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Abstract

Project Code: MRG6080203
Project Title: Combination of DNA barcode and chemical analysis for authentication

of Mucuna spp. and their herbal products

Investigator: Dr.Aekkhaluck Intharuksa Chiang Mai University
E-mail address identity.int@gmail.com
Project Period 2 years 6 months

Mucuna plants have been found fourteen species in Thailand. Seeds of M. pruriens or
"Ma mui" in Thai has utilized for the improvement of sexual performance because it contains
an L-DOPA (L-3,4-dihydroxy phenylalanine). There are many products available in the market
to claim for aphrodisiac activity however, they have not approved from Thai FDA vyet.
Therefore, the quality control is indispensable for the assurance of customer in quality, safety,
and efficacy. The molecular and chemical analyses were utilized for evaluating the quality of
M. pruriens seed products in the Thai herbal market.

Twelve Mucuna species with forty Mucuna specimens were collected from Thailand.
An effective DNA marker was selected from four DNA regions (matK, rbcl, trnH-psbA, and ITS)
to appraise for authentication of Mucuna species. The best effective DNA marker was chosen
to identify the Mucuna products. Moreover, ten Mucuna species were analyzed the chemical
marker, L-DOPA by HPLC.

From the collected twelve Mucuna plants, the result of comparison of four candidate
DNA loci revealed that from DNA sequence analysis and the two methods; (1) genetic method
and (2) tree topology. The ITS region was recommended for the identification of Mucuna
species, and psbA-trnH may supplement. The ITS marker was selected to authenticate their
Ma mui products that claimed as M. pruriens for aphrodisiac activity in male. Furthermore, the
M. pruriens seed crude drugs and herbal products were evaluated by chemical markers using
HPLC. The results showed that ITS region was able to utilize for authenticate the Ma mui

products and all Ma mui pruducts composed of M. pruriens seed as ingredient.

Key word: Mucuna, DNA barcode, L-dopa, herbal product, quality control



Introduction to the research problem and its significance

Mucuna pruriens (L.) D.C. known as cowage, velvet bean or "Ma mui" in Thai (Fabaceae-
Papilionoideae) is vigorous climbing vine found in disturbed areas (hedges, roadsides) of all
parts of Thailand. Ma mui's pods are known as itchy bean when once contact its hair. However,
their seeds contain various chemical substances including L-3,4 dihydroxyphenyl alanine (L-
DOPA), the important substance for treatment of Parkinson's disease and improving fertility, as
aphrodisiac, widely used in traditional Indian systems of medicine (Ayurveda and Unani). In
summer and dry season, many parts of Thailand especially rice fields affect with drought
problem. Therefore, Prime Minister Prayut Chan-o-cha encouraged farmers for cultivating low-
water use plants such as M. pruriens instead of rice. The plants were promoted for exporting
to Indian herbal market and providing in domestic market. Unfortunately, in Thailand, the
approval and certification of the seeds of M. pruriens products have yet obtained from the
Thai Food and Drug Administration (FDA). Nonetheless, the products are currently affordable
on the internet. The tragedy case was reported about M. pruriens product, causing death after
taking capsules of Indian M. pruriens seed extract. Hence, from this evidence, the quality and

safety of herbal products are an essential issues to urgently research.

Literature review

Genus Mucuna belongs to family Fabaceae, subfamily Papilionoideae distributed in
pantropical zone and consists about 105 species around the world. Thirteen species were
found in Thailand (Table 1). Twelve species is native namely M. thailandica Niyorndham &
Wilmot-Dear, M. oliplax Niyomdham & Wilmot-Dear and M. gracilipes Craib and another is
Indonesian species as ornamental plant. Mucuna plants has been used in agriculture as cover
crop, fodder and green manure, food as vegetable, gardening and medicine. In Thai traditional
medicine, M. macrocarpa Wall. (syn M. collettii Lace) or Black Kwao Khruea has been utilized
as rejuvenating herb for reproductive function in males.

M. pruriens (L.) D.C. or "Ma mui" in Thai spreads across the tropical region. It is important
member and exhibits highly promising economic potential in agriculture as for green manure,

biological control and human consumption (coffee substitute and vegetable). Furthermore, It



has been used as an herbal medicine for the treatment of Parkinson's disease and amelioration

of sexual performance. Three varieties of M. pruriens are found in Thailand namely var.

pruriens Wilmot-Dear, var. hirsuta (Wight & Am.) Wilmot-Dear, and var. utilis (Wall. ex Wight)

Baker ex Burck. They are able to discriminate using morphological appearance of fruit. The

indumentum of M. pruriens var. utilis fruits is fine, silky, pale, not irritant nor caducous, but,

M. pruriens var. pruriens and var. hirsuta fruit show orange or brown irritant bristles. The

differentiation of var. pruriens and hirsuta is hair covered on stems, petioles, leaves, and

infructescences: var. pruriens shows orange-brown pubescence, while var. hirsuta exhibits

silvery hair.

Table 1 The Mucuna species found in Thailand

Species

Vernacular name

Subgenus Mucuna

. macrocarpa

. thailandica

. gigantea subsp. gigantea
oligoplax

monosperma

stenoplax

. hainanensis subsp. hainanensis

. revoluta

ST X X X X X 2 1

. interrupta

Subgenus Stizolobium

M. gracilipes

M. pruriens var. pruriens
var. hirsuta
var. utilis

M. bracteata

M. warburgii

adz U139 (Saba ling)

NUIAR (Phuang morakot)
W3ede (Ma mui chang)
wugela (Ma mui tai)
wugelvig) (Ma mui yai)
winsjeany (Ma mui lai)
yayelvivuny (Ma mui hai nan)

avUnane (Saba lai)

wugenile (Ma mui nuae)
w3y (Ma mui)

Mjeds (Ma mui som)
nN3jgvuee (Ma mui khon on)
e (Ma yueang)

w2lnLuu (Phuang komen)

The seeds of M. pruriens consist of various chemical substances such as alkaloids,

triterpenes, sterols, lecithin, vernolic acid, gallic acid, and many types of protein especially L-



3,4 dihydroxyphenyl alanine (L-DOPA). L-DOPA, a precursor of neurotransmitter dopamine,
shows anti-Parkinson and aphrodisiac activity. In the study on infertile obese mutant rat model,
it is stated that M. pruriens showed a significant increasing of testosterone, luteinizing hormone
(LH), follicle stimulating hormone (FSH) and prolactin including sperm count and motility.
Ahmad KM et al. reported that the inhibition of lipid peroxidation, elevation of
spermatogenesis, and improvement of sperm motility were able to be found after treated
infertile male with velvet bean seeds. Furthermore, cowage seeds show the positive impact
of fertility by its action on the hypothalamic-pituitary-gonadal axis that effect to Leydig cells
in testis for increasing sexual performance and spermatogenesis, and decreasing lipid
peroxidation.

The traditional identification and authentication use macroscopic and microscopic
methods including organoleptic manners which depend heavily on the experience of experts.
Therefore, Molecular technique has an important role for herbal differentiation from close
related species, inferior substitutes, adulterants and artificial materials affects with patient
safety and herbal efficacy. DNA barcode is a rapid and accurate method for species
identification, classification, and authentication by using a standardized DNA region. The
standard part of genome from an identified specimen (i.e. holotype) will be used as the
reference barcode sequences for comparing with unknown specimen. To search for the gene
regions that are appropriate to species-level identification of a great number of plants, the
CBOL (the Consortium for the Barcode of Life) plant working group: an international inventive
supporting, promoting, and developing DNA barcoding, recommended the combination of
plastid DNA region matK + rbcl. Because some closely related species could not be
differentiated by these two recommended loci, the China Plant BOL group advised to utilize
nuclear ribosomal DNA ITS for supplement with the matK + rbcl. combination. Gao T et al.
reported that ITS2 is a powerful marker for discriminating Leguminous species but some
species showed resemble ITS2 sequence. Thus, other DNA marker (e.g. psbA-trnH) should be
performed for assured species identification. The usage of DNA barcode is the identification of
several herbal medicines such as Rheum officinale (Polygonaceae), Panax ginseng (Araliaceae),

Dendrobium nobile (Orchidaceae), and Chinese caterpillar fungus (Ohiocordyceps sinensis) so



on. Moreover, DNA barcode has been used to identify adulterants, substitution and resolve
phenotypically resemble species that could easily be misidentified and mixed within herbal
product. Srirama R ed al. demonstrated that DNA barcode can be utilized to discriminate
species admixture in the raw drug trade of Phyllanthus sold in southern India. Furthermore,
the species identification of Sida cordifolia collected from Indian herbal market was done by
using DNA barcode. The study showed that none of the market samples belong to authentic
S. cordifolia. For the confidence of customer in quality, safety, and efficiency of medicinal
Mucuna products, the combination of DNA barcode and chemical analysis will be chosen to
be suitable for authenticating, identifying, and authenticating the commercial crude drugs of

Thai Mucuna species.

Objectives

This project aims to authenticate and identify the Thai Mucuna plants using the
combination of DNA barcode and chemical analysis and their application to evaluate
medicinal products. The particular objectives of the study were:

- To conserve the genetic diversity of Thai Mucuna species especially Thai M. pruriens.

- To authenticate and identify M. pruriens and related species using chemical marker
(L-DOPA) analysis and DNA barcode and search a correlation between L-DOPA content and
Thai Mucuna phylogeny.

- To apply chemical marker analysis and DNA barcoding method for testing the quality

of medicinal Mucuna products.

Materials
Plant materials and products

Eleven of all fourteen Mucuna species distributed in Thailand were collected, as
shown in table 2. For DNA extraction, healthy fresh leaves of twelve Mucuna species collected
all regions of Thailand (Fig. 1) were collected and desiccated in silica gel. Furthermore, the
seeds of nine Mucuna species (Fig. 2), except M. gracilipes as a rare species, and M. warburgii

as a species for garden decoration were assembled from authentic species and purchased



from Thai herbal markets for determination of L-DOPA. Voucher samples were identified using
morphological characters of flowers and fruits (Fig. 1) by Wannaree Charoensup, a botanist of
Faculty of Pharmacy, Chiang Mai University and Wittaya Pongamornkul, botanist in charge of
Queen Sirikit Botanic Garden (QBG) Herbarium. Voucher specimens were deposited in the
herbarium of Faculty of Pharmacy, Chiang Mai University (CMU) and Forest herbarium (BKF)
under Department of National Parks, Wildlife and Plants Preservations. Ten commercially
aphrodisiac products (MPP1-10) that claimed the composition made from the seeds of M.
pruriens as a single ingredient and multicomponent were purchased from online stores (Fig.
3).

Table 2 Collected Mucuna species distributed in Thailand

Accession number

Mucuna species Code Date Location
ITS rbclL matK trnH- psbA
1. M. pruriens var. MPR1 25/09/2016 Faculty of Pharmacy, LC494602 LC494390 LC494401 LC494612
pruriens Chiang Mai University
MPR2 25/09/2016 Faculty of Pharmacy,
Chiang Mai University
MPR3 25/11/2016 Faculty of Pharmacy,
Chiang Mai University
MPR4  07/06/2016 Faculty of Pharmaceutical
Sciences, Chulalongkorn
University
MPR5 24/05/2017 Maesot, Tak
MPR6 24/05/2017 Maesot, Tak
2. M. pruriens MPR11  25/11/2016 Faculty of Pharmacy,
var.utilis Chiang Mai University
MPR12  25/06/2018 Ban Tak, Tak LC494601 - LC494400 LCA494613
3. M. bracteata MBT1  20/05/2017 Wiang Pa Pao, Chiang Rai LC494604 LC494392  1.C494403 LC494615
MBT2  20/05/2017 Doi Saket, Chiang Mai
MBT3  29/09/2017 Faculty of Agriculture,
Khon Kean University
MBT4  01/10/2017 Faculty of Agriculture,
Khon Kean University
MBT5 18/03/2018 Umphang, Tak
MBT6 18/03/2018 Umphang, Tak
MBT7  25/03/2018 Mae Sai, Chiang Rai
4. M. gigantea MGG1  24/11/2017 Pak Pa Yun, Pattalung LC494611 LCA94399 LC494410 LCA94622

MGG2  24/11/2017 Pak Pa Yun, Pattalung
MGG3  24/11/2017 Kuan Niang, Songkhla
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Accession number

Mucuna species Code Date Location
ITS rbcL matK trnH- psbA
5. M. gracilipes MGP1  18/03/2018 Umphang, Tak LC494603 LCA94391 LC494402 LCA94614
MGP2  18/03/2018 Umphang, Tak
6. M. hainanensis MHN1  19/05/2018 Chae Hom, Lampang LC494608 LC494397  LC494407 LC494620
MHN2  19/05/2018 Chae Hom, Lampang
7. M. interrupta MIT1 10/10/2017 Mae Sariang, Mae Hong LC494607 LCA494396  LC494406 LC494619
Son
MIT2 10/10/2017 Mae Sariang, Mae Hong
Son
MIT3 25/03/2018 Mae Sai, Chiang Rai
8. M. macrocarpa MMC1  06/10/2017 Mae Tang, Chiang Mai LC494605 LC494393  LC494404 LC494616
MMC2  27/10/2017 Hang Chat, Lampang
MMC3  12/08/2017 Mae Sot, Tak
MMC4  11/03/2018 Chom Thong, Chiang Mai
MMC5  11/03/2018 Chom Thong, Chiang Mai
9. M. monosperma  MMM1  24/05/2017 Mae Sot, Tak LC494606 LCA94395 LC494405 LCA94618
MMM2  25/06/2017 Mae Sot, Tak
10. M. revoluta MRT1  01/04/2018 Noen Maprang, LC495171 LC4A95173 LC495170 LCA95172
Phitsanulok
MRT2  01/04/2018 Noen Maprang,
Phitsanulok
11. M. thailandica ~ MTC1 ~ 11/03/2018 Chom Thong, Chiang Mai  LC494609  LC494394  L.C494408 LC494617
MTC2  11/03/2018 Chom Thong, Chiang Mai
MTC3  11/03/2018 Chom Thong, Chiang Mai
12. M. warburgii MWG1  16/07/2017 Sansai, Chiang Mai LC494610 LC4A94398 LC494409 LCA94621
MWG2  16/07/2017 Sansai, Chiang Mai
MWG3  04/10/2017 Faculty of Agriculture,
Chiang Mai University
MWG4  04/10/2017 Faculty of Agriculture,
Chiang Mai University
MWG5  16/10/2017 Umphang, Tak

Genomic DNA Extraction

Total DNA was extracted from approximately 100 mg of leaves specimen or 25 mg of products

using a DNA Plant Mini Kit (Qiagen® Germany) following the manufacturer's protocol with

minor modification. For commercial products, about 20 mg of sample powder was extracted

by using cetyltrimethylammonium bromide (CTAB) following the protocol described by Healey

et al. 2014 with minor modification, then the obtained genomic DNA was purified using a

GENECLEAN® Kit following manufacturer’s protocol.
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Fig. 1 Inflorescences and fruits of Mucuna spp. collected in Thailand
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A. M. pruriens var. pruriens (L.) DC.; B. M. pruriens var. utilis (Wall. ex Wight) Baker ex Burck; C.
M. bracteata DC. ex Kurz; D. M. gieantea (Willd.) DC.; E. M. gracilipes Craib; F. M. hainanensis
hayata subsp. multilamellata Wilmot-Dear; G. M. interrupta Gagnep.; H. M. macrocarpa Wall,;
I. M. monosperma DC. ex Wight; J. M. revoluta Wilmot-Dear; K. M. thailandica Niyorndham &
Wilmot-Dear; L. M. warburgii Lauterb. & K. Schum. (The photo taken by Aekkhaluck Intharuksa,

Wittaya Pongamornkul and Wannaree Charoensup)



Fig. 2 List of Mucuna seeds
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Mucuna species Sample ID Collected site Collected
dates
M. pruriens var. XS1 Sao Hai, Saraburi 13 May 2016
pruriens XS2 Sao Hai, Saraburi 29 Aug 2016
o XS3-5 Sam Chai, Kalasin 6 May 2016
S
- XS11 Chiang Dao, Chiang Mai 9 May 2017
X512 Muang, Pichit 18 Feb 2018
M. pruriens var. X543 Ban Tak, Tak 25 Jun 2018
utilis
. bracteata XS23 Umphang, Tak 19 Mar 2018
%" XS24 Mae Sai, Chiang Rai 24 Mar 2018
e ® XS25 Wiang Pa Pao, Chiang Rai 25 Mar 2018
. gigantea XS18 Khuan Niang, Songkhla 24 Nov 2017
” XS19-20 Pak Pa Yun, Pattalung 24 Nov 2017
. hainanensis X542 Chae Hom, Lampang 19 May 2018
. interrupta XS17 Mae Sariang, Mae Hong Son 10 Jun 2017
. macrocarpa XS26 Chom Thong, Chiang Mai 22 Sep 2018
. monosperma XS13-14 Mae Sot, Tak 24 May 2017
m XS15 Mae Sot, Tak 25 Jun 2017
. revoluta XS21 Noen Maprang, Phitsanulok 31 Mar 2018
. thailandica XS27 Chom Thong, Chiang Mai 23 May 2018
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Fig. 3 Commercially Herbal Products claimed as M. pruriens as an ingredient for desired

aphrodisiac activity

&

T, MPPY

PCR Amplification, Electrophoresis and Sequencing

The nuclear and plastid DNA regions as core DNA barcode: ITS, trnH-psbA, rbcL. and matK were
amplified by PCR. PCR reaction system contained total DNA as the template 100-120 ng mixed
with 12.5 pL of 2x PCR Buffer for KOD FX Neo (ToYoBo®, Japan), 5 uL of each
deoxyribonucleotide triphosphate (dANTP) (0.4 mM), 0.75 uL of each universal primer (0.15 uM)
(Table 3) and 0.5 pL of KOD FX Neo DNA polymerase (0.5 unit). PCR amplification was carried
out with a thermocycler using the following program: 35 cycles of denaturation at 98 °C for
10 s, annealing at 57 °C for 30 s, and extension at 72 °C for 1 min 30 s; and a final elongation
at 72 °C for 2 min. The PCR product was examined on 1.8% agarose gel electrophoresis and
visualized by staining with RedSafe™ nucleic acid staining solution (iNtRON Biotechnology,
Korea) under UV light radiation. Then, the PCR products were subsequently sequenced by
capillary sequencing (Biobasic. Inc, Canada) using the amplification primer for each region

(Table 3).
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Table 3 Primers Used in this Study

DNA region Primer name Sequence (5'>3") Reference

Primer used for DNA barcoding

ITS ITS1 CCT TAT CAT TTA GAG GAA GGA G Stanford et al., 2000
ITS4 TCC TCC GCT TAT TGA TAT GC White et al., 1990
trnH-psbA tmH (GUG) ACT GCC TTG ATC CAC TTG GC Hamilton, 1999
PpsbA CGA AGC TCC ATC TAC AAA TGG Hamilton, 1999
rbcL rbcL1F ATG TCA CCA CAA ACA GAA AC Fay et al.,, 1997
rbclL724R TCG CAT GTA CCT GCA GTA GC Fay et al., 1997
matK CBOL plant working Group,
matK-1RKIM-f ACC CAG TCC ATC TGG AAA TCT TGG TTC 2009

CBOL plant working Group,
2009

matK-3FKIM-r CGT ACAGTACTT TTG TGT TTACGA G

DNA analyses and validation of barcode region

The successfully bidirectional sequences of four regions were aligned by using Clustal W and
MUSCLE in Molecular Evolutionary Genetics Analysis (MEGA) version X software with manual
adjustment. The Basic Local Alignment Search Tool (BLAST) analysis for species identification

was conducted by using NCBI nucleotide database (www.blast.ncbi.nlm.nih.gov/Blast.cgi).

Assessment of genetic distance was calculated by Kimura 2-Parameter (K2P) distance model.
Furthermore, intraspecific and interspecific divergences were evaluated by using MEGA
software. Then, the consensus sequences were deposited to the DDBJ/EMBL/GenBank
database, and their accession number are shown in Table 1. The genetic distance method
using Kimura2-parameter (K2P) distance matrices and tree topology analysis based on the
maximum likelihood (ML) method based on different loci in MEGA version X with the K2P
distance model and 1000 bootstrap replications are the method for selecting the powerful

DNA marker to identify and authenticate the Mucuna species including their products.

Phylogeny Reconstruction

The aligned nucleotide sequences of each Mucuna species in all regions were
analyzed by using Molecular Evolutionary Genetic Analysis (MEGA) software version X.

Neighbor-Joining (NJ) calculation was performed using Kimura two-parameter model with 1000
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bootstep replications. Glycine max L. of the same tribe Phaseoleae in Fabaceae family was

used as outgroup species for phylogenetic tree rooting.

Determination of L-DOPA content

The determination of L-DOPA content was conducted following the protocol of Dhanani
et al. with minor adjustment. The dried matured seeds were pulverized using electric grinder
and sieved 100 mesh. The powderized seed sample and Ma mui product was mixed with
petroleum ether for separating lipid in their seeds and refluxed. The solid residue will be
added by deionized water pH 2.5 and refluxed for 5 hours. Liquid extract was discriminated
from solid residue by vacuum filtration and concentrated using a vacuum rotary evaporator.

The concentration of L-DOPA was quantified in the extract samples using HPLC
(Prominence, Shimadzu®, Japan). The chromatographic separation was performed on RP-18
GP (250 x 4.6 mm, 5 um) (Supelco, Sigma-Aldrich®, USA). The mobile phase used as HPLC-
grade organic solvent is a mixture of 0.1 N formic acid and methanol (98:2). The solvent flow
rate run 1.0 mL/min. The injection volume is 10 pL. The photodiode array detector wavelength
is 280 nm for the determination of L-DOPA in the extract of M. pruriens. The data obtained
with samples were compared with the calibration curves of the standard and reported in
terms of mg/100 mg of extract. L-DOPA standard showed good linearity with correlation

coefficients (R?) as 1.

Result and discussion
Sequencing analysis

The nucleotide sequences of all Mucuna samples were submitted in
DDBJ/EMBL/GenBank database. Nucleotide differences of four candidate DNA markers, where
selected nucleotides were compared with each other, are summarized in Table 4-13. The
parameters for sequence data analysis were compared among candidate DNA barcode
markers as shown in Table 14. Among the analyzed DNA barcode markers, the region that
contains site with the lowest variability was rbcL followed by matK, trnH-psbA, and ITS. The

720 bp of coding chloroplast rocl exhibited 20 variable sites among twelve Mucuna species.
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Furthermore, M. pruriens and M. gracilipes cannot be differentiated by the rbcL region. In ITS
region, the length ranged from 631-661 bp. The length of M. pruriens var. pruriens and M.
pruriens var. utilis showed the same length, 651 bp. There were 217 variable sites in the twelve
species: 199 sites were single nucleotide polymorphisms (SNPs) and 18 sites were indels. On
comparing the variety of M. pruriens, there was only one base difference in the ITS2 region.
Analyzed the chloroplast DNA region, the length of aligned nucleotide sequences of matK,
rbcl, and trnH-psbA region were 784, 720, and 328 bp respectively. In the trnH-psbA region of
M. pruriens var. pruriens and var. utilis, there are two different bases occurred at nucleotide
no. 312 and 317. While, six base insertion (ATTGTA) of M. pruriens var. utilis at nucleotide no.

26-31 in matK region.

Sequencing base composition of Mucuna species collected from Thailand

A total of 47 closely related sequence belonging to Mucuna plants collected from
Thailand were analyzed (Table 1). The alignment of all the sequences required the additional
of a gap, excepted in rbcL. The aligned sequences were calculated to have total length of
689, 784, 328, and 720 nucleotides in ITS, matK, trnH-psbA, and rbcL, respectively. Based on
the parsimony criterion, 140 of 199, 40 of 52, 33 of 42, and 14 of 20 variable sites in ITS, matK|
trnH-psbA, and rbcl, respectively. Regarding the percentage of singleton sites, a site containing
at least two types of nucleotides with one occurring multiple times, rbcL manifested the
lowest % singleton site (0.83), followed by matK (1.53), ITS (8.85), and trnH-psbA (10.06) (Table

14).
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Table 4 Variation in ITS1 of 11 Mucuna species

Species Nucleotide position
ITS1
N w o = s = = N G
N © © %) N o © © o <) = N © w
()] | | S 1 N [e)] N ~ S 1 [ ()] w = 1 1 = =

NN 1 w » » b | [V ~ 1 1 ©O 1 ! [ = = 1 1 N W Y » b

S w N » S » o N N N o EN N S v oo P IS N © EN ] EN N ©
M. pruriens var.
prUf’)I'eLII'ISe Sva C -- ACAACA CG G C CCC - C CAGGACAAGTTCGAT CTG CT G ---- GA CT ----T G ACCG CC T TC CGA-CCCGAGCT C A
I\ﬂt"lprurlensvar' ¥k L kkskkokk kk o ok ko skkok | ok skokskokskokokokokokokokokokk  skskok  skk ok ___ k% ok ____k ok kkkk kk ok ok skokskokskokskokskokkk k%
utiis
M. bracteata A * CA Rxkkokk okkx ok ok kkk ok ________ CGCGTGC *CA *C * ———— *C  *C CTTGC * kA¥* k% ok k% kkGkkrkk(CkC  *
M. gigantea * T CA ----—-- ™ T T T™*T - T T---C¥*-CCCTC*C *A G* T -GCT TT T* ----* (C ***T T* * *T TC----- CG*T* * G
M. graCilipeS ok L omkkkkk KA ko ok kokk Lk cklokkkokiookCkskkokk bk ok ok ____ kk AKXk ok kkkk kk ok bk kokkCkkkkookkk ok
M. hainanensis  * * CA *¥*¥TC ** * T T*T - T T---C**-CCCTC*C *CA G* * -—-—- TT T¥ -—---% * **GC ** % *T TC---—- CG*T* * G
M. intel’f'upta ¥ % CA ORRRXTC k% % T TAT - T T---C¥*-CCCTC*C *CA G* * -—-——- TT T* ----% * ¥T¥k %k  *x *T TC----- CG*T* * G
M. macrocarpa A * (G R¥RRKC Rk ok ok kkx T T Too—(T*-CGC*C*C *C* ** * ____ *C *C GGTC* * GA** ** * (*x TCGG---*G*T* * G
M. monosperma ¥ T CA ****TC **  * T TYT - T T---C¥*CCCCTC*C S*A G* * GGTT TT T* ----* C **AT TY * *T TCGGGTT*G*T* * G
M. revoluta * ok CA ®kRERC k% kT T*T - T T--—C**-CCCTC*C *CA GC * ——-— TT %% ____% * ckkkk *k*x G *T TC----- XG*T*  *x G
M' tha”andica A * (G KEREXC kEk ¥ kT T T T-o--C**_CGCTC*C *C* **x *x ____ *C ** GTTCC * *A** ** * (*x *(G----*G*T* C G
M. warburgii ¥ T CA ®RRTC T ¢ T TFT - T T-—-CH-CCCTC*C *A G* % -GCT TT T* ----% (64T *x x *T T(--—- CG*T* * G

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-) indicates nucleotide deletion; R denotes A and G; S denotes G

and C; and Y denotes C and T.
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Table 5 Variation in ITS1 of 12 Mucuna species (cont.)

Species Nucleotide position
ITS1
= N
[ = © N N g
w1 (o] [l (o] N N N N N ~N (o]
ES © © | = © w ~ 19 ~N 60 o Length
1 = | = S N w N 1 N ~ N N S N N N ~N L |
e 0 W W I S | [y w W ) ) N i U u o N ] [t) Ql°
B o o N Un S w o [ w ©o w (9] = w O o o S
M. pruriens var.
p'u ens va CGGTCGCC----------- CCGCGCA--CCT C TC C AA CAC TTC C CTC - T M T TG T G G C CCC C-- CAAC 276
pruriens
M" prurlens Var skkkkkkkk _ __________ skokokokokokok _ _kkk * k¥ * k¥ %k %k % %k %k % * %k %k % - * % * % * * % * * * * % %k % *_ _ % %k %k k 276
utilis
M' bracteata A o oo AAA * 0 kk ko kk kkk CAR ok kkk *C M* C cC S ok ox ko skkk ok A*** 262
M. gigantea THHHTHAT oo HTHTHHT__kkx * AT T -G *TA *%* T T*T A T* (G * *T * A C T TIT *-- *G-- 266
M' gracilipes skkokkokskkk ___ ________ kokokokokkk _ _kkk *  kk ok ok ckdkok kkk ko kkk *% C* C *C * ok ok ok kkk k__ ok k% 279
M. hainanensis TRk TH*THATGH** ¥ (kT -G F¥A RRx T T*T - T* (G * *T % A * T T*T *--  *G-- 269
M. interrupta THRRRRRR R THRTHXT__GR* % (x T -G F*A Rk ok THT - Tx %Gk xA kA x T THT *xo_ *G-- 267
M' macrocarpa skeokokokokoskokok ___________ Hokkokok ok (§ o %k k C *  Ck T @ kkk kkk ko kkk T* CG * *C C * * x Tk T__ *G-- 274
M. monosperma THRFKTHKK oo THATCHT--*** * Cx T -G MTA **Y T T*T A A* GG * *T * A C T T*T *-- *G-- 278
M. revoluta TRk R R THRATH*TG-**(C G C* T -G *kA **¥x * TxT _ T* GG * *T * A * T THT *__  *G-- 269
M. thailandica deokokokokokokk__ *okkkok ok (G k( * Ok T oG KRRk kkk ok kkk _ TH CG * *C C * * % Tkx To_  *G-- 273
M. warburgii TH*TH*TCAGCTCTTGTG*TAT**T-—*** % (T T -G *TA *** T TCT A T* (G * *T * A C T T*T *CA *G-- 285

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-) indicates nucleotide deletion; M denotes A and C; S denotes G

and C; and Y denotes C and T.



Table 6 Variation in 5.8S of 12 Mucuna species

Species Nucleotide position
58S
Length
N

w &

R »
M. pruriens var. cc 166
pruriens
M. pruriens var. - 166
utilis
M. bracteata C % 166
M. gigantea * T 166
M. gracilipes * *x 166
M. hainanensis  * T 166
M. interrupta * T 166
M. macrocarpa~ * ** 166
M. monosperma  * T 166
M. revoluta * T 166
M. thailandica * *x 166
M. warburgii * T 166

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-) indicates nucleotide deletion.
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Table 7 Variation in ITS2 of 12 Mucuna species

Species Nucleotide position
ITS2
ES N N N 9] & w1 a
~ oo ) © IS) ) sy ©
~ N S A~ A 0 U al (%, R B, BV, B | i [ R Y, » i
1 1 1 © W [ S 1 B N N W W » > U wu 1 ~N
0w o K o © R o0 © k&~ N B v N S & ~ S
M.p r unensvar. -, CA TGC C T AC T TGC- T C A C A --CATCGT-- T T TG TCGA TC
pruriens
M" prurlens var. Kk kk kkk ok ok kR ok kkk_ ok k% %k ok __kkkkkok__ %k Rk kkkk Rk
utilis
M. bracteata C*  *%  A¥% % x GA C  C**A * G ok k __kkCRkk__ ok ok kk Chkkk
M. gigantea * Tk GT- T * AT % *TT- A T * T G --*CA*AA-- * ( *A *GC* *T
M' graC”ipeS *% ko Akx ok ok kk ok *okk _ ¥ ok ok ok x CARKCHRRR__ ok ok Rk kkkk Kk
M. hainanensis  ** T* GC- * * KT * #xT- A % x T G --¥CARKA-- K (K *GRE AT
M. interrupta *HTH GC- K K AT ok KRTL A K kT G KCARKA-- k(KK KGRE 4T
M. macrocarpa CG  *C  A¥* % % k% ok kkk_ Ak ok kG __¥GA¥RR__ (. ( (CF kkkk kk
M. monosperma ¥k T*  GCA T * XT *x AT A *  * T G --GCA**ACT * (C ** k@k*x *T
M. I’eVO/uta ¥* o T*  GC- * O OxT *FT_ A % k¥ T G -—-*CA**¥A-— * Kk kGk*x *T
M' tha”andiCa CG  *C A** % % x* *¥kk_ Ak ok kG __kGAX¥k__  C ( (C*  RkXG Kk
M. warburgii #6 Tk GC- T C AT % **T- A % % % G ___CAA*A-- * (K RGCK AT




Table 8 Variation in ITS2 of 12 Mucuna species (cont.)
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Species Nucleotide position
ITS2

[ Ul o) S 3} N W o < 2 2 Length

~ ~ [o] O ~ N [o] [o] N N O oo

~N ()] (9] = 1% (9% [l w (2] | ol | [o)] [o)] | | [o)] (2] | (2] | ()] ()] (%] ()]

1 1 ~ 1 [o:] (o] I O S = I w w w N (%] (%] (2] [e)] [e)] ~ (23] (o] | (o]

w ~ O w vl oo ~N W [S) ~N ~N H O (9] e NS E ~ ()] S W o o
M. pruriens var.

P 'u ensva GC CC A CTC T C CA A T CGAT AG CCGAA C G CCAAGGTC CCC C T CAC G ----C--CAC C T CC A 209 651

pruriens
M" prurlens Var * %k * %k * %k %k k * * * %k * * %k %k %k %k %k ***G* * * % 3k 3k 3k %k %k %k %k %k %k k * * %k %k k * e m ok _kkk * * k% * 2@9 651
utilis
M' bracteata * %k * %k * *C* C * * %k * * *A*C %k *__*G * * **G*C*C* %k %k k A C %k %k k * ___C*AG*** * C G* G 211 639
M. gigantea AT TT * AAT C T T * *x *AT* *A TGCT* T A TT**TT*T *TT % - G*A A ————%__*Tk T * *x 205 637
M' graC”ipeS * % * % *  okkk ok Xk %k * ok kkckok  kok kkChok ok ok ckokskdkokokokk kkk ok k0 kkk ok sk kakk * k% 209 654
M. hainanensis AT TT * AAT C T T* * * kTx xpA TEC¥* T % THOTTFT TT* * - GTT % ----%--%6T * % %%+ 297 642
M. interrupta AT TT * AAT C T T* % *x #xTk *A TGC¥* T * TH*TTHFT TT* % - ATT * % _G*T * * *G * 207 640
M' macrocarpa *T * %k G TG* C * T_ M C ***C GA *GC** * C T*CGCA** %k %k k * C %k %k k * ____*__*G* * * *G * 2@9 649
M. monosperma A* 1T AT C T T* *RxTR *A TGCT* T A TTR*TTHT TTT % - G¥T % % _¥Tk % % %% % 210 654
M. revoluta AT TT * AT C T T* THT*  *A TGCG* T *  TH¥*TTHT  AT* % A AT* % ____k__%kk % koK 208 643
M' tha”andica *T k% TG* C * T- * C *k%xC QA KGC**  *  C THCGC*** *¥x  *  (C kkx ok ____k__¥Gk * ¥ *G * 209 648
M. warburgii AT TT * AAT C T T* * * AAT* *A TGCT* T A FT**AT*T *TT * - G*T A CCTC*--*T* T * ** *x 219 661

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-) indicates nucleotide deletion; M denotes A and C.



Table 9 Variation in matK of 12 Mucuna species
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Species Nucleotide position
matK
[N » [,
N = [() B ©o w
[e)] (2] = (9] B (9] (9]
G P N e B TELGSE oI IERLUEYSEEET&EHI & 88 aad 9
(] ~ ~ (o] O [l w1 ~ N (o] S o O w w N w o O O S w S N ~ w1 w (o] w o N Sy o ~ E-N ~ o
;I:\J”r'uf’)ireLllvr‘lsenS var. | — ATTGTA AA C T T CT G T G C MM A G A A A T A A A AT CGCCT GACCAMGTCGG
I\ﬂtlprunens Var ATTGTA****** * %k * * * * %k * * * * * % * * * * * * * * * * * * * * ¥ * * * * % * * * % * * * *
utilis
M' bracteata * - kokkokkk kok * * * %k * * * * * % * * * * * * * * * * * * * * ¥ * * A * % * * * % A * * *
M. gigantea *mo CCT G A * C C T T * T % * G * C * G * T A * AT6G C GT * G TC G * *
M' graC”ipeS *  _______ kokkkkk kk * ok kk ok k *% *  x  x ok  k  k k% * k% ok ok ok kk ok ok  kk ok * %
M. hainanensis C ------------- kk T ok A k% k C T % (x T ¢ * * x C G G * T A * * TG G C * GT * G TC * * * *
M. interrupta * oo * T kA R x T % (KT * * * ¥ C G G * T A * * 76 G C * GI * G TC * * * (
M. macrocarpa I T ¥k T * % AG * C T * Cx T * * * T (C * * T T * T * %G * * A GT * G ** * *x A *
M. mOHOSpeI’ma I ettt ¥k T x kA% ok C T x ok T *x x x T C * * T T * T * *G * ok GT * G **x * % *
M' revoluta ______ dkkkkkk kk T * * * %k * * * * * % * * * * * * * * * * * * * * ¥ * * * * % * * AA A * * *
M. thailandica * e k% T % % xG * C T * CC T * C * T C * * T T * T * *G * * A GT A G ** L
M. warburgii ¥ oo C* T G A * * C T * *» T * % G * C * G * T A * * 76 G C GT * G TC * G *

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-) indicates nucleotide deletion.



Table 10 Variation in matK of 12 Mucuna species (cont.)

Species Nucleotide position
matK Length
u uu OO O O O O N N N
RERIs XS8RI
M.p r uriens var. T CCCTTAGTT 778
pruriens
M. pruriens var. R, S84
utilis
M. bracteata XOT Kk x Cx x k% 778
M. gigantea A * T * * C G A G G 772
M. gracilipes xx ok ox x x o 778
M. hainanensis A * T * * C G * G * 772
M. interrupta A * T A G CG * g * 772
M. macrocarpa A T % % C G *x ¥ 772
M. monosperma A * T * * C G * * 772
M. revoluta L 778
M. thailandica A T * *x C G * *x 772
M. warburgii A * T * * C G A G G 772
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Table 11 Variation in rbcL of 12 Mucuna species

Species Nucleotide position
rbcL
Length
N o
S (2]
hDh eSS YRRBSESVELZIEESELE D
& g w [l ~ o w [l [l w w [l S w o S (o] [l
M.p furlensvar. C GACGATTTCGAGT CTCCATA 720
pruriens
M' braCteata * ok ok ok ox % kG T ok kx Kk ok x A *x GC 720
M. gigantea T C G * C * C * G * G * G * * T % 720
M' graCilipeS * ok ok ok C %k ok k ko kxR ok ok ok kK kK 720
M. hainanensis T CG T C * C * G A G * G C * *x T *x 720
M. interrupta T C G C G C * G * G A G C * * T % 72
M. macrocarpa k% G *x k k% Kk x % GA ¥ G * G T T GC 720
M. monosperma T C G * C * C * G * G~ * G * * T % 720
M. revoluta T CG * C * C * G * G A G ok T xx 720
M. thailandica LA R L A A A CLa B © * T T GC 720
M. warburgii T C G * C * C * G * G * G * * T % 720

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-) indicates nucleotide deletion.



Table 12 Variation in trnH-psbA of 12 Mucuna species
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Species Nucleotide position
trnH-psbA
-
- ©
NS o} = R = P ~ ] N
= ~ » [} © © [S) N ) N i IS} =
N | w | S (9] | [ (9] w B w oo = N N (9] »
1 NN w N 1 v 1 un ~ ~ N 0 | | N N | 1 1 1 1 o [ S 1 1
= (%] w o wu ~ S (%] S w un = w U S o N ()] = w o » o » o = S w ~ o
M.p r unens var. T C GT T C TCTATTCTATT T TCT T C T ------ T A G C TCC TT ATATATATATAC T AA CT TAAAAT CC AA A ATCA A TTA ------
pruriens
M"prunens var. * * *k ok k kokkokkkkkkkk ok kkk ok * * o ___ * * * k0 ckskk kok kokokokokdkokokokkoksk sk ksk sksk kokokskokk skk kk o % sk ok k *  ockkk ______
utilis
M' braCteata * * *G kk_ ____ dkkk ko kkk ok A C 0 oo * * * * 0 okkk kk k(o _____ ¥ okk ok okokkkkok kok (kX sk ok ok *  ockkk ______
M. gigantea cT TG * T Ak Rk Cokko A * ok MTAAA A G A T --* (CC THem-mmoooe- A Cx k¥ *OTATT * THTC T %k%
M' graC”ipeS * *k ok skokkokokokkkkkk ok kkk ok * *  ______ T * * * 0 skskk kok kokokokokdkokokokaksksk sk kok sksk skokokokskk kk kok sk ok ok kkk  ______
M. hainanensis T T TG * T Rk kxk Co koo A F ok MTAAA X G A T --* (CC TRo--o----o- L * TATT *  *AT* T GG* ------
M. interrupta TT TG * T *koo———- *G* C **- A * * AMTAAA ¥ G A T --* (C TH-m-mmo-o- A Cx k¥ * TATT G *AT* T GG* ------
M' macrocarpa T * TG ¢ T ---------- C * (**x * * *  AAAAAA G * * *  kkk Rk TR _________ A Rk kk Akkkkx Tk Tk % TAA* T G** TAATAA
M. monosperma C T TG * T *koo———- Rk Cokko A F ok MTAAA A G A T --* (CC THem-mmooo- A Cx k¥ G TATT * T*TC T **C ------
M. revoluta * T TG * T *koo———- Rk ok ko A F ok MTAAA A G A T --* (C THemommooo- A C* AA -—-- T TA TT * *AT* T GG* ------
M. thailandica T * TG * T **o_____ *kk ok k__ ok k% AMAAAA G F ok ok wkk kkx TR _________ A Kk Rk AkkkkG TH Tk ok THRA* T Gk - __
M. warburgii CT TG * T Kk *rk Ckxo Ak x MTAM A G A T --G CC T*---------- A CC ** - * OTA TT * T¥TC T **% oo

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-) indicates nucleotide deletion.



Table 13 Variation in trnH-psbA of 12 Mucuna species (cont.)
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Species Nucleotide position
trnH-psbA
Length
N
N N NN w w w W
© u1 o O S = BN
N ONONN | N N N N N N & N N w W N NS w
w w w p [9,] 1 S OO & O N [ | 1 [SENY 1 1 [ N
S A N M P w N A O © o O © [, © © Ww [ EN
M. pr uriens var. A G T A AMA TG C T T T C TT AA TTAT A T GT -T -A T 314
pruriens
M" prurlens var. * ok ok ok kkk kk ok k& ok ok Rk kkk dkkk ok ko Ak A* * 314
utilis
M. bracteata * ok ok ko kkk kk ok ok k ko kk skkk kokkk ko kKX A* * 300
M. gigantea * T C C TIT ** A * *x x G G* (** xkkx % kx A* * 297
M' graC”ipeS * kT ok kkk ok * ok ok ok ok kk o kkk kkkk ok ok *k A* % * 314
M' hainanenSiS * T C C TIT ** A *x  x %G GF (CHF* Rkxk ok ok *% A* * 297
M. interrupta C T C CTIT * A * G - G G (G AGGC G C *C GA -C G 296
M. macrocarpa ¥k ox kkx KT k(0 k _ K kA kkk kkTR T ok kk A* * 306
M. monosperma ¥ T C x kkx Gk A kK x x G GX (C¥k kkkx Kk ok kk A* * 297
M. revoluta * T C C TIT ** A * *x x % (Gx (xk xkkx % ok kk A* A% * 297
M' tha”andiCa ¥ x C k kkEk ok ¥ C ok x ok kx THRx kkkk k% *k A % * 302
M' Warburgii * T C C TIT ** A *x  x %G GF (CHF* Rkxk ok ok *% A* * 297

Asterisk (*) indicates the same nucleotide as top sequence; hyphen (-)

indicates nucleotide deletion.
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Table 14 Sequencing data analysis of single marker DNA barcodes of Mucuna species

Marker ITS matK rbcL trnH-psbA
Length range (bp) ~ 637-661 772-784 720 296-314
Aligned length (bp) 689 784 720 328

C (%) 472 (68.51) 726 (92.60) 700 (97.22) 246 (75.00)
V (%) 199 (28.88) 52 (6.63) 20 (2.78) 75 (22.86)
Pi (%) 140 (20.32) 40 (5.10) 14 (1.94) 42 (12.80)
S (%) 61 (8.85) 12 (1.53) 6 (0.83) 33 (10.06)

C: conserve site, V: variable site, Pi: parsimony-informative sites, S singleton sites

Discrimination performance of candidate DNA markers

All pairwise genetic distances were analyzed among the reference sequences, and
between each query sequence and each of the reference sequences, using the K2P model of
evolution. Our study revealed that ITS exhibited the highest mean variation (0.14; SE 0.02),
followed by trnH-psbA (0.10; SE 0.01), matK (0.03; SE 0.00), and rbcL (0.01; SE 0) as shown in

Table 15.

Table 15 Performance and variabilities of different DNA barcode markers

Marker Mean variation (SE) Range%
ITS 0.14 (0.02) 0.0013-0.2365
matK 0.03 (0.00) 0-0.0442
rbcl 0.01 (0.00) 0-0.0159
trnH-psbA 0.10 (0.01) 0-0.2202

The data from all candidate DNA markers were utilized to construct phylogenetic trees
be the ML method. Only the ML tree constructed on the basis of ITS marker exhibited clear
resolution for twelve Mucuna species especially M. pruriens var. pruriens and M. pruriens var.
utilis. The ML tree constructed using the matK region could not resolve M. pruriens var.
pruriens, M. pruriens var. utilis, and M. gracilipes because they placed in the same clade.

Moreover, the sample of M. gigantea, M. monosperma and M. warburgii also were found in
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the same clade of the phylogenetic tree constructed using the rbcl region. While, the ML tree

constructed by trnH-psbA could not discriminate M. pruriens var. pruriens and M. gracilipes.

Fig. 4 Phylogenetic trees constructed by the ML method by MEGA version X software
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From the data of variation of nucleotide sequence, sequencing analysis, discrimination
performance of four candidate DNA markers, we selected the ITS region for identification and

authentication of Ma mui products.
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Authentication of Ma mui products used DNA barcode

From the results of discriminatory performance among candidate DNA barcode, the
ITS was selected for identification and authentication of Ma mui products claimed as the seed
of M. pruriens. Ten Ma mui products were purchased from online markets. All products
labeled and claimed about aphrodisiac activity for male. The Ma mui products were extracted,
amplified, and sequenced the nucleotide sequence in ITS region. We found that the ingredient
of all products was only M. pruriens. Therefore, we confirmed that the ITS region is suitable

for identification and authentication Mucuna crude drugs.

Determination of L-DOPA content in Mucuna seeds and online Ma mui products

L-DOPA content was analyzed in twenty-one seed samples of nine Mucuna species
(M. pruriens var. pruriens, M. pruriens var. utilis, M. bracteata, M. gieantea, M. hainanensis, M.
interrupta, M. macrocarpa, M. monosperma, M. revoluta, and M. thailandica) collected in
Thailand (Fig. 2) including ten Ma mui products, the herbal products claimed as M. pruriens as
an ingredient for desired aphrodisiac activity purchased from The data analyzed from HPLC
were compared with the calibration curve of L-DOPA standard. The calibration curve exhibited
good linearity with correlation coefficients (R?) as 1.000 as shown in Fig. 5. Thai online markets
as shown in Fig. 3. On comparing the seed of Mucuna species, the content of L-DOPA varied
from 2.66 mg/100 mg of extract to 147.42 mg/100 mg of extract (Fig. 6). The highest content
of L-DOPA is XS16 of M. pruriens var. pruriens. On the contrary, M. monosperma (X513) showed

the lowest L-DOPA content.

Fig. 5 The calibration curves of L-DOPA standard
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Fig. 6 The quantity of L-DOPA analyzed from Mucuna seeds collected in Thailand
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M. pruriens var. pruriens (blue), M. pruriens var. utilis (dark blue), M. bracteata (orange),
M. gieantea (dark green), M. hainanensis (yellow), M. interrupta (red), M. macrocarpa (violet),

M. monosperma (grey), M. revoluta (green), and M. thailandica (black)

All online Ma mui products were analyzed L-DOPA content for authentication and
quality control of products. All products labeled and claimed only M. pruriens as ingredients.
Our results demonstrated that all products sold in online markets contained L-DOPA. Ten
samples showed that the quantity of L-DOPA ranged from 11.86-56.04 mg/100 mg of extract
(Fig. 7). The HPLC chromatogram of all Ma mui product exhibited the identical HPLC

chromatogram with the seeds of M. pruriens samples.
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Fig. 7 The quantity of L-DOPA analyzed from Mucuna seeds collected in Thailand
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Correlation of phylogenetic relationship of Thai Mucuna species and L-DOPA contents
The nucleotide sequences in ITS region of Mucuna species was constructed the
phylogenetic relationship. Neighbor-Joining (NJ) calculation was performed using Kimura two-
parameter model with 1000 bootstep replications. Glycine max L. of the same tribe
Phaseoleae in Fabaceae family was used as outgroup species for phylogenetic tree rooting.
The NJ tree was able to divide to three clades: Stizolobium, Macrocarpa, and core Mucuna
clade. Stizolobium clade composes of M. pruriens var. pruriens, M. pruriens var. utilis, M.
bracteata, and M. gracilipes. Both M. macrocarpa and M. thailandica placed in Macrocarpa
clade. Whereas, the core Mucuna clade is comprised of M. revoluta, M. interrupta, M.
monosperma, M. hainanensis, M. gigantea, and M. warburgii. The seed of all Mucuna plants
collected in Thailand except M. gracilipes, the rare Mucuna species and M. warburgii, the
exotic Mucuna species from Indonesia presenting in Thailand for decoration of garden because
its flower is showy and beautiful were analyzed L-DOPA content. Focusing in the correlation
of phylogenetic tree and L-DOPA content, the result showed the inclination of the quantity
of L-DOPA in clade of Stizolobium and Mucuna, which these species placed in both clades

are likely contain high L-DOPA content (Fig.8). Therefore, we can conclude that the Mucuna
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species in Stizolobium and Mucuna clade are suitable for L-DOPA source to develop product

in pharmaceutical industry.

Fig. 8 Correlation of phylogenetic relationship of Thai Mucuna species and L-DOPA contents
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ACCESSION  L.C494390
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2016-11-25"
/country="Thailand: Chiang Mai"
/isolate="PPR13"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna pruriens var. pruriens"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
/variety="pruriens"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EAIYKAQAETGEIKGHYLNATA"

ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgectga agaagcagst gccgeggtag ctgecgaatc ttctactgst
181 acatggacaa ctgtatggac cgatggectt accagtctte atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttecttatst agcttatccc
301 ttagaccttt ttgaagaagg ttctgttact aacatgttta cttccattet cgetaatgta
361 ttteggttca aggcactgcg cgctctacgt ctggaggatt tacgaatccc tacttcttat
421 attaaaactt tccaaggtcc gcctcatege atccaagtte agagagataa attgaacaag
481 tatgeccgtc ccctattagg atgtactatt aaacctaaat teggsttatc cgctaagaat
541 tacggtagag cagtttatga atgtcttcec ggggeactte attttaccaa agatgatgaa
601 aatgtgaatt cccaaccatt tatgcgttgg agagaccgtt tcttatttte teccgaagct
661 atttataaag cacaggctga aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494391
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-03-18"
/country="Thailand: Tak"
/isolate="GPR14"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna gracilipes"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EAIYKAQAETGEIKGHYLNATA"

ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgectga agaagcagst gccgeggtag ctgecgaatc ttctactgst
181 acatggacaa ctgtatggac cgatggcctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttecttatst agcttatccc
301 ttagaccttt ttgaagaagg ttctgttact aacatgttta cttccattet cgstaatgta
361 ttteggttca aggcactgcg cgctctacgt ctggaggatt tacgaatccc tacttcttat
421 attaaaactt tccaaggtcc gcctcatege atccaagtte agagagataa attgaacaag
481 tatgeccgtc ccctattagg atgtactatt aaacctaaat teggsttatc cgctaagaat
541 tacggtagag cagtttatga atgtcttcec ggggeactte attttaccaa agatgatgaa
601 aatgtgaatt cccaaccatt tatgcgtteg agagaccgtt tcttatttte teccgaagct
661 atttataaag cacaggctga aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494392
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-05-20"
/country="Thailand: Chiang Rai"
/isolate="BTR15"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna bracteata"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EALYKAQAETGEIKGHYLNATA"

ORIGIN
1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat

61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgectga agaagcagst gccgeggtag ctgecgaatc ttctactgst
181 acatggacaa ctgtatggac cgatggectt accagtctte atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttecttatst agcttatccc
301 ttagaccttt ttgaagaagg gtctgttact aacatgttta cttccattgt cgstaatgta
361 ttteggttca aggcactgcg tgctctacgt ctggaggatt tacgaatccc tacttcttat
421 attaaaactt tccaaggtcc gcctcatege atccaagtte agagagataa attgaacaag
481 tatgeccgtc ccctattagg atgtactatt aaacctaaat teggsttatc cgctaagaat
541 tacggtagag cagtttatga atgtcttcga gegggactte attttaccaa agatgateaa
601 aatgtgaatt cccaaccatt tatgcgttge agagaccgtt tcttattttg tgccgaageg
661 ctttataaag cacaggctea aacaggtgaa atcaaagggc attacttgaa tgctactgca

/!
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ACCESSION  L.C494393
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-03-11"
/country="Thailand: Chiang Mai"
/isolate="MPR16"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna macrocarpa"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EALYKAQAETGEIKGHYLNATA"

ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgectga agaagcagst gccgeggtag ctgecgaatc ttctactgst
181 acatggacaa ctgtgtggac cgatgggctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttecttatst agcttatccc
301 ttagaccttt ttgaagaagg ttctgttact aacatgttta cttccattet cgstaatgta
361 tttegettca aggcactecg cgctctacgt ctggaggatt tgagaatccce tacttcttat
421 attaaaactt tccaaggtcc gcctcategg atccaagtts agagagataa attgaacaag
481 tatgegcgtc ccctattagg atgtactatt aaacctaaat tgggsttatc cgctaagaat
541 tacggtagag cagtttatga atetcttcet ggggeactty attttaccaa agatgatgaa
601 aatgtgaatt cccaaccttt tatgcgttgg agagaccgtt tcttattttg teccgaagceg
661 ctttataaag cacaggctea aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494394
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-03-11"
/country="Thailand: Chiang Mai"
/isolate="TCR17"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna thailandica"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EALYKAQAETGEIKGHYLNATA"

ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgectga agaagcagst gccgeggtag ctgecgaatc ttctactgst
181 acatggacaa ctgtgtggac cgatgggctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttecttatgt agcttatccc
301 ttagaccttt ttgaagaagg ttctgttact aacatgttta cttccattet cgstaatgta
361 ttteggttca aggcactgcg cgctctacgt ctggaggatt tgcgaatccc tacttcttat
421 attaaaactt tccaaggtcc gcctcategg atccaagtts agagagataa attgaacaag
481 tatgeccgtc ccctattagg atgtactatt aaacctaaat teggsttatc cgctaagaat
541 tacggtagag cagtttatga atetcttcet ggggeactty attttaccaa agatgatgaa
601 aatgtgaatt cccaaccttt tatgcgttgg agagaccgtt tcttattttg teccgaagceg
661 ctttataaag cacaggctea aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494395
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-05-24"
/country="Thailand: Tak"
/isolate="MMR18"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna monosperma"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EAIYKAQAETGEIKGHYLNATA"

ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgcctga agaagcagst gctgccgtag ctgecgaatc ttctactgst
181 acatggacaa ctgtgtggac cgatggcctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttgcctatgt agcttatccc
301 ttagaccttt ttgaagaagg ttctgttact aacatgttta cttccattet cgstaatgta
361 ttteggttca aggcactecg gectctacgt ctggaggatt tecgaatccc tacttcttat
421 attaaaactt tccaaggtcc gcctcategg atccaagtts agagagataa attgaacaag
481 tatgeccgtc ccctattagg atgtactatt aaacctaaat teggsttatc cgctaagaat
541 tacggtagag cagtttatga atgtcttcec ggggeactte attttaccaa agatgatgaa
601 aatgtgaatt cccaaccttt tatecgttgg agagaccgtt tcttattttg teccgaagct
661 atttataaag cacagectga aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494396
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-10-10"
/country="Thailand: Mae Hong Son"
/isolate="ITR19"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna interrupta"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA

EAIYKAQAETGEIKGHYLNATA"
ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgcctga agaagcagst gctgccgtag ctgecgaatc ttctactgst
181 acatggacaa ctgtgtggac cgatggcctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcagtata ttgcctatst agcttatccc
301 ttagaccttt ttcaagaagg ttctgttact aacatgttta cttccattet cgstaatgta
361 ttteggttca aggcactecg gectctacgt ctggaggatt tecgaatccc tacttcttat
421 attaaaactt tccaaggtcc acctcatgeg atccaagtte agagagataa attgaacaag
481 tacggccstc ccctattagg atgtactatt aaacctaaat tggegttatc cectaagaat
541 tacggtagag cagtttatga atgtcttcec ggggeactte attttaccaa agatgatgaa
601 aatgtgaatt cccaaccttt tatecgtteg agagaccgtt tcttattttg tgccgaagct
661 atttataaag cacaggctga aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494397
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-05-19"
/country="Thailand: Lampang"
/isolate="HS20"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna hainanensis"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EAIYKAQAETGEIKGHYLNATA"

ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgcctga agaagcagst gctgccgtag ctgecgaatc ttctactgst
181 acatggacaa ctgtgtggac tgatggcctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttgcctatgt agcttatccc
301 ttagaccttt ttgaagaagg ttctgttact aacatsttta cttccattet cgstaatgta
361 tttegettca aggcactecg gectctacgt ctagaggatt tgcgaatccce tacttcttat
421 attaaaactt tccaaggtcc gcctcategg atccaagtts agagagataa attgaacaag
481 tacggccstc ccctattagg atgtactatt aaacctaaat tggegttatc cgctaagaat
541 tacggtagag cagtttatga atgtcttcec ggggeactte attttaccaa agatgatgaa
601 aatgtgaatt cccaaccttt tatecgttgg agagaccgtt tcttattttg teccgaagct
661 atttataaag cacaggctga aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494398
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-07-16"
/country="Thailand: Chiang Mai"
/isolate="WGR21"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna warburgii"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EAIYKAQAETGEIKGHYLNATA"

ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgcctga agaagcagst gctgccgtag ctgecgaatc ttctactgst
181 acatggacaa ctgtgtggac cgatggcctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttgcctatgt agcttatccc
301 ttagaccttt ttgaagaagg ttctgttact aacatgttta cttccattet cgstaatgta
361 ttteggttca aggcactecg gectctacgt ctggaggatt tecgaatccc tacttcttat
421 attaaaactt tccaaggtcc gcctcategg atccaagtts agagagataa attgaacaag
481 tatgeccgtc ccctattagg atgtactatt aaacctaaat teggsttatc cgctaagaat
541 tacggtagag cagtttatga atgtcttcec ggggeactte attttaccaa agatgatgaa
601 aatgtgaatt cccaaccttt tatecgttgg agagaccgtt tcttattttg teccgaagct
661 atttataaag cacagectga aacaggtgaa atcaaagggc attacttgaa tgctactgca
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ACCESSION  L.C494399
FEATURES Location/Quialifiers
source 1.720
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-11-24"
/country="Thailand: Pattalung"
/isolate="GTR22"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna gigantea"
/PCR_primers="fwd_name: rbcL1F, fwd_seq:
atgtcaccacaaacagaaac, rev_name: rbcL724R, rev_seq:
tcgcatgtacctgcagtagc”
/tissue_type="leaves"
CDS <1.>720

/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/transl_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA

EAIYKAQAETGEIKGHYLNATA"
ORIGIN

1 acagaaacta aagcaastgt teggttcaaa gctggtgtta aagattataa attgacttat
61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct
121 caacccggag ttccgcctga agaagcagst gctgccgtag ctgecgaatc ttctactgst
181 acatggacaa ctgtgtggac cgatggcctt accagtcttg atcgttacaa aggacgatgc
241 taccacatcg aacctgttec tggagaagaa aatcaatata ttgcctatgt agcttatccc
301 ttagaccttt ttcaagaagg ttctgttact aacatgttta cttccattet cgstaatgta
361 ttteggttca aggcactecg gectctacgt ctggaggatt tecgaatccc tacttcttat
421 attaaaactt tccaaggtcc gcctcategg atccaagtts agagagataa attgaacaag
481 tatgeccgtc ccctattagg atgtactatt aaacctaaat teggsttatc cgctaagaat
541 tacggtagag cagtttatga atgtcttcec ggggeactte attttaccaa agatgatgaa
601 aatgtgaatt cccaaccttt tatecgtteg agagaccgtt tcttattttg tgccgaagct
661 atttataaag cacaggctga aacaggtgaa atcaaagggc attacttgaa tgctactgca



a2

ACCESSION  LC494400
FEATURES Location/Quialifiers
source 1.784
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-07-16"
/country="Thailand: Chiang Mai"
/isolate="PUM23"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna pruriens var. utilis"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"
/variety="utilis"
CDS <1.>784

/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNCNCNWNSLFTPKKSISTFFSKSNPRFFLFLYNL
YVWEYEFIFLFLRNKSSQLRLKNFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDP
FIHYVRYQGKSILVSKNTPLLIKKWKYYFIYLWQCHFNIWSQPGTININQLSQHSFHF
LDYFLSIRLNLSVVRSQMLQNSFLIKIVMKKLDTIVPIIPLIRSLAKAKFCNVLGHPI
SKPVWANLSDFDIIYRFLRICRNFSHYYKGSSKKKSLYQIKY!"

ORIGIN
1 ttattaaget tettttttta ttactattet aattgtaatt gtaattegaa tagtcttttt

61 actccaaaaa aatcgatctc tacttttttt tcaaaaagta atccaagatt tttcttgttc
121 ctatataatt tatatgtate ggaatacgaa tttatctttc tttttctecg taacaaatcc
181 tctcagttac gattaaaaaa ttttcgcstt ttttttgaac gaattttttt ctatgaaaaa
241 atagaacatc ttetagaaat atttgttaag gatttttcgt ataccttatc attcttcaag
301 gatcctttca tccattatgt tagatatcaa ggaaaatcaa ttctgstttc aaagaatacg
361 cctcttttea taaaaaaatg gaaatactat tttatctatt tatggcaatg tcattttaat
421 attteggtctc aaccaggaac gatcaatata aaccaattat ctcagcattc atttcacttt
481 ttggactatt ttttaagtat tceactaaat ctttcagtgg tacgaagtca aatettgcaa
541 aattcatttc taataaaaat tettatgaaa aagctteata caatagttcc tattattcct
601 ctaattagat cattggectaa agcaaaattt tetaatetat tggetcatcc tattagtaaa
661 ccggtttege ccaatttatc teatttteat attatttacc gatttttece aatatecaga
721 aatttttctc attattacaa aggatcctca aaaaaaaaga gtttgtatca aataaaatat

781 atac
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ACCESSION  L.C494401
FEATURES Location/Quialifiers
source 1.778
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-07-16"
/country="Thailand: Chiang Mai"
/isolate="PPM24"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna pruriens var. pruriens"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"
/variety="pruriens"
CDS <1.>778

/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNCNWNSLFTPKKSISTFFSKSNPRFFLFLYNLYV
WEYEFIFLFLRNKSSQLRLKNFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFI
HYVRYQGKSILVSKNTPLLIKKWKYYFIYLWQCHFNIWSQPGTININQLSQHSFHFLD
YFLSIRLNLSVVRSQMLQNSFLIKIVMKKLDTIVPIIPLIRSLAKAKFCNVLGHPISK
PVWANLSDFDIIYRFLRICRNFSHYYKGSSKKKSLYQIKY!"

ORIGIN
1 ttattaaggt tettttttta ttactattgt aattgtaatt ggaatagtct ttttactcca

61 aaaaaatcga tctctacttt tttttcaaaa agtaatccaa gatttttctt gttcctatat
121 aatttatatg tatgggaata cgaatttatc tttctttttc tgcgtaacaa atcctctcag
181 ttacgattaa aaaattttce cgtttttttt caacgaattt ttttctatga aaaaatagaa
241 catcttetag aaatatttet taaggatttt tcgtatacct tatcattctt caageatcct
301 ttcatccatt atgttagata tcaaggaaaa tcaattctgg tttcaaagaa tacgectctt
361 ttgataaaaa aatggaaata ctattttatc tatttatggc aatgtcattt taatatttgg
421 tctcaaccag gaacgatcaa tataaaccaa ttatctcagc attcatttca ctttttgeac
481 tattttttaa gtattcgact aaatctttca gtggtacgaa gtcaaatgtt gcaaaattca
541 tttctaataa aaattgttat gaaaaagctt gatacaatag ttcctattat tectctaatt
601 agatcattgg ctaaagcaaa attttgtaat gtattgggtc atcctattag taaaccgstt
661 tgggccaatt tatctgattt teatattatt taccgatttt tgcgaatatg cagaaatttt

721 tctcattatt acaaaggatc ctcaaaaaaa aagagtttst atcaaataaa atatatac



aaq

ACCESSION  LC494402
FEATURES Location/Quialifiers
source 1.778
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-03-18"
/country="Thailand: Tak"
/isolate="GPM25"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna gracilipes"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"
CDS <1.>778

/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNCNWNSLFTPKKSISTFFSKSNPRFFLFLYNLYV
WEYEFIFLFLRNKSSQLRLKNFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFI
HYVRYQGKSILVSKNTPLLIKKWKYYFIYLWQCHFNIWSQPGTININQLSQHSFHFLD
YFLSIRLNLSVVRSQMLQNSFLIKIVMKKLDTIVPIIPLIRSLAKAKFCNVLGHPISK
PVWANLSDFDIIYRFLRICRNFSHYYKGSSKKKSLYQIKY!"

ORIGIN
1 ttattaaggt tettttttta ttactattgt aattgtaatt ggaatagtct ttttactcca

61 aaaaaatcga tctctacttt tttttcaaaa agtaatccaa gatttttctt gttcctatat
121 aatttatatg tatgggaata cgaatttatc tttctttttc tgcgtaacaa atcctctcag
181 ttacgattaa aaaattttce cgtttttttt caacgaattt ttttctatga aaaaatagaa
241 catcttetag aaatatttet taaggatttt tcgtatacct tatcattctt caageatcct
301 ttcatccatt atgttagata tcaaggaaaa tcaattctgg tttcaaagaa tacgcctctt
361 ttgataaaaa aatggaaata ctattttatc tatttatggc aatgtcattt taatatttgg
421 tctcaaccag gaacgatcaa tataaaccaa ttatctcage attcatttca ctttttegac
481 tattttttaa gtattcgact aaatctttca gtggtacgaa gtcaaatgtt gcaaaattca
541 tttctaataa aaattgttat gaaaaagctt gatacaatag ttcctattat tectctaatt
601 agatcattgg ctaaagcaaa attttgtaat gtattggstc atcctattag taaaccggtt
661 tgggccaatt tatctgattt teatattatt taccgatttt tgcgaatatg cagaaatttt

721 tctcattatt acaaaggatc ctcaaaaaaa aagagtttst atcaaataaa atatatac



45

ACCESSION  L.C494403
FEATURES Location/Quialifiers
source 1.778
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-05-20"
/country="Thailand: Chiang Rai"
/isolate="BTM26"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna bracteata"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"
CDS <1.>778

/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNCNWNSLFTPKKSISTFFSKSNPRFFLFLYNLYV
WEYEFIFLFLRNKSSQLRLKNFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFI
HYVRYQGKSILVSKNTPLLIKKWKYYFIYLWQCHFNIWSQPGTININQLSQHSFHFLD
YFLSIRLNLSVVRSQMLQNSFLIKIVIKKLDTIVPIISLIRSLAKAKFCNVLGHPISK
PVWANLSDFDIIYRFLRICRNFSHYYKGSSKKKSLYQIKY!"

ORIGIN
1 ttattaaggt tettttttta ttactattgt aattgtaatt ggaatagtct ttttactcca

61 aaaaaatcga tttctacttt tttttcaaaa agtaatccaa gatttttctt gttcctatat
121 aatttatatg tatgggaata cgaatttatc tttctttttc tgcgtaacaa atcctctcag
181 ttacgattaa aaaattttce cgtttttttt caacgaattt ttttctatga aaaaatagaa
241 catcttetag aaatatttet taaggatttt tcgtatacct tatcattctt caageatcct
301 ttcatccatt atgttagata tcaaggaaaa tcaattctgg tttcaaagaa tacgectctt
361 ttgataaaaa aatggaaata ctattttatc tatttatggc aatgtcattt taatatttgg
421 tctcaaccag gaacgatcaa tataaaccaa ttatctcagc attcatttca ctttttagac
481 tattttttaa gtattcgact aaatctttca gtggtacgaa gtcaaatgtt gcaaaattca
541 tttctaataa aaattgttat aaaaaagctt gatacaatag ttcctattat ttctctaatt
601 agatcattgg ctaaagcaaa attttgtaat gtattggstc atcccattag taaaccggtt
661 tgggccaatt tatctgattt teatattatt taccgatttt tgcgaatatg cagaaatttt

721 tctcattatt acaaaggatc ctcaaaaaaa aagagtttst atcaaataaa atatatac
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ACCESSION  LC494404
FEATURES Location/Qualifiers

source 1.772

/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-03-11"

/country="Thailand: Chiang Mai"

/isolate="MPM27"

/mol_type="genomic DNA"
/organelle="plastid:chloroplast"

/organism="Mucuna macrocarpa"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”

/tissue_type="leaves"

(@S <1.>772

/codon_start=1

/gene="matK"

/product="maturase K"

/transl_table=11
/translation="LLRLFFYYYCNWNSLFTPKKSISTFFSKSNPRFLVFLYNLYVWE
YESIFLFLRNKSSQLRFKYFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFIHY
VRYQGKSILVSKNTPLLLNKWKYYFIYLWQCYFNIWSQPGTIDINQLSQHSFHFLGYF
LSIRLNLSVVRSQMLQNSFLIKIVMKKLNTIVPIIPLIRSLAKAKFCNVLGHPISKPV
WANLSDFDIIYRFLRICRNFSHYYKGSSKKKSLYQIKY!"

ORIGIN

//

1 ttattaaggt tettttttta ttactattgt aattggaata gtctttttac tccaaaaaaa

61 tcgatttcta cttttttttc aaaaagtaat ccaagatttt tagtgttcct atataattta
121 tatgtategg aatacgaatc tatctttctt tttcttcgta acaaatcctc tcagttacga
181 ttcaaatatt ttcgcgtttt ttttgaacga attttttict atgaaaaaat agaacatctt
241 gtagaaatat ttgttaagea tttttcgtat actttatcat tcttcaagga teccttcatc
301 cattatgtta gatatcaagg aaaatcaatt ctgstttcaa agaatacgcc tcttttetta
361 aataaatgga aatactattt tatctattta tggcaatgtt attttaatat ttegtctcaa
421 ccaggaacga tcgatataaa ccaattatct cagcattcat ttcacttttt aggsttatttt
481 ttaagtattc ggctaaatct ttcagtegta cgaagtcaaa tgttgcaaaa ttcatttcta
541 ataaaaattg ttatgaaaaa gcttaataca atagttccaa ttattccttt aattagatca
601 ttggctaaag caaaatttte taatgtatte ggtcatccca ttagtaagec ggtttgggcc
661 aatttatctg attttgatat tatttaccga tttttecgaa tatgcagaaa tttttctcat

721 tattacaaag gatcctcaaa aaaaaagagt ttgtatcaaa taaaatatat ac



ar

ACCESSION  LC494405
FEATURES Location/Qualifiers

source 1.772

/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-05-24"

/country="Thailand: Tak"

/isolate="MMM28"

/mol_type="genomic DNA"
/organelle="plastid:chloroplast"

/organism="Mucuna monosperma"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”

/tissue_type="leaves"

(@S <1.>772

/codon_start=1

/gene="matK"

/product="maturase K"

/transl_table=11
/translation="LLRLFFYYYCNWNSLFTPKKSISTFFSKSNPRFLLFLYNLYVWE
YESIFLFLRNKSSQLRLKYFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFIHY
VRYQGKSILVSKNTPLLLNKWKYYFIYLWQCYFNIWSQPGTIDINQLSQHSFHFLGYF
LSIRLNLSVWRSQMLQNSFLIKIVMKKLDTIVPIPLIRSLAKAKFCNVLGHPISKPV
WANLSDFDIIYRFLRICRNFSHYYKGSSKKKSLYQIKY!"

ORIGIN

//

1 ttattaaggt tettttttta ttactattgt aattggaata gtctttttac tccaaaaaaa

61 tcgatttcta cttttttttc aaaaagtaat ccaagatttt tattettcct atataattta
121 tatgtategg aatacgaatc tatctttctt tttcttcgta acaaatccte tcagttacga
181 ttaaaatatt ttcgcgtttt ttttgaacga atttttttct atgaaaaaat agaacatctt
241 gtagaaatat ttgttaagea tttttcgtat actttatcat tcttcaagga teccttcatc
301 cattatgtta gatatcaagg aaaatcaatt ctgstttcaa agaatacgcc tcttttetta
361 aataaatgga aatactattt tatctattta tggcaatgtt attttaatat ttegtctcaa
421 ccaggaacga tcgatataaa ccaattatct cageattcat ttcacttttt gggttatttt
481 ttaagtattc ggctaaatct ttcagtegta cgaagtcaaa tgttgcaaaa ttcatttcta
541 ataaaaattg ttatgaaaaa gcttgataca atagttccaa ttattccttt aattagatca
601 ttggctaaag caaaatttte taatgtattg ggtcatccca ttagtaagec ggtttgggcc
661 aatttatctg attttgatat tatttaccga tttttecgaa tatgcagaaa tttttctcat

721 tattacaaag gatcctcaaa aaaaaagagt ttgtatcaaa taaaatatat ac
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ACCESSION  LC494406
FEATURES Location/Qualifiers

source 1.772
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-10-10"
/country="Thailand: Mae Hong Son"
/isolate="ITM29"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna interrupta"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"

CDS <1.>772
/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNWNSLFTPKKSISTFFSKSNPRLFLFLYNLYVWE
YESIFLFLRNKSSQLRFKYFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFIHY
VRYRGKSILVSKNTPLLINKWKYYFIYIWQCHFNIWSQPGTIDIKQLSQHSFHLLGYF
LSIRLNLSVWRSQMLQNSFLIQIVMKKLDTILPIIPLIRSLAKEKFCNGLGHPISKPV
WANLSDFDIIYRFLRICRNFAHYYKGSSKKKSLYQIKY!"

ORIGIN

//

1 ttattaaggt tettttttta ttactattgt aattggaata gtctttttac tccaaaaaaa

61 tcgatttcta cttttttttc aaaaagtaat ccaagattat tcttgttcct atataattta
121 tatgtategg aatacgaatc tatctttctt tttcttcgta acaaatcctce tcagttacga
181 ttcaaatatt ttcgcgtttt ttttgaacga attttttict atgaaaaaat agaacatctt
241 gtagaaatat ttgttaagea tttttcgtat accttatcat tcttcaagga tcccttcate
301 cattatgtta gatatcgage aaaatcgatt ctggtttcaa agaatacgcc tcttttgata
361 aataaatgga aatactattt tatctatata tggcaatgtc attttaatat ttggtctcaa
421 ccaggaacga tteatataaa gcaattatct cagcattcat ttcacctttt gggttatttt
481 ttaagtattc ggctaaatct ttcagtegta ceaagtcaaa tgttgcaaaa ttcatttcta
541 attcaaattg ttatgaaaaa gctteataca atacttccaa ttattccttt aattagatca
601 ttggctaaag aaaaatttts taatgeattg gotcatccca ttagtaagee ggtttgggcc
661 aatttatctg attttgatat tatttaccga tttttgcgaa tatgcagaaa ttttgctcat

721 tattacaaag gatcctcaaa aaaaaagagt ttgtatcaaa taaaatatat ac
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ACCESSION  LC494407
FEATURES Location/Qualifiers

source 1.772
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-05-19"
/country="Thailand: Lampang"
/isolate="HSM30"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna hainanensis"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"

CDS <1.>772
/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNWNSLFTPKKSISTFFSKSNPRLFLFLYNLYVWE
YESIFLFLRNKSSQLRFKYFRVFFERIFFYEKIEHLLEIFVKDFSYTLSFFKDPFIHY
VRYRGKSILVSKNTPLLINKWKYYFIYIWQCHFNIWSQPGTIDIKQLSQHSFHLLGYF
LSIRLNLSVVRSQMLQNSFLIQIVMKKLDTIVPIIPLIRSLAKAKFCNVLGHPISKPY
WANLSDFDIIYRFLRICRNFAHYYKGSSKKKSLYQIKY!"

ORIGIN

//

1 ctattaaggt tgttttttta ttactattet aattggaata gtctttttac tccaaaaaaa
61 tcgatttcta cttttttttc aaaaagtaat ccaagattat tcttgttcct atataattta
121 tatgtategg aatacgaatc tatctttctt tttcttcgta acaaatcctc tcagttacga
181 ttcaaatatt ttcgcgtttt ttttgaacga attttttict atgaaaaaat agaacatctt
241 ctagaaatat ttgttaagea tttttcgtat accttatcat tcttcaagga teccttcatc
301 cattatgtta gatatcgage aaaatcgatt ctggtttcaa agaatacgcc tcttttgata
361 aataaatgga aatactattt tatctatata tggcaatgtc attttaatat ttggtctcaa
421 ccaggaacga tteatataaa gcaattatct cagcattcat ttcacctttt gggttatttt
481 ttaagtattc ggctaaatct ttcagtegta cgaagtcaaa tgttgcaaaa ttcatttcta
541 attcaaattg ttatgaaaaa gctteataca atagttccaa ttattccttt aattagatca
601 ttggctaaag caaaatttte taatgtattg ggtcatccca ttagtaagec ggtttgggcc
661 aatttatctg attttgatat tatttaccga tttttgcgaa tatgcagaaa ttttgctcat

721 tattacaaag gatcctcaaa aaaaaagagt ttgtatcaaa taaaatatat ac



50

ACCESSION  LC494408
FEATURES Location/Qualifiers

source 1.772

/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-03-11"

/country="Thailand: Chiang Mai"

/isolate="TCM31"

/mol_type="genomic DNA"
/organelle="plastid:chloroplast"

/organism="Mucuna thailandica"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”

/tissue_type="leaves"

(@S <1.>772

/codon_start=1

/gene="matK"

/product="maturase K"

/transl_table=11
/translation="LLRLFFYYYCNWNSLFTPKKSISTFFSKSNPRFFVFLYNLYVWE
YESIFLFLRNKSSQLRFQYFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFIHY
VRYQGKSILVSKNTPLLLNKWKYYFIYLWQCYFNIWSQPGTIDINQLSQHSFHFLGYF
LSIRLNLSVVRSQMLQNSFLIKIVMKKLNTIVPIIPLIRSLAKAKFCNVLGHPISKPV
WANLSDFDIIYRFLRICRNFSHYYKGSSKKKSLYQIKY!"

ORIGIN

//

1 ttattaaggt tettttttta ttactattst aattggaata gtctttttac tccaaaaaaa

61 tcgatttcta cttttttttc aaaaagtaat ccaagatttt tcgtettcct atataattta
121 tatgtategg aatacgaatc tatctttctt tttcttcgta acaaatcctc tcagttacga
181 ttccaatatt ttcgcgtttt ttttgaacga atttttttct atgaaaaaat agaacatctt
241 gtcgaaatat ttettaagea tttttcgtat actttatcat tcttcaagga teccttcate
301 cattatgtta gatatcaagg aaaatcaatt ctgstttcaa agaatacgcc tcttttetta
361 aataaatgga aatactattt tatctattta tggcaatgtt attttaatat ttegtctcaa
421 ccaggaacga tcgatataaa ccaattatct cageattcat ttcacttttt aggttatttt
481 ttaagtatta gectaaatct ttcagtgsta cgaagtcaaa tgttecaaaa ttcatttcta
541 ataaaaattg ttatgaaaaa gcttaataca atagttccaa ttattccttt aattagatca
601 ttggctaaag caaaatttte taatgtattg ggtcatccca ttagtaagec ggtttgggcc
661 aatttatctg attttgatat tatttaccga tttttecgaa tatgcagaaa tttttctcat

721 tattacaaag gatcctcaaa aaaaaagagt ttgtatcaaa taaaatatat ac
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ACCESSION  LC494409
FEATURES Location/Qualifiers

source 1.772
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2018-03-11"
/country="Thailand: Chiang Mai"
/isolate="WGM32"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna warburgii"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"

CDS <1.>772
/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNWNSLFTPKKSISTFFSKRNPRLFLFLYNLYVWE
YESIFLFLRNKSSQLRLKYFRVFFERIFFYEKIEHLVEIFVKGFSYTLSFFKDPFIHY
VRYQGKSILVSKNTPLLINKWKYYFIYIWQCHFNIWSQPGTIDIKQLSQHSFHLLGYF
LSIRLNLSVVRSQMLQNSFLIQIVMKKVDTIVPIIPLIRSLAKAKFCNVLGHPISKPY
WANLSDFDIIYRFLRICRNFAHYYKGSAKKKSLYQIKY!"

ORIGIN

//

1 ttattaaggt tettttttta ttactattet aattggaata gtctttttac tcccaaaaaa

61 tcgatttcta cttttttttc aaaaaggaat ccaagattat tcttgttcct atataattta
121 tatgtategg aatacgaatc tatctttctt tttcttcgta acaaatcctce tcagttacga
181 ttaaaatatt ttcgcgtttt ttttgaacga atttttttct atgaaaaaat agaacatctt
241 gtagaaatat ttgttaageg tttttcetat accttatcat tcttcaagga teccttcatc
301 cattatgtta gatatcaagg aaaatcgatt ctegtttcaa agaatacgcc tctttteata
361 aataaatgga aatactattt tatctatata tggcaatgtc attttaatat ttggtctcaa
421 ccaggaacga tteatataaa gcaattatct cagcattcat ttcacctttt gggttatttt
481 ttaagtattc ggctaaatct ttcagtegta ceaagtcaaa tgttgcaaaa ttcatttcta
541 attcaaattg ttatgaaaaa ggtteataca atagttccaa ttattccttt aattagatca
601 ttggctaaag caaaatttte taatgtatte ggtcatccca ttagtaagec ggtttgggcc
661 aatttatctg attttgatat tatttaccga tttttacgaa tatgcagaaa ttttgctcat

721 tattacaaag gatccgcaaa aaaaaagagt ttgtatcaaa taaaatatat ac
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ACCESSION  LC494410
FEATURES Location/Qualifiers

source 1.772
/collected_by="Aekkhaluck Intharuksa"
/collection_date="2017-11-24"
/country="Thailand: Pattalung"
/isolate="GTM33"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna gigantea"
/PCR_primers="fwd_name: matK-1RKIM-f, fwd_seq:
acccagtccatctggaaatcttggtte, rev_name: matK-3FKIM-r,
rev_seq: cgtacagtacttttgtstttacgag”
/tissue_type="leaves"

CDS <1.>772
/codon_start=1
/gene="matK"
/product="maturase K"
/transl_table=11
/translation="LLRLFFYYYCNWNSLFTPQKSISTFFSKRNPRLFFFLYNLYVWE
YESIFLFLRNKSSQLRLKYFRVFFERIFFYEKIEHLVEIFVKGFSYTLSFFKDPFIHY
VRYQGKSILVSKNTPLLINKWKYYFIYIWQCHFNIWSQPETIDIKQLSQHSFHLLGYF
LSIRLNLSVVRSQMLQNSFLIQIVMKKVDTIVPIIPLIRSLAKAKFCNVLGHPISKPY
WANLSDFDIIYRFLRICRNFAHYYKGSAKKKSLYQIKY!"

ORIGIN

//

1 ttattaaggt tettttttta ttactattet aattggaata gtctttttac tccccaaaaa

61 tcgatttcta cttttttttc aaaaaggaat ccaagattat tcttcttcct atataattta
121 tatgtategg aatacgaatc tatctttctt tttcttcgta acaaatcttc tcagttacga
181 ttaaaatatt ttcgcgtttt ttttgaacga atttttttct atgaaaaaat agaacatctt
241 gtagaaatat ttgttaageg tttttcetat accttatcat tcttcaagga teccttecate
301 cattatgtta gatatcaagg aaaatcgatt ctegtttcaa agaatacgcc tctttteata
361 aataaatgga aatactattt tatctatata tggcaatgtc attttaatat ttggtctcaa
421 ccagaaacga ttgatataaa gcaattatct cagcattcat ttcacctttt gggttatttt
481 ttaagtattc ggctaaatct ttcagtegta cgaagtcaaa tgttgcaaaa ttcatttcta
541 attcaaattg ttatgaaaaa ggtteataca atagttccaa ttattccttt aattagatca
601 ttggctaaag caaaatttte taatgtattg ggtcatccca ttagtaagec ggtttgggcc
661 aatttatctg attttgatat tatttaccga tttttacgaa tatgcagaaa ttttgctcat

721 tattacaaag gatccgcaaa aaaaaagagt ttgtatcaaa taaaatatat ac
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ACCESSION  LC494601
FEATURES Location/Qualifiers
source 1..699
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="MPU1"
/mol_type="genomic DNA"
/organism="Mucuna pruriens var. utilis"
/variety="utilis"
misc_RNA <1..>699
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tegttecctc acaacaagtt
61 cgaccggcga acccgttcat cacaggacaa gttcgatcgg gectggctce ggggagctet
121 tctcgaacac cgaccccgte cteccccgacc cgagetgecg agaggeggtc gccccgcgca
181 cctcctcteg ccaaaacaca aaccccgece cttcgtgcge caaggaactc gaaactgtta
241 agtecaatgt tcgcggecce ggagacgecg accccgcgga ccttgccacg acacacaaca
301 tacaaaatga ctctcggcaa cggatatctc ggctcttgca tcgatgaaga acgtagcgaa
361 atgcgatact tgstetgaat tgcagaatcc cgtgaaccat cgagtcttte aacgcaagtt
421 gcgcccgaag ccattaggcc gagggcacgc ctecctggst etcacacatc gttaccccaa
481 atgcaaacgc ctcacgtecg tecgcaggst geatectgac ctcccecgag catcgteteg
541 tgectgstte aaaatcgagt ccgcggccea getcgtcgcg acaaaatggt ggatgagcea
601 tgctcgagac cagtcgcgcc ggacccggcc aaggtcgeac tccccgaccce tacacgegte

661 cacggacgct cccaacgaga cctcaggtca ggcggggct



54

ACCESSION  LC494602
FEATURES Location/Qualifiers
source 1..699
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="MPP2"
/mol_type="genomic DNA"
/organism="Mucuna pruriens var. pruriens"
/variety="pruriens"
misc_RNA <1..>699
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tegttecctc acaacaagtt
61 cgaccggcga acccgttcat cacaggacaa gttcgatcgg gectggctce ggggagctet
121 tctcgaacac cgaccccgte cteccccgacc cgagetgecg agaggeggtc gccccgcgca
181 cctcctcteg ccaaaacaca aaccccggcg cttcgtgcge caaggaactc gaaactgtta
241 agtecaatgt tcgcgggcce ggagacgecg accccgcgga ccttgccacg acacacaaca
301 tacaaaatga ctctcggcaa cggatatctc ggctcttgca tcgatgaaga acgtagcgaa
361 atgcgatact tgstetgaat tgcagaatcc cgtgaaccat cgagtcttte aacgcaagtt
421 gcgcccgaag ccattaggcc gagggcacgc ctecctggst gtcacacatce gttaccccaa
481 atgcaaacgc ctcacgtecg tecgcaggst geatectgac ctcccecgag catcgteteg
541 tgectgstte aaaatcgagt ccgcggccea getcgtcgcg acaaaatggt ggatgagcea
601 tgctcgagac cagtcgcgcc gaacccgece aagstcggac tccccgacce tacacgestc

661 cacggacgct cccaacgaga cctcaggtca ggcgeggct
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ACCESSION  LC494603
FEATURES Location/Qualifiers
source 1..702
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="MGP3"
/mol_type="genomic DNA"
/organism="Mucuna gracilipes"
misc_RNA <1..>702
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tegttecctc acaacaagtt
61 caaccggcga acccgttcat cacaggacaa gctcgatcgg ggctegctcg ggggagatst
121 tctcgaacac cgaccccgte cteccecgacc ccgagctggc gagaggcegt ceccccgcsc
181 acctcctctc gccaaaacac aaaccccggc gettegtecg ccaaggaact cgaaactgtt
241 cagcgcaatc ttcgcgggcc cggagacggc gaccccecgs accttgccac gacacacaac
301 atacaaaatg actctcggca acggatatct cggctcttec atcgatgaag aacgtagega
361 aatgcgatac ttggtgtgaa ttgcagaatc ccgtgaacca tcgagtcttt gaacgcaagt
421 tecgcccgaa gecattagge cgagggcacg cctgcctgegg tetcacacat cgttacccca
481 aaagcaaacg cctcacgtgc gtgcecagge tggatectea cctcccgcga gcacaccgtc
541 tcgtegctgg ttgaaaatcg agtccgcgec cgagctcgtc gecgacaaaat ggtgeatgag
601 cgatgctcga gaccagtcge gcccgacccg gccaaggtcg gactccccga cectacacge

661 gtccacggac gctcccageg agacctcagg tcaggecgege ct
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ACCESSION  LC494604
FEATURES Location/Qualifiers
source 1..686
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Rai"
/isolate="MBT4"
/mol_type="genomic DNA"
/organism="Mucuna bracteata"
misc_RNA <1..>686
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tcgatgectc acacaacaag
61 ttcgaccgge gaacccsttc atcacgegtg ccggggccag cccgggggcyg cegttectte
121 ccgaacaacg accccgtect ccccggcccg acccggress aggcaaaacc tetcgecaaa
181 acacaaaccc cggcgccacg tecgccaagg aactcgaaac cgttmagegc aacctscgce
241 ggcceggaga €ggCgaccce geggacctte ccacgacaca aaacatacaa aacgactctc
301 gecaacggat atctcggctc ttgcatcgat gaagaacgta gcgaaatgcg atacttggts
361 tgaattecag aatcccgtga accatcgagt ctttgaacgc aagttgcgcc cgaagecatt
421 aggccgaggg cacgectgec tggetgtcac acatcgtcac cccaaaagca aacgcectcga
481 gcgcgcgcag cagggtegac gctggectce cgegageacc gtctegtege tggttgaaaa
541 ccgagcccge geccgagcce gececgacaa aatggtegat gagcaacgct cgagaccagt
601 cgcgrggcce ggrcgacgce ggactccccy aacccacaceg cgtccageac ggacgeccec

661 agcgagacct caggtcagec ggggcc
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ACCESSION  LC494605
FEATURES Location/Qualifiers
source 1..696
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="MMP5"
/mol_type="genomic DNA"
/organism="Mucuna macrocarpa"
misc_RNA <1..>696
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tcgatgcctc gcacaaccag
61 ttcgaccgge gaacccsttt taccatctac gcccaccggg gccggctcgs gggegecgtt
121 cggtctcgaa cgacgacccc gtccceecte gggggttegc gggaggcgst cgccccecsc
181 gccecectecc gtcgaacaca aaccceggcs cttegtecgc caaggaactc gaaattgttc
241 ggtecaatct ccgegggccc ggagacgece atcccgcgga ccttgtcacg acacacgata
301 caaaatgact ctcggcaacs gatatctcgg ctcttgcatc gatgaagaac gtagcgaaat
361 gcgatacttg gtetgaattg cagaatcccg tgaaccatcg agtctttgaa cgcaagttec
421 gccegaagec attageccea ggecacgcct gectgggtet cacacategt cgcccccaaa
481 gcaaacgcct cacgtecgte cgcaggsteg aagcteacct cccgeggecg acgtcccecg
541 gctggtcgaa aatcgagtcce gtgeccegst gcgccgcgat amatggtega cgagcgacsc
601 tcgagaccga tcgegegega ccccgtecge atcggactce ccgaccccac acgegtecge

661 ggacgctccg aacgagacct caggtcagec ggggct
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ACCESSION  LC494606
FEATURES Location/Qualifiers
source 1..702
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="MMM6"
/mol_type="genomic DNA"
/organism="Mucuna monosperma"
misc_RNA <1..>702
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tegttetctc acacaatcag
61 ttcgaccggt gaatytgttt atcatccacc cctcaccggg gstaggtcgg gggttattet
121 tgttctccaa cacataccty gtecttecte ggettgggtt ggcgggagst gettecctcg
181 tcctectect ceccgtcgaam taaaaccccg gegcttygte teccaaggaa tttgaaaaat
241 gtteggteca attttcgcgg acccggacac getgatctcg cggaccttec cacgacacac
301 gatacaaaat gactctcgec aacggatatc tcggctcttg catcgatgaa gaacgtageg
361 aaatgcgata cttggtetea attgcagaat cccgtgaacc atcgagtctt tgaacgcaag
421 ttecgcccga agecattagg ttgaggecac gectgcctge gtegtcacaca tegttaccct
481 aaagcaaaac gtctcatgte cgtetgcagg gtegaagcte acctcccgte gggcacgact
541 ctcgcgecte gtteaaaatg gagttcacgg ttgagaatgc cotgataaaa tggtggatea
601 gcgttgctcg agaccaatcg cgtgctactc agttaatttt ggactcttts acccagatgc
661 gtcctcggac getcccaacg agacctcags tcaggcgegg ct
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ACCESSION  LC494607
FEATURES Location/Qualifiers
source 1..688
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Mae Hong Son"
/isolate="MIT7"
/mol_type="genomic DNA"
/organism="Mucuna interrupta"
misc_RNA <1..>688
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tegttgcctc acacaatcag
61 ttcgaccggt gaatctgttt atcatccacc ctcaccgggg ccagetcggg gttgttgttc
121 tcgaacatcg accccgtect tectccggtt ggcgggaget getcgecteg tgctgctect
181 cccetcgaac aaaaaccccg gegcttegte cgccaaggaa tttgaaatts ttaggtecaa
241 tattcgcgga cccggagacy gteatctcge ggaccttecc acgacacacg atacaaaatg
301 actctcggca acggatatct cgectcttgc atcgatgaag aacgtagega aatgcgatac
361 ttggtetgaa ttgcagaatc ccgtgaacca tcgagtcttt gaacgcaagt tgcgcccgaa
421 gccattagst tgaggecacg cctgcctegg tgtcacacat cgttacccta aagcaaacsc
481 ctcatgtecg tgtecagegt ggaagcteac ctcccgtgeg ccacgactcg cggctggtte
541 aaaatggast tcatggttea gaatgccete ataaaatgst geatgagest tectcgagac
601 caatcgcgtg cgactcggtc aattttggac tcttcgaccce aattgcgtcg atggacgctc
661 cgaacgagac ctcaggtcag gcgeggcc
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ACCESSION  LC494608
FEATURES Location/Qualifiers
source 1..690
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Lampang"
/isolate="MHS8"
/mol_type="genomic DNA"
/organism="Mucuna hainanensis"
misc_RNA <1..>690
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte racctgcgga aggatcattg tcgttgcctc acacaatcag
61 ttcgaccggt gaatctettt atcatccacc ctcaccgggg ccaggtcggs sttgttgttc
121 tcgaacacge acccegtect tecteggstt ggceggaggt ggtcgecteg tgctgcccte
181 ctccegtega acaaaaaccc cggcgctteg tgtgccaagg aatttgaaat tgttcgetgc
241 aattttcece gacccgeaga cggteatctc gcggaccttg ccacgacaca cgatacaaaa
301 tgactctcge caacggatat ctcggctctt gcatcgatga agaacgtagc gaaatgcgat
361 acttggtete aattgcagaa tccegtgaac catcgagtct ttgaacgcaa gttgcgcccg
421 aagccattag gtteaggeca cgcctgcctg ggtetcacac atcgttacce taaagcaaac
481 gcctcatgtg cotgtgcagg gtegaagcte acctcccgte ggccacgact cgeggctgst
541 tgaaaatgga gttcatgett gagaatgccg tgataaaate gtggateagc gttgctcgag
601 accaatcgcg tgcgactcgg tcaatttteg actcttcgac ccagttgcgt ccatggacsc
661 tcccaacgag acctcaggtc aggcgggecc
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ACCESSION  LC494609
FEATURES Location/Qualifiers
source 1..692
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="MTC9"
/mol_type="genomic DNA"
/organism="Mucuna thailandica"
misc_RNA <1..>692
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtagete racctgcgga aggatcattg tcgatgectc gcacaaccag
61 ttcgaccggc gaacctgttt taccatccac gctcaccggg gecggctcgg gggcgctett
121 cgttcccgaa caacgacccc gtccceccce ggggtteggs ggaggcgstc gccccgescs
181 cccccteccg tcgaacacaa accccggesc ttegtgcgcc aaggaactcg aaattgttce
241 gtgcaatctc cgegggccce gagacggcga tcccgegeac cttgtcacga cacacgatac
301 aaaatgactc tcgecaacgg atatctcggc tcttgcatcg atgaagaacg tagcgaaatg
361 ceatacttgg tetgaattec agaatcccgt gaaccatcga gtctttgaac gcaagttecg
421 cccgaagcca ttaggccgag gecacgcctg cctgggtetc acacatcgtc gecccccaaag
481 caaacgcctc acgtecgtec gcaggetega agcteacctc ccgegggcea cgtcccgegg
541 ctggtceaaa atcgggtccg tegecggete cgccgcgata aatggtggac gagcgacect
601 cgagaccgat cgcgcgcgac cccgtecgcg teggactcce cgaccccaca cgegtecgee

661 gacgctccga acgagacctc aggtcaggcg ec
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ACCESSION  LC494610
FEATURES Location/Qualifiers
source 1..708
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="MWG10"
/mol_type="genomic DNA"
/organism="Mucuna warburgii"
misc_RNA <1..>708
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tegttetcta acacaatcag
61 tttgaccget gaatctgttt atcatccacc ctcaccgggg ctagetcggs gctettette
121 ttctccaaca cctaccccgt ccttectegg gttggcggga gotggttect cagetcttet
181 gctatgctcc tectectgte gaactaaaac cccggcectt cgtgtgccaa ggaatctgaa
241 aattgttceg tgcaattttc gcggacccgg acacggteat ctcgcggacc ttgccacacy
301 acacacgata caaaatgact ctcggcaacg gatatctcgg ctcttgcatc gatgaagaac
361 gtagcgaaat gcgatacttg gteteaatte cagaatcccg tgaaccatcg agtctttgaa
421 cgcaagttec gcccgaagec attaggctga gggcacgcct gectgegtet cacacatcgt
481 taccctaaag caaacgtccc atgtgcgtet ecagegteea agctgacctc ccgegggcaa
541 gactcgcggc tegtteaaaa tecagttcat ggttgagaat gccetgataa aatgetggat
601 gagcattect cgagaccaat cgegtgctac tcagctaaat ttggactcct teacccagat
661 gcatcctecce tcggatgctc ccaacgagac ctcaggtcag gcggggcc
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ACCESSION  LC494611
FEATURES Location/Qualifiers
source 1..686
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Pattalung"
/isolate="MGT11"
/mol_type="genomic DNA"
/organism="Mucuna gigantea"
misc_RNA <1..>686
/note="contains 18S ribosomal RNA, internal transcribed
spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA"
ORIGIN
1 taacaaggtt tccgtaggte aacctgcgga aggatcattg tegttgtcta acagtttgac
61 ctgtgaatct gtttatcata caccctcacc ggggctaggt cgtegctgtt gttgttctcec
121 aacacctacc tcgtecttee tcggettegc gggaggtgst tgctctgtec tectectctt
181 gtcgaactaa aaccccggcg cttegtgtec caaggaattt gaaaattgtt cgetgcaatt
241 ttcgcggacc cgeacacgst gatttcgcgg acctteccac gacacacgat acaaaatgac
301 tctcggcaac ggatatctcg gctcttgcat ceatgaagaa cgtagcgaaa tgcgatactt
361 getgtgaatt gcagaatccc gtgaaccatc gagtctttga acgcaagtts cecccgaage
421 cattaggttg agggcacgcc tgccteggte tcacacatcg ttaccctaaa gtaaacgtct
481 catgtecett tecagggteg aagttgacct cccgteggcc acaactcgeg gctegttaaa
541 aatgcagttc atggtteaga atgccetgat aaaatgeteg atgagcattg ctcgagacca
601 atcgcgtect actcagttaa ttttggactc ctteacccag aagcatcctc ggatgctccc
661 aacgagacct caggtcaggc ggggcc
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ACCESSION  LC494612
FEATURES Location/Qualifiers
source 1.314
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="PPT1"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna pruriens var. pruriens"
/variety="pruriens"
misc_feature <1..25
/gene="psbA"
misc_feature 26..>314
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctce actacaaatg gataaaattt ggatcttaaa gtatacgagt ttttgaaagt
61 aaaggagcaa tatcaacttt gttgatatta ctcctttact tttattagta gtctaaatat
121 tgataaatat ttttacatac atttttgett tattttaaga ttctttagca ttttttattt
181 cttatgttat gtcgaaaaag tatatatata taaagtatat atataaatgg atgtctctct
241 cttttttatc ctatcctaga agaaaaaaaa gaataataat agaatagaag gegtagaaat

301 tacggtatag atca
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ACCESSION  LC494613
FEATURES Location/Qualifiers
source 1..315
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="PUT2"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna pruriens var. utilis"
/variety="utilis"
misc_feature <1..26
/gene="psbA"
misc_feature = 27.>315
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcc atctataaat ggataaaatt tggatcttaa agtatacgag tttttgaaag
61 taaaggagca atatcaactt tgttgatatt actcctttac ttttattagt agtctaaata
121 tteataaata tttttacata catttttggt ttattttaag attctttage attttttatt
181 tcttatgtta tgtcgaaaaa gtatatatat ataaagtata tatataaatg gatgtctctc
241 tcttttttat cctatcctag aagaaaaaaa agaataataa tagaatagaa gggetagaaa

301 ttacgetata gatca
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ACCESSION  LC494614
FEATURES Location/Qualifiers
source 1..315
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="GPT3"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna gracilipes"
misc_feature <1..26
/gene="psbA"
misc_feature = 27.>315
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcc atctacaaat ggataaaatt tggatcttaa agtatacgag tttttgaaag
61 taaaggagca atatcaactt tgttgatatt actcctttac ttttattagt agtctaaata
121 tteataaata tttttacata catttttggt ttattttaag attctttage attttttatt
181 tcttatgtta tgtcgaaaaa gtatatatat ataaagtata tatataaatg gatgtctctc
241 tcttttttat cctatcctag aagaaaaaaa agaataataa tagaatagaa gggetagaaa

301 ttacgetata gatca
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ACCESSION  LC494615
FEATURES Location/Qualifiers
source 1..300
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Rai"
/isolate="BTT4"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna bracteata"
misc_feature <1..26
/gene="psbA"
misc_feature  27..>300
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcc atctacaaat ggataaaatt tggatcttaa agtatacgag tttttgaaag
61 taaaggagca atatcaactt tgttgatatt actcctttac ttttattagt agtctaaata
121 tteataaata tttgtacata catttttget ttattttaag attctttagc attttttatt
181 tcttatgtta tgtcgaaaaa gtaaagtata tatataaatg gatgtctctc tcttttttat

241 cctatcctag gataaaaaaa agaataataa tagaaagggt agaaattcce gtatagatca
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ACCESSION  LC494616
FEATURES Location/Qualifiers
source 1..306
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="MPT5"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna macrocarpa"
misc_feature <1..26
/gene="psbA"
misc_feature  27..>306
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcce atctacaaaa ggaaaaaatt tegatcttta agtatacgag tttttgaagt
61 aagggagcaa tataaacttt gttgatattg ctcctttact tttattatta ttagtagtct
121 acaaatttta aaatatttat acatacattt tteatttatt tttagattct ttagcatttt
181 ttatttctta tettatgtce aaataaaaaa gtatatatat aaatggatgt ctctctcttt
241 tttctttttt tcctatccta gaagaaaaaa aaggataatg aagegtcgaa attcaggtat

301 agatca
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ACCESSION  LC494617
FEATURES Location/Qualifiers
source 1..302
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="TCT6"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna thailandica"
misc_feature <1..25
/gene="psbA"
misc_feature  26..>302
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcc actacaaatg gataaaatta ggatcttaaa gtatacgagt ttttgaaagt
61 aagggagcaa tatcaacttt gtteatattg ctcctttact tttattagta gtctacaaat
121 ttaaaaatat ttatacatac attttteatt tctttttaga ttctttagca ttttttattt
181 cttatgttat gtcgaaataa aaaagtatat atataaatgg atgtctctct cttttttctt
241 tttttcctat cctagaagaa aaaaaaatea taatgaaagg gtagaaattc agetatagat
301 ca
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ACCESSION  LC494618
FEATURES Location/Qualifiers
source 1..297
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="MMTT7"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna monosperma"
misc_feature <1..26
/gene="psbA"
misc_feature = 27.>297
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcce atctacaaat ggataaaatt gggatcttac agtatacgac tttttgaaag
61 taaagtagca atatccactt tgttgatatt gctactttac ttttattagt agtcgaaaaa
121 tgaaaaaata ttaatacata cattttttat ttcagattct ttagcatttt tgatttctta
181 tgttatstcg aaataaaaaa gtatatatat ggatgtatct ctcttttttc ttttttattc
241 ctatcctaga agaataaaag aateataate aaagggtaga aattcaggta taaatcg
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ACCESSION  LC494619
FEATURES Location/Qualifiers
source 1..296
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Mae Hong Son"
/isolate="[TT8"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna interrupta"
misc_feature <1..28
/gene="psbA"
misc_feature  29..>296
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgacgcgcc tectgcagac ggecctaacc gggatcttac agtatacgac tttttgaagt
61 caagtagcaa tatcaacaaa gtegatattg ctactteact tttattagta gtctccaaat
121 tattaaatac taatacatac attttttatt taagattctt tagcattttt gatttcttat
181 g¢ttatgtcga aataaaaaag tatatatatg gatgtatctc tcttttttct tttttattcc

241 tatcctagaa gaataaaaga atgatactga aaggstagaa attcaggtat aaatca
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ACCESSION  LC494620
FEATURES Location/Qualifiers
source 1..297
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Lampang"
/isolate="HST9"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna hainanensis"
misc_feature <1..26
/gene="psbA"
misc_feature = 27.>297
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcce atctacaaat ggataaaatt gggatcttac agtatacgac tttttgaaag
61 taaagtagca atatcaacaa agtggatatt gctactttac ttttattagt agtctccaaa
121 ttattaaata ttaatacata cattttttat ttaagattct ttagcatttt tgatttctta
181 tgttatstcg aaataaaaaa gtatatatat ggatgtatct ctcttttttc ttttttattc

241 ctatcctaga agaataaaag aateataate aaagggtaga aattcaggta taaatca
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ACCESSION  LC494621
FEATURES Location/Qualifiers
source 1..297
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Chiang Mai"
/isolate="WGT10"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna warburgii"
misc_feature <1..26
/gene="psbA"
misc_feature  27..>297
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcce atctacaaat ggataaaatt gggatcttac agtatacgac tttttgaaag
61 taaagtagca atatcaacaa agtggatatt gctactttac ttttattagt agtctaaaaa
121 tgaaaaaata ttaatacata cattttttat ttaagattct ttagcatttt ggatttctta
181 tgttatgtcg aaataaaaaa gtatatatat ggatctatct ctcttttttc ttttttattc

241 ctatcctaga agaataaaag aateataate aaagggtaga aattcaggta taaatcg
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ACCESSION  LC494622
FEATURES Location/Qualifiers
source 1..297
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Pattalung"
/isolate="GTT11"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna gigantea"
misc_feature <1..26
/gene="psbA"
misc_feature = 27.>297
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagctcce atctacaaat ggataaaatt gggatcttac agtatacgac tttttgaaag
61 taaagtagca atatcaacaa agtggatatt gctactttac ttttattagt agtctaaaaa
121 tgaaaaaata ttaatacata cattttttat ttaagattct ttagcatttt teatttctta
181 tgttatstcg aaataaaaaa gtatatatat ggatgtatct ctcttttttc ttttttattc
241 ctatcctaga agaataaaag aatgataate aaagggtaga aattcaggta gaaatcg



75

ACCESSION  LC495170
FEATURES Location/Qualifiers
source 1..759
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="ReVv"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna revoluta"
CDS <1.>759
/codon_start=2
/gene="matK"
/product="maturase K"
/trans|_table=11
/translation="FFYYYCNWNSLFTPKKSISTFFSKSNPRLFLFLYNLYVWEYESI
FLFLRNKSSQLRFKYFRVFFERIFFYEKIEHLVEIFVKDFSYTLSFFKDPFIHYVRYR
GKSILVSKNTPLLINKWKYYFIYIWQCHFNIWSQPGTIDIKQLSQHSFHLLGYFLSIR
LNLSVWRSQMLONSFLIQIVMKKLDTIVPIPLIRSLAKEKFCNGLGHPISKPVWANL
SDFDIIYRFLRICRNFAHYYKGSSKKKSLYQIKY"
ORIGIN
1 gtttttttat tactattgta attggaatag tctttttact ccaaaaaaat cgatttctac
61 ttttttttca aaaagtaatc caagattatt cttgttccta tataatttat atgtatggea
121 atacgaatct atctttcttt ttcttcgtaa caaatcctct cagttacgat tcaaatattt
181 tcgcgttttt tttgaacgaa tttttttcta teaaaaaata gaacatcttg tagaaatatt
241 tgttaageat ttttcgtata ccttatcatt cttcaaggat cccttcatec attatgttag
301 atatcgagga aaatcgattc tggtttcaaa gaatacgcct cttttgataa ataaatggaa
361 atactatttt atctatatat ggcaatgtca ttttaatatt tgstctcaac caggaacgat
421 teatataaag caattatctc agcattcatt tcaccttttg ggttattttt taagtattcg
481 gctaaatctt tcagtegtac gaagtcaaat gttgcaaaat tcatttctaa ttcaaattgt
541 tatgaaaaag ctteatacaa tagttccaat tattccttta attagatcat tegctaaaga
601 aaaattttet aatggattgg stcatcccat tagtaagecg gtttggecca atttatctga
661 tttteatatt atttaccgat ttttgcgaat atgcagaaat tttgctcatt attacaaage

721 atcctcaaaa aaaaagagtt tetatcaaat aaaatatat



76

ACCESSION  LC495171
FEATURES Location/Qualifiers
source 1..693
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="ReVv"
/mol_type="genomic DNA"
/organism="Mucuna revoluta"
misc_RNA <1..>693
/note="contains internal transcribed spacer 1, 5.8S
ribosomal RNA, and internal transcribed spacer 2"
ORIGIN
1 cgacaatgtc ccttcegtag ggtaacctec ggaaggatca ttgtcgttec ctcacacaac
61 cagttcgacc ggtgaatctg tttatcatcc accctcaccg ggeccaggcc ggggttgcte
121 ttctcgaaca ccgaccccgg ccttectegg gttggegegga ggtggtggcc tegtgctgcc
181 ccgtcccgte gaacaaaaac cccggcgctt cetgceccaa ggaatttgaa attgttgget
241 gcaattttce cggacccgga gacggteatc tcgeggacct teccacgaca cacgatacaa
301 aatgactctc ggcaacggat atctcggctc ttgcatcgat gaagaacgta gcgaaatgcy
361 atacttggte tgaattecag aatcccgtga accatcgagt ctttgaacge aagttgcgec
421 cgaagccatt agettgageg cacgcctecc teggtetcac acatcgttac cctaaagcaa
481 acgcctcatg cgcgteteca gegtggaagc teacctcccg teggccacga ctegegects
541 gtteaaaatg gagttcatgg tteagaatec cgteataaaa tggtegatga gtettgctce
601 agaccaatcg cgtgceactc getcaatttt ggactcatcg acccaaatcg cgtccacgga

661 cectcccaac gagacctcag gtcaggeggg gec
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ACCESSION  LC495172
FEATURES Location/Qualifiers
source 1..298
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="ReVv"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna revoluta"
misc_feature <1..27
/gene="psbA"
misc_feature = 28..>298
/note="contains psbA-trnH intergenic spacer and tRNA-His
(trnH)"
ORIGIN
1 tcgaagcttc catctacaaa tggataaaat tgggatctta cagtatacga ctttttgaaa
61 gtaaagtagc aatatcaaca aagtggatat tgctacttta cttttattag tagtctccaa
121 attattaaat attaatacat acatttttta tttaagattc tttttcattt tteatttctt
181 atgttatetc gaaataaaaa agtatatata tggatetatc tctctttttt cttttttatt

241 cctatcctag aagaataaaa gaateataat gaaagggtag aaattcaggt agaaatca
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ACCESSION  LC495173

FEATURES

source

CDS

ORIGIN

Location/Qualifiers

1..720
/collected by="Aekkhaluck Intharuksa"
/country="Thailand:Tak"
/isolate="ReVv"
/mol_type="genomic DNA"
/organelle="plastid:chloroplast"
/organism="Mucuna revoluta"

<1.>720
/codon_start=1
/gene="rbcL"
/product="ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit"
/trans|_table=11
/translation="TETKASVGFKAGVKDYKLTYYTPDYETKDTDILAAFRVTPQPGV
PPEEAGAAVAAESSTGTWTTVWTDGLTSLDRYKGRCYHIEPVAGEENQYIAYVAYPLD
LFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPTSYIKTFQGPPHGIQVERDKLNK
YGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCA
EAIYKAQAETGEIKGHYLNATA"

1 acagaaacta aagcaagtgt tggsttcaaa gctggtetta aagattataa attgacttat

61 tatactcctg actatgaaac caaagatact gatatcttgg cagcattccg agtaactcct

121 caacccggag ttccgcctga agaagcagst gctgccgtag ctgccgaatc ttctactgst

181 acatggacaa ctgtgtggac cgatggcctt accagtcttg atcgttacaa aggacgatgc

241 taccacatcg aacctgttec tggagaagaa aatcaatata ttegcctatgt agcttatccc

301 ttagaccttt ttcaagaagg ttctgttact aacatgttta cttccattet cgetaatgta

361 tttegettca aggcactgcg gectctacgt ctggaggatt tecgaatccc tacttcttat

421 attaaaactt tccaaggtcc acctcatgeg atccaagtte agagagataa attgaacaag

481 tacggccstc ccctattagg atgtactatt aaacctaaat tggegttatc cectaagaat

541 tacggtagag cagtttatga atgtcttcgc geggeactte attttaccaa agatgatgaa

601 aatgtgaatt cccaaccttt tatecgttgg agagaccgtt tcttattttg teccgaagct

661 atttataaag cacaggctga aacaggtgaa atcaaagggc attacttgaa tgctactgca
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HPLC chromatogram

M. pruriens var. pruriens (XS1)
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5. M. pruriens var. pruriens (XS5)
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9. M. bracteata (XS23)

Summary(Compound)
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11. M. bracteata (XS25)
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12. M. gigantea (XS18)
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13. M. gigantea (X519)

Detector A
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14. M. gigantea (XS20)
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15. M. hainanensis (XS42)

Detector A
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16. M. interrupta (XS17)
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17. M. macrocarpa (XS26)

Detector A
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18. M. monosperma (XS13)

Detector A
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19. M. monosperma (XS14)
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Detector A
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20. M. monosperma (XS15)
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21. M. revoluta (XS21)
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Detector A
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22. M. thailandica (XS27)
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