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E T cpDNA B E B Z [ E R IEMIE R FIER
BT, X, 2 EE

(1. ZHPEARY ZMEBEASHREGRNLRE, RY 650500; 2. fEEMARER, =/ 117 678400 )

 OE: N TIREER(Amomum tsaoko ) MFRIT HIFRAS IR 2 SR T HERL UFIR (A. paratsaoko) 1) cpDNA
FP AN AL IR ARICT AR 2SR B . A5 AR ER T (1) 20 B RE 272 /SRR 5 A IUREAR B 62 /M4
PRACAGIN 2 7 Fp g AL, Horh BEORAT 3 FPERAE AL (H1 H3 H6) , UL HE R AT 6 Pl A5 AL (H1  H2 (H3 H4,
H5 H7), H1 F1 H3 JydL=g sofha He SR A BA% L H2 H4 H5 H7 IR FAA BAERL, HI hif
W RERL H2 AL AT (2) R E BRI L 2R N TR R R R AR S R ORI T RN, P
TR R R TR TR, IR AR (TC) bR BBt (YP) B BER s 1 ZRE 0k R 2 et T3
fib 18 ANFERJEEE, (3) LW W E BRI S OC  PUWE PR TR 1 2 e AR e i it b g R AR B )
PR3 AT 8 L [ A8 B SRR B WA U s | DR FE 38 S 0 DX, o) S 00 A v L 2 56 B s IR Bk
R, 855 SR BT TC L YP IBYE 4 (XH) JEHEI AR, 20 58 25 58 Sy RS R i e O R 4 it
AR

4, R, PRI AR AN, BT R
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Evidence for geographical origin of domestication of
Amomum tsaoko ( Zingiberaceae) based
on polymorphism of cpDNA
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Abstract ; In order to investigate the geographical origin of domestication of Amomum tsaoko, two hundreds and seventy-
two individuals were sampled to represent 20 populations of A. tsaoko, and sixty-two individuals of five populations of
A. paraisaoko were sampled as a related species materials. For acquiring genetic diversity informations, the sequence

variations of their cpDNA were carried out. The results were as follows: (1) Seven haplotypes by the combined
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sequences were detected, i.e. three haplotypes ( Hl, H2 and H3) were found in A. tsaoko populations, and six
haplotypes (H1, H2, H3, H4, H5 and H7) were found in A. paratsaoko populations. Two haplotypes (H1 and H3)

were shared by the two species. H1 was common haplotype, H2 was ancestral haplotype and H6 was specific haplotype to

A. tsaoko, while H2, H4, H5 and H7 were specific to A. paratsaoko. (2) The genetic diversity of A. tsaoko was lower

than that of A. paraisaoko and mainly existed within populations. The genetic diversity of A. paratsaoko mainly existed

among different populations. The genetic diversity and the haplotype diversity (H,) of the two populations (TC and YP)

were all higher than other 18 populations of A. tsaoko. (3) Further analyses indicated that the domesticated region of

A. tsaoko would include Maguan, Xichou and Malipo, where at the front area of southeast Yunnan, and the area near

Napo, Guangxi, China. Malipo would be the core domestication of A. tsaoko in the region, then the related area would

expand to Xichou, Maguan, Pingbian and Napo. TC, YP and XH populations were proposed to protect their genetic

diversity. The results of the two species were expected to provide genetic information and theoretical reference for

protection and utilization of the germplasm resources.

Key words: Amomum tsaoko, A. paratsaoko, haplotype, polymorphism, geographical origin of domestication

B (Amomum tsaoko) e ZE AN 24 R R
BARPEE HENR LR IRE (h E 2
Lz 5145 ,2020) , W HAEF R R TEY D,
FHRETHEZ M, BB IS (W &
Raven,2000) . ™ [E = g 09 4 55 Py s &R, Bl =
2004 4, f AR 1 BURT A B R 42 [ Y 909% DLk
(B A RN AR, 2004) o H A, TR 1A 5 i IR
v AR B, T 2R 7l kR R R A e L
AST B I T % Ta) A, 3 3 I B R R %) R B A
PR B WAL J5 09 35 1% 25 28 AR T Il e R
BT G R T B v o o

Xia et al. (2004 ) #ff 5% & B 5.5 J& ( Amomum )
I RERE, BT R R MR (A
paratsaoko ) MZEWR W~ (A. coriandriodrorum ) 3% [F]
HM—ARFR, W GUE R R 5 ¢ R i i 1 [+H]
JER B AE ), AT B SR SO R R T o 4 2% T
W HTBIBE IR A AR R AR T R B S |
T3] ) A5 B TR G 7 X3 A R A AL R S AR £
A RIUEAIRAFR R RRA MR E W, 2
&l T AT Rh 48 S A N [\ AN > A [F] —
G (IREY,1997) o ] PEIRBRL S (I Jm T 12
SR ANTAAE S )P 1968 4F K Wi & il B A4
PRRR S F A, RS E . 7EER =1 200
m HYHLTT, RORER B2 AR 3R 900 m A TT,
FORIFAEZ | 4 R D B A AN 45 5 T 4 2R R
AR, TR OB B E KRS
T, T R R AR AR ARG R R 2R S R AR
7% RIS/ | R Ve TR s, 2R
MR ZE - SR SCA SE S MR IE (Wu & Raven,
2000) i & T U], F BRI 58 AR e B e 2R s )

Bl A, BRI B e UL SR AR S AR
JERE T A B R — A AL AR G R R
B, — PRI ) JE TESS A N BE B e H A2
PR S8 YL AR, A RE J B i 22 43 B 7 1 s i )
JERE AT B R AT 1L 2 FE 1 B SRl ( Kenneth &
Barbara, 1999) . 4% cpDNA HA 43T &/ 451
M H 28 0 Rk, E RZ 889+ MY,
cpDNA N H R B R B A H M Rk TPy
AR s, AT T 38 WA A R R R RS D s s B
cpDNA SN 585 DUIE A | J5 9 PCR 973 0 )3 Ay
H) 43 M1 B A] 4T JE %5 5 ( Badenes & Parfitt, 1995;
Petit et al.,2005) , #RRIEY cpDNA JF 51| 25 fk 3R
PR A S ., TS R S BEK O 1 o et
P25 22 WAL B 2R G0 B 2 56 2R 22 B B AT 2,
B, FRATTAH AR SR cpDNA 197 51 A8 1k, 3t
PR 350 SR ) A 5% b PR 9L D Sy e R A o %
PO R FH 55 Al

1 #HEF*

1.1 ##

FESSR A T E = L) P, DL RS T (3R
LE D) SEUERRARF Tam P EG K%, 8§ 4
RJERE(LC HS SD, TBG L)\ TY ,ZH JX) JC 4L %
WA, TBG Ml F B g 28 40 F i ok, Hidx 7 /il
b LA AT 20 20 25 B SCI M 2030 JH 51 Ff
i, B ERERERENLEEI 7~ 26 A HE R, HE AR
ZIAAEIE =5 my A RAE R BB i ( AR <
200 m) ()2 R H SR A AR — A TR BE, BECRFE
T — AR R A R I 7 T A R AR Y B B A rh



2006 OO0 M W

41 %

T4 I T =20 C kA HRTE
1.2 2 5iKH

PCR §" ¥4 1% ( BIO-RAD C1000) ., & & 2 .0 HL
( Eppendorf, Centrifuge 5415D) | % it H ¥k 1% ( BIO-
RAD, Power Pac Basic) \%E [ 1% & 4t ( BIO-RAD,
Universal Hoodll) , 48 %) 3 K 241 DNA & Bt 7 &
(dL 5 @ % 58, DP3112) , PVP-40 EDTA | Tris , Taq
PCR %,

1.3 5 DNA BJ3REX

K Pk B ) L DR 2H DNA e 32 U ) 2 42
HUE DNA, %700 6 vl B 5 5 VE 25 SR Al 50 3
Jin A Buffer P1 I RNase J5 7K 30 min, DNA ¥
W53 2 A EB YRR , KK 30,20 pL, 1%
T R M Fl R I S K B B 9 DNA fF T
-20 CvKAH , % H.

1.4 5| ¥ Y% i

WA Sk 0 2 07 6 1 5 %t cpDNA 31 (5%
2) . Hodr, rnH Y pshA | rps16F-rpsR 5 trnL-trnF
J¥ 31 BE B8 4 s p B A4 R S L [ 4 DNA | HL PCR =
PR I P 5 SR A A
1.5 PCR 1%

Pk R BTl 25 rL, ;H\:':F',Taq DNA
BEAM (1.0 U - wL') 12.5pL, 1IE K10 51 % (10
pmol - L) 4 1.5 wL, DNA #Hz (30 ng - pL') 1
pL,ddH,0 JNZE 25 pL, P 3T A 94 °C iR 4
4 min,94 C75 M 40 s;64 CiE k 30~40 5,72 °C 4t
1 40 s, MHFF 33 ;72 CHE 6 min, W 1F-4
°CVKF4 , 3% ¥4 T ( Sangon Biotech ) X[ il |
1.6 HIEBSH

FIH GenesCode Sequencher 5.4.5 #4932

JF BT A5 B XL 1) 81, B2 ClustalX 2.0.10 ( Larkin et
al.,2007) A SHES LX), 45 5 5 A Bioedit 7.05 &
PF(Hall,1999) F TR XM % G H A RELRT
F R 23 (Gap ) He R A Bl 2% fA7 50 4 5 7 05 G
i (XA ,2011)
1.6.1 B3 &35 84& R 5A  FIH Bioedit 7.05 4K
4453 5K L XS SE R 3 A5 50 (8 9 3 V) °F- , e 14
—JPHIKEE, MEGA 7.0.14 BE6 % 3 4750 i
B G+C H i PSR S R AL A I I
N/BRIEDL . FF DnaSP 6.10.01 4351315 3 4%
YA TR Z 51 (nucleotide diversity, o) (AR Z
e (haplotype diversity, H,) ( Nei & Tajima, 1981
Borowsky,2001) , DA K BA5RIZE R EHR (R 4077

WHIZH 7 M6 MU T RZ A5 (Nei &
Li, 1979; X7%,2011) o 3 F 5+ Network 5.0.1.0
FPE % $5 1: ( Median-joining network ) , 1) A fi K i
LYBREXS BT A BT B P ) AT R A AR ) S AL
WL I3 HIT | 2 5 45 G SR FE 5 25 205 B A 0K S i B
A58 A LA S 2 2 5 8 F) ] Adobe ITlustrator CC
2019 2 il G SRS Y 3 FR 43 A 1]
1.6.2 EHARHE SRS EEEH S FIH
PermutcpSSR 1.2. 1 15 ¥ Fl £ (9 35t 1% 2 #F M
(H,) PRt ZFe0E (Hy) o G B—AMKM 3
DA PR H R A Arlequin version 3.5.1.2 £
Ny vk ey N
1.6.3 4R R et it M MEGA 7.0.14 4%
P & Bt & B B3 (phylogeny ) 14 & NJ 4K # #
( neighbor-joining tree) , & T Kimura 2 — parameter
(K-2P) AUl { 24 ¥ ( bootstrap method ) 1155 J& #f
XF 2Z [a] 1) °F #4 38t 1% BB 25 ( compute between group
mean distance ) 5 F 2575 5 & KA (replications ) 1% H
A1 000 ; B #e £ +5 ( substitutions to include ) % & 4
“d . 1d P +4# 7] (d ; Transitions+Transversions ) " ; {3 55,
Z 8] B9 3 % (rates among sites ) ¥ B N Gt — i R
(uniform rates ) ; 22 i/ 2 B4 Ab PR ( gaps/missing
data treatment ) 1% B A 58 2 M55 ( complete deletion)

2 HEREpMN

2.1 FFHI4FAEFN BB 4 BV 4G

3 ANFEF) G+C EHRTE 29.6% ~32.7% 2 8], £F
A IFGRK GC B IR AR (Fh R, 2015) . 3 4>
JP8 A AR A/ 5 0 M{EYI/NF0.01,
A P 56 55 I IS BE R 2 258 bp, 28R BT
RO 66 A A 18 AN A4l AR (K 3)
WA i BERY T SR A5 LRGN, A8 4l Bk 32 1) 4 AL/
B Bpeig s 7 MR (£ 4)
22 BEAAERMMERFNSAREXR

HI s3], 388 A% AL H2 F0 Ha /94
TRE D, S A SRS Y He AL 70 A T XH JE#E,
H4 H5 H7 5 %4 4i T RHy, TCy . YPy J& #f ( %
5), TC.YP JRFFEA 2 MHAGH 28BS, &
JREEHE (TC ML TCy) f I £1] 4 Fh B4R 7Yy BRLAG
U e 5 M9 b X, R 2 VY B (FD1 L, FD2
FDy) 5t (YP YPy) JF3 (XH BSy) ,¥J4A 3 Fil
BRI (R 1, K5, 1) . ZFBRIESE VIE 5Fil



12 ] BNINSE ;. JET cpDNA FAATRY 22 285 P 110 o SR AR 55 b 2 A VR 40 2007
F1 ETHRMBHRERFR
Table 1  Information of experimental materials
FE o OmEE RS ZpE o ik AR
. . . . Altitude Sample
Code  Population  Location Longtitude Latitude
(m) number
1 GLJ E =S R S 103°59’15.72"E  22°51'57.54"N 1 540 26
Gulinjing Township, Maguan County, Yunnan, China
2 MB URIE PN R =R S L e 104°26'03.69"E  23°05'04.74"N 1368 10
Mabai Town, Maguan County, Yunnan, China
3 RH T = e BT 104°18’16.11"E  22°55'10.88"N 1473 10
Renhe Town, Maguan County, Yunnan, China
4 FD1 T E = F G Rk 2 104°49'19.98"E  23°22'19.56"N 1 670 10
Fadou Township, Xichou County, Yunnan, China
5 FD2 = R s Bk SE S 104°49'39.84"E  24°22'22.26"N 1 540 15
Fadou Township, Xichou County, Yunnan, China
6 ML v 2 PR S I LR SR 104°43'06.92"E  23°03'33.12"N 1245 10
Mali Town, Malipo County, Yunnan, China
7 TC = RS BT S 105°04'09.03"E 23°18'53.88"N 1 620 16
Tiechang Township, Malipo County, Yunnan, China
8 YP op [ 2 g B L R 103°41'52.98"E  22°54'55.98"N 2 046 15
Yuping Town, Pingbian County, Yunnan, China
9 ADB1 P = AT EL A S 103°13'08.86"E  22°54'13.01"N 1 477 16
Adebo Township, Jinping County, Yunnan, China
10 ADB2 = A BTS2 103°13'52.89"E  22°54'04.90"N 1582 15
Adebo Township, Jinping County, Yunnan, China
11 LC T = B g B R 102°27'03.23"E  22°59'20.39"N 1 989 20
Daxing Town, Liichun County, Yunnan, China
12 HS = P B S 97°43'05.35"E, 24°22'32.29"N 1775 10
Husa Township, Longchuan County, Yunnan, China
13 SD FEAMBITERRS 97°59'13.05"E 25°10'24.48"N 1 862 14
Sudian Township, Yingjiang County, Yunnan, China
14 TBG A B R R S 97°41'16.32"E 24°40'53.43"N 1 670 14
Tongbiguan Township, Yingjiang County, Yunnan, China
15 LJ v 2 e R B X3 VA 98°4630.06"E 24°50'17.34"N 2 070 7
Lujiang Town, Longyang District, Yunnan, China
16 TY P ] 2z R M e i A 98°30'07.74"E 25°03'42.12"N 2219 15
Tengyue Town, Tengchong City, Yunnan, China
17 ZH w2 R i e A 98°20'56.38"F, 25°07'26.32"N 1 607 10
Zhonghe Town, Tengchong City, Yunnan, China
18 JX T 4 75 B4 T 110°12'13.68"E  24°05'58.92"N 1 065 14
Jinxiu Town, Jinxiu County, Guangxi, China
19 XH REIR R EE & 105°45'05.94"E  23°10'46.20"N 880 15
Baisheng Township, Napo County, Guangxi, China
20 GB R VAR A G B 104°57'05.21"E  23°09'05.92"N 1281 10
Guangbo County, Hejiang, Vietnam
21 FDy of [ = P L 104°46'16.68"E  23°22'26.78"N 1478 13
Fadou Township, Xichou County, Yunnan, China
22 RHy o S o H TR 104°18'13.89"E  22°55'04.51"N 1 473 7
Renhe Town, Maguan County, Yunnan, China
23 TCy opE = R SR S 105°04'13.45"E  23°18’54.03"N 1 700 15
Tiechang Township, Malipo County, Yunnan, China
24 YPy b = e B R 103°41'53.62"E  22°55'43.21"N 1 887 12
Yuping Town, Pingbian County, Yunnan, China
25 BSy PETEIRE R A S 105°45'05.94"E  23°10'46.20"N 880 15
Baisheng Township, Napo County, Guangxi, China
A1t Total 272+62

. 1-20 MELRSERE 21-25 LB SR

Note: 1-20 represent populations of Amomum tsaoko, 21-25 represent populations of A. paratsaoko.
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Table 2 Primer sequences and sources of five pairs of

c¢pDNA in the pre-experiment

g A oo
Code ‘ Sequence 5'-3' References
name
1 tmH®  CGCGCATGGTGGATTCACAATCC Tata &
Simpson
2003
psbA GTTATGCATGAACGTAATGCTC Sang &
Stuessy ,
1997
2 rps16F AAACGATGTGGTARAAAGCAAC
psl6R AACATCWATTGCAASGATTCGATA  Tata &
Simpson
2003
3 trnD ACCAATTGAACTACAATCCC
trnT CTACCACTGAGTTAAAAGGG Demesure,
1995
4 trnG GAACGAATCACACTTTTACCAC
trnS GCCGCTTTAGTCCACTCAGC Hamilton,
1999

5 trnL CGAAATCGGTAGACGCTACG
trnF ATTTGAACTGGTGACACGAG
1991

J& T AR /AN X, L FU 2 LR B = e
ST ( SRAE S AR 22 2R, 1987 ), A8 4T PE AR B
H2 {37 T W 2% &1 1 v e (37 B, T 6 36 B R L 5 B
fEAY; H2 5 H3 H4 Z M JE 4 ¢ R BT, H3 Hil H4
T L IR RAS A He15 B H1; H4 (HS H6 ¥ H
H2 il &t — 2 528k AT H2 R4 ¢
RBGE, X HT LR R — (K1), X R
H2 H4 H5 H6 H7 J& 5 bh iy A% A i 5 e ]
KRBT HT H3 2T AE M A58, R, 45 21
INK TCy  FDy J& 78 AR WF5E &R Gt b 48 0 I i 1 J
B, BT H A MG 8 H2, W HS H3 5
H2 254 K & LT, TCy 7l BE L FDy & 8 JFE 4
BRI SE SRR . RHy \BSy \ XH A BB /2 Ho 85
IR, EA 0 B A S AT B & O R
BB HA HS R H6, R, == B RS20
VOB T 0GR VG IR B mT A 2 e SR 1 ok 5 R U
Lo, TRRIEYE (R ) AT BRI — HO I A% 0 X
] J&L S B P s G BRI IRYEYT 5K

H1 H3 e G Rm B R e ms H1 F 2Rk
FERIL R, 19 SRR B A HL, 5 AL
BSy 19 4 MMEMKA ;H3 EZE A FDy, 78 H R R
BEALYP 19 2 DHERE TC 1Y 4 DEMRA . X Rt

Taberlet et al. ,

H1 Fl H3 & A A Sk 35 Ak 2 i, 4k 55 9 4k e
WA E L Z B AW R B R) iy sk ff
£, H6 e H2 — 2P 5848 T O, il B2 — A7l &
PER R ARG I 2 AT, H6 & — B RAR G
35 H7, H7 XA T YPy (1 1), H M R K &
(4.67%) ,5 H6 WM (5.06% ) 21 (£ 5) .
I, H6 R RE A LB R e il 1 Bl TEAE R AR
gl T, BEAh, B 3 AR (HIT H3  H6)
I8 THIR R A5 A H2 HY
2.3 mfE B EMEEEN

TR 20 AN JEBE 272 A HEARILAE I F] 3 B
B AR RIRR K 42.86% , o5 R MR B 91.10%
PLER 5 AN EHE 62 M EREILAINE] 6 Fhepfi AL, A
NEUE N 85.71%F19.68% , 2 A FLTE HAR AT e
PALERUIAR Y 92.46% , AN AL 5 LA 1924.14%
(FR5), XUHIIERE RS 2R TR,

LR SR Z PR FR B (1) A TR
ZREVEFR R () , 18 DB 0, TC & im, Hik
S YP, UL 2 AN RIS (G 2 RE M I 18 A4S
JERE, FDy AR A58 H, w5, ik £
FEE e ey 5 i ZHE PR = IR BSy Al TCy, K
LB L T B A% 22 R R L A 0L R B
BAEZ R (R S5) . I, =/ BRSP4
TS INCID S | LT 8 A I 5o S V2 Sy
et WA R R R ARG R IFE T L, TC,
YP (138 f% Z2 R P T I 18 A FE R R i, 1B
NN TEER /N, NIRRT 5K Z 1
ek, BRI e B aE, B, = RS B
JiE 1 AR AT i B A AR B A R L

T LR R B s Z AR R R
JERE ML ZREME H, = 0,121, J5 BE N T 2 i 4%
MM Hg=0.022 , B HRZEM 7 =0.001 52, /8
TEME] AL 0 AL R B F = 0.419 15 171 480 50 5 J 7
H,=0.963 H, = 0.246 7 = 0.008 52 F,, =
0.715 21 ; HUR R (35 4% Z2 FEPE RIS 1% o0 A 7 2
TE/NTRIBRIEEE . AMOVA 4347, 505 Fa B 9 35
178 S FBORIE T /R #E N (58.08% ) , UL 5 1 J& 1
TR TR BEIN] (71.52%) 5 J& B 1] 093845 434k
TR B (F,=0.419 15,P<0.01) /N T4 5 R
(Fy=0.715 21,P<0.01) (£ 6) ,
24 BERAGABXAMERZIERBEST

34 cpDNA JFHIERA 5, M8 T 20 SRR R
WS MIEREHRENRZELET LR, TG0
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Table 3 Characteristics of each ¢cpDNA sequence and the combination of three sequences
. BT bt B A Bk
cpDNA B K ‘G+‘C RS P Nucleotide polymorphism Base insertion/delection
c¢pDNA sequences Size(bp) G+C content Site
(%)
T 0 event Site
trnH" psb A 702 29.6 18 0.003 81 0.004 21 7 37
rps16F-R 672 32.2 21 0.002 77 0.004 52 6 44
trnL-F 884 32.7 29 0.005 35 0.005 38 5 31
Comb-Fr = 2 258 33.0 66 0.004 23 0.004 87 18 112

. Comb-Fr. Bt& H B,
Note: Comb-Fr. Combined fragments.

F4 BERERARMNEIN 7 HAGRNFIISEME

Table 4

Sequence polymorphism of seven haplotypes detected in the combined fragment

Fr B

Fragment location

A B

Haplo- Sample
type  number

H1 187 T 6 ¢ T - - - - - -

H2 15 - - - G C A A T A T
H3 13 - - -

H4 7 - - - T

H5 10 - - -

H6 13 - - -

H7 12 - - -

9 5 9 o 1 2 3 4 1 2 5 5 8 9
G T T G A A T G G A G

—
—
(@]
|
|
|
|
|
—
= -
=
-3
—
(@]

TE: —FORPBH MR ; FORHESE RS H2 (R 35 —2,

Note; — indicates missing of single nucleotide ;

T FFRBIKTF 50%, FDy R —%, 5H
fily 24 A JEHEY SR 2% ¢ R , FhEIK P ERDR
SRR A 40 bR XH A, B 19 N TREER N
—X, HRA#FH— L0534 DR )RR,
YPy TCy ,BSy %y — 3¢, RHy Hipl 5 — 3 (K
2) . SHEAM M, WFCUR A WG 0 R Fh A5 OF
HAB G SR, — 77 T AR IR R R Bk
VR R 4 — 53— J7 T AL 2 R T B 2R AR 1Y
trnH" -psbA  rps16F-rps16R Y trnL-trnF FF 5 B &
B AR S Z2 PR A i 45 SRR e A e s R R
R AL 454 RS O A8 v ) sh S 28R 1 O .
XH SRR R —3, 95 YPy By —/h
XL AR XH 5 YPy MG C R, HIRES
TCy .BSy 4 X R WiIL, H6 H7E XH &, H6

. indicates the base types were same as H2.

HH2 G KRR, KR XH 25 R %
SRR EOR M EIR R BRI 1Y st
SERIHE I AH S R R 0 R LR R X 5 AR A
AU 2% R BT 458 — 8, Ik, ) PR
Al BB R — AR B R TR G ST R A
TR R G54 & (Xia et al., 2004), UL & YPy,
TCy.BSy S ® B BRI RS L REGE, bt il BBt
JREES R T AR A AT R R A AR A Yk
Tt

RHy H 0 5 o — /N 32, 88 78 % & B AT g L
YPy TCy .BSy #41 8 F iy #F b X R 5 iz m #F A
H4 H4 735|280 3 RSS2 AT 15 3] H1  H3; 1fif H H4
JEFE AL e A A H2 AR AR H AR
2, Bk, B OCAT B R R AR SRR G, FDy
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110°N
1
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20°E =
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mv3

T

H2
=25°E
H5 Hé6
H7

s H1 H4
H2 s HS5

T I
95°N 100°N 105°N

lléoN s H3 s H6  messs—m H7

A B R/MRR TR R AR, MBI R I T AR RN 3 98 B IR SRR AL A AR v b BT, W7 181452 GS(2016) 1582 45,
The circle size in Fig. 1. A represents the number of individuals in the population. The standard map provided by the Ministry of Natural
Resources of the People’s Republic of China, and review number was GS (2016) 1582.
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Fig. 1 Geographical distribution of both the populations of Amomum tsaoko, A. paratsaoko

and the seven haplotypes (A), and the network relationship of seven haplotypes (B)
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— it , A AT H6 R AE LR A >
U, 7 AN BASR F E R OC R A AN I B R
ARE R Z AW AR GER) T4
e R RS W BEAE AR S R, HR PR
(A koenigii) [A] N T 2252 E A M I8 (4 5
85 ,1995a) , HEFL R R AL [A] A UL IE . ] 5
B AR K AETER S Fh Z ] ( Kenneth & Barbara,
1999) . YP Fl YPy £ HiMEIR A4 , I JC I B A 28
XH FIFE Y BSy LI %A FDy 5 FD1,FD2
FHAB M IC L AR AR UL ARRE TR S
PIE R A A LB A, ] g R REAS A 1 4

B (FR 40 PR IRER 25 BR) o
ANERNEIEE A BT 1 T4 (Kenneth &
Barbara,1999) , Bt , % 58k 35 B2 2 — 1> BE A I
[ RE R F . H1 H3 76 0 5 S S rpr 52
I B AT AT B A A A B RORR B IR =2 i AR
Yk 5 A0 10 38 A% 2 25 M U AE P At R i A7 4%
VEFIOREE, HAETIAH Gk s R T 5 5Pk, 8
o I ] 3K RS G AR A, — B A A 3 K
H 3 ( Kiew, 1982; Smith, 1985) , i & %% J& J2 i
P8 oA P SN A R R A SR T UL R R
BRI AL R, R R IRCEG LR &
T (R B AR A W), R G R A b v S [ A
HLZR (Xia et al.,2004) , E AT AT BE A i 1 2 [7] 40
J6. AT IR L [RIAH S i ) B R) K AR R 3 0 AT
BEMEAR K (Nevo & Karlin, 1986;Wu,1991) , [Hit,
T AR B AL ) ornH Y -psbA | rps16F-rps16R 5
trnL-trnF JE9VERG F Be i 728 S 2 8 o A 4 2R B
TG A He, B BRSO 0L R R A A
£ FHURIE YT R e T A de st A 2 A PETE
MR RE, 19 D FEREFASE HLL,H
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Table 5 Distribution of cpDNA haplotypes among 25 populations
EXIE 2 Bz B EYITES
R FEPETE S ﬁ?‘ﬁ}ﬁ’ﬁ( Haplotype frenquency ( %)
. Haplotype Nucleotide
Population diversity index  diversity index
(H,) () H1 H2 H3 H4 H5 H6 H7
ADB1 0.000 00 0.000 00 6.22 — — — — — —
ADB2 0.000 00 0.000 00 5.06 — — — — — —
FD1 0.000 00 0.000 00 2.33 — — — — — —
FD2 0.000 00 0.000 00 5.45 — — — — — —
GLJ 0.000 00 0.000 00 7.39 — — — — — —
HS 0.000 00 0.000 00 1.17 — — — — — —
LC 0.000 00 0.000 00 5.84 — — — — — —
L] 0.000 00 0.000 00 2.72 — — — — — —
MB 0.000 00 0.000 00 1.94 — — — — — —
ML 0.000 00 0.000 00 2.33 — — — — — —
RH 0.000 00 0.000 00 0.78 — — — — — —
SD 0.000 00 0.000 00 3.89 — — — — — —
TBG 0.000 00 0.000 00 3.50 — — — — — —
TC 0.282 05 0.007 39 4.28 — 0.78 — — —
TY 0.000 00 0.000 00 5.06 — — — — — —
YP 0.153 85 0.004 03 4.67 — 0.39 — — —
JX 0.000 00 0.000 00 5.45 — — — — — —
ZH 0.000 000 0.000 000 1.17 — — — — — —
GB 0.000 00 0.000 00 1.95 — — — — — —
XH 0.000 00 0.000 00 — — — — — 5.06 —
FDy 0.384 62 0.010 08 — 1.17 3.89 — — —
YPy 0.000 000 0.000 000 — — — — — — 4.67
RHy 0.000 00 0.000 00 — — — 2.72 — — —
TCy 0.384 62 0.000 17 — 1.17 — — 3.89 — —
BSy 0.461 54 0.002 30 1.56 3.50 — — — — —
BB Total frequency 72.76 5.84 5.06 2.72 3.89 5.06 4.67
T — R R b SR A I ) % Ry AL
Note; — indicates that the relevated haplotype is not detected in the population.

HI A R R AR B T BE A IR B P o 2P AR SR B
B, AN, TG AR | BB T B RS R
AL 2 o) WOk FR R B A At AR A ) —
B FE RIS PIfL i A vp  XRE R N Tk 2
Bust e Z R R Bk

A A% b 22 TR AT L5 R R B A AE LA
PR X A R Tk B0 B0 T (A I e A
1995b) , 5 B4~ M 5t 1% 1 57 | AR Bl BB T2 —
o FRAE R AR YA rT RE 2 D T 5 AY
N TR T T, DT 5| A e A0 53 45 437 6 D 19 A 2%
[ 5 ARG 430 4 26 o7 6 PR |0 ™ o 5 2k, e & 3 Bt
e R 2R AL T A gk stk S5
R SRR AT EE A T P R R R A A s
B Z R BRI F L, R 8L 2 HE 1k
sk 2 UL <P J2 A 15 W) A0 B A R G ) R B

( crop-relative systems ) H1 #J — 4~ L #E ( Doebley,
1989 ; Hecht, 1993 ; Tanksley & McCouch, 1997) , [
Be T AR AR B YA R R N TR R B A
(founder event) T E Y 15t 1% 157 A8 F0fh A% 55 48 Py 1okt
& Z ¥ P 98 2D ( Ladizinsky, 1985; Doebley, 1989 ;
Eyre-Walker et al., 1998 ) , X AR 2 47 s
SR S 2 8] 2 tH S - A7 A2 #5 6 & (progenitor-
derivative relationship) . 244Kk, # B ¥ 5 Har 2
T Z 18] (4 52 4% Z2 AR PR A8 A R e 1 2 HARAE H
14 2EAk P ZR T XE LA B 2EAR ( Doebley , 1989)

HF R IR RM RS LR, 2 NI R AR
RAEAE FDy Fl BSy , #- PUmsE 3| IR A 4 7l g2
R B I 0 W HOR AR SRR s
REis L ZREPER AR BE , W] 2% TR0 A Bt 3 6 5 FIRR 22
BB 5 DAUL B SR B AL A 1 A B, T 5 BE N
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Table 6 AMOVA analysis of Amomum tsaoko populations and A. paratsaoko populations
) 75 S " BT 2% Py 5 5 A 1 S
s o Wt e e ST
FR JETEN] Among populations 19 354.845 1.665 92 41.92 P<0.01
A.tsaoko JEBEMN Within populations 252 413.231 2.308 55 58.08 P<0.01
SE Total 271 768.075 3.974 47
HR JEHEIA] Among populations 4 1 033.110 21.738 81 71.52 P<0.01
A. paratsaoko JEHEA Within populations 57 458.769 8.656 02 28.48 P<0.01
SR Total 61 1491.879 30.394 83
W (3238 ) RS (BT ) ALY X A 2 AR R T
F— o H RS ML B, P00 T P (T4 R T )
Ty S [ B 35K — X B T A 2 5 LR 5 90 £ o
TC O, X455 B S EE A R
TBG FORRARIC WA A AT] 23 i R AR T B 34| V4
SD H R T ok RO (A 42, 1998) , HOR
R KA TR R AT 20 TH2D 70 AEARKE 80 4F AR,
ol DRI RIS B RRSEYE (BT T R —
LI U A% DX, D RR SR A0 XS, 1) i 320 1
LC PEIE E G BRI IR ek, X S5 n] O REIR
X AU A BT R b BT R IS RN AR A, LA R T AR A
H5 ORI 3548 B W 90 B A4 — s iYL 27K 3
. TE R DI it B2 o | B0 AL 2RI K
o BTG s MUBAT A VU — e, B R
o BE 15 2 B P20/ T 40150 5L R, SR Bt £
ADBI Ap S R T E B O A0 R R S ok
ADB2 FIEREE, TC,YP X 2 /> 5L 8 BE M 5t i 2 0
ity PE BB R P T LA 18 AR B T XH
BSy BB IRRAA S5 R g SO e AT LAGR 47 Fi R
ron [ SRS FH, FDy SRBF50 3 56t 2 REHE I 86 () B B,
oL sz i 1 T SR Jo o 7 A A R T A A S A el BT
- 62 W, XF FDy TRAWESE A4 R AT R % B 5L 7=l
FDy 1 K e A E A R X

2 JEF cpDNA JEZwIH X KA 7 51 44 2 19
RS DL R JE A (D) A
Fig. 2 Neighbor-joining (NJ) distance tree based on cpDNA
non-coding region combined fragment of Amomum tsaoko

and A. paratsaoko populations
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