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China for its glucomannan production. However, the wild populations of this genus are declining due to human
activities. To investigate the genetic diversity and phylogenetic relationship of representative Amorphophallus species in
Southwest China, the phylogenetic relationships between species were reconducted by using three chloroplast DNA
(cpDNA) fragments and analyzing genetic diversity of six Amorphophallus species. The results were as follows: (1) The
genetic diversity of wild Amorphophallus populations was generally low with an average haplotype diversity (H,) of
0.428. In addition, nearly half of the total populations had only one haplotype. The haplotype diversity of each species
varied from 0.704 to 0.983. (2) The genetic differentiation between each pair of six species was relatively high, and the
genetic differentiation coefficient (Fg,) values ranged from 0.481 to 0.967. (3) The phylogenetic analysis suggested that
27 selected Amorphophallus species should be mainly divided into three clades Africa clade, Southeast Asia clade, and
East Asian continent clade. A. paeoniifolius belonged to the Southeast Asia clade. The East Asian continent A clade
included A. konjac and A. krausei, and East Asian continent B clade was comprised of A. kiusianus, A. yunnanensts and
A. tonkinensis. Geographic isolation and human disturbance could have caused the low genetic diversity in wild
populations of Amorphophallus. The divergence of the East Asian continent clade may be driven by the rapid radiation

and ecological adaptation in species of this clade. These findings provide theoretical guidance for the conservation,
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sustainable utilization and breeding of Amorphophallus species in Southwest China.
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Table 1 Geographic information of Amorphophallus populations collected in this study

YyFh HER = i 23} 3 P
Species Population 1D Latitude Longitude Sampling location
TEHESE A. konjac SZTL 24°38'49" N 104°08'16” E 2 HUli5E Shizong, Yunnan
KZSMY 25°08'60" N 102°44'09" E = W Kunming, Yunnan
WFSY 24°53'60" N 103°43'33" | =il K Luliang, Yunnan
YXSBQ 23°22'08" N 102°25'58" £ R EE Yuxi, Yunnan
GXKK 23°18'32" N 105°56'06" E JUVPEABYE Napo, Guangxi
ZRITHERE A. tonkinensis BLZ 22°33'18" N 103°57'10" E Z P O Hekou, Yunnan
GXLLG 24°07'48" N 106°33'43" E J" VU {4 Baise, Guangxi
GXNL 23°04'37" N 105°44'34" E, J PR Napo, Guangxi
NGNS 22°28'26" N 106°57'00" E ]V e M Longzhou, Guangxi
PSR RE A, krausei JDYSD 24°41'02" N 100°28'33" E =& Jingdong, Yunnan
PZQ 21°48'07" N 102°22'37" E =R TE WK 4 Xishuangbanna, Yunnan
XDX7 24°26'31" N 98°37'15" E ZF T Mangshi, Yunnan
LYCG 22°21'46" N 100°58'12" E g5tk Jinghong, Yunnan
XLSD 22°02'06" N 101°14'52" E R PERUR AN Xishuangbanna, Yunnan
TEHEYE A, yunnanensis SZFHG 24°37'08" N 104°14'45" E =% Shizong, Yunnan
BMHC 22°39'46" N 101°09'10" E Z W% Puer, Yunnan
BNGD 22°19'15" N 101°31'51" E Z B P ARG Xishuangbanna, Yunnan
LCYDYL 24°14'38" N 99°34'12" E I Lincang, Yunnan
YSXS 28°46'58" N 110°12'54" E WA Yongshun, Hunan
LYLZW 24°16'51" N 106°39'57" E J WiV = Lingyun, Guangxi
YSCTY 28°47'24" N 110°15'25" E W KA Yongshun, Hunan
GZMXCD 25°14'56" N 106°05'52" E FM B Wangmo, Guizhou
PERRBE S A. paeoniifolius MXXZ 21°53'02" N 102°21'28" E =PI XURYY Xishuangbanna, Yunnan
DW 26°47'34" N 100°28'15" E Z M A Jingdong, Yunnan
NJZ 23°34'26" N 99°33'46" I = HHE Zhenkang, Yunnan
RWIE A. kiusianus GLYJC 25°41'06" N 110°53'09" E JUFEREAR Guilin, Guangxi
YLSNG 26°31'58" N 113°59'20" E WIB & B Yanling, Hunan
JABF 28°58'08" N 115°23'13" E VLVESE % Jing” an, Jiangxi
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1.2 PCR # & F0iM FF

FAE &FZRSIY X rnK-maiK  rbel. F1 trnl.
34~ cpDNA F Beilbf7 PCR §73 (£ 2) . PCR ¥4
R BIRFIHN 30 pl, £ 5 20 ~ 50 ng DNA FAR,
EJZ I 5% (10 pmol - L"), 2 xPCR StarMix
( GenStar) Fl ddH,0 &5, SRR . M 95 C
5 min;35 MY HEIEIR, 95 C AN 30 5,56 C ik
30 s,72 CZEMH 60 s; & AEfH, 72 °C,7 min, P4
TR 1.5 % B BE A SE IS FEL UK A DU, 5 4% 7 ik A
TAEY TR R ety A BR S ) AT B I

&2 cpDNA R ER¥ AT A5 F 5!
Table 2 Primer sequences used in the amplification

of cpDNA fragments

cpDNA
e SIYFES) 275 3k
c¢pDNA  Primer sequence Reference
marker
trnK-matK F: 5'-CTTGCAGTTTTCATTGCACA-3’ Johnson &
R: 5'-TTCACTTTTGGTCTCAACCC-3’ Soltis,
1994
rbeL. F. 5'-ATGTCACAACAAACAGAAAC-3’ Olmstead
R: 5'-TCCTTTTAGTAAAAGATTGGGCCGAG-3' et al.,
1992
trnL. F: 5'-CGAAATCGGTAGACGCTACG-3’ Taberlet
R: 5'-GGGGATAGAGGGACTTGAAC-3’ et al.,
1991
1.3 iR

KM Lasergene # A () Seqman T. HXf 3 4>
cpDNA F Bt ¥ 17 PF #% ( DNAStar Inc., Madison,
WI, USA) ; {fi Jl MEGA v7.0 [ Clustal W 8235 %F i
AFEAN DNA JFHIHEAT LEXF, # [/l — AR 3 4
cpDNA Jr B ¥ 31 e B A Ry — A B AR 3 17 4 By
(Kumar et al., 2016) , 7F it & Z FEPE PEAG B 8%
TS 22 L 1Y A A/ 2R 5% A8 A Ry B 58 AR A
( Simmons & Ochoterena, 2000) ., HIK /iR, FE
AEDT 3 KRR (KZSMY ,GXKK) A Tk
WAL ZREME AT . R Arlequin BFVEAS 6 N9
P ] ()35t 1% o0 AL R B (Fp) , IF R 1 000 A2
%:ﬂ?’fﬁﬁ%‘@( Excoffier & Lischer, 2010)

RV BESE 6 YA Z R G KR MR G
HEAL AL, A 52 4 F TQ-TREE 1.6.12 Xt cpDNA
B AL 91 AT A% R R ARABE AL A L, A4 d R B
SR ( maximum likelihood , ML) & & i L # | i 17
1 000 X bootstrap Fi Ml i % 4 ( Nguyen et al.,
2014) , BEAh, KA SplitsTree 4.14.6 % B 47 B4

J¥ 5 #4 42 Neighbor-Net #4 , DAl B8 2 ] (1) I R i
{3 & (Huson & Bryant, 2006)

2 HREAH

2.1 cpDNA F 51 ¥ 1%

X T 28 AN EF A BEAR Y 170 A HEAS 43 5]
PEAT cpDNA 5348 3 4~ cpDNA B 1) HL K
Rl 25 B, PCR H 09 7= W 2545 18 W, 75 & I
JPEOR (B 1) .

2.2 EF cpDNA Y MEETRESBEESHYE

ZEREA ] B 8 B A HE X, A5 3 Y 3 N4
i B ornK-matK . rbeL F1 ernL B2 5K BE 23 5l
7191 312 315 bp, [ —"KE) 3 5505750 # BEE
TR, P 5 A N 2 346 bp, TERTAFEA
JE AN B 128 A 22 AP A, H bl A/ ik 28
AT A, T8 A, ILARE 57 AR, AL AR
BrRW]  BERBHE RN, TR 2 HEE(H o
FR)TE 0~0.009 31 Z 0], FERRAREIA H A —A- 3
FERI(26 NEEARTRY 12 ) BER DW (TERRIEE S )
HINJZ(PEARBE 2 ) HAT fe e i A B0 70 2 A 1
(H;=1.0) . TEWIFIAKE AP i SR B4 A
4 B 14 NG LA JEAR SRR ot B 1 as S 24
PR (3R 3) o TEARIEE R atHESE VY A BE 2E R
JEE 2 B R N AR ] 0 T L AR AL (H 6 AN Fh
Z AN A G RUAEAE W)l a] B P 35t 4%
A 08 = L JBE 5 P A o ] ) a8 A% o0k R
B (F g =0.942) T A8 58 2 F1 04 8 38 4 1 8t 4%
ICRBEAL, F o, M 0.481 (K 4)
2IBFERERELKLABEXR

KGR RSN ARE LT LR, 44
GenBank 4 2 F # 19 21 4B =W R A9 cpDNA
FFHNEAT R G KM (2 5) , iR BIC ( Bayesian
information criterion ) PE43, HKY +F+R2 5 U 4 £6; M)
M AL TR e B S5 R AR e W, 27 A
HEYFP R 3 A E TS, BRI 43 32 AR R4y
TR ARG, ABFFE I/ 6 48 Flow LA
32 e 1) SR e R 4 6 R R B 43 S RAR B
A3, PEARE 5 AR B W43 3, AR K B 43
G2 A A P S (433 A FI9r 3 B) L 45
AL AETEE R B BE S, 3 3 B B AR JE 3
JE R S B R, (8 2) . Neighbor-Net ’:tk
PEAL A HT 45 5 5 ML W JEAR — 30, SO R W
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M 75 DL2000 Marker,
M indicates DL2000 Marker.

B 1 #aHAE3 A cpDNA FE [rbeL (A) trnL (B) trnK-matK (C) | # 187=4) B K Bl
Fig. 1 Electrophoretograms of amplification products of three cpDNA fragments [ rbcL. (A), trnL. (B) and trnK-matK (C) ]

TOHBETF ARG — D0 X HAARE S HUH, D 6 E Of 37 15 i 5 0 A dl (T e 0 R

G B 1 S 4 0 R R IS5 (3 72 2000) . AHFFC K F P R X 5 4 R B 6 A
WY R AE TE 165 K T 1 B 1 20 RE M | X I TR 52
3 W5 & fr9 = 2 5 PR T R R A 1) A e A R T

19 L B9 A= 358 BHL B 3t B 1 R AR 35 A% 2 A 1 R IR
BHE ZREIE 5L S AU A ALRE R Rl 5t /% (Gao et al., 2015) , FRIE P4 Ry LU A9 2 AR, 4N
ARSI EAR, B REE —E R B HEWT R R AL R OVIRIE S WE TR R A TR K
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Table 3  Genetic diversity parameters of six Amorphophallus species from Southwest China surveyed for cpDNA sequences

g 0 01 iR
wre FRESEREC e S
Sheci Population Sample Halot (Tndividual ber) 5 2R ZHEME
Species D number aplotype ( Individual number S H, -
TEIEAE 23 Hap_1 (9) Hap_2 (2) .Hap_3 (8) .Hap_4 (4) 7 0.719 0.001 07
A. konjac
SZTL 7 Hap_1 (7) 0 0 0
KZsSMyY 2 Hap_2 (2) — — —
WEFSY 8 Hap_3 (8)
YXSBQ 4 Hap_4 (4)
GXKK 2 Hap_1 (2) — — —
R R 27 Hap_5 (1) \Hap_6 (1) Hap_7 (1) .Hap_8 (1) .Hap_9 19 0.911 0.001 37
A. tonkinensis (2) \Hap_10 (1) .Hap_11 (5) .Hap_12 (1) ,Hap_13
(4) \Hap_14 (1) \Hap_15 (6) ,Hap_16 (1) ,Hap_17
(1) Hap_18 (1)
BLZ 7 Hap_5 (1) \Hap_6 (1) \Hap_7 (1) .Hap_8 (1) Hap_9 8 0.952 0.000 63
(2) Hap_10 (1)
NGNS 5 Hap_11 (5) 0 0 0
GXLLG 9 Hap_12 (1) \Hap_13 (3) .Hap_14 (1) Hap_15 (2) . 8 0.929 0.000 94
Hap_16 (1) Hap_17 (1)
GXNL 6 Hap_13 (1) \Hap_15 (4) \Hap_18 (1) 4 0.600 0.000 53
VU 34 Hap_19 (7) Hap_20 (5) \Hap_21 (5) .Hap_22 (1), 36 0.829 0.001 53
A. krausei Hap_23 (1) \Hap_24 (11) .Hap_25 (1) Hap_26 (1),
Hap_27 (1) Hap_28 (1)
JDYSD 7 Hap_19 (7) 0 0 0
PZQ 5 Hap_20 (5) 0 0 0
XDX7 7 Hap_21 (5) \Hap_22 (1) \Hap_23 (1) 7 0.524 0.000 74
LYCG 8 Hap_24 (6) \Hap_25 (1) \Hap_26 (1) 18 0.464 0.001 18
XLSD 7 Hap_24 (5) Hap_27 (1) \Hap_28 (1) 2 0.524 0.000 25
R 58 Hap_29 (17) ,Hap_30 (13) . Hap_31 (1) ,Hap_32 6 0.704 0.000 42
A. yunnanensis (24) \Hap_33 (1) \Hap_34 (1) Hap_35 (1)
SZFHG 7 Hap_29 (7) 0 0 0
BMHC 7 Hap_29 (7) 0 0 0
BNGD 3 Hap_29 (3) 0 0 0
LCYDYL 13 Hap_30 (13) 0 0 0
YSXS 8 Hap_31 (1) \Hap_32 (6) \Hap_33 (1) 2 0.464 0.000 22
LYLZW 7 Hap_32 (5) \Hap_34 (1) Hap_35 (1) 2 0.524 0.000 12
YSCTY 7 Hap_32 (7) 0 0 0
GZMXCD 6 Hap_32 (6) 0 0 0
PEARIE A 16 Hap_36 (2) .Hap_37 (2) .Hap_38 (1) Hap_39 (1), 73 0.983 0.004 14
A. paeoniifolius Hap_40 (1) .Hap_41 (1) Hap_42 (1) .Hap_43 (1),
Hap_44 (1) Hap_45 (1) .Hap_46 (1) Hap_47 (1),
Hap_48 (1) \Hap_49 (1)
MXXZ 5 Hap_36 (2) ,Hap_37 (2) \Hap_38 (1) 2 0.800 0.000 44
DW 5 Hap_39 (1) .Hap_40 (1) .Hap_41 (1) Hap_42 (1), 14 1.000 0.001 92
Hap_43 (1)
NJZ 6 Hap_44 (1) Hap_45 (1) .Hap_46 (1) Hap_47 (1), 66 1.000 0.006 73
Hap_48 (1) .Hap_49 (1)
AR IE 13 Hap_50 (2) .Hap_51 (1) Hap_52 (1) Hap_53 (4), 56 0.897 0.003 76
A. Kiusianus Hap_54 (1) \Hap_55 (2) \Hap_56 (1) ,Hap_57 (1)
GLYJC Hap_55 (2) \Hap_56 (1) \Hap_57 (1) 5 0.833 0.001 15
JABF Hap_50 (2) \Hap_51 (1) \Hap_52 (1) 49 0.833 0.009 31
YLSNG 5 Hap_53 (4) \Hap_54 (1) 1 0.400 0.000 17
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Table 4  Genetic differentiation coefficient ( F,) among six Amorphophallus species from Southwest China
YyFh AEE 2 AR (LR LR JEAR AR
Species A. konjac A. tonkinensis A. krauset A. yunnanensis A. paeoniifolius A. kiusianus
TERE 1.000
A. konjac
KAt 0.942
A. tonkinensis
V4 B 0.481 0.920
A. krausei
HEY 0.967 0.936 0.942
A. yunnanensis
PRI 0.818 0.807 0.805 0.860
A. paeoniifolius
AR 0.895 0.892 0.869 0.934 0.775 1.000

A. kiusianus

T BT YA 3] W3 P KE (P<0.05) .
Note; All values are significant ( P<0.05).

RS5 AHRTHAIESF cpDNA F 5
NCBI GenBank % %5
Table 5 Accession numbers of ¢cpDNA sequences
downloaded from NCBI GenBank in this study

NCBI GenBank % 3¢5

Yk NCBI GenBank accession number
Species

trnl rbel. trnK-matK
A. abyssinicus AF387433.1  AF497060.1 AF387379.1
A. angolensis AF387458.1  AF497061.1 AF387404.1
A. ankarana AF387434.1  AF497062.1 AF387380.1
A. canaliculatus AF387439.1  AF497066.1 AF387385.1
A. commutatus AF387441.1  AF497069.1 AF387392.1
A. dracontioides AF387444.1  AF497072.1 AF387389.1
A. eburneus AF387445.1  AF497073.1 AF387390.1
A. eichleri AF387446.1  AF497074.1 AF387391.1
A. galbra AF387447.1  AF497075.1 AF387393.1
BVBIEZE A henryi  AF387448.1  AF497076.1  AF387394.1
HLEE A hinus  AF387450.1  AF497078.1  AF387396.1
A. hottae AF387451.1  AF497079.1 AF387397.1
A. lambii AF387454.1  AF497082.1 AF387400.1
A. lewallei AF387455.1  AF497083.1 AF387401.1
A. rhizomatosus AF387469.1  AF497096.1 AF387415.1
A. sagittarius AF387470.1  AF497097.1 AF387416.1
A. taurostigma AF387473.1 AF497101.1 AF387420.1
FEAEBE Y A titanum  AF387474.1  AF497102.1 AF387421.1
A. variabilis MF680482.1  AF497103.1 AF387422.1
A BEY A xiei KY887268.1  KY887100.1 KY887184.1
A. zenkeri AF387477.1  AF497105.1 AF387424.1

SRR 5 12 Z2 B (Gao et al., 2015; 2= [E %
4 2016; Wang et al., 2017) . Ak, 43k V5 By

i DB A BE S B AR 5 BTN R R 2 kAR AR
A%, DT R AR R B S X R RS £
FEPERE AR I A R 2R (BOK 5 ,2016) o B XX
15 00, P AR I BE = (R 3845 o A A% Ry, B o A% 0 Tl o
GRS 3 T AR B LR A | ST U A 2
Pt ok AT O B U 48, 2016) o 7ERIRIOK
b AT Z AR 6 YRR T R A, T
TN Z) B N B BE AR AR Y g 7 8 A ) A
55, J 25 o I X R AR AR SR A

ARG KRB 5B 2 WIBE 2 s Py b e JE b 38 4 A
TE R 3 A 3 945 52, T AR 0 K Bl ) 2 ) i — 25
A3 R (Claudel et al., 2017) , HFTXHEE 7R
MR BG4 4k 8 T Sy I R v R A B R 48,
PS4 32 2Z ) A AE 3 2, B Jm I i Ak i
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