 05 5658 . R T a4 T 50% 19 3272 (BP, 40 B B 420 Bk T ali 46 1
50% )5 323 (PP, 404 BA ) FRTETE 232 b SRR RS B R ALE S R IT . W BRI B REAH G AR b KAP T R G o Bl 1 A
[EIFEFRI, FX AR B E R (B 60) , WD Al YHA BB H B (L0(0)  HXQ #1 F 9SS HER (S () , WH o 1 5 H BRIEE
Fir () HARDPE FIBR GRE) o 5330 A A5G HXQ Al F s EPTAT AN 53 52 BL A48 WH S BERT A AN, 43 30 B2 404 DYS #l
DYD JEBETRAAMA 4332 B3 ALHE FDQS Fl FMHS J&BERR A4S A4, 43 32 B4 {035 Z B AIPY )11 (9 AN DL, QJ, WD EMS XC ., SB J& ¥
AR A4 5 43 32 C1ALHG DWS RFB A3 A, 43 3¢ C2 4% FGT A FHIS JERERIEE 34, 43 3 C4 145 SWT 1 ZY 97843
AR T T AR RER R — R4 C3, RGER T IBR/R T 2R A SR IBE R FIIE AU BR S A R 3 A [ P A8 R A bk R A

The Bootstraps from the ML analysis (tree not shown) and the posterior probabilities are both shown on the branches. Numerals on the left
side of branches indicate the bootstrap values ( =50% ) and those on the right side indicate the posterior probability values ( =50%) ,
and the BP and PP values are separated with comma. The placements of populations of varieties within the complex and outgroup are indi-
cated by branches in various colors, FX (G. fragrantissima) in blue, WD and YHA ( G. leucocarpa var. crenulata) in red, HXQ and F
(G. leucocarpa var. psilocarpa) in green, WH (G. leucocarpa var. leucocarpa) in yellow, and all the rest (G. leucocarpa var. yunnanen-
sis) in black. Clade A includes all individuals of the HXQ and F populations; clade B1 includes all individuals of the WH population,
clade B2 includes partial individuals of the DYS and DYD populations, clade B3 includes partial individuals of the FDQS and FMHS popu-
lations, clade B4 includes all or partial individuals of the AN, DL, QJ, WD, EMS, XC and SB populations; clade C1 includes partial in-
dividuals of the DWS population, clade C2 includes partial individuals of the FGT and FHJS populations, and clade C4 includes partial in-
dividuals of the SWT and ZY populations, and the remaining individuals form a large clade C3. Images beneath the phylogenetic tree show
the close-up of plants of three varieties of China within the G. leucocarpa var. yunnanensis complex.

Pl ST D (B MR I A BR A S HE R TR B, SPERE N 07 1 Bk
Fig. 1 Phylogenetic tree of the Gaultheria leucocarpa var. yunnanensis complex based on the Bayesian

Inference (BI), with the population of G. fragrantissima as outgroup
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EERMTR
Clade from the Southeast China

&L+ EAE. FFRERERR. DRATFFIAR
Clade from the Hengduan Mountains,
Taiwan of China, Davao del Sur of Philippines and Pahang of Malaysia

AEWLZHR

Clade from the Dawei Mountain

DWS population
MEH KELUESH
0.001

RTEAFT 50% W3R WRTEAN ST by EBAP A =ASCFR, RV LD i+ b [ 508 AR S Bk iR | DR Y W8 SR (L1 ld]
A AEARRE R Gl R 22 ) R LS R (@R, o) o b RS K  SC e dh  E m Y AN WD (BELH
k) .QJ SB DL & i, * [ 1)1 B XC EMS Ji fff s AR R 32 A 45 [ = B HY PB XS ZY [ TC \BS MG . JD Y] WX FY J& #f, H 5 5
NSRBI AER YHA JERE) 708 4 SRS 9Id0 FEEE YIVE AR EAY T SRR KL S R UE T E S M A DWS B/,

Bootstrap values ( = 50% ) based on 1 000 replicates are indicated above branches. Three major clades are divided, i.e., the clade from Taiwan
of China, the Davao del Sur of Philippines, Pahang of Malaysia plus the Hengduan Mountains ( colored in red, on the right) , the clade from
the southeastern China (colored in blue, on the left) , and the clade from Dawei Mountain ( colored in purple, in the middle). Populations from
the Hengduan Mountains clade include AN, WD (G. leucocarpa var. crenulata), QJ, SB, and DL from Yunnan and XC and EMS from
Sichuan. The clade from the southeastern China is composed of populations from Yunnan (PB, XS, ZY, TC, BS, MG, JD, YJ, WX and FY)
and all the populations from Guizhou (include YHA of G. leucocarpa var. crenulata), Guangxi, Guangdong, Hunan, Hubei, Chongging,

Jiangxi and Fujian in China. Populations from Dawei Mountain only include the population DWS in Yunnan of China.

K2 HAREGHN RS LT MR SNREE DT fF F 2k
Fig. 2 Neighbor-Net Network of populations of the Gaultheria leucocarpa var. yunnanensis complex
and related taxa, with the population of G. fragrantissima as outgroup

Ik EZ MR R I AT O B0, mARE 28 BRIEER Ry HESE Se 2 F B AEH2H) (Sleumer, 1967) .
JCHTE IR ( Bh/NA245,2001) , B EORVEERYFRE EEERE S RE L 3L A9 382 % 23 1k nT BE 2 i ) B
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BR80T il R T Ak TR BT L K Y e R B2 R R
Ltk an e A 1l it L Jo Ll ALl KBt Ll 25 BH
B, TOT Ak T 2 g L DX ) YL 1 R S A0 0 A TR T 4K
AR B A A R AR vl G R 04 R 38 L+ R
L 2 JT IR LI A5, 1l A A 0T LU R AR XS Sy ~F- $H A %
4% (JUHKTTAE,2013)  VH I BRSE G R AT RE DR M I AT
PR AL 5
32 HEKEAHHNRZENLXER

AN FT R B WA 44K R BE rpl33-psal Fl
irnL-rpl32 EHEHAHRE GBS j‘ﬁﬁ//l\,iyt
A ZA X 1 PP 9 A B 3 3, AR AR o TR 43
PR R AL LR, AR P, PEAE
(HXQ) MEFEHE B AR (F) B35 R R e 2
TR T RGBSRy XN gL SR 7%
SRR ST, W SCHF T B BE R RO R 2
OriZE RN E R ILATAE (2 2B MR RS SR
TERIN g 78 R A Jm v B i o 2R B
(Lu et al.,2010) . RGKF I B, TR HER
JEIH RS B P AR Ak R AR Bl (H TR
A 1 3o 5 ) DT 1L DK FE R BT 2 ) OC R OF IR
P BB B9 SRS (AR AR ) o e, 5 R L ik
DB EZ 0 Y R G0 R B R R 5 gt — D iy it
FEo FE 1991 AP SO AR ) i, BRI F 2R
PRIHC I B 285 AR5 4 14 22 S T 9V R 1 Bk ) — A
ARFRALEE | 5 Flora of China( Fang & Stevens,2005)
W HAEME AR 54 b8, (HR AR5+
ARG WoN, B LA P A AR DWS-1 #1l
DWS-2 5 Al 5 H BRSO Jm T A 32, HLA
LT ML b oAk R s MR AL O R R
Ji 31 R 1L ) S A Bl Bl K] o3 Ry — 3, — e R
B SCRE T AR MR AL A B RS

BTGV, BE RN HAL AL %
PR o3 A 0 B, i G Bl 2 B T e AR R
—ANAERp X B FIE H 2R (Fang & Stevens, 2005)
B2, AV TREKE WA, K H = #HRER
BHHKRAK A =/ E TR HEKRE N —3Z, [
IF SR 5 M ER VLAY 6 VL 1 K R ] e DX ) VL 1 B 2R
H— ., BERZXHEY N ERKET 74 —E
AISENE , 2 B0 F o IS AR Bk F A AR A
(Sultan,2000) , AR 4k Fe T HF S WL 5 % B, A= 4% 1
GRS IR i SN R VE A RN FEZ
HM R BN FREBET A, ARBESE o TR R,
[F) 30 A 1A B 0l M JC B I BRTE 8L By

B 22 57, U0 W Bl B X — MR 5 3 A% 20 A R A G
PEAR, IBESEBE A BV 2 Y h i
A HIE IR AR 8 B A SR AR ) b, 4 82 4 ( Da-
siphora floribunda ) F14 & 5 ( D. glabra) A Ay AE 3§
O R AN [+ T 5 0 R 1A 0 Ao, {EL AT 50k Bk
FE R 0] 55 B A Je AL A 0 b 3 O B B AT
15203844 B8 (1) S FF (Ma et al.,2014) , BE41, i
A AT AN AE 1) 75 B 5 B Y) Haberlea ferdi-
nandi-coburgii F1 H. rhodopensis 11 ¥ T &4 7
Fg AL 43t A — 20 B4 (Petrova et al, 2014)
X T 2R O 5 A X R B 384T RO 28 A — Bk,
FATHEM AT BER IR AR« (1) A ZR B A K
REXZBRE W X RS R ATE, 5%
Rt Io ok, B H Tk HAEAE I H R A —Fh A=
BRAL (2) MR Belsc A R 0 4y B HAU K
EES U i v Al Py s d s S RN S
S 108 5 3 AR R PR R B T R 1 1 i D 2 0 A
AT ERARIIFIE
33 HEKEAHNMBRRIRFRP T A

REHEHARE SR Z s R+, 7
—E I N AT LA K 32 — 58 RS JT R A RT3
& A T A AR M O R, Sk 22 AR R
FAXS e (WEA) (AW i A PR s 28 A R
i, AR Y Tl A R A% 25 5 B BF PR AR DA
Uy, ARYEEF AN E A R I, = R AR AR bR ]
RECILAY Ja B AR AL T ™ B AN T i X
EE R SREETT T Y — 2L 25hF 8 W) % 2 M
RERR (BLFE R ARER) W, PR AT I TR 25 IR AZ
X6 S Y AR ) R L T I A [ AR R A 98 R
A REEAT IR AP A= W 2 WO B 5 b L 22 A
AWFSE R BL AL b JEAT FE R 2 CBORE T A 25 2
N FR b B ST, SRR UK g A S R
R B AL, i OR3P BT, A REI T A 28
PR

Bift R P BA LA AT R 8
LA R A X KGR P B G EE AT
WAEAT R £ E B AR LN AL AT R TR
Peter W Fritsch 48 K #F 50 5 A AAF A4 455 &
BLABERT PEREHRLIT FPESE,
FHEmARGERMA, BRHELLFS
T, B AR XA B KA SR AR
BR.EBZ HrHALETERNERMAY

R&

3
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