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 E: BN MESEFMIEH T EERERN DNA &8, 5% UnmaEREMRRE AN ITS. psbA-tmH.
matK. rbecl # yefl 5 %% DNA S5ERSH P ST L 5004y, JE0 R E#BETY 38, WY, MF)F5 A Genestar HE4T
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Abstract: Objective To screen and evaluate DNA barcoding of Amomun tsao-ko populations in Yunnan. Methods ITS,
psbA-trnH, matK, rbcL, and ycfl sequences were screened and evaluated using A. tsao-ko as samples. The samples of 4. tsao-ko
population were amplified and sequenced. The sequences were spliced with Genestar, and then processed with Mega for data
processing. And A. tsao-ko diversity and identification were analyzed and discussed. Results The length of the amplified fragments
of primers ITS5 and ITS4 was approximately 520 bp; The length of the amplified fragments of the primers rbcLa-F and rbcLa-R was
approximately 498 bp; The length of the amplified fragments of the primers ycf1-bF and ycf1-bR was approximately 800 bp; The length
of the amplified fragments of the primers psbA-trmH-1F and psbA-trmH-1R was approximately 400 bp; The length of the amplified fragments of
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the primers matK-2F and matK-2R was approximately 470 bp. The success rate of amplification and sequencing was high, and most of
the results were available. By analyzing the amplification results of ITS, psbA-trnH, matK and ycfl sequences of A. tsao-ko, 4. tsao-ko
and other Amomum  genus plants can be clearly distinguished; All samples of the ITS sequence were divided into MG5 white flower A.
tsao-ko population and other populations; All samples of the psbA-trnH sequence were divided into MGS5 white flower A. tsao-ko
population, MG6 yellow flower 4. tsao-ko population and other populations; All samples of the matK sequence were divided into MG6
A. tsao-ko population and other populations. The MG5 white flower 4. tsao-ko sample failed to be amplified; All samples of the ycfl
sequence were divided into the MG6 yellow flower 4. tsao-ko population and other populations, and the MG5 white flower 4. tsao-ko
population was clustered with the other 22 A. fsao-ko populations; The amplification of rbcL sequence was consistent for all samples.
Conclusion The ITS, matK, psbA-trnH and ycfl sequences can accurately distinguish 4. tsao-ko from other plants of Amomum genus;
The sequence site variations were found in matK, psbA-trnH and ycfl sequences of MG6. This research has contributed to the selection
and breeding of A. tsao-ko varieties. ITS and psbA-trnHsequences can distinguish yellow flower and white flower of A. tsao-ko; There is
no variation in the rbcL sequence of all samples of white and yellow flowers of 4. tsao-ko, and Amomum tsao-ko and other plants of
Amomum genus cannot be identified with the rbcL sequence, which can be discarded.

Key words: Amomun tsao-ko Crevost et Lemaire; genetic diversity; genetic relationship; DNA barcoding; ITS sequence; psbA-trnH

sequence; matK sequence; ycfl sequence
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Table 1 leaf collection and utilization of A. tsao-ko

G5 FERSIK K W /m G L ERE S
LCl1 -1 L FEE 2 2267 99°55'56"E  22°50"26"N 11
MG4  BK4 BRAMEZ EHEZAARRN ML G2 1247 103°5826"E  22°51'44'N 10
MG3  5K-3 HRFE 2R MER2/N\ /ML 1542 103°59'41"E  22°52'14'N 10
P2 &2 &TKRHES 1595  103°20'13"E  22°53'28"N 10
JP1 & -1 &TKRHES 1742 103°20'8"E  22°53'49"N 10
MGl G-l ISR AT RPN Z5 2 B 3R/ N R . (R 1450  104°18'17"E  22°55'12"N 5
MG2 G2 I ok BATFERT I Z5 20 B 38R/ N R . (RO 1450  104°18'17"E  22°55'12"N 5
MGS x-S Do BRI T2 B 8RN CRARATE) 1450 104°18'17"E 22°55'12"N 5
MG6  H%-6 LR RIEE RN (B4 1425  104°31'46"E  22°56'9"N 7
LC1 aR-1 AR OCEI KL 1781 102°27'29"E  22°58'36"N 11
LC2 EEE) SZHEXEZ 3km 1911 102°29'39"E  22°59'25"N 7
LC2 -2 WRERS 1800  99°99'56"E  23°12'81"N 10
XCl -1 PRI £ =N B2 T F/NA 1324 104°4421"E  23°14'30"N 5
XC2 -2 WM & AR 2 TLT R /NA 1313 104°4323"E  23°15'39"N 5
LL2 Jebi-2 ALy Al ) 1968  98°35'56"E  24°34'40"N 8
LLI Jeki-1 HFE Lz LK 1630  98°39'16"E  24°35'33"N 12
TC1 i -1 s o A7 2012 98°724"E  25°22'24"N 10
LS1 FK-1 RIL I 7K & B BT AR 3k 2049 98°44'36"E  25°54'47"N 10
LS2 PIK-2 RIL I K & BB AGTH 3k 1570 98°45'42"E  25°54'59"N 10
LS3 K3 FoPARSY/ TP 1350  98°46'42"E  25°55'13"N 10
FG1 -1 WA H 5 2 Bl A i Os R/N A 1358  99°8'19"E  27°10’5"N 11
FG2 HEDT-2 oA H 5 2 Bl AR N 1838  99°821"E  27°10'6"N 11
GSl1 Faili-1 LR & 1528  98°44'9"E  27°3720"N 10
GS2 pih-2 paglip Ly A 1469 98°16'12"E  27°40'44"N 10

*2 SEEEMEAREFEERNCBIFIERS
Table 2 Basic information and NCBI serial accessionnumber of Amomum genus

S ' T4 R ITS/F4  tbeL 741 Yefl #41  psbA-tmH  matK 74

1 RS A. tsaoko Crevost et Lemarie HRWE  FI972776  FI972788 — GQ118655 FI972785
2 WER A. para-tsaoko S. Q. Tong et Y. M. Xia HRTRE  AY351997 — — —

3 BRI A. koenigii ]. F. Gmelin BRTE  AY351991  JF940838  — IN043935 JF953188
4 BHERC A chinense Chun HRETE  KY438044 — — — KY510019

5 MR A longiligulare T.L. Wu HETE  KY438101 KM411364 — GU180431 GQ404377

6 B A. villosum Lour HRWE  AF478724  KII51868  — GUI80423  KJ151822

7 ML A. microcarpum C. F. Liang et D. Fang HHTE  KY438066  JF940850  — IN043948 JF953203

8  MEEHTRE A compactum Soland. ex Maton FHE  FI972782  FI972793  MG000589  IN043924 JF953180

9 HE5E A. kravanh Pierre ex Gagnep. BRTE  FI972779  FI972790  MF991963  GQI18657 FI972783
10 WHERE A. odontocarpum D. Fang SHTE  KY438099 — — —

11 KWEE A longipetiolatum Merr HIRWE  AF478722  JF940841  — TN043938 JF953194
12 BREB{ A sericeum Roxb BHURE  AY352005 — — IN043972 JF953225
13 A#ERE 4 maximum Roxb BRTE  AY351995  JF940845  — TN043940 JF953196
14 =I5 A. austrosinense D. Fang — AY351985 — — — AY352015
15 JEWERE A putrescens D. Fang HRE  AY352002 — — AY352032
16 HEE A. subulatum Roxb HRTE  KY438086 — — KC598057 KJ872351
17 KRB~ A dealbatum Roxb SR KX065427 KX758490 — IN043929 KX088490
18 KR A muricarpum Elm BHEIE — JF940854  — TN043951 JF953205
19 AR A. mscarlatinum H. T. Tsai et P. S. Chen — — — — IN043970 JF953223
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HEATY R, 508 ITS AR EdE 59 1TSS
(5>-GGAAGTAAAAGTCGTAACAAGG-3") R
5% 1TS4 (5’-TCCTCCGCTTATTGATATGC-3");
psbA-tnH 7 %1 # L WF 51 ¥ 2F ( 5°-GTT-
ATGCATGAACGTAATGCTC-3") M Fif51 4 2R
(5’-CGCGCATGGTGGATTCACAATCC-3); matK
A 514 1F (5°-CTTTTTTAGAGGATAA-
TCTGTTGCATTTAAATT-3" ) A1 R 514 1R(5°-AT-
ATACTTCATTCGATACAAACTCTGTTTTTTTG-3");
rbeL [FAIH) L5 tbeLa-F (5°-ATGTCACCA-
CAAACAGAGACTAAAGC-3’ ) Al T % 51 W
rbcLa-R (5’-GTAAAATCAAGTCCACCRCG-3");
yefl JPH I L5149 yefl-bF (5°-TCTCGACG-
AAAATCAGATTGTTGTGAA-3’) AIRi#514 yefl-bR
(5>-ATACATGTCAAAGTGATGGAAAA-3)!' pCR
P 1 4& 225 20 pL [2X Taq PCR StartMix 10 pL,
1B =519 (10 pmol/pL) 4% 1 pL, DNA fiR (50
ng/uL) 1 pL, ddH,O 7 puL]. I EFE)F RN 94 Ci
1 2 min, Lh 94 CAEPE30s, Bk 30s, 72 C
ZEAH 1 min, 35 MG, 72 CLEfH 5 min.
2.3 PCR ¥ &= 49046 0 50 Fr

TGV 1% B B BRI L vk gk A7 R
PR L AG AR FF SR . A FLUK Ay B —
TEMT BSEH PCR 4 3G 721k &8 Bilg AR T AR AR
JBe A R 2 w3 AT I

24 RIS 5

W ¥ 7 %) ] Genestar 1 ) seqMan 34T B 2
PE#2 )5 197 5 Mega H 1) Clustalw 3 1T AH L1
Lo, AT B UIRS R, B 257 4 A i o & 22 1
Bk, THEARCUE R, HAEE B,
K H bootstrap method & 1 000 Xl ik 5 4t 2k
1
3 HBR559%
3.1 ERPCRI 1

A 5 X 51Prnt 214 iy s RFEAREAT PCR 47
B, FER B K P A TRL G . SRR,
5 XSRS RE RS BRI 1t H bR A, SRy
MR RAF, riEnT, ol HIR 1TSS 1 1TS4
(R4 48 Fr BEK BE KL 520 bps 514 rbeLa-F Al
rbcLa-R 938 BEK FE K218 498 bp: 5140
yef1-bF Fll ycf1-bR HIH 38 BiAK FE K475 800 bps
psbA-trnH-1F Al psbA-trnH-1R f9 18 F Be K4
N 400 bp; matK-2F fil matK-2R {318 A BOK K
219 470 bp. S5 WA 1. 378 K 7 0 s h 2R 15
B, SR KREZWH.
32 BERITS FIIRLEE

XPELRFEAR TS [FHEAT 24T, v R A REA
AR RN Bok-5 JEfE (MGS) NI ITS 751
ToAR R, oAl 23 AN EHE) KB AT 5 MGS
5 A 23 /N EHERIAAAE— B A R . G257 K2P A,

Al-LC-1 BI1-XC-1 CI1-GS-1 DI-LS-1 EI-LCH-1 FI-FG-1 GI-JP-1 a-5|4) ITS5 Fll ITS4 KIER3H 74  b-514) psbA-tmH-1F
psbA-tmH-1R 54 8474 -5 rbeLa-F Fl rbcLa-R (&4 144 d-514 yefl-bF Ml yefl-bR (A5 14/  e-514% matK-2F

matK-2R ({5504 147 4)

Al-LC-1 BI1-XC-1 CI1-GS-1 DI-LS-1 EI-LCH-1 FI1-FG-1 GI1-JP-1 a-partial amplified product of primers ITS5 and ITS4 b-partial amplified
products of primers psbA-trnH-1F and psbA-trnH-1R  c-partial amplified products of primers rbcLa-F and rbcLa-R  d-partial amplified products of

primers ycfl-bF and ycfl-bR  e-partial amplified products of primers matK-2F and matK-2R

1 BRSO HE = B A BB A A N e Sk B

Fig.1 Agarose gel electrophoresis of partial amplified products
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o 1A% BB HEAT 00T, MGS 5 HiAth 23 AN JERE ) K2P
WAEIEE N 0.0117,

WK 2 fios, KB MGS 5 HAh 23 ANEREAE
NI SRR 17 MR ITS 50 FH AR
MRAKEW, KETLL N 3 AN, 51850
REKWGRE., WG, =HEmE, Biog. &
Tk R KR 5 2 Hr R R
T 53 R R WM R
WA, i, AR, THAGRE. e,

BB, BRI A SR AR A
TR, 1 AR A AR ) 1) 35 A B
BT, KRS H A S L R B iz . TR
EE R IFBA R 5 B B R AR R 28 2 347,
AR B 3 #5r, Silrg s i s i
e 263 oyt 8 MiEY), Hh s, I
R R B PR B T . T 2 WL,
JE HAh & R JE AR T AR T T X 2 T

T KIERE (AF478722)
’—‘ I (AY352005)
J | UEE (AY351995)

—— =R (AY351985)
JBEERE (AY352002)
HHERE (KY438086)

KR (KX065427)
(BB (FJ972776)

The other 23 populations
EE (AY351997)
MG5
— HEE (AY351991)
R (KY438044)

AERE (FI1972779)
’—1 W T RE (KY438099)
I LB EIG2E (FI972782)

— f NP~ (KY438066)
0.01

R (KY438101)
1= (AF478724)
2 ETESEERBEY ITS FHI89 NI #ELR
Fig. 2 NJ clustering tree based on ITS sequence of part of

Amomum genus

33 ERrbeL FHNLE

WKL 3 B, rbel 51 X FEARY 38t () 45 8L,
5 NCBI ¥ g/ 1) 3 R 7 S EAT Hoxd i, FEAR AR
P35 e i SR SR AR thel AT R R, SRR
rbeL JFHIHEAT EOXT, FEFAREEA BRI . Ak
BT AR Ry I 7 25 R T = S, TS
TR IEEYT YRR, B e AREK
B, ARSEIOFEA S KRR A R A — 3,
HIZR: MU, WM. b, R 5
F S5 5 MR —3L, FARES, FEERX
grs BN A RS R & B X 2 A E 2 T AT I,

HEM= (JF940850)

b= (KJ151868)

HERE (FI972790)
PR (JF940838)

JUE G 5RE (FI972793)
WERM- (KM411364)
HREBEA 4 NERD

‘ PR ERE (JF940854)
E@EW: (KX758490)

KGR (JF940841)
NBERE (JF940845)
HHL (FJ972788)

0.01

3 ETIHHEREBEEY rbel FFIR NJ #HLR
Fig. 3 NJ clustering tree based on rbcL sequence of part

of Amomum genus

SN 1 MBI N — 3, B
KGR G . Rk, Sl rbel 4%t
R S H AR X R R4 .

34 ERyefl FHINLEE

XPASEES o AR EEAT 3, 45 1 2 Bl yefl J7
FIFERAL, 435008 MG6 FFLAl 23 AN E#E, AR
IS REAI yefl FE %1 5 NCBI R & v (1 5 91347 L
Xt AL v IR IR AR A (A e R (1 &
e, HERRMZERIFARE. @7 KoP #i8, Xt
WAL EE BT 00T, MG6 534 23 ANEH#ERT K2P
WAEFEES N 0.001 40 B yefl JRHILEN 1L 74 B
BN C, A EEATEEAGRERN A; B yefl
FPBILEAL 55 182 FIBE N T, 1M A 5 5 A IRE [
TN G MG6 HF yefl FEAIENRL & 293 _ERIHR
FAT, MHEARN A FIR yefl PN 387 1
MIBRIE AN T, 1A 2RI A G EN G.

Bl 4 BT FLR yefl 78R H AR A [F] @ A4
yefl JRHIFT M RGO, w0 MG6 5 HAth 23
MR AW, BN Z R AT R
NEAGREANE QTN 2 52, AR
T5EI yefl [FA o2 5.

3.5 ER psbA-trnH FHIHLE
i I psbA-trnH JF7FI 5 10%F 24 A J B4 1

FERFEA (MG-6)
FRFEAR (HAh 23 MEED

|mu§ FER (MG000589)
0.000 5 | E 57 (MF991963)
4 BTN EREBEEY yefl FFIR NJ #HLR
Fig. 4 NJ clustering tree based on ycfl sequence of part of

Amomum genus
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SERATAL, 24 AN ERERTRE A 3 MOARFEIRIT A, o
AN MG5. MG6 FlEAh 22 ANERE, £ NCBI F1EL
XA 1S3 [FE B UFS 14 %%, JaiEEEEM,
K5 T, MGS5. MG6 FlHAt 22 ANERE 18], AT
B X 4y, I B 5 A AR ) BE AR BE T I X
5y, A FRE BRI AF LT A — 2, AR
X gy, HHBEEMKERTI—8, KRS
AR M P — 8, R AR
FPA 5, HApn@E e T X 58

JUHERE (IN043940)
KR~ (IN043929)
JUHE SR (JN043924)
KA TR (IN043938)
MM (IN043972)
MM (IN043973)
PERA (IN043951)
PRI (JN043935.1)
WM (GUIS0431)
= (GU180423)

! \— MER (GQ118657)

YR (JN043948)
HE (GQI118655.1)

J‘ HORFEA (At 22 ANEHD

— FRMA (MGS5)
FRFEA (MG6)

FHHEE (KC598057)
0.01

5 ETFI5ZREEEY psbA-trnH FHIR NJ B
Fig. 5 NJ clustering tree based on psbA-trnH sequence of

part of Amomum genus

3.6 ER matK FHINLE

MG6 FIHA 22 ANERE matK 7504 183,
HorR 2 3, (A MGS ATERER 1) matK 7511419 2k
W, 4 NCBI WX E, T# 16 2 FEAHLUE T
H, THEAB L R BUG A EE R R W E 6 BTz, MG6
FFAh 22 NMEFEZRIATIX 5y, I HYE 16 AN FJEE
YIBAT X FF, (HIX 16 AN EJEH Y2 8 250 ]
TR BT X
3.7 ETITS. yefl. psbA-trnH. matK F¥|§IE
RIBEZHEM D

T 24 NMEFREAERAN tbel FHIFFLX
Al B bel 741, MR LR E R A 2R KA.
B 7 NERL TS, yefl. psbA-tmH. matK /551 AT
NJ BHER, MG6 5 At 22 MNEREEN—32, 5 MGS
3P T RS ITS. rbel. yefl A FTifs
FEREEY (£3) AJAl, MG6 53HAh 22 AN ERERH 1L
FEEIN 0.001 5, MGS 53HAth 22 AN ERFFEAL BE A
0.003 6, MGS5 5 MG6 [HisfE#E A 0.005 1.
4 g

DNA 5B 5> FhricEi R BT DNA P8I A,

A4 (JF953223)
HERE (FI1972783)
HRb4= (JF953203)

T (KI151822)
R (GQ404377)
WM (KY510019)

WFELR (JF953188)
L PERAMC (JF953205)
HRIHT= (JF953225)
KRR (KX088490)
4, =R (AY352015)
|| g (JF953196)
JUEE A ERE (JF953180)
—— KIRERE (JF953194)

JEIEERE (AY352032)
L FE5E (KJ87235D)

ERFEA (MG6)
‘—‘_{ TR (F1972785)
FRBEA (it 22 JERD

0.002

6 E TN EERBIEY matK FHI89 NJ #EALR
Fig. 6 NJ clustering tree based on matK sequence of part

of Amomum genus

‘ FRAEAR (HoAth 22 ANEED
‘ TERFEAR (MG6)
FRFEAR (MG5)

. : HEE (GQ118657)
0.02

7 HTFERITS. yefl. psbA-trnH. matK 5T NJ
Sriata )

Fig. 7 NJ clustering tree based on ITS, ycfl, psbA-trnH,
and matK sequence of A. tsao-ko
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Table 3 Genetic distance between A. tsao-ko populations based on ITS, ycfl, psbA-trnH, and matK sequences

JEHE Hofth 22 N ERE MGS5 MG6 EGE A
Hofth 22 N ERE 0
MG5 0.003 6
MG6 0.001 5 0.005 1
EEx: 0.2317 0.233 8 0.2337 0

A A BB R R AT X 70 MG-6 /) matK Hi yefl
FE AR T HAR AR R S A, R R T P HIAL
FIAR SR, VA MG-6 A TJE N R85 5 LA B A
B, ISR BRI, F MG6 5 HAh Ja#A BR )3
BRI, 5172 MG-6 F7FIA 7 fU AR 57 o (HFL R yefl
PNV TGIER FAEFI AR B R4 I T matK 747156
MG-5 FTERRFEARY IGRIMG: el [ 415 FI A
TR R FEAR Y 5 R AT 5, H A rbel
¥ 5 Joik %00 B S K R A R
42 ZPEERFS
ITS JFHR TRbE A FI— B34, 3 8 1TS1,
5.8 SHNITS2 3 A&k, Ho 2y 16 S #1128 S2 )7
Hl. fERHFLIE RS, S EE ML, 1TS2 #EAAT
NN BGE EE N DNA KRS — BT 4. ATl
FUH TS5 1TS4 5145} ITS o374 14, WA
TR, IR S R AR IR RS 0, A
KJERLH 520, B4 008 5 A 2T FEEE
) ITS1, 5.8 S F1ITS2 AR5 16 S A28 S, ASLZIG
KEBSFEAY 1 751 SFRAHERLIR ITS JFH RN —
X, M5 MG-5 FEARE A 2 3, X EHFR MG-5
HIMG-6 #F, FEARLFAPRER RS LR, MG-5
MteE s, HSMREREN—3C, FIHAENA SR
(1) MG-5 FEA LB AL
5 £
ITS. matK. psbA-trnH & ycfl J¥4I¥)EEK &
R 5 HADF BT HER X 2 MG-6 1) matK.
psbA-trnH ¢ yefl JEHIRI T 5N AE R, h
FL AL E i DTk, 1TS A psbA-trnH J7 51
AP AR A RTHIX 0 e, EAER R
BT A A tbel [P A TATATAE S, HLAH rbel 74170
EEONER G AR EEY), A,
&3k
(11 RE. &S0 B3 M M]. 4R
PN AR ERAR AL, 1997.
[2] HEZjd [S]. —#&B. 2015.
[3] KEZ, B #, %H FEMEWREEHEAR M].
B =R AR, 2009.
[4] SpE48. HEEME GE 16 B 2 M) M), dbat: &

[19]

[20]

(21]

[22]

2R AE, 1981.

TFIER, M. EREREEAR M) B#H: =il
L4, 2006.

B, SRR, BRI IS I A,
2004, 27(6): 499-451.

RV, VAL SRR I F AR R T T
k). EEEEAGE, 1994(6): 27-33.

BERE. AP EEYS R FNA ] smclk
BHE, 2002(5): 20-22.

FRITES, (e e, stgRse, 2. FIH SSR bridit (TR
/N RPN (R)RIE L Z YRR (0], 1EW 3k,
2003(1): 13-19.

BA— M, BT, 5KEME, % &5 SSR-PCR X B
R K B IRITRE (0] 4 FHEDE Fh, 2019,
17(1): 195-200.

HA— N, &S, HRARL, & o5 R IR
L2 REVE MBS R A SSR 3T [1]. HHEZh, 2018,
49(22): 5388-5395.

FRAG, FE, RETT. S RIELWFT 1TS2 7
oA 5 SRR (1] P EBUCF 2, 2011, 13(12):
18-21.

B, BOR, XET, F IR REESY RN
ITS2 77452 [J]. HEIAHZ, 2012, 14(3): 9-11.
AR, PVHER, BEARTT. FA IR 1TS2 7
Bl bt AR TT (7). T EBAR R 25, 2012, 14(1):
21-23.

R ERMEMIN ITS2 4B 4w K RFEHHT (1]
FRZ5H4, 2017, 40(9): 2046-2050.

BhEE, BUNT, BOR, 5T yefl ERHED &
% e LB RN 0] PR EZEE, 2018,
33(9): 4089-4092.

MR, Tk 3%, ZRCJBHY DNA LB 5
ik [J]. =AY, 2010, 32(5): 393-400.

R, e, BRA, 5. T DNA %R %EE
SREFHYM [ PEIA T L, 2014, 16(11):
888-894.

HWE, RET, Wbk, % SREBZA MY DNA
KL S ERF T [J]. AR RAR — A B,
2010, 12(3): 473-479.

TR, BALEHE 2R T R FRIE R ITS 751
Z R BTt [D]. B¥: P E¥, 2012,
ERIE. HEHM DNA KBS EmaidtE (I $E
BARHZY, 2015, 17(2): 170-184.

MR-EAk. $125 DNA &R MaF5x M]. dbat: AR
AR RRAL, 2012.



