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Abstract

Project Code: RSA5580054

Project Title: Analysis of genomics and chemicals in betel-like-scented Piper species
Investigators: Arunrat ChaveerachKhon Kaen University

Runglawan Sudmoon Khon Kaen University

Tawatchai Tanee Mahasarakham University

E-mail Address: raccha@kku.ac.th
Project Period: 16 July 2012 — 15 July 2015

Piper betle (Piperaceae) or betel leaf, known locally as “Phlu” has been used by people in
Thailand for chewing for a long time. It contains economically important chemicals used in
several household products. However, it was reported that root rot, leaf rot and leaf spot are
important problems for its cultivations. Over the past 12 years of our researches on Piper
species, we found that there are more than 43 species. Therefore, the plants should be DNA
barcoding constructed and screened for their chemical constituents. As of the Piper species are
usually used in processed forms for medicines and other products, barcode construction using
matK gene, rbcL gene and psbA-trnH spacer regions has been done for serving identification of
plant parts, young plants and modified forms in 36 collected species. The 190 sequence
accessions have been recorded in GenBank. At intraspecific levels, the genetic distances are
most effective for a species identification starting from same sequence or no difference in each
species to very low distance values. Only P. betle posted the highest values at 0.386 of matK
gene, this may be because it is an economic and cultivated species, so is supported growth
factors from human affected on its genetic distance. The genetic distances at interspecific level
are also most effective for different species identification by matK gene ranged from 0.002 to
0.486, excepted for eight species-pair which could be identified by each of the other two
regions without of combination. There are some plants other than P. betle that possess a betel-
like scent, viz. P. betloides, P. crocatum, P. maculaphyllum, P. rubroglandulosum, P.
semiimmersum, P. submultinerve, P. tricolor, and P. yinkiangense. It was expected that these
plants would contain similar useful chemicals as betel, their extracts were screened for the
chemical contents by gas chromatography-mass spectrometry (GC-MS). The extracts contain
some important chemical substances that are similar to the betel extract, namely, eugenol,
isoeugenol, chavicol, caryophyllene, sabinene, phellandrene, germacrene A and germacrene D,

and sesquiterpenes. Different dilutions of these extracts were tested for inhibitory activity



against pathogenic bacteria and fungi. Effectiveness against Pseudomonas aeruginosa was
found with undiluted P. rubroglandulosum and P. yinkiangense extracts, and effectiveness
against Staphylococcus aureus was observed with undiluted P. betloides extract and all
concentrations of P. maculaphyllum extract. Therefore, the most interesting species is P.
maculaphyllum, as it was effective against S. aureus, which causes many human diseases.
Volatile oil quantity and chemical components were detected in the nine species by GC-MS.
The oil quantity is highest in the cultivated P. betle species at 2.73 mL/kg, while wild species
had a highest amount at 0.76 mL/kg in P. tricolor. Substances found in a satisfactory amount
include eugenol/isoeugenol, 4-allyl-1,2-diacetoxybenzene, L-linalool, a-terpineol, B-terpineol, B-
selinene, butylated hydroxytoluene, trans-caryophyllene, a-caryophyllene, germacrene D, and [-
elemene.

From the chemical constituents and the extract activities, it is suggested that human
population can benefit from both local and industrial medicines produced from the eight betel-
like-scented Piper species, which to date have only been produced from betel leaves. The
results also indicate that the eight plant species would have as high a potential as P. betle for
industrial purposes. Moreover, as the plants are wild species they have a greater vigor, thus
growing well and with more branching than betel. The diverse Piper species studied and
documented are important for sustainable uses and can enable conservation management of

natural resouces.

Keywords : betel-like-scented Piper species, DNA barcode, essential oil, phytochemicals, Piper

species
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P. semiimmersum, P. submultinerve, P. tricolor W& P. yinkiangense Lﬁﬂ‘lJﬁﬁJ‘WQ
P. betle

3) Walsziliuinubneanszing (essential oils) IMNNTLAEH

4) Lﬁa‘mLma\‘]"i’@lqﬁuﬁ’m{umimﬁﬁﬁ’]ﬂ”fy L% chavicol, eugenol,  muyristicin,

. . aa a a A A | @
piperine L safrole ﬂuﬂﬁzﬁﬂﬁﬂ']wq\‘]ﬂ'm'ﬂiaLﬂEJ‘]JLV]']ﬂ'UWQ

aAacv A A Y
1.2 9AWIYNLNYIVD
1.2.1 aynsuiswzasizanawsninglulsandlng

FNeUMIAN A NNAINNTRALRZTRINUUTAIAF (Systematics) madﬂ"’ﬁaqaw%ﬂvlﬂ olu
Uszinelnoannd 10 § Chaveerach et al. (2002) Anmansmzdug W INeWazIluDLAIEY
Las183% random amplified polymorphic DNA (RAPD) lagldlwsiwes 14 uuy e
WIBUIREURTaUENANNULANGIITAING P. chaba 28dUssin@ing AU P. retrofractum Va3
ﬂi:mﬂf}jﬂu WUINQTHANNLIRABY (Similarity index) 2%i19 P. chaba NU P. retrofractum,
P. chaba nu P. kadsura, P. retrofractum AU P. kadsura mﬂfaﬂaﬁ'mg’m’mm Ao 71.4%,
38.5%, 46.0% UG NTaNAAMURAINRAIBVINENNWALEWE Ap 9.4%, 9.3%, 22%
ANWEGU U§A9IN P, retrofractum Az P. kadsura Smianusunuilndganwinnnia P,
chaba usz P. retrofractum Ssfigagnwinenlndifesriu SawgUlein . chaba vasszina
Tnaduauwszsiany P. retrofractum maaﬁszmﬂtﬁﬂ;u

Chaveerach et al. (2006b) Taiusfialnivadlan 3 wiia fa P. dominantinervium
Chaveer. & Mokkamul, P. pilobracteatum Chaveer. & Sudmoon 8¢ P. phuwuaense
Chaveer. & Tanee uazludidoanuldmoanunislduszlomivasirayulwsananiningly
navue 8 e 1sluwivasmsiduemis wiaane ayulws 15luRsnsnd1e g uazlfiduis
U321 (Chaveerach et al., 2006a) J¢iaun Chaveerach et al. (2007) wusfialuivadlan 1
%@ fa P. betloides Chaveer. & Tanomtong L 2 ms;lwbuf fa P. thomsonii C.DC. var.
trichostigma Chaveer. & Sudmoon LLas P. pedicellatum C.DC. var. eglandulatum Chaveer. &
Mokkamul diaunislananuanunainaiiavasizananinlneludszndalng laldsuna

w”aﬁ‘mqaw%ﬂvlﬂﬂﬁﬁ@l%ﬂ%ﬂﬂﬁﬂﬁ?\lﬂﬂ%’&ﬁﬂ 3 Ih@ WUATINRDIAN 1 THe LAz 2 maw"’uﬁf



L= =) 1 :; &, a £
wazgsdnmsTonusialnivaslaniindudn 2 sfia e & P. maculaphyllum Chaveer. &
Sudmoon ae P. rubroglandulosum Chaveer. & Mokkamul (Chaveerach et al., 2008, 2010)
818@ Sudmoon et al. (2011) 'lée9u P. protrusum Chaveer. & Tanee (Junwsfialna

A a = a d‘v A U o a U R Y & (3 1 A a
iadn Arrieiwofinaldasing lumsdmanudssdunadisidinudnadiisiie
aug luanalduniudn 6 viia SellansuzniidugwInalndfanuuinigaandnsdoys

@ a

saulaianaiinnulasldit random amplified polymorphic DNA (RAPD) Tayaszaulatana

sivayudayanidugwineriisaindduisialng lasaudidagiuifanu e

q

aqaw%ﬂ"l“n glutlvzinelnanau 43 a5

% | a & [¥ .
1.2.2 NIE39LATDIRNYALOWLALULULNILAR (DNA barcoding)
ANIILATIZIA LNV IRITTIA UONAINLNERIA N RN NI LAZATUN LI I WINITUAIE I
€0 @ o S A A Y A o A Ada & g
aUszaaddAydndsznInieAsiNasNILATININININBINTINYRIFINT I Ul Tuniay
' =2 A ) ~ ' o A A A A
ﬂm’mal,maavxmﬂmawuﬁqmmﬂmmmmamsmmﬂszqn@s‘lﬁumﬁzq%mwﬂummw
A & ° @ & A A o ° ¥ A ' A
wmuugﬂmm%ﬂiﬂwmﬂuagﬂm Luaomﬂwmmmgﬂmmlmwmmomumagmms
stisuuadunsdsldaansnszyialdainitnandudensldansuenadmugiuing
A A& PN & A a asa A A& o
msammU@Lamamuwmwmm:amq@lummuﬂamsammUmamal,mumﬂﬂ@
WNANYIFNFNS LATULWIAANIIVINLNT LA AV AIRINTIANNNTITIR ALY BIaL3laa
a v 1 A 1 4 =Y v v 1 1 o ¥
(bar code) VBIFBAANN Y Gﬁdmylumﬁzqﬂizmw T LarIANFRAN l@atNILuwE SeUUTh
°1hUa@]mwﬁ@wm@LLa:LﬁwmmifmLgﬂumiﬂ'uﬁﬂﬁaga ﬁaﬁaomsmmﬂizqﬂ@‘lﬁlums
i:yﬁaﬁ%% LNARAAINNHNANAIALAZLANAIINIIALST DNNILITILLANUILRNTAIWANS
AUATIITAWIIAIUINT AIMNRANNRAINITINTN swﬁamsak&%'ﬂﬁw%'wmmﬁiimma
o A Ada W en o A Ada P =& ' A Ada A
uslaauasRefidiadaadusuifianicdrras®mifiashann g Sauana19anFINTInaw
| ) Y % = 2 o @ .
AN TR N AINNT AL aLauLamLﬂumswugmiuLLamanHmszWzmaaLma:
790990 wnINeNMIASRENUINIUMALABLERY ) NELAINAUMIITINULAZIANNZRY NEIH
maaiﬂﬂﬂmuﬁuammmLmﬂ@msfz%dwwﬁ@g@ LANAINENTEWINTRALA LI NI 1T
duaTasnanadidueauunilaalunsszyfidfia (eyusad adns, 2552)
. . & _ , , &
lud a.¢@. 2003 l@dn139a@as Consortium for the Barcoding of Life (CBOL) %
Lﬁaa‘i'@'ﬁﬁmmgml,l,az@;ﬁaluﬂﬁﬁwﬁLﬁmamﬂﬁﬂ nmammza‘i’aﬁwgmﬁagaﬂmwaaﬁlﬁu
o A v o ¢ 0o v A & v @ P ' A Ada A
lasldanuaasanusunssuassauaduwe luslaanusiiadis g 2a9&9ildia sagiui
v o X ) . v
Javdultaiuvesdn cytochrome C  oxidase | (COl) wadlulnasuasuiduuislaa
fWTUFAT FanluNTWUINEauiInalalnaua B wilaaInNNLaNE1ITERINITHha ayNIN
A = A A Aa o o A o A Y LA
13609971N 3 LN NT L bl INAAULAIHRIINUINITTN LAzHaAINNTUNUNTAIURAININEWINARE

TIWaNRANIN IR IRNINTIN LTRINVDIALAWLANNTIARUFNISENT internal transcribed



sequence (ITS) %%aa"mmadﬁLSuLamﬂﬂaaIswma@TﬁagszMNﬁu psbA uazfin tmH 9
uwsadIaMuLAndTiags sunsaltlumduunsiiadeg vesdsld (Hebert et  al,
2003) é’ufusluﬁ'ﬁdag’lmw:mimﬁmmﬁmmzauﬁm%’uLﬂumﬂﬁ@ %oﬁ"‘ﬁ@haﬂﬁjuﬁ'u
019 09lF@ILSIIme 6971 Chase et al. (2007) wauwalwlddauiinnalenduasdidualunana
Iswana@an 3 uSudens 1 whe lasd 2 mafen @a mpoC1, matk uay psbA-
trnH spacer %38 rpoC1, rpoB ez matK @au1 CBOL Plant Working Group (2009) e
Lawa 2 U3 fia rocl uaz matk iwuSiimunslaan1asgwaina (core barcode) &l
Nonanungy 81ga Hollingsworth et al. (2011) ldlauau3iims psbA-tmH spacer (uy3iim

AITIWNNLAY

1.2.3 svdanninuuazdszlasivasiisananining

Rocha and Ming (1999) wuiluluvas P. hispidinervium fd3anmmuasanymunsangs
A9 83-93% vasinuneNTHLe mmmﬁnm’l,ii”l,flw,mdammemaﬁmuﬁaﬂ?@ﬁuﬁ%ﬁ“
mnﬁﬂnﬁgzyw”uf Ocotea pretiosa Benth, Cinnamomum petrophilum, C. mollissimum s
Sassa albidum Nutt. mwwﬂmmﬂm”mqﬁuﬁazgﬂLﬂﬁﬂuvlﬂl,ﬂumiag,w”uﬁ‘ 2 3%a lag
lasnugamwnisudasaadlalnsfiuuazansiniwaliueadarienlad lasmsadlalnafiu
ifulﬁﬁummmﬂﬁuLLazsaluq@aW%ﬂisu%awMﬁ@ 1 npnganes inengan WD 1
Tads negnwan MunsinsianugzaanIrany s15aReianldn nssTumaisenuns
Awldaansaldmsdsinnedle drumslwnelsuaatvionlodinldidusulsznaud
fAyvassnaiuuaIngy winsasd Fefaudazfinaunadestaansrsumaud il
T lTEIRIATZAINALN K L6

Huang et al. (2001) ANFWLINENTRNAIN P. kadsura Usenaueiuans 7 via 6%(11%
’ﬁﬁu’suﬁﬁ 3 1ia Ao futoquinol, galbelgin L8y meso-galgravin ﬁwaﬂ‘uiﬁﬂ% hepatitis B virus
URZNIIFIN e antigen &2% piperenone mmmﬂ'uﬁzomwwz hepatitis B virus lummzﬁl
piperlactam S JRBHaLTAR

Amusan and Okorie (2002) #nmnszansawuasinguiiananannauas P. guineense
lunssneUaiuis (Charias spp.) hil#luas Desmestes maculates (Degeer) ¥iNany wWa
mafinsmuindeldansit 5-6 lulasaasdensuimingm FATNAIUANNNIIATY VDI
Temisluszosdusasanuazitdiusibooduszaninm saruisldianaininguannissiie
fmanzauiiazinan s astudaude lilwiaassunin

Luger et al. (2002) lafinwlasiasnananuadans 3-(4-methoxyphenyl) propanol

A o A o @ ¥ a
pyrrole GaiduansUsznaunanfiana baannlslonwes P. oot ludszinaisauy ansitigns



AWULANLIE Imaqamaomsﬂs:ﬂauﬁm propanoyl pyrrole agj‘lw,l,u’;s:uml,m:mumaa
methoxyphenyl ayjsl,w,l,mm'mszmu flauni 93.8(3)° wazdlvwalnanifeesaawliain
auWusad dimethoxy luNTanadzIiuiy 30°
Samuel et al. (2002) &NAFIIINWNSAINY (P. nigrum) wazwwi 7 adia lawd P.
argyrophyllum, P. attenuatum, P. chuvya, P. thwaitessii, P. trinueron, P. zeylanicum U8sTha
Aa o o A A o A & a A A A
niaNudiRYMaaTEgiavasdssinariainfe P. longum swnvIsheniduizlgnde P.
nigrum Was P. chaba shaafiawaanagaauaziianzierslasanlnnmfuuunszans (paper
chromatography) HalasanlaunsufildwuAludn (phenolic) $1%3u 20 30 lawdl 1 90 fAiny
A a A o A ° Aa € o o A
luwmmju@mmmmimﬂmmammﬂlunﬁsm’maauLLazmLLuﬂwuﬂiz‘[mummuw’n
g o ' a A a v a a v Ay Y A A .
anad wazganuiwan inenasyludastuluwi lbudsosazaosintgn ladlarsdu (oleoresin)
a a . . 1 a t:i o 1 di a dl Azid
WRZIWLNEIW (piperine) gam’]wsﬂvlﬂwmmmmmmammzmu@aus] NANBN
Scott et al. (2002, 2004) AnwszAnFnwaIanAIINRTANaNINIny 3 Bila fa
Winlne P. guineense Waz P. tuberculatum #BNIHNIALIAT WUIIRTNI 3 Tha Fa1IRLNa
P2 1 . . =~ . 1 o A
Fudaduaslungu isobutyl amides AnnTidlu neurotoxins daunas lasasanaannnining
e TNTuIzauand 9 s1unsasdunadluarnuazluntiuisanld aududuwind
UszANTAINTUAILGA 0.01% mmmﬁw"’wuaumﬁaLLa:LLwaaiumi:Qa Tenthredinidea 119
0.1% mmsnﬁﬁ'@LmaaﬁﬂLLidé’@lgmadﬁaﬁLLazﬁmﬁ'@ wudwﬁwaﬁﬂﬁumdé’mgﬁmm
LAWIALAzaLNSNLARTaen e uaﬂmﬂﬁﬂ'awu’hgmmiaﬁ'@mnﬁmaqaﬁﬁwavl,dLL;JM"L@T@T@sl
29U INBlUNTINNNIINAAK LAzl aINWULNRININNLANEEIGW ’RITFNAINNWIN NG IR M L%
waumanzaslumMInuguLuaINguALFauszdIdausas sawfly uazdiguginisnanulelu
09: v QAV QG'I { =) l&/ =) le Q Q Qs 4 Qs
J2ULAWERE wanNNREINgNTAN g MAaduanmassugnisnkuasnwnuasanluasana
& o oAado. o o KA £ An ad = ' A o A o
Wi Tadndnyvassranatiatiiniebialurrrumdan 9 biduRunudunesey uaz
ﬂaam"’sém%’ué’mﬁﬁmamﬁyﬁmuLWiwzﬁmqaﬁvL@“Lﬁﬁum%aammm:mmv\mzﬁaﬂﬂ
o A X ° o o A \ A o A A 4d &

W& mm’«nzm,Lmzmlﬁﬁlﬁmiaﬂ@mﬂwmﬁmuiumsmuq11Lmadﬂ@]gwﬂuwumaﬂ 9 luaiu
as2 Deaun Scott et al. (2005) ladnsmsldinsihuaasianaldnuanininglunmaiugu
A o ) . . 2 ! o Aa
LAURINVINRNEKEY European chafer (Rhizotrogus majalis) HEN1IANBINLIRIIRNANIAINY
NI 2.5% F1ANIDTNAUA8aklIzEsN 3 VAIULUAI LG LANARWIN ANULTUTWYBIRNT
’NAN 2% FINITAMTARBAWIZHEN 3 LAz 4 16 UazN 4% RINIIDFIARWAUIZLLN 3 At

v a o a v A £ d'l =1 =3 & ==Y 1
Uame'le waztignu1snmaadszrnslddanld Wadnwdiszozaiassiiawuindn 1-2.6

=

% a‘gﬂvl,@ﬁm’]saﬁ'@ﬁ@ﬂﬁ’magﬂuamwmwm@ﬁamﬁ H%LNAIN I Tatifa diazonon

2

(2

@‘i’dﬁfuﬁ’]ﬁm'}mmLmuﬂs:mmumaiumuag;l,ﬂuu%nmmﬂﬁmsaﬁ'@ﬁaﬂﬁmaﬁﬂ’h
a Aa ' & 4 a o & ' o X '
mnmwuﬂs:mmuumwmuagluwumﬂumnmmw Fevzrradvenaadnlginanasla

o A Ada A
Lﬂuau@]i’]ﬂl@laaﬂuﬁ’]@au



Luz et al. (2003) AnENNURBNITRLANNILUAENIBaUVBY P. reticulatum Was P.
crassinervium NN AMLaIUsTNaUNTGa laansnauaas lasiualdenzhaiulseneay
83D GC/MS WusUWRaNTHREYBS P. reticulatum 3 B-elemene 19 24.6% W&z B-
caryophyllene & 16.7% &% P. crassinervium Agauilsznaungawa p-caryophyllene
17.7%, y-elemene LLaz B-elemene 10.9%

Anuradha et al. (2004) ®NAFITINNNALAIVI P. longum GILINLTH WURITNA
Qmawﬁaﬁ’mmiﬁw’mmadLauvl,ﬁliﬁ glucosidase lasansilsznauaae pipataline 2, sesamin,
oellitorine, guineensine, brachystamide B, 3-(3,4,5-trimethoxyphenyl)-propanoic acid-Me-
ester, piperlomguminine LazWWaI® HantaNFITUTZNALRAN RN EINLFIITAA bRl

A P . . . .. ! AaA [N o &
nnWrsliaifa  isodihydropiperlonguminine duaINgmauLARINNIINUYeaN D]
glucosidase fa pipataline, sesamin, pellitorine, guineensine LAy brachystamide [ o9
ssdsznaunguibihaziigmuand@duliie wmnu uazlsanaaaananiay

= o g 6 a a a v 6

Dyer et al. (2004) ANEIANTRNA NIFIATIEA LaziaIne TN IveIznsie lua

A a o a A o x> oA A A A |

luzananining S1uan 1,000 sfia Ailanian wudde 112 oila dasdszneufiuands
i 667 il lawn oannaasdialud 190 wiia Anuwun 49 Tia dlafnuun 70 7iia naswu
(terpene) 97 THa Iwsinilafuaa (propenylphenol) 39 wHa sAuTasd 15 e a1 lwlsn
(kavapyrone) 18 afia aalaw/lalalasmalan (chalcone/dihydrochalcone) 17 afia Wanlin
(flavone) 16 ol Wa1luw (flavanone) 6 e twiwalslas (piperolide) 4 afia uaz
srdsznauaudn 146 sl ldsunndadingula g e laswumlsznaumaitainyn
v 1 o v a 1 a { Qf
fIuVaINT AR 310 §16% Ju wazaan aratsantUsznaulnsiniiafueanidusnseangnd
Ao o A a A aa Ao o A ' & A A a 4 'Y
nddnde v3ues sWsea uar MoIafidu mndayngalunduialud fa Aweiu Geana
Idands 20 oile sslunduialudaug Awy 13w pipericide, piplartine, ~ 4-desmethyl
pipartine L8z cenocladamide, 4'-desmethyl pipartine LR cenocladamide wazwuInNde lud

a { Afl e 1 { Qg Q
wanssfiafiaangniiununaoiduonsuuafdgniTuusInTInuAIMENUVad Scott et
al. (2002)

Ao a e o ' A a & .
wannididnImanuguantanmdumudalinfiiiaainiion ves P. colubrinum
o ' A o 1Y a . v .
wazfinsnensulaauiuaInanGIddauiuaaataaslufin (osmotin)  b¢ (Dicto  and
Munjula, 2005) sasquautaRilAiinTIN P. colubrinum anlfiduduaalunisdanwining
ludszinalng we.a3.3uauInTal TAUST FIRINAATTEITTAINGT ADSUNNLEAS
uaz eyl Ui ennsddszdaneindomant anineasuaunnu lavinane
WAL “MInAasnTananinlnaneanayn  dmibdasiuanzanudunnies
waznsATluMINGe” Eunsmandigusy masaniinglnsyieel NBT vouunin laiuf
24 W% 2551) laganansdnigasrinniuiaunas @AY 09w thasaniiy

o

a v v a A a o & 1 Rt o 1
a9 ZIVLG] UANY “BITNLNDIW I%Wiﬂvl‘ﬂﬂ(ﬂ’l ‘ﬁdﬁﬁﬁiWQmsL%ﬂ’liﬂﬂﬁﬂ%ﬂ’]’)&’ﬂ’)?ﬂ’iﬂﬂﬂWiﬂﬁ



Iﬂﬂﬂﬁ]qﬂ”mamsu,Wﬂﬂﬁmwﬁ'ﬂﬁammﬁwﬁ%yiumsm:aamuﬁawaaszuuﬂszmw LAY
P it o & A P a A ~
WengnuNazdasnuirasltean I ugua N aan N ULRLI INITAA LIRNAILRAN  A3189%
NHANTANBINDIN miﬁmawaﬁm:mmmﬂaoﬁ'ukﬂa‘”a"lmuaﬂﬁ NN DI UL
o o A o a o A an ¥ o o & & A2 o oA
gIEANENaNWIN Inad uqmauumlumiﬂaaﬂuiiﬂaavlﬁmwai ﬁnﬂﬁ;@mwaﬁmml‘ﬁm
NI DIUTENaVALY Sﬂ.@]i.a?mﬂ%‘ 1311530 1T UAFTANENT AMSLARTAIRAT 6.7, J3)
LAT NWNLUTINS AMAITIAN ASINYIAIRAT LAZ HA.AT.IUAUINTDE VAIWTT BIRUN
MOITIFEIIINGT  ATASUWNYAIRAS WRIINYIALVIWULAY FWLIANEIITAITEIRITNINDT U
miﬂuagmﬂmiuuﬁaﬁwmLﬁuwﬁmﬁmmﬂugmmumﬂiﬁ%ﬂamgmﬁaﬂaaﬁ'ﬂiﬂé‘a%
was %owumnlunéwj’gamqLLamu’S'ﬂﬁwmuﬁﬁma:mmLﬂ%ﬂ@ga FINLWaI WL UR1I0R
ea o 'y A o A Aa = o ° @ A o o o A
ANNDUANANA LAINNWIN INBFITITURIINGIFAA  LaUTan LLa:m‘lmwmaauwaﬂuwaq
daudN9 9 TIzITABLABIBENINN I@mawwzaamﬁamﬂgmwwlmmmw%ﬂ%sl WIDN
aywlwindssiweTwdusiudsznay Sumoaziiadjasodeduiiedasiuauiasean

s 02 @ A e K v L [ a A v
AN muuumﬁ]mmvl,@mmiﬂsuimoaiwmamsjm‘wmaamimwasﬂvsLﬁuagbmﬂ"laiﬂ
T,snuﬁﬁmm@Lﬁﬂis@”umiw,uml,ﬁaa@mﬁ:mslLﬁaa@ialﬁaq wazINIATIAFaUUSN NS
QI 1 Q{ a a o v § =)
WNURILTARAN BIGaNNTEaNgNTIE TRIWa T HINNIA InsddraiaIaslianainenmans
VN E WAL AL TD DD miﬁﬂwﬁﬁ'ﬂﬁuaﬂmm}mmﬁ@iaﬂﬁjuﬁgdmz;ua:nq'w
AW LYNWNTNIEANUIILNWTAILED HIULTRAMNENSIVILIAIITINTT INLNFINITD
ﬁuwuaﬁwqmmaaw%ﬂ"lmmﬁﬁﬂﬁmm‘mﬁnmslmulﬁl,ﬁ@ﬂiﬂwﬁ@iagﬂam"l,ﬁasmgaqﬂ &9

A‘l’ v & K ) [ = Av Aa 1 s
Wunstliiduisanudagvasnsdneisenduadonsnamwidssindluszozenn



Unh 2

25ANRWNIY
[~ -V 1
21 NMLNUaIagd

udadanguazirananin inoniindunidaung wisuszysiadiudayadmgu

Inenaulana3e9dslu Chaveerach et al. (2008) WAz a;m%“mﬁ PINT WazAE (2552)

1
Aa

myszynawmriaunglianudaviudinyana lald 10 au nasosaunananlune 1udin
mﬁ@ﬁﬁmwﬁnﬁumﬁauWQ Lm”’;Lﬁanmﬁ@ﬁgmaamnﬂummmLﬁu’jﬁﬁnﬁlumﬁauwgmaﬁu
nnaw haadNanoieunanadianie g Iuaz3lazKiasaanansdEuauuuLiilae
muﬁmawwwﬁ@ﬁﬁﬂ?{umﬁauwQﬁﬂmaﬁ'@mi wassUsznaumaefuaznagaugninag

FINNUAIRITINAINNY

[ a &
2.2 NMFENALALAIIVFIUALD LD

aiadLdnennitoldeRamusimsnuenwlilas Porebski et al. (1997) Gsdansiad
wazTuaaueadelli

1) aa extraction buffer (100 mM Tris pH 8.0, 1.4 M sodium chloride (NaCl), 20 mM
Ethylenediaminetetraacetic acid (EDTA), 2% Cetyl trimethylammonium bromide (CTAB)) 5?5\1
q’uué’aﬁ 65°C 158193600 lulasaas aslulnss 1iin polyvinylpyrrolidone (PVP) uSanau
0.03 N34 WAz 2-mercaptoethanol Y3u1a35 3 lulasaas

2) laftaflaRufiesonluammaziBuaudasneldanasanaassawa 1.5 Sadaas

3) 1w 10 fadnsudadiadans RNase A U5ana3 5 lulasdas udauufi 65°C 30 Wil
naunaaa lumn 5 wfi

4) \@u Chloroform: isoamyl alcohol (24:1) 438195 1 wihaesUSunasanslude 3
Wzanm 600 lulasaas) naunasa lanlwidrnu

5) Centrifuge 1 6,000 rpm (Juiaan 5 wfi @@mulaﬂﬁeuuuvlﬂlﬁmaﬂlmi

6) 1fiw 2-propanol (-20°C) USmaT 1 wirwestSunasaninle naunaseldun 1w
i udugl3i -20°C s 30 wift iiaanaznandiSue

7) Centrifuge 7 10,000 rpm w281 10 Wl IndInnfandiuenIuaanIw
WNdu 70% U3u1a3 500 lalasdas

8) Centrifuge 71 10,000 rpm tJuiian 1 W17 aIWiNN9 uaITalAaznaULAS
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9) 1&w (65°C) 10 mM Tris-HCI pH 8.0 U5u1as 100 lulasaas udrusf 4°C drudin
AswihlUuAuf -20°C

10) FadTunmuazaTaguaIndldniadisinafinazniliaaadianiniarda
(agarose gel electrophoresis)

11) 1@5uNUHWLAREENN5F (agarose gel) 1aB@39 0.5X TAE buffer (20 mM Tris, 0.5
mM EDTA, 0.06% glacial acetic acid) U331a3 30 Jafaas L&l flask 2u1@ 250 Aa5FAT

12) Tamsaznles  USuNme 0.24 nSU (= 0.8% agarose) %30 0.36 N3N (= 1.2%
agarose) mufigasnislaasludo 1 uaaunis flask IWwaguidnny buffer

13) 1 luazanadis microwave &auUALNTTUATY flask muﬂizw""ﬂwﬁuazmmm aaly
lﬁquﬁﬂixmm 60°C fAalnilasule

14) lanszuziaaasluufonuazlalonasldlvasfion dowg imaslute 3 aslunszus
s 91T 20 wifl Aawsiaaluls

15) ldamasonl3aslunszuziaadianlninasds Wiu 0.5X TAE buffer 1¥vianfaias
12nszualWni 100 volts 1uiaan 30 whdl

16) 2L 0.001% ethidium bromide 10 Wi fasesian 3 sau udauinly

N UgﬂLﬁaﬁﬂﬂ?mﬁxﬁ@i all

@ a a & ¥ .
2.3 ﬂ'\‘iﬂ‘i'\\‘]Lﬂiaﬂﬁﬂqﬂﬂla%LaLLUUﬂq‘ﬂ-ﬂﬂ (DNA Barcodlng)

a [~ aa 1
2.3.1 manadSanmdiananiadjisengnldanadmass
A o A A & o ¢d Ao o a a & o ~
LNARINLATAIRANL AL WL ALLLLNSIAa LT INT LN aSTId81aURIAR L INaaIn1TI9N 1
lag'lddayaann http://www.kew.org/barcoding/update.html vind fATugnlawafinaisalu

a a d v 1 0/ ¥
USunasvin 30 lulasias TeUsznaudioansaneg ash

a3 Y3u1as (lulasdag)
1) sterile H,O 114
2) 2X GoTaq master mix (Promega) 15.0
3) primer F (50 'lulasluans) 0.3
4) primer R (50 lulasluans) 0.3
5) DNA (10 wlunsusalulasaag) 3.0

aaa

wansInsnaaliidinaudin ldidasasind jasongnlswediuaiss (PCR
machine) lasiwuanimuazgunninuiuaauda i

1) Predenaturation 3w 71 94°C
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2) ¥nUfA3en 35 sau asid

2.1) Denaturation 30 3wl 7 94°C
2.2) Annealing 30 5wl 7 55°C
2.3) Extension 2 w7l i 72°C
3) Final extension 5 4N ﬁl 72°C

4) \AUTN 4°C AUNINZATIING

ATAINANAAGILINARnazN lIaaadlan InIWaITrasTNaaztAuatIdw lasldaznn

% U di (% a d' U U 1 o @ A A e‘d‘ a a a

198 @UTUTH 1.2% tlalananfanaasnisuaradldnisiauinaalalnanaiadodiad
ATRUNNYAIRAT URIINLIRLVDUUAY BIDLTINLILIATINTUA Favndrauinadlalnaaly
WaNNY Dye Terminator laglg Mega BACE1000 Sequencing Sytems g]'ﬁ'i_l ALFexpress

Analysis System

t:l Fn; Aaaa 1 a di (% Ai a & 2
A197199 1 VLWimamiiﬂuﬂQﬂimgﬂiﬂjwaamanmwamwLmammymamauuumﬂm

Folwswad  §eviaalelng (531 USRI mang
MK-F1 TAATTTACGATCAATTCATTC

matK gene
MK-R2 CTTCCTCTGTAAAGAATTC
RL-F ATGTCACCACAAACAGAGACTAAAGC

rbcL gene
RL-R GTAAAATCAAGTCCACCRCG
TP-F GTTATGCATGAACGTAATGCTC

psbA-trnH spacer
TP-R CGCGCATGGTGGATTCACAATCC

2.3.2 Mmazianauiiailalng

idauinalelndilduesnsianutuaaudslui

1) 3Lﬂ5’1:‘ﬁmﬂmgﬂﬁadﬁ”sLlI‘iJiLmi&l FinchTV (http://www.geospiza.com/finchtv/
index.htm) LLas BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html)

2) 14ia3a9ilo Blast (http://blast.ncbi.nim.nih.gov/Blast.cgi) (W3puifinuanumiian
(alignment) ﬂ“'uéﬂ@”ﬂﬁaﬂﬁia%ﬁmﬂﬁdﬁ%ﬁ@SwfdﬁaQlugmﬁaga GenBank  (http://www.
ncbi.nim.nih.gov/) AaTzANAN9 (annotation) LLaz@‘i’lLL%lLGLéSJm‘SLLﬂm%Va (reading frame)

3) uUaInE (translate) @ ExPASYy (http://www.expasy.org/tools/dna.html)
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4) Uwfin (submit) frauiindlaindnldiinnziudrlilugrutoya GenBank
(http://www.ncbi.nlm.nih.gov/genbank/submit.html) L1WalE81989uazinIT8NIlanaIwNT

W le

2.4 NTENAFITINNNTAIYAINIaZAY

wIsNRIIRNaNNTIasnluuNasILazAIaN TIN 25 NN UAbRIDwNIazIALa LHuaD
Hazanofolaniaw (analytical  grade) UTH1aT 120 FaRAAT LAINTAINIBNIZA1BNTE

Whatman No. 1 ﬁqmwgﬁﬁaa mnﬁﬂﬁummﬁ'@“ﬁqmmgﬁ 20°C AawinlUSaTewt
6 A€|
89nUsznauuasnasaunndse U

2.5 NMINABUAZULANHINBRDNTELNA El’i)'lﬂslflJWQ

divlusaiaSadulawdad daun 1 Alansu ihluAzlunaudioasasnsduledn
(WiseTherm Heating Mantles) Liwaan 3 72lug ﬁqmwgﬁﬁaa szl dinsunauszimeinen
mnﬁﬂﬁlﬁudauﬁ%ua:dmmaaﬁwﬁﬁﬁﬁﬁu%am:msmuagjéfw nniuldnTsusnuen
insunanszigoananiin lasduans dichloromethane (CH,Cl,) : ﬁwﬁwamzmﬂﬁs’mag
Ausin lusasan 25:500 Tadaas wehaslidnuield 1 $2lus Seinauneusziweniu
dichloromethane ﬁ]xLLmﬂ‘*ﬁguaaﬂmagjﬁmmwaaﬂnULLsm st ly aniwinlusswoans
dichloromethane aan #28LA384 (Rotary Evaporator model) arl@rinsiunanszmegu iy

v { 1 o a Q;I
139 -20°c rauhlUAienziasftsznavuaznasaugnivald

a 6 (3 = s ~ ¥ o
2.6 n1TLATKRaIAlIZNaUNIY LﬂNi%ﬂ’l‘Sﬁﬂﬂ%’lﬂW“ﬁLLa3%’]&!%1&9&5&1&El

AT SR EITAN A NA TR AN LA BN WA ANTZLRY 281N ATA gas
chromatography-mass spectrometry (GC-MS) @T’Jﬂtﬂ%aa Agilent Technologies GC 6890
N/5973 inert MS ftdaunuaasuiuuuaasi3 vuwia 30.0 m x 250 um x 0.25 um Mufa
siasuduusasanegsannslvs 1 Sadaasdowmd damsanadsines 1 lwlashas asen
oWl mass-transferred line \Ju 280°C ﬁmu@@hqmmnﬂﬁ@aulﬁﬁlmm 70°C i3 120°C
MBaAT 3°C Gawl LLaﬂﬁﬂ{la%i‘ﬁl 120°C 1w 2 Wit nsuliRnTuanis 270°C dn
507 5°C dawfl JouazvasiSunmansassisznoudaifiuuiuasdlsenouninua (relative
content) fwraldaniuilanaw szyrfasslasiIouifisuuuasunaiy (mass

spectrum) a3 TasAlsznauf ldnudayalugutaya Wiley 7N.1 library
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A{ a I3 -V
2.7 ﬂ']i?lﬂﬁﬂ‘”i]‘nﬁﬂ']iﬁ"l%%qﬂ%“ﬂ%ﬂ?la\‘lﬁ']‘iﬂﬂﬂﬁ]']ﬂﬁ?i

2.7.1 NSLOIPNAITENA
] d' s v A Aaa o s o v di

wLIgINEna lewn 15 Jadaas i lUssineairinazaioaloiaIas Rotary  Evaporator
(Buchi, Switzerland) IUIZLHBRUA LRINZAIUENIFNAGIY dimethyl sulfoxide (DMSO) 15
Ja8aay MNBUEINIBINULY two-fold serial dilutions 628 DMSO AIMUANNLTUTUN L
lenazauda 0 (14138219) 139319 2 4 LAz 8 1in

a a a ¢ A

2.7.2 MIA3gNanNIdiNan1Inaday

dunidnlslunsnesev’ldun uuafis Bacilus  thuringiensis ~ TISTR 126,
Escherichia coli TISTR 780, Pseudomonas aeruginosa TISTR 78 Was Staphylococcus
aureus TISTR 118 waz3N Aspergillus flavus TISTR 3041 wae Trichoderma harzianum TISTR

A & v Aav A & A = A a
3553 G9daanaantiuIspInemaasuasinaluladuiidseindlng WosuuafiiSouuainis
Luria-Bertani (LB) agar (1% Tryptone, 0.5% Yeast Extract, 1% NaCl, 1.5% Bactoagar, pH
7.0; Sambrook and Russell, 2001) 71 37°C w81 24 12lus nnushlalafiasiuaosln

{ o (Y [ U 1

879135 LB broth 71 37°C 1081 24 71309 La2L30919L AR LA LeANNNTY 1 x 10 CFU
dadafans iNalinasay §IUILALILKEIANT potato dextrose (PDA) agar (The National
Plant Diagnostic Network Diagnostics, http://wiki.bugwood.org/Potato_dextrose_agar) f
28°C tHuan 5 % wadsdansvaddwlelidosuuaiuannsind 7 28°C 1uan 5 %
WWaltnasay

2.7.3 MILAIVNIIHDINIUAZEIIAIUAN

NaRaLAILIT well plate diffusion lasluaruamisudazanuiennns 20 Sadaas 1du
LB agar &WILMUAISEUAZ PDA @WIUT Wiz mianznauswmalduiugudnans 5
TafLuaT 91U 7 ¥qU A1IAIVANAY (negative control) Aia DMSO uazthnaui/aaaise &3
AIUANLIN (positive control) Tdanudndu 50 lulasnsudaiiafaas A ampicilin &L
wuAL3e  Bacillus thuringiensis, Escherichia coli W8z Pseudomonas aeruginosa WRe
clindamycin 13U Staphylococcus aureus #MIUNLT itraconazole a1 INARBUNLANAI LA
aznquliusines 20 lulasias

£ Y ~ a
2.7.4 MINATDUANDNIIABULATILIE
v v 1 1 ~ aAa a

NITNUEAiANNTNTY 1x10° CFU ¢alaffing UuaeIm1T LB agar 1aznqu Lax

asudazatvndluudaznquudiun 37°C iwan 24 Talus T0rweveILTIUILLINT
a Qq/, v U { o Ar
1931 (clear zone) Mm@ audIBvIIAvaIngy A ldidurmaninluvangndvesans lavua
a5 v o A
MINagaunNILLIdn 3 v2au addh
o A A a aq: £Z a A 04' = 1A Q€ a qq:
seau 1 lifuFnoduds lanadu 0 Gafwas siuda liignimeayuluslunsduds

N3LATYVBIULANILTE
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seav 2 lfignslunisdugs de lauadu <5 Sadwas dudaduSnmdugiudiosun
A A ~4 o & a A A
ol lidgnimesyulnslunsdudaimaigreuuaiisy
Q =\ a qul 1 Qs 1 =1
320U 3 IMIgues wuiwizauday Ao
v A A AF‘V Qq// 1 J . . s
-lewaidu 5-10 Safiwas SgnFaudsatnssas (mild inhibitory)
v a A Agv 09// . e
-lewatdu >10-15 Jafwas gndeudit1unans (moderate inhibitory)
v A A wa & 1 . .
lewadu >15 Jadwas Jgnddudiatnansd (strong inhibitory)
ATMmInaassiazrannsulanabaallasu1ain Suppakul et al. (2006)
£
2.7.5 MINAFIUHNDNITAIHI
A y X 4 o . X
Wodaudwlesuniesuuaine1nisn 28°C 1uwaan 5 % amwislassianzan
ﬂ@umommﬁulﬂ 1 LTUALNGT Lﬁmmnwiazasi’maasl,w,l,@iamaqml,a”’mwﬁ 28°C 8N 7 1% Wan
TAUWIAVBILIIHIULINTLITN UANUIITTAUMITIULITULALINUNILUIINUATNITE
v v 4 A a Lo & a a a ¢
2.7.6 ANNLLNTWEFANAGNDHUHINIRIYVIYAUNIE
a Y o 1 v v oI { Afn/ aq/’ a a
ﬁnﬂmimaaquﬁ%mmmmmmmmumﬁg@ﬁﬁqmwmmiwstymaa'gauw%‘ﬁ
(minimum inhibition concentration: MIC) 6?5\1Lflu@hmmL?T&J?Tmhqwaamsaﬁ'mwnﬂml,@iaz
rhannauasluamsuddunidldaansnaiyld  (European  Society of  Clinical
Microbiology and Infectious Diseases, 2000)
a I3 aa
2.7.8 MINAMERHAN DA
NMINAROUUARZDE19YIN 3 1 UWRIEIWIUANULTONWNNIRDAG287D Analysis  of
Variance (ANOVA) 6128 IBM program SPSS Statistics 19



UNN 3

NAaN13228

31 malguslagdaniigananininaludszmnalng

nnnidnsuazdsamilaizananiningluniniadisg maluudiduenms o
inwlia danibszauuazldludszindinionsnamw wm’nwgaww”uﬁﬁiﬁmuﬂgﬂluﬂi:mﬂ"lwsl
laun WRLAABININGUIN UAZWRLTED ﬁagaﬁvlﬁmﬂmsﬁ%ﬁn FNA WAZFOUDY IR
mmdﬂﬁﬁﬂﬁmﬁmqaw%ﬂ"lwmmmmﬁ@mlﬁﬂiﬂﬂmﬂuﬁ%ﬁszﬁiﬁmaaﬂszmmﬁ'ﬁnﬂ
piime nanssfiaduiiniassgin nneviademaudanesguulng sienduniinily
lunnadna (Eﬂ‘ﬁ 1) fmyinanlsdsslominnuasnslduss lomissnoasdoadalui

Wa P. betle L. aunlnadanugniuniuwguiudlumania dnshanldlslosinag
U32M13 1% NIIABKRANN Lazn1IUIENaUNDNITNEN 9 LLﬁ’mmsmmuLﬁaaﬁnﬂvl,ﬂqﬂf:ﬁ
WU faLTe IluwgiBsaun 7 lu wnaainnaline gldawswans g seu wWasululng
flamauianiaende wifhens uidwzina aanawtn Snenain e uiaaie ur
mmsé’mawauﬁawﬂ WAlELLU Snwume uwien uivasiae uitheras udvesdy Tu
aul

winlna P. nigrum L. (Juimeasugfia ldnaduieiaama uazsnayulng dqmauid
nanfa 139579 TI819TYaInI anaIMIrasdaine WUUNLREA TUa Tuina TU
Ugse uiauag lgusznavludiuiugagainmog

nEWY P. sarmentosum Roxb. 1B3udsznmindudn ussdsznavenmisdszinnuny &
AMENLANIIN AD 11139519 ﬂwgdﬁ"ﬂﬁ] ﬂwgﬂaﬁ@] TILIIYDIANT aaszauiaaludon
wiasnizsafiuew uitharas Tuiaumne lfsznavludiviugagainmmg

A1a P. retrofractum Vanhl slfﬁl,ﬂmna&guvlwmazm%immﬁ ﬂ%gﬁuﬁﬂummﬂgﬂﬂs:d’u
Lﬁaamﬂﬁ'ﬂwmzﬂ’mmﬂﬁaLLazﬁmaawaqnﬁmamu fomuaudaneenda lfuiAssunnn
OUWIA WAAITE U929 Uiy wiidhann uithartes uivesdy uivesde wiveae
Tuan Tuisunz Snliada Idsznavludsbiuganainmmg

o X

g . o 4 a d . y
dz@1WLba P. pendulispicum C.DC. dwwelaGifanaifaisuninasann azanutite

! ] ¥
vl A v

A & Yo w ) @ a ) 9 Yo Ao & @
RIDIZATUIN EL“Hm@Imﬂﬂizﬂallm‘Wﬁ RIAIVBAWULNANNDDLILNITREATULLA lﬁﬂq@]u'ﬂul.uavl,ll

U

a A o o @
&LL@\‘]LiﬂLﬁ%ﬂﬁﬁ&J%ﬂWiU’]‘gdﬂ’lm
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)
P.  retrofractum () RzAuLita P. pendulispicum  (?) WINWW P.  longum () ‘Wgﬂ’]

P. rubroglandulosum (%)
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WIN® P. longum L. lFiaTaniadieu duudrauh umayulng  snsnduw
Q899N IN3 %@ﬁmwgﬂ LY aIaaradWa am"lmu”uqm‘i’mﬁmﬁa@luawaa AAANNA TN
v =1 v
LN wAUafTHE aa
Wﬁﬂ’l P. rubroglandulosum Chaveer. & Mokkamul 1131 %anashanAsaunune i
mmmmwgvlﬁ LL@ivl,&iﬂ'aﬂﬁﬂmws’]:smﬁ@mﬂn’hwg WUINBLWINITNE IR L agLAe)

waqLln snEnlsaisy %’ﬂﬂﬂiﬂgﬁi’@

1 ] d A 1
3.2 3asnanafowanuuurslanasiizanansninafinululszinalng

Lﬁmﬁazi’mﬁmqaw%ﬂ"l,mluﬂizmﬂ"lﬂU"léfﬂgaéu 36 vila (gﬂ‘ﬁ' 2.7) Tagf 3 wiianid
RLHgR G IR R TRl vrfiafivlanaedr sionsasminediweuuuuilde
NV matK gene, psbA-trnH spacer region W8z rbcL gene VL@%’@%’]L%%luLﬁaunﬂ@T’Jaﬂ’m
fiinssasziiada P. montium waz P. rubroglandulosum (9) AldsanIniindsumdiSue
InUsm mak  gene  Id tufindrduihailalndussiasasmunomaitlilugudeys
GenBank (http://www.ncbi.nIm.nih.gov/nuccore/?term=Piper+Thailand) ﬁ?\‘iéu 190 accessions
(@mwﬁ 2) Lf‘iaLﬂ%‘y‘uLﬁsméwé’uﬁmﬁia%ﬁ"[ﬁdwmmLL@m@iNm\iw‘”uﬁqmmmﬂLL@ia:‘U?nm
bl

ANMNUANAWN BN TN Tusha
UL matk gene 1@ 0.000 u P. dominantinervium, P. hongkongense, P. kraense
wae P. longum 919 0.386 11 P. betle

ULtk rbcl gene @ 0.000 lu P. dominantinervium, P. hongkongense, P. longum,
P. pedicellatum, P. pilobracteatum, P. polysyphonum, P. sarmentosum, P. sylvestre Was P.
wallichii 9 0.166 11 P. betle

UL psbA-trnH spacer 1@ 0.000 1 P. dominantinervium, P. khasianum, P.
kraense, P. longum, P. montium, P. mutabile, P. nigrum, P. pilobracteatum, P. polysyphonum
W&z P. sarmentosum 019 0.117 1w P. boehmeriifolium

AMAUANANNWNHBINTINIERINTIA

uS1Iew matk gene biidn 0.000 1 8 g]' eun P. kraense nu P. dominantinervium, P.
magnibaccum AU P. kraense, P. phuwuaense AU P. dominantinervium, P, phuwuaense nu
P. kraense, P. pilobracteatum AU P. dominantinervium, P. pilobracteatum AU P. kraense,
P. pilobracteatum u P. phuwuaense, P. sylvestre u P. polysyphonum 19 0.486 lu@j P.

ribesioides NU P. pilobracteatum
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.‘.“ "
4

sUn 2 Awanawinlnaludszinalny Piper argyritis (n) P. betle (1) P. betloides (@)

P. boehmeriifolium (3) P. caninum () Was P. colubrinum (@)
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31 3 ﬁmaqaw?n"lmluﬂs:mﬂ"lm Piper crocatum (n) P. dominantinervium (V) P.

hongkongense (9) P. khasianum (3) P. kraense (3) W8z P. longum ()
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31l 4 ﬁﬁaqavﬁﬂvlmluﬂszmﬂ"lm Piper maculaphyllum (n) P. magnibaccum ()

P. montium () P. mutabile (3) P. nigrum (3) kR P. pedicellatum (o)
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sun 5 Woananwinlngludszinelny Piper pendulispicum (n) P. phuwuaense (1)

P. pilobracteatum () P. polysyphonum (3) P. protrusum (3) Wae P. retrofractum ()
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sun 6 Awanawininuludszinelny Piper ribesioides (n)  P. rubroglandulosum (1)

P. sarmentosum (®) P. semiimmersum (3) P. submultinerve (3) Wi P. sylvaticum (@)
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3un 7 ﬁmaqaw%nvlmluﬂi:mﬁvlm Piper sylvestre (n) P. thomsonii (1) P. tricolor (f) P.

umbellatum (3) Piper wallichii (3) W P. yinkiangense ()



dl . d'l a ¥ A a
M13191N 2 GenBank accession number Lﬂia\‘i‘ﬂﬂﬂU(ﬂLa%LaLLUUUWﬂﬂ@"HE’NW“ﬁﬁQﬂ‘WiﬂvL‘YlEl

Scientific name

GenBank accession number

matK psbA-trnH rbclL
spacer
Piper argyritis KM073990 JX442927, JX291978,
KM055176 KM055126
P. betle (9) GU372747, GQ891996, JQ248074
KM098143 JQ248053
P. betle () KM098144 JQ248050 JQ248071
P. betloides KM098135 JQ248051 JQ248072
P. boehmeriifolium KM073991, KM055177, KM055127,
KM073992 KM055178 KM055128
P. caninum KM073993, KM055179, KM055129,
KM073994 KM055180 KM055130
P. colubrinum GU372751, GQ892000 KM055131
KM073995
P. crocatum KM098136 JQ248047 JQ248068
P. dominantinervium KM073996, KM055181, KM055132,
KM073997 KM055182 KM055133
P. hongkongense KMO073998, KM055183, KMO055134,
KM073999 KM055184 KM055135
P. khasianum KM074000, KM055185, KM055136,
KM074001 KM055186 KM055137
P. kraense KM074002, KM055187, KM055138,
KMO074003 KM055188 KM055139
P. longum KM074004, KM055189, KM055140,
KM074005 KM055190 KM055141
P. maculaphyllum KM074006, JQ248046, JQ248067,
KM098137 KM055191 KM055142
P. magnibaccum KM074007, KM055192, KM055143,
KM074008 KM055193 KM055144




P . A a = [y A a
M19719N 2 GenBank accession number Lﬂ‘ia\‘mw’]El(?‘lL@%LﬂLLUUU’]ﬂﬂ@"DE]GW"IIETQE]WSHVL‘YIEJ

(sia)

Scientific name

GenBank accession number

matK pSbA-trnH rbcL
spacer
P. montium n/a KM055194, KMO055145,
KM055195 KM055146
P. mutabile KMO074035 KM055196, KM055147,
KM055197 KM055148
P. nigrum KMO074009, GQ891994, KM055149,
KM074010 KM055198, KM055150
KM055199
P. pedicellatum var. eglandulatum KMO074011, KM055200, KMO055151,
KMO074012 KM055201 KM055152
P. pendulispicum (%) KMO074013, KM055202, KM055153,
GU372748 GQ891997 JX291979
P. phuwuaense KMO074014, KM055203, KMO055154,
KMO074015 KM055204 KM055155
P. pilobracteatum KM0740186, KM055205, KM055156,
KM074017, KM055206, KM055157,
KM074018, KM055207, KM055158,
KMO074019 KM055208 KM055159
P. polysyphonum KM074020, KM055209, KM055160,
KMO074021 KM055210 KM055161
P. protrusum KM074032, GU980900, KM055172,
KM074033 KM055223 KM055173
P. retrofractum GU372749, GQ891998, KM055175
KMO074034 KM055224
P. ribesioides GU372750, GQ891999, KM055162
KMO074022 KM055211

A 1 a a a & Y
WN"IEIL‘HG! n/a ﬂﬂvLﬂJﬁqﬂJ'ﬁﬂLWN‘IJ?N”IE%@L@%L@VL@



d. . A a v A a
M13719N 2 GenBank accession number Lﬂiad‘ﬂ?ﬂU(ﬂLB%L?JLLUUUWﬂﬂ@‘UﬂGW“EﬁQ@W?ﬂVLVIU

(dia)

Scientific name

GenBank accession number

matK psbA-trnH rbclL
spacer
P. rubroglandulosum (%) n/a JX442926 JX291977
P. rubroglandulosum (&) KM098138 JX442925 JX291976
P. sarmentosum GU372746, KM055212, KMO055163,
KM074023, KM055213 KM055164
KM074024
P. semiimmersum KM098139 JQ248045 JQ248066
P. submultinerve KM098140 JQ248048 JQ248069
P. sylvaticum KM074025, KM055214, KM055174
KM074026 KM055215
P. sylvestre KM074027, KM055216, KM055165,
KM074028 KM055217 KM055166
P. thomsonii var. trichostigma KM074029 KM055218 KMO055167
P. tricolor KM098141 JQ248049 JQ248070
P. umbellatum EU669471%, KM055219, KM055168,
GQ429067* KM055220 KM055169
P. wallichii KM074030, KM055221, KM055170,
KMO074031 KM055222 KM055171
P. yinkiangense KM098142 JQ248052 JQ248073

. a v 4 & o a U a 4 ]
RHNILLNE * @@ accessions 'i]’]ﬂ\‘ﬂ%'l'ﬂﬂgusﬁ\‘i%ﬁ&l’]’)Lﬂ?"lzﬁri’ﬁNﬂ%Lﬁﬂ%']ﬂ’l’]&lLL@lﬂ@]"lﬂﬂ’]\‘]

) A ' a a a Y
Wugﬂﬁ&l, n/a ﬂavllla’]u']iﬂLWN’]J?SJ”IM@LQ%LQVL@

U510k rbcl gene 1en 0.000 lu 49 @; 1eun P. dominantinervium nu P. caninum, P.
kraense NU P. boehmeriifolium, P, maculaphyllum AU P. khasianum, P. magnibaccum AL
P. khasianum, P. magnibaccum Ay P, caninum, P. magnibaccum nu P. dominantinervium,
P. montium nU P. khasianum, P. montium nu P. magnibaccum, P. mutabile nu P. caninum,
P. mutabile 11U P. dominantinervium, P. mutabile NU P. magnibaccum, P. nigrum u P.

caninum, P. nigrum AU dominantinervium, P, nigrum nu P. magnibaccum, P. nigrum nu P.
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mutabile, P. pedicellatum NU P. khasianum, P. pedicellatum nu P. magnibaccum, P.
pedicellatum AU P. montium, P. pedicellatum u P. pendulispicum, P. pendulispicum u P.
caninum, P. pendulispicum AU P. dominantinervium, P. pendulispicum U P. magnibaccum,
P. pendulispicum AU P. mutabile, P. pendulispicum nu P. nigrum, P. phuwuaense Ay P.
caninum, P. phuwuaense U P. dominantinervium, P. phuwuaense nu P. magnibaccum, P.
phuwuaense AU P. mutabile, P. phuwuaense u P. nigrum, P. phuwuaense nu P.
pedicellatum, P. pilobracteatum nu P. caninum, P. pilobracteatum Ny P. mutabile, P.
polysyphonum u P. khasianum, P. polysyphonum nu P. magnibaccum, P. polysyphonum
AU P. montium, P. sarmentosum N P. longum, P. sylvestre AU P. khasianum, P. sylvestre
au P. magnibaccum, P. sylvestre AU P. montium, P. thomsonii NU P. nigrum, P.
pilobracteatum nu P. phuwuaense, P. polysyphonum u P. pendulispicum, P.
polysyphonum nu P. pedicellatum, P. sylvestre u P. pendulispicum, P. sylvestre Ay P.
pedicellatum, P. sylvestre u P. polysyphonum, P. wallichii AU P. umbellatum, P. protrusum
nu P. phuwuaense, P. protrusum nu P. pilobracteatum f4 0.213 1%@; P. betle Nu P.
argyritis

US1Itw psbA-trnH spacer @1 0.000 1 16 4 &wn P. montium nu P. magnibaccum,
P. pilobracteatum AU P. caninum, P. polysyphonum au P pedicellatum, P. ribesioides Ay
P. pedicellatum, P. sarmentosum nu P. longum, P. sylvestre nu P. pedicellatum, P. wallichii
Ay P. khasianum, P. wallichii nu P. pedicellatum, P. protrusum nu P. magnibaccum, P.
sylvestre au - P polysyphonum, P. sylvestre AU P. ribesioides, P. wallichii U P.
polysyphonum, P. wallichii U ribesioides, P. wallichii N P. sylvestre, P. yinkiangense Ny
P. betle f13 0.228 1%@; P. semiimmersum 11U P. umbellatum

WUIIUIII matK gene 1ﬁﬁ1ﬂ31uu@ﬂﬁﬁdﬂﬂ$ﬁﬁ§ﬂiiwﬁﬁlu%ﬁ@Laﬂ]ﬁﬁuﬂziﬁﬁﬂgd
Tusznineziia auaasluanai 3 @TaffuﬁaLf’luﬁnmﬁﬁﬂs:ﬁﬂ%mwiumiizqmﬁ@ﬁmaqa

wWin'lne
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®13199 3 Genetic distance values of the matK region efficient for Piper identification

£ & § 5

£ .m W m m m W W m m m lm W ,w .w 3 3 g g Mnaw W ,.m m £ £ % % m,
S5 2 g & & § § f§f £ S ST YT OETOT OT OT OZog g oz o2 o® % O®OS®OST OGS OGS Osos ot
§ £ & 2 % g £ § §8 % % 8 € € g £ £ £ & £ § &§ & & & &8 ® €2 8z g g
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q

P. argyritis 0.000

P. betle 0323 0.000

P. betle 0.076 0.362 0.000

P. betle 0.126 01388 008 0.000

P. betloides 0.249 0.423 0.262 0.260 0.000

P. boehmeriifolium 0.004 0.323 0.074 0.124 0.252 0.000

P. boshmerifolium 0.011 0325 0.074 0.126 0.258 0,009 0.000

P. caninum 0.013 0.328 0.080 0.132 0.249 0.009 0.017 0.000

P. caninum 0.013 0.328 0.080 0.132 0.249 0.009 0.017 0.000 0.000

P. colubrinum 0.020 0.332 0.087 0.134 0.267 0.017 0.022 0.026 0.026 0.000

P. colubrinum 0.089 0.375 0.143 0.195 0.310 0.085 0.093 0.093 0.093 01072 0.000

P. crocatum 0.054 0.358 0.106 0.145 0.267 0.052 0.056 0.061 0.061 0.065 0.130 0.000

P. dominantinervium ~ 0.004 0.323 0.072 0.121 0.252 0.007 0.011 0.011 0.015 0.087 0.050 0.000

P. dominantinervium  0.004 0323 0.072 0.121 0.252 0.007 0.011 0.011 0.015 0.087 0.050 0.000 0.000

P. hongkongense 0.013 0.321 0.080 0.130 0.260 0.011 0.011 0.020 0.020 0.024 0.095 0.059 0.009 0.009 0.000

P. hongkongense 0.013 0321 0.080 0.130 0.260 0.011 0.011 0.020 0.020 0.024 0.095 0.059 0.009 0.009 01003 0.000

P. khasianum 0007 0325 0076 0.126 0249 ] 0011 0.011 0011 0.020 0.087 0.054 0.004 0.004 0.013 0.013 0.000

P. khasianum 0.007 0.325 0.074 0.124 0.249 0.004 0.009 0.013 0.013 0.017 0.089 0.052 0011 0011 [ 0.000

P. kraense 0.004 0.323 0.072 0.121 0.252 0.007 0.011 0.011 0.015 0.087 0.050 0.009 0.009 0.004 0.000

P. kraense 0.004 0.323 0.072 0.121 0.252 0.007 0.011 0.011 0.015 0.087 0.050 0.009 0.009 0.004 0.000 0.000

P. longum 0.013 0.325 0.080 0.130 0.258 0.011 0.015 0.020 0.020 0.024 0.091 0.054 0.009 0.009 0.017 0.017 0.013 0.011 0.009 0.009 0.000

P. longum 0.013 0325 0.080 0.130 0.258 0.011 0.015 0.020 0.020 0.024 0.091 0.054 0.009 0.009 0.017 0.017 0.013 0.011 0.009 0.009 0.000 0.000

P. maculaphyllum 0.065 0.369 0.130 0.171 0282 0.065 0.072 0.074 0.074 0.080 0.141 0.111 0.065 0.065 0.074 0.074 0.063 0.063 0.065 0.065 0.072 0.072 0.000

P. maculaphyllum 0.054 0.341 0.072 0.113 0.249 0.052 0.054 0.061 0.061 0.065 0.130 0.085 0.050 0.050 0.059 0.059 0.054 0.052 0.050 0.050 0.054 0.054 0411 0.000

P. magnibaccum 0007 0325 0.074 0.124 0249 0004 0009 0.013 0.013 0017 0089 0052 [l [l o011 oo [N 0658 J M o011 o011 0063 0052 0.000

P. magnibaccum 0.009 0.323 0.076 0.124 0256 0.007 0.011 0.015 0.015 0.015 0.087 0.054 0.004 0.004 0.013 0.013 0.009 0.007 0.004 0.004 0.013 0.013 0.069 0.054 0.007 0.000

P. nigrum 0.015 0.334 0.087 0.130 0.262 0.017 0.022 0.026 0.026 0.030 0.102 0.061 0.015 0.015 0.024 0.024 0.020 0.017 0.015 0.015 0.022 0.022 0.072 0.063 0.017 0.020 0.000

P. nigrum 0.009 0325 0.080 0.121 0.249 0.011 0.015 0.020 0.020 0.024 0.095 0.059 0.009 0.009 0.017 0.017 0.013 0.011 0.009 0.009 0.017 0.017 0.072 0.054 0.011 0.013 0,020 0.000

P. pedicellatum 0.011 0.328 0.080 0.126 0252 0.007 0.015 0.015 0.015 0.024 0.091 0.054 0.009 0.009 0.017 0.017 0.009 0.011 0.009 0.009 0.013 0.013 0.067 0.046 0.011 0.013 0.022 0.013 0.000

P. pedicellatum 0011 0.325 0.074 0.124 0.258 0.009 0.004 0.017 0.017 0.022 0.093 0.056 0.007 0.007 0.011 0.011 0.011 0.009 0.007 0.007 0.015 0.015 0.072 0.054 0.009 0.007 0.022 0.015 0.015 0.000

P. pendulispicum 0.004 0325 0.076 0.126 0.252 0.007 0.011 0.015 0.015 0.020 0.091 0.050 0.004 0.004 0.013 0.013 0.009 0.007 0.004 0.004 0.009 0.009 0.067 0.050 0.007 0.009 0.013 0.009 0.009 0.011 0.000
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3.3 d@sedntiduwasailsznaulndarsanaaning

t!i A a a nllnl o U 6 dl = o [

dasnwgiduirananinlneriandnmaianlddslosdunigaussiansdamy
) A o & e oa o x> A A% v
199 Nihanltlunsgasnnisy wafidafidgmlunisdgniliiagfundendnglysn

A A A \ X A AA A Aa A A oA

pammnyuddTinaliiisinasinalidununmniags winddsauniidiniamwrinisw
o A ' A = ' v a o a o Y & = v &
nuniaunnimgazidunafeninddazamalfifanmaianianuatldunau 39 ldAy
drat1ing (U7 8) uazsfiandnduniiounadn 8 afia ldun waaauginw P. betoides (3
1 9) Waaden P, crocatum (UM 10) Waaden P. maculaphyllum (U 11) wath P.
rubroglandulosum (Eﬂﬁ 12) WU P. semiimmersum (Eﬂﬁ 13) WQTWW P. submultinerve (31
1 14) WRsNWR P. tricolor (3N 15) WREWRAU P. yinkiangense (FU1 16) ANINFAUAGI 9
AIANT19N 4 WWefnsnadAdsznaum il luaIananNIaI8aINasANsLENLTY LAY
Ianerasndsznaudie gas chromatography-mass spectrometry (GC-MS) lalasunlnunsa
augun 17-25  szysnsinuluirudazoiialdaiansen 513 laswuasidary laun
eugenol, isoeugenol, chavicol, caryophyllene, sabinene, phellandrene, germacrene A,

germacrene D LLRs sesquiterpenes

Eﬂﬁ 8 WY Piper betle



A A a Aa a A .
31]7] 10 WﬁaaniﬂvLﬂﬂﬂ&]ﬂﬂuLﬂuauWQ ‘ngla\‘l&l’l Plper crocatum

30



3111 12 N7 aqaw%ﬂvlm ANANRWLAL awng WaL Piper rubroglandulosum

31



51l 14

A

w%aqaw

Snlnonfindunilowny wamaw Piper submultinerve

32



A A a Aa a A a i
zll‘n 15 WT&QE\IWSﬂVLYlEmNﬂaumSJEJuWQ ngmlla Plper tricolor

A A a Aa a P a ) ..
31]7] 16 WT@QQW?ﬂVLﬂUﬂNﬂﬂ%LWNﬂuWQ Wiﬁﬁ]% Piper yinkiangense

33
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A1319N 4 @Taaﬂ'wﬁﬂmua:amuﬁtﬁuﬁaaﬂ'w‘wQLLazﬁ'mqaw%n"Lﬂﬂﬁﬁnﬁumﬁauwg

faUN Aot FaINLNENFNT RONWNLALAIDENI
1. W Piper betle 8. 1309 9. VOUUA
2. WRABLFINW P, betloides QNI T ARBLFNN-18 3. 1Beralual
v QQQQ€
3. WRRIE P. crocatum RIUN BN FATRULAINIEUILINTING
a 1
2. 13e9lnal
4. WRAIEN P. maculaphyllum ARINENFATUNIINITZLNA 3. niig
5. waih P. rubroglandulosum  gudWamuazadLaTINTaRINEUTFa T
LIWIEUNT 3. QU0
6. WR P. semiimmersum an PAULAITIAAINII 2. WII
v QQQQ€
7. WRTHW P. submultinerve RIUNNHANFATRULAINIZULINFING
= 1
2. 1391wl
8 NARNE P. tricolor an PAULAITIAAINII 2. W3

W P. yinkiangense ONENUUKITIALINEN 2. §YITE
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. TR "
700000 2404
600000
500000
400000
300000
200000
100000 4‘3‘2:2%0 ‘70 o
Time-> 500 _ 1000 1500 2000 SN "45.'05' 5000 55.00 soroossloo‘__'
gﬂ‘ﬁ 17 o33 nunIuan GC-MS Va4RITINARENLAILLTNLTY 31N Piper betle
@ni'wﬁ 5 ganiifinuidussddsznavluansanaan Piper betle
RT (min) o813 gAIM3 Mw Relative
GH content (%)
24.042 Eugenol #38 Isoeugenol #38 4-cyclopropyl-2- CioH:,0, 164 80.524
methoxyphenol %38 Chavibetol
28.707 Germacrene-D Cy5H4 204 5.210
26.339 Trans-caryophyllene CisHoy 204 3.833
28.513 a-amorphene Cy5H24 204 3.319
43.702 Phytol CaoHa0O 296 1.669
29.213 Bicyclogermacrene CisHoy 204 1.241

Unknown

4.204
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T R (e, /(1)
; 538 286721

140000 62 4370

[22]

120000

100000

80000

26.34

60000
38.28 §8.31

40000

20000

N |

3.55 o
I'rp. = L ;_‘_‘/" r

I - .
i L BN e e B e s L e e e e e e e e T e e
Time--> 5.00 10.00 15.00 20.00 25.00 30.00 35.00 45.00 50.00  55.00 Edﬂﬂ sﬁnqm_m”f_

311 18 1a301INUATNINN GC-MS 2I&NIRNAREIUMILLENLTY 3NN Piper betloides

15199 6 ssadnnuiduasdvsznavlusnsanaan Piper betloides

RT (min) %ia'mi gAINY Mw Relative
K content (%)
28.713 Germacrene-D %38 B-cubebene %38 CisHa4 204 13.286
Naphthalene,1,2,3,4,4a,5,6,8a-octahydro
29.212 Bicyclogermacrene CisHoy 204 12.552
5.381 o-pinene w38 Tricyclene %38 Y-terpinene #Im4- CyoHyg 136 9.424
carene
6.621 Sabinene W38 PB-phellandrene #3a B-terpinene  CyoHyg 136 9.352
68.309 1,3-dimethyl-4-azaphenanthrene CisHisN 207 9.160
4’methy-2 phenylindole
43.702 Phytol isomer CyoH400 296 8.930
26.339 Trans-caryophyllene CisHos 204 5.885
6.821 P-pinene #38 Sabinene #38 Cyclohexane,4- CioH1s 136 5.527
methylene-1-(1-methylethyl)
11.768 L-linalool C1oH180 154 4.377
11.756 Neophytadiene CyoHsg 278 4.130
38.278 P-phellandrene %38 B-thujene %38 Sabinene  CyoHq 136 3.548

Unknown 13.829
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Abundance 7 “TIC: 0400006.D
1000000
| 6.63
800000
600000
43.70
400000 f.15 28.71
40.85 REE
200000 28.34 4220 5 |
o2
27, i 43350 z
Time-> 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 4300 50.00 5500 60.00 65.00

311 19 1a30INUATNIIN GC-MS UBIRNIRAARENLMILLENLTY 91N Piper crocatum

A P & o .
AN 7 mﬁm&l“nW‘lJLi‘juax‘iﬂﬂixﬂE]Ul%&’]ﬁﬁﬂ@]’wﬂﬂ Plper crocatum

2
DORIT

RT (min) gAINY Mw Relative
i content (%)
6.627 Sabinene %38 B-phellandrene #38a - CioHis 136 10.166
terpinene
54.683 4-allyloxy-6-methoxy-N,N-dimethyl-1,3,5- CoH4N,O, 210 6.543
28.713 Germacrene-D %38 [B-cubebene %38 Ci5Ho4 204 4.585
Naphthalene,1,2,3,4,4a,5,6,8a-octahydro oh)
Bicyclo[4.4.0]dec-1-ene,2-isopropyl-5-m
43.702 Phytol isomer CyoH400 296 4.368
7.150 [B-myrcene CioHis 136 4.006
56.005 Methyl (25R)-5-0x0-A-nor-3,5-secospirost C,7H4,05 446 3.651
40.846 Palmitic acid C16H320, 256 2.259
26.345 Trans-caryophyllene Ci5Ho4 204 2.058
27.773 o-humulene CisHos 204 1.121
56.158 Unknown 61.243




Abundance
200000
150000

100000

50000

I N

38.29

29.61

3800

TiC: 03000050

DS

38

68.31

T
Time--> 5.00

, SIS I T
1000 1500 2000 2500 _ 30.00

e b P e .
35.00 4000 4500 _ 50.00 5500  60.00

T
65.00

311 20 laswlnunInain GC-MS 2a98NIRNARLILAILLENLDY 91N Piper maculaphyllum

M1519% 8 ssadnwuiduasdvsznavluasanaann Piper maculaphylium

RT (min) 0813 gAIM3 Mw  Relative
@ content (%)
38.296 Germacrene-A Ci5Ho4 204 24.256
26.345 Trans-caryophyllene Ci5Ho4 204 13.442
68.315 24(Z)-methyl-25-homocholesterol %380 1,5- CygH50,0 414 9.660
dimethyl-6-(1,5-dimethylhexyl)-15,16
29.612 1H-cycloprop[e]azulene en) Ci5Ho4 204 7.112
Bicyclogermacrene
29.224 Naphthalene,1,2,3,4,4a,5,6,8a-octahydro CisHos 204 3.867
%380 Bicyclogermacrene
28.707 Germacrene-D %38 -cubebene Ci5Ho4 204 3.777
27.767 a-humulene %38 [-selinene CisHas 204 3.611
28.778 1-(1,5-dimethyl-4-hexenyl)-4-methylbenzene  C;sH,, 202 3.389
24.025 Isoeugenol %38 Chavibetol C1oH120, 164 3.236
25.082 [-elemene CisHos 204 3.014
8.877 1,8-cineole CqoH4s0 154 1.393
Unknown 23.243
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A'bm TIC: 0300004.D
20.52
1600000
1400000
1200000
1000000
800000
600000
400000
200000 . s
Tmes © 5ba ioo  is0b 3000 500 30000 3500 4000 4500 5000 5500 6000 6500
gﬂﬁ 21 lasulnunsuann GC-MS TaIRITRNARLILAILLENLTY 31N Piper
rubroglandulosum

13199 9 snsadinnuiduesddsznavuluansanaann Piper rubroglandulosum

RT (min) %ami gAIN Mw Relative
H content (%)
29.518 2,6-bis(1,1-dimethylethyl)-4-methylphenol Cy5H240 220 89.828

(butylated hydroxytoluene)
26.339 Trans-caryophyllene CisHoy 204 5.330
Unknown 4.842




Abundance
© 600000
| 800000
! 700000
" 600000
" 500000
| 400000
. 300000

200000

100000

TIC: 0200004.D

8.81

26.35

5.38

51”9%% 1501. 47 171.651-‘52

Time-->

M 19 O E . ! _
500  10.00 1500  20.00 2500 30.00 3500  40.00 4500

A

STS 651895 h

40

8.31

5000  55.00

50,00

65.00

311 22 1a301 INUNTNIIN GC-MS VBIRNIRAARLNUAILLINLTY NN Piper semiimmersum

P A A & o , .
M13519% 10 sstainwuiduesddsznauluansanaann Piper semiimmersum

RT Fosns gAIN Mw  Relative
(min) 1l content (%)
8.812 Sabinene %38 B-phellandrene CioHie 136 22.788
26.345 Trans-caryophyllene Ci5Ho4 204 15.304
6.627 Sabinene W@ B-phellandrene Wi Cyclohexane CioHis 136 10.121
%38 4-methylene-1-(1-methylethyl) #3a [-terpinene
29.694 [-bisabo CisHos 204 5.977
44.207 9-octadecenoic acid Heptadecene-(8)-carbonic CigH3,0, 282 5.000
acid-(1) %38 9,12,15-octadecatrien-1-ol,(z,z,z)-
27.767 cis,cis,cis-1,1,4,8-tetramethyl-4,7,10- CisHos 204 5.211
cycloundecatriene %38 B-selinene %38 a-
humulene #38 a-caryophyllene
38.278 Neophytadiene CyoHsg 278 4.064
5.381 a-pinene %38 Tricycle[2.2.1.02,6] CioH1s 136 3.399
heptane,1,7,7-trimethyl 738 y-terpinene
62.151 Vitamin e CygHs500, 430 2.660
Unknown 25.476




Abundance
100000

80000

60000

40000

20000

Time->  5.00

11.77

TIC: 0500007.D

28.71

25.83

29.06

28.231,37
N

38.27
| 40.82

W

43.70

55.11

[
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68.32

6H5F8

A o e
) 1500 2000 2500 3000 3500 4000 45.00 50.00 5500 €0.00  85.00

3111 23 1a331INUNTNINN GC-MS VBIRNIRNARINLAILLENLTY NN Piper submultinerve

M1319% 11 ssedinwuiduesddsznavluasanaann Piper submultinerve

A
TART

RT (min) gasmaad Mw  Relative
content (%)
43.702 Phytol isomer CyoH400 296 24.754
68.314 24(z)-methyl-25-homocholesterol %38 1,5- CyoH500 414 19.150
dimethyl-6-(1,5-dimethylhexyl)-15,16
28.713 Germacrene-D Ci5Ho4 204 10.676
25.828 a-gurjunene CisHos 204 9.199
26.345 Trans-caryophyllene Ci5Ho4 204 8.555
24.400 o-copaene %38 a-cubebene Ci5Ho4 204 5.517
11.768 L-linalool CioH1g0 154 2.381
22.967 a-cubebene %38 a-ylangene Ci5Ho4 204 1.453
55.106 Unknown 18.315
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Abundance ‘ . TIC: 0600008.0
26134 4370
100000 2828
27.77
68.31
80000
60000
4L.20
40000
34.4
20000 i 62.166660%8 49
85 l
7.77 24.40 | |.oon . ‘
il ”[77 16.66 Kk
\L_L N A - - I I| 1 !J iﬂi Al - ‘ . . . r
Time-->_ 500 1000 1500 20.00 2500 3000 3500 _ 4000 _ 4500 _ 5000 _ 55.00 _ 60.00  65.00

311 24 1asunInunINaIN GC-MS VBIRNIRNARLNLAILLTNLYY NN Piper tricolor

A13519% 12 ssednwuduasadsznavluasanaan Piper tricolor

RT (min) ‘f}am‘s gAIN1Y Mw Relative
\ad content (%)
68.315 (23s)ethylcholest-5-en-3.53-ol CygH5,0 414 18.663
26.345 Trans-caryophyllene CisHoy 204 14.593
38.279 Neophytadiene CyoHss 278 10.581
27.767 a-humulene CysHo4 204 9.427
44195 9,12,15-octadecatrien-1-0l,(z,z,z)- 730 C,gH3,0 264 7.025

7,10,13-hexadecatrienoic acid
39.189 Neophytadiene CyoHss 278 3.270
40.829 Palmitic acid Ci6H320, 256 2.711
Unknown 33.730
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Abundance o " TIC: 0900004.D
26.34
120000
100000
27.76
80000
60000
40000
5,38
20000 8.81 2393& 38.28
24.39
ﬁle 1.77 l 28iddo 31&‘19 e, A
\T'-Il"r‘l"‘*l'!"“‘\""I"‘ [1':&"1 "I'll' N B s o s P L LI S
Time--> 500 1000 1500 20.00 2500 3000 3500 4000 4500  50.00 5500 60.00  65.00

31l 25 1asu1INUnTNAIN GC-MS VBIRITRAARLNLAILLINLTY NN Piper yinkiangense

M1319% 13 sstadinnuiduasddsznavluasanaann Piper yinkiangense

A
TART

RT (min) gaIN1Y Mw Relative
G content (%)
26.345 Trans-caryophyllene Cy5H4 204 39.444
27.767 o-humulene %38 a-caryophyllene #38a - CisHaq 204 25.152
selinene
5.381 a-pinene o) (1R,18)-2,6,6-trimethyl CioH16 136 6.025
bicyclo[3.1.1]hept-2-ene %30 Tricyclene
tricycle %38 [2.2.1.02,6]neptane, 1,3,3-
trimethyl %38 3-care
29.230 o-selinene CisHos 204 5.271
28.983 [-selinene Ci5H24 204 4.606
8.813 Sabinene %38 B-phellandrene %38 PB-terpin  CyoHqg 136 3.647
24.389 a-copaene CisHos 204 3.185
38.408 3,7,11,15-tetramethyl-2-hexadecene CyoHao 280 1.520
Unknown 11.150
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=Y

£ o 1 o & a 4
3.4 E]‘Ylﬁ?laﬂﬁ']‘iﬁﬂﬂﬁl']ﬂﬁ?ﬂﬂaﬂ’l‘iﬂﬂ El\‘iﬂ"lil,"\)‘ityilad"\}'a%ﬂdﬂ

vl,é’maaqu%iuaamsaﬁ'@]mﬂﬁwﬁ 9 flvzauANNT TGN ) @iamiﬂ‘mﬁmiw%m
madﬁg‘ﬁuﬂ%{f (Eﬂﬁ' 26) léun wuafii3e Bacillus thuringiensis, Pseudomonas aeruginosa,
Staphylococcus aureus, Escherichia coli W31 Aspergillus flavus LWRs Trichoderma
harzianum |GHaVWIOVBIUI I ML (mﬁoﬁ 14) sioazBoadalui

gsanaisilalades

WuANLe Bacillus thuringiensis

f1IENANNNT 8 e Ao P. betle VIQQ:GLWﬂEELLa:LWﬂLﬁEI, P. betloides, P. crocatum,
P.  submultinerve, P. maculaphyllum, P. rubroglandulosum Y%LWﬂ;‘JTLLazLWﬁLﬁ g,
P. semiimmersum uaz P. yinkiangense ¥nlifiausimduginmaasyud liifiagndsud

WUANLSY Pseudomonas aeruginosa

f1IENQNNT 7 vHa Ao P. betle VIQQ:GLWﬂEELLa:LWﬂLﬁEI, P. betloides, P. crocatum,
P. maculaphyllum, P. rubroglandulosum ﬂ%LWﬂQ’LLaxLWﬁLﬁ ¢, P. semiimmersum LR
P. yinkiangense ﬁ’]lﬁlﬁ@m%nmﬂ'ﬁﬂ%mnﬁm wadiNes 2 wiha @a P. rubroglandulosum
el uaz P. yinkiangense ARqnEnssudsenidan da AaUSIMELEY 5.1740.29 uaz
5.17 0.29 JafLUAT

wuANLSe Staphylococcus aureus

§38NA99N P, betloides Waz P. maculaphyllum Janimsgugiatsen ae LAa
LS oMU 5.83£0.76 LAz 6.00+1.00 Hafluas

f1RIUUUATNLIY Escherichia coli Waz3 Aspergillus flavus Wae Trichoderma harzianum
aanaa NN 9 via LifauSmdudimaasy

fsananzNiseans

ijamﬂaammﬁiuaammﬁ’@mnﬁ"‘ﬁﬁlﬁamd 2 4 I8z 8 1 VL@TN&@TG&

WuANLIe Bacillus thuringiensis

asaneanWy 8 7lha Ao P.  betle  LWAE, P. betloides, P. crocatum,
P. maculaphyllum, P. rubroglandulosum VI::GLW?IE\T uwazlwelle,  P.  semiimersum,
P. submultinerve waz P. yinkiangense vnlfifiausiimdudinmaasyualaiiannituds

WUANLSY Pseudomonas aeruginosa

grsanaanioinildifiausiandudininasyudldifagnisuds Taun
P.  rubroglandulosum L‘Wﬂgﬁf nﬂiz@”‘umiﬁ 2973 P.  betloides, P.  crocatum,
P. rubroglandulosum \Weillle), P. semiimmersum Wag P. yinkiangense ﬁs:@”umsﬁama 2
AT 4 L LRy P. betle ﬂ%LWﬂQLLQ:LWﬂLﬁEI w8z P. maculaphyllum Przaun1aioans 2 1wh

UUATILIE Staphylococcus aureus
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% > o v Aa a >3 qq: a 1 A n€
R1IRNAIN P. betloides nﬂszﬂumsﬁa’mwﬂﬁm@m‘mm&mmm‘ilﬁ]smu LLG]VLNLT’]G]E]‘Y]‘E
JUH9 RITENAINN P.  maculaphyllum  \Aagndgudd lasluSimgugiuwia 5.67+0.58,
a A o a 1 o Rt é Q€
6.33+1.15 WAz 5.67+0.58 UARLUAT FINIUNITLI0 2 4 Uaz 8 L1 @ usIaU T9gndnIs
SUHITaILARZIEAUNMIT099 liwananvainelive A (o > 0.05).
fNTUULANLIY Escherichia coli Laz3n Aspergillus flavus Wae Trichoderma harzianum
fIEnaaINATNg 9 3ia ldifauSmdugInTasy
A A . A o ~ AaAa A Y
wuafitSy P. aeruginosa Waz S. aureus Nhannazeud uuuafiisunalsannulauin
v AG' L Qq: a a v 1 {
Tudszinaiaasan ﬁ]’mm‘iﬂ@aaquﬁmiﬂummilﬁ]'ﬁymadﬁgauﬁﬁmﬂﬁmma6] REE
anlfidudnanwg wohsefdwldld ldun P, rubroglandulosum — wwagl,  P.
yinkiangense, P. betloides W8s P. maculaphyllum lagansanan Wi38971931n P,
AG'Q/ oq/' . ' [ { 1
rubroglandulosum 8¢ P. yinkiangense ﬁtm'ﬁslllm P. aeruginosa FIURIIFNAN L5031
L= { L QE‘Q/ 09:
9N P. betloides WATRIRNANNNIZAUNILIB9AIN P, maculaphyllum JanFeudy .
A A A A A ~ o & =
aureus W"ﬁﬂmaulimq@ﬂa P. maculaphyllum \W$a3MnUONTLULS S. aureus ﬁmLﬁumm@l
& =2 o & A A o & A o
poslsaluayuinaslia Uszmruismuninlddszloodanizildninmvilnaluszay
v a A o A ' A \ A
VlamumamiﬂgﬂLflmnmumr]Lwaslﬂuq@]m%ﬂﬁma"lﬂl,mumﬂﬂuwgl,wmamdL@]m
1uﬂ‘§fﬁﬁwgLﬁ@Iiﬂ%%ﬂ‘U’](ﬂLLﬂﬂuiuU’Nf}g} NANITNARAUHINUINRIIRNAINN P,
Af e Q?: .
yinkiangense, P. betloides and P. maculaphyllum ﬁqwﬁmm‘um P. aeruginosa W8s S.

aureus E;N AIRIIERNA mﬂwg



46

gﬂﬁ 26 gnivesaIananisiizauniieasdis g deniaaiyveiunaiise
Pseudomonas aeruginosa (miaﬁ'@ﬁ]’m Q Piper rubroglandulosum (n) P. yinkiangense (1))
Wae Staphylococcus aureus (miaﬁ'@ﬂm P. betloides (9) P. maculaphyllum (3)) miﬁ' LN
luluudaznguldun (1) antibiotic (2) insulssaiie (3) smsananlildiions @) msanan
1389719 2 171 (5) @13ENaTEaan 4 1Y (6) F13ENaNisaand 8 11 uas (7) DMSO
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{ Q€ g { Qs 1 1 a
A1971971 14 ONIVAIRIIRNAINNTNTZAUNNILID919679 9 dan1ILaIBadLuaLIe

WOUALIZAUNM T WVBIANT  VWIAVAILIIMIUEINIIAI (VN.2SE) Basuuaiize’

&N6 B. thuringiensis P. aeruginosa S. aureus
Q Piper betle

liideans 2.00 £ 0.00" 2.67 +0.58" 0.00

138919 2 11 2.17 £ 0.29 2.00 + 0.00 0.00

139979 4 1Y 2.00 + 0.00 0.00 0.00

138919 8 LN 0.00 0.00 0.00

3 P. betle

laideans 2,50 + 0.50" 3.67+0.58" 0.00

138919 2 11 2.33 £ 0.29 3.00 + 0.00 0.00

138979 4 1N 2.00 +0.00 0.00 0.00

128979 8 ¥ 2.00 +0.00 0.00 0.00

P. betloides

Lo 2.67 058" 433+058 -  583+076"
138919 2 11 2.17 £ 0.29 3.33 £ 0.29 3.83 + 0.76
138319 4 11 2.17 £ 0.29 2.50 + 0.87 3.67 + 1.53
1382919 8 11 2.00 + 0.00 0.00 2.67 £ 1.15
P. crocatum

Lo 375+035 " 450 £ 0.87 0.00

139979 2 1Y 3.33 + 0.58 3.17 +1.04 0.00

130919 4 171 3.33 + 0.29 2.67 +0.58 0.00

1392919 8 11 2.83 £ 0.76 0.00 0.00

P. maculaphyllum

laiiaans 2.33+0.29" 333+1.15" 6.00 + 1.00"
138919 2 19 2.50 + 0.00 3.00 + 0.00 5.67 + 0.58
130919 4 171 2.50 + 0.50 0.00 6.33 £ 1.15
139979 8 LY 2.00 + 0.00 0.00 5.67 + 0.58

RANEKG  IaTaILTHMELSINMAUdEdn s IMmSINgeuand i Iauanedrani

adINRpEIATYNIEDaA
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4 Q€ a { s 1 1 a 1
M1971911 14 QNBVBIRIIRNAIIMNANTNIZAUNIIADINGE ) GaNIIATYVIULATITY (6ia)

WOUAZTZAUMTEDIVRIENT  DWIAVBILTI I UEINTLATY (VU.£SE) Baduuafiiie’

§N6 B. thuringiensis P. aeruginosa S. aureus
9 P. rubroglandulosum

laiigaans 35040870  517+029° 0.00
138979 2 10 3.17 £ 0.58 4.00 + 0.00 0.00
138979 4 11 3.17 £ 0.76 3.00 + 0.00 0.00
138379 8 17N 2.67 +1.15 0.00 0.00
8 P. rubroglandulosum

laiigaans 267+058"" 5002000 0.00
138979 2 10 2.33 + 0.58 4.00 + 0.00 0.00
138979 4 11 2.83 + 1.04 3.17 £ 0.29 0.00
138979 8 LY 3.00 + 0.00 2.00 + 0.00 0.00
P. semiimersum

laiideans 217 029" 367153 0.00
138979 2 10 2.33 + 0.58 4.33 + 2.31 0.00
130979 4 ¥ 2.00 + 0.00 3.00 % 0.00 0.00
138979 8 L7 2.00 + 0.00 0.00 0.00
P. submultinerve

laiifaans 2.00 +0.00" 0.00 0.00
138379 2 1N 2.00 + 0.00 0.00 0.00
138979 4 191 2.33 +0.58 0.00 0.00
138979 8 1¥in 2.33 +0.58 0.00 0.00
P. yinkiangense

laiiTeans 3.67+0.76° 517 £0.29 0.00
138979 2 17 3.00 + 0.50 4.00 + 0.00 0.00
138979 4 191 2.33 + 0.58 2.67 +0.58 0.00
138979 8 1¥in 2.00 + 0.00 0.00 0.00

a%&l']ElL‘ﬁ@‘! YUIAVBILILI L

pdIlRpEATYNIEDA

(7
o o

HINANNUAI AN HINENAINOBUANGING  JaLane19nth
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2 6 P ¥ o
3.5 anmiazasalsznaun1stANu DI BN DNILLRE

VL@Tﬂéfuf:m”u%amﬂﬂwguazﬁ'maqaw%ﬂ"lﬂUﬁﬁﬂﬁumﬁauwﬂmmsﬂﬁmﬁ oot Lo
FamuvasinTunanTr e isunuinwinluganioudassiiassnn e 15 wudﬂwglﬁ
ﬁm"’umumnﬁq@ Ao 2.73  fadaey/nlaniu %ﬁ@mﬁfzﬁﬁuﬁawﬁfamﬁiq@ﬁawgamm P.
crocatum @31eiRes 0.03 GadsnvAlansy TasunInunsuuaasasdisznamaindvossine
uam:mwaaﬁmma:mﬁmﬁgﬂﬁ 27-35 WWSpuiinuesnUsznaunandseninsfsudassia
f9eNT197 16 Usanmansasssznaufinuludasinuinnin 10% leun wu L-linalool 13.629-
26.590% b P. betloides Waz P. crocatum WU B-terpineol, a-terpineol, 4-terpineol, LAY
isomers U84 terpineol 10.111-46.560% u P. betloides, P. crocatum W8z P. tricolor WU
eugenol/isoeugenol 49.942-53.559% \u P. tricolor Waz P. betle WU eugenol
acetate/isoeugenol acetate 29.739% lu P. betle wWu B-elemene 14.384% luw P
submultinerve WU isomers Uad caryophyllene 11.505-39.422% lu P, maculaphyllum, P.
submultinerve Wae P. yinkiangense WU pB-selinene LAY a-selinene 10.319-36.62% lu P
betloides, P. yinkiangense, Wz P. submultinerve WU germacrene D 12.528-36.317% lu p.
maculaphyllum Wwae P. submultinerve WU bicyclogermacrene 14.482% lw P. tricolor wu
butylated hydroxytoluene 13.521-29.474% lu P, crocatum, P. betloides, P. maculaphyllum
Wae P. semiimersum WU 4-allyl-1,2-diacetoxybenzene 13.559-60.089% lu P betle, P.
yinkiangense, P. submultinerve, P. tricolor, P. rubroglandulosum W8 P. semiimersum

Wonmuiesdlszneumaafzesiniunenszunedssffgnssudinisasyves
gﬁum%ﬁuazﬁmmsé‘ﬂLauﬁa"lﬁmaaaﬁwﬁm"’wam:mmmﬂud’suwaﬂuwﬁmﬁm% 3 2819
laun ayjﬁau RULAAD uazalsdyesunau (gﬂﬁ' 36) wazinuaasmaimanit U naseauly
DIRIFNATIIWIN 60 A wuiﬂayjﬁauua:ayjmmﬁ’ma@mmsé'mawadﬁmﬁfﬂ@maww:ﬁa
luniusztisanamsauldageiisidy ausdrziunauiquand@lunisaaniainda

nl v v 1 = a A [} a v
ﬂﬂuwnvl,@aEI'NSJ‘IJ?&?(‘YIﬁ.ﬂ']WL"Ii%L(ﬂ gInNh
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A19191 15 RAFIUV DI NBADN IR ULNHUNUTINAUN LU AN UG TR

v
L% L%

2 :’ L a ° > :‘
L@aulﬁ/qgma* WIRUNTA IRFVRIATS VS FUfS) ROARIVDIINY

Ronltnan finsw Alansy)  wew (UaRaas) wewn (Iadaad/
Alansw)
Piper betle 1 11/2012/D 1.00 1.840 1.84
7/2013/R 0.92 0.770 0.84
7/2013/R 1.00 0.790 0.79
7/2013/R 0.94 1.050 1.12
8/2013/R 1.00 2.150 2.15
8/2013/R 1.00 2.730 2.73
P. betle 2 11/2012/D 1.00 0.950 0.95
P. betloides 2/2014/D 0.82 0.078 0.10
P. crocatum 2/2014/D 0.66 0.020 0.03
P. maculaphyllum 5/8/2013/R 0.50 0.025 0.05
P. rubroglandulosum 1 4/2014/D 0.47 0.220 0.47
P. rubroglandulosum 2 1/4/2014 0.33 0.240 0.72
P. semiimersum 8/2013/R 0.60 0.080 0.13
P. submultinerve 1 2/2014/D 1.00 0.115 0.12
P. submultinerve 2 2/2014/D 0.76 0.302 0.40
P. submultinerve 3 2/2014/D 0.36 0.010 0.03
P. submultinerve 4 2/2014/D 0.94 0.032 0.03
P. tricolor 1 11/2013/D 0.78 0.590 0.76
P. tricolor 2 2/2014/D 0.98 0.030 0.03
P. yinkiangense 4/2014/D 0.65 0.40 0.62

*D = Quad, R = gadw
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3111 29 Tasun Inunsuuaadadddsznaunmaaiivasiduneasssinean Piper crocatum
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3111 30 lasunInunsuuaadadddsznaunmaaiivesiniunasszineann Piper maculaphyllum
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A & a Y ,
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3111 33 lasunInunsuuaadadddsznaumaaiivestindunasszneann Piper submultinerve
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311 34 13N InunIuuaaIaIflsznaunaaiivadiniunayszinaan Piper tricolor
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e §00 TO0O AD) 990 NODD 19@0 1200 VoD 1-IIH Iﬁlﬂ ﬁlﬂ 1?Iﬂ II.IJ 'I‘IN HII“ [Ilﬂ ﬂ:ﬂ t:l.lﬂ

A & a Y , ..
Ell‘n 35 Iﬂﬁ&l']IV]LLﬂi?JLLﬁ@NENﬂﬂizﬂE’JUY]'NL@]&I‘IIEN%’]N%%E’JNTZL%El'ﬂ']ﬂ Piper yinkiangense
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A1571990 16 2%533:32Smema%:e:s@amwguf:ﬁm:mnﬂamamsmzésuﬂmzm:rsmmﬁsm

Relative content (%)

- o~
S S - ~ » <
S 38 3 g ° ° ° ° °
= S = I I IS I c @
- 2 2 2 g 2 2 2 2 s
o 3 S g 8 3 g ES ES ES ES - ~ g
3 o 3 2 g > > £ 3 3 3 3 ] S 3
Retention Molecular 3 2 S 3 3 o Y T E E £ £ - S <
S T k5] o Q 2 g ) 3 S S S L L £
Compound time Formula weight S < < °© R = = 2 ® 2 @ @ = = >
a Q a Q a Q a a Q Q oY a oY Q Q
Eucalyptol 5.143 C,oHs0 154 - 0.654 - - - - - - - - - - - - -
trans-B-Ocimene; 8-3-
Carene; a-Ocimene;
cis-Ocimene; cis-f3- 5.195-5.477 C,oHyg 136 - - - - - 0.597 0.750 - - - - - - 0.688 -
Ocimene; y-Terpinene;
Tricyclene; a-Pinene
trans-Sabinene hydrate 6.072 CyoH4g0 154 - - - 0.717 - - - - - - - - - - -
B-Terpineol 7.243-7.710 C,,H,sO 154 - - - 25.025 - - - - - - - - - 0.701 -
L-Linalool 6.406-6.683 C,Hs0 154 - - 13.629 26.590 - 0.160 - - - - 5.434 - - 7112 1.594
a-Terpineol 7.462-7.912 C,HsO 154 - 0.494 10.111 14.218 0.636 - - - - - - - 2276  2.243 -
Linalyl propionate C3H20, 210
Borneol 7.479 CyoHgO 154 - - - - - - - - - - - - - - 0.240
4-Terpineol 7.554-7.733 CyH,s0 154 - - 4.705 - - - - - - - - - - 46.560 0.381
n-Decanal 7.612 CoH20 156 - - - - - - - - - - - - - - 1.208
2-Cyclohexen-1-ol,
1-methyl-4-(1- 7.658 CyoH4g0 154 - 3.762 - - - - - - - - - - - - -
methylethyl)-, trans-
cis-Piperitol 8.056 CyoH4gO 154 - - - - - - - - - - - - - 0.508 -
Geraniol 8.166-8.950 C;oHsO 154 - - 1.204 7.777 - - - - - - - - - - -
Chavicol 8.489-8.546 CgH,,0 134 0.716  0.617 1.110 - - - - - - - 4.035 - 0.729 - -
O-Elemene; a-
Terpinene; 6-2-Carene; 9.429-9.539 C,sH,, 204 - - - - - 0.149 - - 1.135 - - - - - 1.337
8-4-Carene
Chavicol acetate 9.550-9.677 C,,H,,0, 176 6.843  1.637 - - - - - - - - - - - - 0.293
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A15197 16 Emimuzmm:si_bmemﬁﬂée;s@:%EmﬁzsmF_anﬁnamamsmz_\_snmmjmﬁrs&m:,ﬁm

Relative content (%)

~— N
S § & o %
S 3 3 S I ) © o °
= S =] & ° e I I )
> IS IS & [ ) < 9 IS
5 ¢ & § § § & § £ £ £ < « 3
2 S = 1] IS; IS, S S S S w w
3 N 3 B 3 2 > £ 2 2 2 2 5 s §
Retention Molecular S K S 3 3 g Q g £ E £ E S S =
S @ © Q o 2 < @ S 3 S S L L £
Compound time Formula weight .m. < < ° m = = 2 @ ® @ ® = = >
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
a-Cubebene 9.596-9.706 C5Hy4 204 - - - - 1.755 - - - 1.379 - - - - - 0.295
Cadina-1,4-diene
Eugenol; Isoeugenol;
Chavibetol; 9.873-11.950 C,H,;,0, 164 7.847 53.559 - - - - - - - - 4797 2.730 49.942 - -
Isochavibetol
Cyclosativene 9.960 CisHas 204 - - - - - - - - - - - - - - 0.367
a-Copaene 10.017-13.548C5H,, 204 - - - - 8.522 0.136 0.213 - 2.135 - - 0.704 - 0.651 1.648
Geranyl acetate 10.093  Cy,Hy0, 196 - - 0.910 - - - - - - - - - - - -
B-Elemene 10.179-11.477C5H,, 204 1.118 - 1.012 - 1.820 1.269 1.110 - 5195 6.424 3.337 [14.384 - 1.234  2.030
O-Methyl eugenol 10.289  C,4H,,0, 178 - - - - - - - - - - - - - - 0.397
a-Grujunene 10.571-11.685C 5H,, 204 - - - - 9.439 - - - 4.097 - - - - - -
trans-Caryophyllene;
10.646-10.802C 5H,, 204 2473 - 3.617 0.651 11505 4.083 4.870 9.318 [11.656 39422 7.175 26.283 - 1.831 21.142
trans-B-Caryophyllene
Germacrene D; B-
Cubebene; (-)- 10.871-11.887C5H,, 204 6.714 - 5312 0.869 12528 1.115 2.168 7.362 36.317 1.145 - 3.953 1.174 4769 8.592
Sinularene
trans-B-Farnesene 10.917  CysHy 204 - - - - - - 0.208 - - - - - - - -
Aromadendrene 11.010  CysHy 204 - - - - 0.842 - - - - - - - - - -
a-Caryophyllene 11.114-11.240C 5H,, 204 0.775 - 1.679 - 4987 4.282 3.062 - 2.849 - 6.490 25.063 - 0.760 [16.136
Calarene; Valencene 11.287 CysHy 204 - - - - - - - - - - - - - - 0.838
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= 4 a Y a a da_a A
M1979N 16 mZEH._MWﬁw@ESJQ_VEP_J._B@.;JF_@S)@EMHS)E&JDEMFEW.E&EDQSMDA:BEﬁazmﬁrﬁawﬁﬁm
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ABSTRACT

Piper betle (Piperaceae) or betel leaf, known locally as “Phiu” has been used by people
in Thailand for chewing for a long time. Additionally, the leaves are used for
traditional remedies and folk customs, such as for weddings and housewarming ceremonies.
More recently, the aromatic oil industry has used the leaves for oil distillation. Moreover,
the oils are used in several household products. Over the past 12 years of our research on Piper
species, we found that among the more than 43 species recorded, there are some plants
other than P. betle that possess a betel-like scent, viz. P. betloides, P. crocatum,
P. maculaphyllum, P. rubroglandulosim, P. semiimmersum, P.submultinerve, P. tricolor,and P, yinkiangense.
As it was expected that these plants would contain similar useful chemicals, their extracts were
screened for the chemical contents by GC-MS. The extracts contain some important chemical
substances that are similar to the betel extract, namely, eugenol, isoeugenol, chavicol,
caryophyllene, sabinene, phellandrene, germacrene A and germacrene D, and sesquiterpenes.
The results indicate that the eight plant species would have as high a potential as P. betle for
industrial purposes. Moreover, as the plants are wild species they have a greater vigor, thus
growing well and with more branching than betel. The diverse Piper species studied and
documented are important for sustainable uses and can enable conservation management for

posterity.

Keywords: betel plant, betel-like-scented plants, GC-MS, Piper species, Thailand

1. INTRODUCTION

The plants in the genus Piperare of great  medicines, and insecticides [1-3]. The betel
interest because they are useful in many plant, P. betle, is a well-known and important
functional aspects, for instance, as spices, species that contains important chemical
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substances, including essential oils and
substances, such as chavicol, cineol, and
eugenol which can be used for medicinal
and insecticidal purposes [4,5]. Indeed, it has
been reported that eugenol has anti-oxidant
and anti-inflammatory properties [4]. It is
also known to be stimulating, anesthetic, and
psychoactive [6,7]. Even though the betel
plant is of great economic importance, there
are inherent problems with its cultivation,
with one common cause being that the roots
and leaves often rot because of infection by
Phytophthora parasitica Dast [8,9]. Banka
and Teo [9] have reported that leaf spots
caused by bacteria are another problem.

Two Piper species from Cameroon,
P. nigrum and P. guineenense, were studied[10]
to identify the aromatic target components
responsible for the characteristic odor of these
valuable spices and food-flavoring products.
The main compounds detected were as
follows: P. nigrum contains germacrene
D (11.01%), limonene (10.26%), B-pinene
(10.02%), o-phellandrene (8.56%), -
caryophyllene (7.29%), o-pinene (6.40%)
and cis-beta-ocimene (3.19%); P. guineense
(black) contains B-caryophyllene (57.59%),
B-elemene (5.10%), bicyclogermacrene
(5.05%) and o-humulene (4.86%); and
P. guineense (white) contains B-caryophyllene
(51.75%), cis-B-ocimene (6.61%), limonene
(5.889%), B-pinene (4.56%), linalool (3.97%)
and o-humulene (3.29%).

Investigations of the genus Piper in
Thailand [11,12] reveals that of the 43 known
Piper species, there are numerous species that
possess a betel-like scent. All of these species
are blossoming, wild species that produce
abundant branches and leaves. Furthermore,
these species are hardy and resistant to diseases,
and some of them have a stronger scent than
the betel plants. Therefore, these species are
predicted to have an economic potential
greater than that of the betel plants.
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Betel oil contains several substances, such
as chavicol, terpene, and sesquiterpene [13],
hydroxychavicol, hydroxychavicol acetate,
allylpyrocatechol, chavibetol, piperbetol,
methylpiperbetol, piperol A, and piperol B
[14], chavibetol, chavibetol acetate and
caryophyllene[15], allopyrocatecholdiacetate,
safrole and B-phellandrene [16], and eugenol
and hydroxychavicol [17]. Both the crude
extracts of P. betle leaves and the purified
compounds have been found to possess
important antiseptic (e.g., oral hygiene), anti-
diabetic, cardiovascular, anti-inflammatory/
immunemodulatory, antiulcer, hepato
protective, and anti-infective properties [14]
and are also active against many species of
bacteria and fungi [16,18]. The chemical
composition of natural products was
successfully accessed by gas chromatography-
mass spectrometry (GC-MS) analysis
as reported by Phutdhawong et al. [19],
Quang et al. [20], and Norkaew et al. [21].
The properties of the major compounds are
as follows. Isoeugenol, an isomer of eugenol,
1s a phenylpropene that is synthesized from
eugenol and is a constituent of the essential
oils of plants. Chavibetol, another isomer of
eugenol, is an aromatic compound with a
spicy odor [22]. Caryophyllene is a spicy,
clove-like aroma [23]. Phellandrenes are
used in fragrances because of their pleasant
aromas; the odor of B-phellandrene has
been described as peppery-minty and
slightly citrusy [24]. Sabinene is a natural
bicyclic monoterpene, which is one of the
chemical compounds that contributes to the
spiciness of black pepper (P. nigrum) [25].
Sesquiterpenes, a class of volatile compounds,
are typically produced for their antimicrobial
and insecticidal properties [26,27].

In Thailand, betel oil has been used in
modern medicine as an antiseptic component
in gels, balms, and cosmetics for hands, feet,
and body, as an anti-inflammatory, and as a
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treatment for many diseases. Examples of
applications of betel oil are as follows:
“Plumix”, a product by Information Service
Center, Institute of Science and Technology
Research, Thailand for inhibition of
gastrointestinal pathogens in chickens[28];
“betel oil”, by Agricultural and Agro-Industrial
Product Improvement Institute, Kasetsart
University, Thailand, claimed to have an
anti-microorganism effect [297; “Plugenol gel”,
a product by Thai Herbal Products Co., Ltd,
for treatment of microbial infection and
inflammatory [30]. The research in this study
aims to investigate various betel-like-scented
species for a preliminary chemical information
analysis using hexane extracts.

2. MATERIALS AND METHODS
2.1 Plant Materials

The 43 Piper species in Thailand were
explored in the areas as described by
Chaveerach et al. [11,12] and screened for
their betel scent. Species identifications were
done following the literature and compared
with the specimens kept at Khon Kaen
University. Leaf samples from several
individuals of the betel-like-scented species
were collected for chemical extraction.
Voucher specimens were kept at the
Department of Biology, Faculty of Science,
Khon Kaen University. No specific permits
were required for the described field
studies because the locations are not privately
owned nor are they protected in any way.
Moreover the field studies did not involve
endangered or protected species.

2.2 Preparation of Chemical Extracts
The extracts were prepared, and the
chemical contents were analyzed by gas
chromatography-mass spectrometry (GC-
MS). The leaf samples were rinsed with water
and air-dried to get rid of water. The 25 g
of leaf samples were ground into a powder,
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mixed with a 120 mL hexane solvent
(analytical grade), and filtered at room
temperature. A 90 mL filtrate was obtained
and stored at -20°C until used for the GC-
MS analysis.

2.3 GC-MS Analysis and Identification of
Components

The GC-MS analysis of the crude extracts
was performed using an Agilent Technologies
GC 6890 N/5973 inert MS fused with a
capillary column (30.0 m x 250 mm x 0.25
mm). Helium gas was used as the carrier gas
at a constant flow rate of 1 mL/min.
The injection and mass-transferred line
temperature were set at 280°C. The oven
temperature was programmed for 70°C to
120°C at 3°C/min, then held isothermally
for 2 min, and finally raised to 270°C at
5°C/min. A 1 pL aliquot of the crude
extract was injected in the split mode.
The relative percentage of the crude
constituents was expressed as the percentage
using peak area normalization. Identification
of the components of the crude extracts
was assigned by comparison of the mass
spectra obtained with those of the reference
compounds stored in the Wiley 7N.1 library.

3. RESULTS AND DISCUSSION
3.1 The Betel-Like-Scented Piper Species
There were nine species found to be
aromatic betel-like plants, viz. P. betle L.,
P. betloides Chaveer. & Tanomtong,
P. crocatum Ruiz et Pavon, P. maculaphyllum
Chaveer. & Sudmoon, P. rubroglandulosum
Chaveer. & Mokkamul, P. semizmmersum CDC.,
P. submultinerve C.DC., P. tricolor Y.C.Tseng,
and P. yinkiangense Y.C.Tseng. The voucher
specimen numbers and sites of specimen
collection are shown in Table 1. Piper betle is
found as a cultivated plant in all regions of
Thailand. Except for P. betle, most of the
species are wild, however P. maculaphyllum
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and P. crocatum are often collected from  The images of all of the betel-like-scented

the wild and grown as decorative plants.

Table 1. Details of specimen collection.

Piper species are shown in Figure 1.

Species Voucher specimen  Site of specimen collection
number

P. betleL. A. Chaveerach 16  Cultivated, Muang District,
Khon Kaen Province,
Northeastern Thailand

P. betloides Chaveer. & A. Chaveerach 171  Doi Suthep-Pui National Park,

Tanomtong Chiang Mai Province,
Northern Thailand

P. crocatum Ruiz et Pavon

P. maculaphyllum Chaveer. &

Sudmoon

P. rubroglandulosum Chaveer. &
Mokkamul

P.semummersum CDC.

P. submultinerve CDC.

P. tricolor Y.C. Tseng

P.yinkiangense Y.C.Tseng

A. Chaveerach 12

A. Chaveerach 126

A. Chaveerach 319

A. Chaveerach 115

A. Chaveerach 223

A. Chaveerach 64

A. Chaveerach 133

Garden and Development
Department, Queen Sirikit
Botanic Garden, Chiang Mai
Province, Northern Thailand
Punyaban Waterfall, Lum Nam
Kraburi National Park,
Ranong Province,

Southern Thailand

Khao Phra Thaeo Wildlife
Conservation Development
and Extension Center,
Phuket Province,

Southern Thailand

Sri Pungnga National Park,
Pungnga Province,

Southern Thailand

Doi Suthep-Pui National Park,
Chiang Mai Province,
Northern Thailand

Sri Pungnga National Park,
Pungnga Province,

Southern Thailand

Khao Sok National Park,
Surat Thani Province,

Southern Thailand
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Figure 1. Piper betle (a) and the eight betel-1

g }.‘
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ike-scented species: P. betloides (b), P. crocatum (c),

P. maculaphyllum ), P. rubroglandulosum (e), P. semizmmersum ({), P. submultinerve (), P. tricolor (h),

and P, yinkiangense (7).

3.2 Chemical Identification of the Betel-
Like-Scented Species Using GC-MS
The preliminary phytochemical screening
of the hexane crude extract of nine Piper
species shows the presence of different
aromatic compounds. The total ionic
chromatographs (TIC), showing the peak
identities of the compounds from the nine
individual species are given in Figure 2.
The identified chemical compounds and

oSS,
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their relative contents in each species are
provided in Table 2.

Piper betle contains major chemicals, such
as 80.52% eugenol (or isoeugenol,
4-cyclopropyl-2-methoxyphenol or
chavibetol), which are identical to the
constituents in earlier studies [15-17].
It also contains caryophyllene and some
other minor chemicals, as shown in

Table 2.

— Piper betle
— P. betloides
— P. crocatum
— P. maculaphyllum
— P. rubroglandulosum
— P. semiimmersum
— P. submultinerve
430 sd16 — P. tricolor
— P. yinkiangense

68.31

4000 4500 5000 5500 60.00 6500

Figure 2. GC-MS chromatograms of hexane crude extracts from the leaves of the nine

examined Piper species.
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Table 2. Preliminary phytochemicals identified in the hexane crude extracts from the leaves of
the nine examined Piper species.

Relative content**

§ & % :
g 3 = 3§ §38% . ¥
= = = § £ § § 3
£ & 8 S ®» £ 5 § =
£ X & S F E§® E &
Compound Formua & & & & §& F& 3 & A& @ 0o&
Eugenol or Isoeugenol or CH,O, 8052 - - 3.24 - - - - -
Chavibetol or
4-cyclopropyl-2-methoxyphenol
Germacrene-D or B-cubebene or C.H, 521 1329 459 378 - - 1213 - -
o-cubebene or o-ylangene or
Naphthalene, 1,2,3,4,4a,5,6,
8a-octahydro or Bicyclo
[4.4.0]dec-1-ene,
2-isopropyl-5-m
Germacrene-A CH, - - - 24.26 - - - - -
Trans-caryophyllene C,H, 383 589 206 1344 533 1530 856 1459 39.44
o-amorphene CH; 332 - - - - - - - -
o-humulene or o-caryophyllene C.H, - - 112 361 - 521 - 943 3503
or cis,cis,cis-1,1,4,8-tetramethyl-4,
7, 10-cycloundecatriene
Phytol or Phytol isomer CH.0 1.67 893 437 - - - 2475 - -
Bicyclogermacrene or CH, 124 1255 - 1098 - - - - -
1H-cycloprop[elazulene
or Naphthalene,1,2,3,4,4a,5,6,
8a-octahydro
o-pinene or Tricyclene or y-terpinene CH,, - 942 - - - 340 - - 6.03

or 4-carene or Tricycle[2.2.1.02,6]

heptane,1,7,7-trimethyl-3-carene

Sabinene or B-phellandrene or C.H, - 1843 1017 - - 3291 - - 3.65
B-terpinene or P-thujene or

B-pinene or Cyclohexane or

4-methylene-1-(1-methylethyl)

1,3-dimethyl-4-azaphenanthrene or C.H N - 9.16 - - - - - - -
4’methy-2 phenylindole

L-linalool CH O - 438 - - - - 238 - -
1,8-cineole CH,O - - - 139 - - - - -
4-allyloxy-6-methoxy-N, GHNG, 6.54 - - - - - -
N-dimethyl-1,3,5- C Aol

pmyrcene e 1 L am DT
B-elemene Longe : 508

B-bisabo 15 ) i ) ) ) 2 ) ) )
Methyl (25R)-5-0x0-A-nor-3, CHO, i < ) ) ) ) ) )
5-secospirost

Palmitic acid %f’ﬁﬂ% i = g 66 i i g 9' - el i
24(Z)-methyl-25-homocholesterol 297750 ) i ) ) ) ) ) )
or 1,5-dimethyl-6-(1,5-dimethylhexyl)

15,16

1-(1,5-dimoihiyl-hexenil) CH, - o B s w e o s
-4-methylbenzene

2,6-bis(1,1-dimethylethyl) GHO - =~ = = 88 -~ - - -
-4-methylphenol

(butylated hydroxytoluene)

9-octadecenoic acid or G 0, ) i ) ) ) A ) ) )
Heptadecene-(8)-carbonic acid-(1)

or 9,12,15-octadecatrien-1-ol,(z,z,z)-

Neophytadiene C,H, - 4.13 - - - 4.06 - 1385 -
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Table 2. Continued.
Relative content**
g §. g § b
3 Ea s 2 s
= . L
g £ = S 5 A &
= £ 5 g § 3 5 3
& B 3 § 4§ §§ 3 =
= = (<] = %" o ) =
= = s 2 & g & = =
Compound Formula I a; a; o) Ea T 8 a I a;
Vitamin e C,H.O, 2.66 -
o-gurjunene CH, - 9.20 -
o-copaene C.H,, 5.52 3.19
(23s)ethylcholest-5-en-3. B-ol C,H, O - 18.66
9,12,15-octadecatrien-1-ol,(z,z,z)- or C,H, O 7.03
7,10,13-hexadecatrienoic acid
3,7,11,15-tetramethyl-2-hexadecene CH, - 1.52
4-allyl-1, 2-diacetoxy benzene C H,0, 4.84

unknown*

420 1383 6124 2324

2548 1832 3373 1115

*Unknown from each species is not the only one compound and may not be the same compound through all species.

** _ means not detected

Isoeugenol and chavibetol, isomers of
eugenol, compounds of the phenylpropanoid
group are some of the primary constituents
in the extract of P. betle. Piper maculaphyllum
also contains isougenol or chavibetol (3.24%),
though in smaller amounts.

Caryophyllene is an important constituent
that was found in all nine of the studied
species, though in different quantities:
P. yinkiangense (39.44%); P. semiimmersum
contains trans-caryophyllene (15.30%)
and a-caryophyllene (5.21%); P. tricolor
(14.59%); P. maculaphyllum (13.44%);
P. submultinerve (8.56%); P. betloides (5.89%);
P. rubroglandulosum (5.33%); P. betle (3.83%) and
P. crocatum (2.06%).

Sabinene and phellandrene are
monoterpene constituents of essential
oils and were found in relatively high
percentage in all four of the studied
species, viz. P. semiimmersum, (32.91%);
P. crocatum (10.17%); P. betloides (18.43%);
and P. yinkiangense (3.65%). Phellandrene is a
constituent of the essential oil of Eucalyptus
dives [24]. Phellandrenes are used in
fragrances because of their pleasant aromas;
the odor of B-phellandrene has been
described as peppery-minty and slightly

citrusy. Sabinene is a natural bicyclic
monoterpene, isolated from the essential
oils of a variety of plants, including holm
oak (Quercus ilex) and Norway spruce
(Picea abies), which are not grown in
Thailand. In addition, sabinene is one of the
chemical compounds that contributes to the
spiciness of black pepper (Piper nigrum)
and is a major constituent of carrot seed oil.
It also occurs in tea tree oil at a low
concentration and is present in the essential
oil obtained from nutmeg[25].

Germacrene A and germacrene D,
sesquiterpenes, are significant components of
P. maculaphyllum containing 24.26% and 3.78%
respectively. The sesquiterpenes are
also present in P. betloides (13.29%),
P submultinerve (12.13%), P. betle (5.21%), and
P. crocatum (4.59%).

The minor common volatile aromatic
compounds are found in P. betloides
(9.42% o-pinene and 4.38% L-linalool),
P. semiimmersum (3.40% o-pinene), P.
submultinerve (2.38% L-linalool), and P.
yinkiangense (6.03% o-pinene). These
compounds are components in both
branded and imitation perfumes [31]. Piper
rubroglandulosum contains significantly
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high amounts of butylated hydroxytoluene
(89.83%) also known as butylhydroxytoluene
(BHT) or 2,6-bis (1,1-dimethylethyl)-4-
methylphenol. BHT isalipophilic (fat-soluble)
organic compound, a derivative of phenol
that is useful against viruses in the herpes
family, for its antioxidant properties, as a food
additive, and as a prevention for apoptosis
in etiolated seedlings. BHT induces large
structural changes in the organization of all
cellular organelles and the formation of new
unusual membrane structures in the cytoplasm
[32,33]. This is very interesting, because people
are very close to the species. The people in
Southern Thailand have been using
P. rubroglandulosum for chewing (instead of
P. betle) and for medicinal purposes for long
time. This high content compound may be a
key active ingredient which should be further
examined.

The preliminary study on the chemical
constituents of betel-like-scented Piper
species (screened down to nine species)
uses the non-polar solvent hexane for the
extraction process, thus isolating the major
monoterpenes (sabinene and phellandrene),
sesquiterpenes (germacrene A, germacrene D,
and caryophyllene), and phenylpropenes
(eugenol, isoeugenol, and chavibetol). Even
though hexane was used to extract chemical
substances for the GC-MS analysis rather than
the essential oils, the chemical constituents
found tended to be similar, for instance
among P. betle, P. nigrum, and P. guineense.
A study of P. nigrum and P. guineense essential
oils also provided evidence of the similarity
among the chemical constituents [10].

3.3. Uses of Piper Species

Many research studies have been
conducted on various Piper species, such as
P. nigrum, P. gnineense and P. chaba to investigate
their potential uses. Piper betle has been studied
for many years, particularly for its compounds
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and usefulness in treating diseases [10,34,35].
The plants are still of interest among
researchers for their pharmacological activities,
antimicrobial, and insecticidal properties,
however, more information about the other
Piper species with a similar aroma could be
obtained. The study, therefore, examines
whether the eight species identified as aromatic
betel-like plants have any important identical
chemical substances. The research findings
would contribute to the data on aromatic
plants and provide the basis for further
research investigations.

In addition to eugenol (or isoeugenol, 4-
cyclopropyl-2-methoxyphenol or chavibetol)
reported in P. betle[15,16,17], caryophyllene
is another compound found from this study.

The main compounds, which include
B-caryophyllene, germacrene D, limonene,
B-pinene, a-phellandrene and a-humulene,
are identical to the compounds found in
the Piper species from Cameroon [10].
The minor constituents, including 8-carene,
B-phellandrene, isoborneol, or-guaiene, sarisan,
elemicin, calamenene, caryophyllene alcohol,
isoelemicin, T-muurolol, cubenol, and
bulnesol, are of great importance for the
characteristic pepper odor of these Piper
species. Additionally, minor common
volatile aroma compounds, including
o-pinene and L-linalool found in P. betloides,
P. semitmmersum, P. submultinerve, and
P. yinkiangense are components found in
both branded and imitation perfumes[31].

4. CONCLUSION

The GC-MS analysis of the hexane crude
extracts of different Piper species shows
the presence of a composition of volatile
chemicals from the phenylpropene,
monoterpene, and sesquiterpene groups.
The identification of economically beneficial
chemicals existing in many other plant
species is important for industry and is also
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beneficial in providing a growing population
with supplements from natural sources.

Many plant species in the wild are not
exploited or used because they are not known
or well characterised. The hardiness, good
growth, and abundance of branches of the
wild species should be studied for uses in
native forms, modified forms, and purified
chemicals. The diversity of betel-like-scented
species and the chemical components could
be useful for industries to produce flavors,
fragrances, cosmetics, drugs, perfumes, and
food preservatives.
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Abstract

Piper argyritis Ridl. ex C.DC., P. betle L., P. maculaphyllum Chaveer. &
Sudmoon, P. pendulispicum C.DC., and P. rubroglandulosum Chaveer. & Mokkamul
are very important species for biodiversity, food, and medicine. Accordingly, proper
identification should be verified using available data, especially since some controversy
exists concerning the distinctiveness of certain species pairs (e.g., P. argyritis/ P.
maculaphyllum, P. betle/ P. rubroglandulosum, and P. pendulispicum/ Piper sp.) based
solely on morphology. In this study, a dendrogram constructed from 1,015 random
amplified polymorphic DNA (RAPD) banding patterns revealed this method to be a
powerful and efficient tool to distinguish among Piper species. Individuals of P. betle
and P. rubroglandulosum are grouped in each species clade, with genetic similarity (S)
levels of 0.84-0.91 and 0.87, respectively, and all studied species are recognized as

separate species, with S values of 0.57 to 0.82. The S levels of males and females of P.
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betle and P. rubroglandulosum are 0.84-0.91, within the level considered as identical
species. Moreover, an analysis of chemical constituents provided additional species
distinctions, as P. rubroglandulosum contains 2,6-bis(1,1-dimethylethyl)-4-
methylphenol, trans-caryophyllene, and 4-allyl-1,2-diacetoxy benzene, while P. betle

contains eugenol, isoeugenol, and chavibetol.

Key words: chemical constituents, genetic similarity, Piper, RAPD
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1. Introduction
The genus Piper in Thailand has been studied with regard to species diversity, usage,
new species, and molecular markers (Chaveerach et al., 2002, 2006a, 2006b, 2007a,
2007b, 2008a, 2010; Suwanphakdee & Chantaranothai, 2008, 2011; Sudmoon et al.,
2011, 2012; Suwanphakdee & Simpson, 2012). Because pipers are of great interest for
use as spices, medicines, and insecticides (Chaveerach et al., 2006; Scott et al., 2008;
Fan et al., 2011), correct species identification is important. This is commonly based on
morphological characteristics alone, but for some pipers, such as dioecious species,
molecular data should be considered because morphology among and within species can
be rather similar (Chaveerach et al., 2008a). Taxonomists who specifically concentrate
on the specimen type might encounter identification biases in species overlap and might
not consider such data as molecular evidence. For example, based on morphological
characteristics, P. maculaphyllum Chaveer. & Sudmoon has been reduced to synonymy
under P. argyritis Ridl. ex C.DC., and P. rubroglandulosum Chaveer. & Mokkamul has
been synonymized under P. betle L. (Suwanphakdee & Chantaranothai, 2011).
Therefore, to overcome potential identification problems associated with a uniform,
worldwide species type and to enable the use of these species in domestic and industrial
applications, other characteristics, such as chemical composition and molecular data,
must be used. DNA fingerprinting, which is based on the polymerase chain reaction
(PCR), is an efficient and reliable technology used to classify plant groups, including
apples (Koller et al., 1993), chestnuts (Galderisi et al., 1998), Curcuma species
(Chaveerach et al., 2008b), and P. protrusum Chaveer. & Tanee (Sudmoon et al., 2011).
Several substances have been found in P. betle, depended on the studies, namely

eugenol and hydroxychavicol (Amonkar et al., 1986), allopyrocatecholdiacetate, safrole,
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and B-phellandrene (Arambewela et al., 2005), chavibetol, chavibetol acetate, and
caryophyllene (Suppakul et al., 2006), chavicol, terpene, and sesquiterpene (Manigauha
et al., 2009), and hydroxychavicol, hydroxychavicol acetate, allylpyrocatechol,
chavibetol, piperbetol, methylpiperbetol, piperol A, and piperol B (Kumar et al., 2010).
These compounds possess important anti-septic, anti-diabetic, cardiovascular protective,
anti-inflammatory, anti-immunomodulatory, anti-ulcer, hepato-protective, and anti-
infective properties (Kumar et al., 2010). The chemical composition of natural products
has been successfully elucidated by gas chromatography-mass spectrometry (GC-MS)
analysis, as reported by Andersen & Taglialatela-Scafati (2005), Quang et al. (2008),
Schierling et al. (2011), and Demiray et al. (2013).

The aim of this study was to verify the identification of pairs of presumably
different species, P. argyritis (De Candolle, 1912) and P. maculaphyllum (Chaveerach
et al., 2008a), and P. betle and P. rubroglandulosum (Chaveerach et al., 2008a), using a
combination of morphological characteristics, genome analyses with random amplified
polymorphic DNA (RAPD) marker, and their chemical constituents. The RAPD marker
has been proved to be a powerful tool for taxon identification (Chalageri & Babu, 2012;
Muthiah et al., 2013). The species pair female P. pendulispicum and Piper sp., firstly

identified as male P. pendulispicum by Chaveerach et al. (2008a), was also compared.

2. Materials and methods

2.1. Plant collection

Plants were sampled at the different sites and provinces shown in Table 1. Figure 1
shows a map of Thailand and highlights the different provinces where specimens were

collected. Piper betle and P. rubroglandulosum were transferred from southern
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Thailand and planted in Khon Kaen province under same environmental conditions for
a period of two years before collecting of leaves for chemical extraction to eliminate the
climate factors that are related to the production of aromatic compounds.

2.2. Morphological comparisons

The morphological characteristics of each pair of species, P. betle and P.
rubroglandulosum published by Chaveerach et al. (2008a), and P. argyritis published
by De Candolle (1912) and P. maculaphyllum published by Chaveerach et al. (2008a),
were compared.

2.3. Molecular analyses

The molecular characteristics were assessed following DNA extraction, DNA
fingerprinting with RAPD, and dendrogram construction.

2.3.1. DNA extraction

Genomic DNA was extracted from all collected samples using the Plant Genomic DNA
Extraction Kit (RBC Bioscience). The extracted DNA was analyzed by 0.8% agarose
gel electrophoresis and ethidium bromide staining. The quality and quantity of DNA
were determined using a gel documentation instrument. The DNA samples were diluted
to a final concentration of 20 ng/pL in Tris-EDTA buffer (TE; consists of 10 mM Tris-
Cl, 1 mM EDTA, pH 8.0), and these dilutions were used as the DNA template in PCR
reactions.

2.3.2. DNA fingerprinting using RAPD marker and dendrogram construction
Amplifications were performed for all species in 25-pL reactions consisting of GoTaq
Green Master Mix (Promega), 0.5 pM primer, and 5 ng DNA template. Thirty-six
RAPD primers were screened, and the 22 primers successfully amplified were as

follows (5" to 3'): GGTGGTCAAG, TGCCGAGCTG, AATCGGGCTG,
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GGGTAACGCC, CAATCGCCGT, GTTGCGATCC, CAAACGTCGQG,
CACAGGCGGA, TGAGCGGACA, GTACGCCCGA, CTCCTGCCAA,
TGGGCGTCAA, CAGGCCCTTC, GTTTCGCTCC, GGACTGGAGT,
GGTGACGCAG, GTCCACACGG, CTGCTGGGAC, GTAGACCCGT,
TCCGCTCTGG, GGAGGGTGTT, and AGGGAACGAG. Each reaction mixture was
incubated at 94 °C for 3 min, and the amplification was performed with the following
thermal cycles using a Swift Maxi Thermal Cycler (Esco Micro Pte., Ltd): 35 cycles of
denaturation for 1 min at 94 °C, 2 min annealing at 40 °C, 2 min extension at 72 °C, and
a 7-min final extension at 72 °C. The amplification products were detected by 1.2%
agarose gel electrophoresis in Tris-acetate-EDTA (TAE) buffer (40 mM Tris acetate, 1
mM EDTA, pH 8.0) and visualized using ethidium bromide staining. The RAPD bands
resulting from successfully amplified primers and discerned by agarose gel
electrophoresis were documented as diallelic characters (present = 1, absent = 0). These
bands were used to construct a dendrogram with the NTSYS-pc 2.1 program (Rohlf,
1998).

2.4. Comparison of the chemical constituents by gas chromatography-mass
spectrometry (GC-MS)

Samples of P. betle 3, P. betle Q, P. rubroglandulosum &, and P. rubroglandulosum <
were prepared for chemical extraction, and the chemical constituents were analyzed by
GC-MS.

2.4.1. Preparation of chemical extracts

The air-dried leaves (25 g) were ground, added to 120 mL hexane solvent (analytical
grade), and filtered at room temperature. Ninety mL of filtrate was obtained and stored

at -20 °C until the GC-MS analysis.
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2.4.2, GC-MS analysis

The GC-MS analysis of the crude extracts was performed using an Agilent
Technologies GC 6890 N/ 5973 inert Mass Selective Detector fused with a capillary
column (30.0 m x 250 um x 0.25 pum). Helium was used as the carrier gas at a constant
flow rate of 1 ml/min. The injection and mass-transfer line temperatures were set to 280
°C. The oven temperature was programmed from 70 to 120 °C at 3 °C/min, held
isothermally for 2 min, and then raised to 270 °C at 5 °C/min. A 1-pL aliquot of crude
extract was injected in the split mode. The relative percentage of crude constituents was
expressed as a percentage by peak area normalization. The identity of the components
of the crude extract was assigned by a comparison of their GC-MS spectra to the Wiley

7N.1 library.

3. Results

The morphological characteristics of P. argyritis and P. maculaphyllum, including plant
sexuality (monoecious vs. dioecious), leaf shape and type, flowering spike, and fruiting
spike, are shown in Table 2, confirming that these plants are, indeed, different species.
The significant morphological characteristics of P. maculaphyllum that differed from
those of P. argyritis are shown in Figure 2 (A-C). The main differences involved leaf
shape, leaf dappling, and spikes of both male and female flowers in P. maculaphyllum,
a monoecious plant, and the male plant of P. argyritis (a dioecious plant). In addition to
different distributions, morphological data revealed different characteristics for P.
rubroglandulosum and P. betle, including the node and internode, leaf apex,

arrangement of flowers along the rachis, and bearing fruiting spike, as shown in Table 3
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and Figure 2 (D-I). Morphological characters of P. pendulispicum and Piper sp. are
shown in Figure 2 (J-L).

A total of 1,015 RAPD bands, comprising 383 characters (Figure 3), was produced
from the 22 successful primers. The resulting dendrogram (Figure 4) separated the
outgroup Peperomia pellucida and appropriately grouped each studied species in
distinct lineages.

The genetic similarity (S) levels of the six different species are shown in Table 4,
ranging from 0.57 between Piper sp. and P. betle @ 3 to 0.82 between P. argyritis and
P. pendulispicum <. Individuals of the same species showed S levels ranging from 0.84
to 0.97 for P. betle and 0.87 for P. rubroglandulosum. The S levels of the males and
females were 0.84 for P. betle and 0.87 for P. rubroglandulosum, indicating an identical
species, whereas those of P. betle and P. rubroglandulosum, 0.64-0.75, indicated
different species. An S value for P. argyritis and P. maculaphyllum of 0.67 confirmed
their different species designation. An S value for Piper sp. and P. pendulispicum of
0.81 is in the range of different species.

The preliminary phytochemical screening of the crude hexane extract of male and
female plants of P. betle and P. rubroglandulosum demonstrated the presence of
different chemical compounds. The chemical compounds, their retention times, and
relative contents for each species are provided in Table 5. The total ion chromatographs
(TICs), showing the peak identities of the compounds identified, are provided in Figure
5. The major chemicals of both male and female P. betle were eugenol, isoeugenol, and
chavibetol, whereas 2,6-bis(1,1-dimethylethyl)-4-methylphenol, trans-caryophyllene,
and 4-allyl-1,2-diacetoxy benzene were abundant in both male and female P.

rubroglandulosum. The other compounds from P. betle are unknown.
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4. Discussion

Piper argyritis and P. maculaphyllum are unquestionably distinct species, with different
important morphological characteristics, as shown in Table 2. These differences were,
in particular, with regard to the male flowers of dioecious P. argyritis; P.
maculaphyllum is monoecious. In summary, the morphological data of P. argyritis
published by De Candolle in 1912 support the differences between P. maculaphyllum
and P. argyritis, which were identified as distinct species in the present study.

It is clear that only the important morphological characteristics (Table 3) of the pair
of species compared, P. betle and P rubroglandulosum, can be used to distinguish these
two species. We assume that P. betle and P. rubroglandulosum were once the same
species, as indicated by the similar female flowers and other characters, but that
geographical barriers led to morphological changes for long period, particularly with
regard to fruiting spikes. Piper rubroglandulosum is specifically distributed in southern
Thailand, whereas P. betle is distributed throughout all Thailand regions and shows no
fruiting spikes, even in the southern Thailand in the same growing area as P.
rubroglandulosum.

Therefore, we propose that morphological characterization should be the first tool
used for plant identification, because of it is the easiest aspect for distinguishing species.
In some cases, incomplete investigation or incomplete plant characteristics might
influence the interpretation of the various morphological traits in plants, as
demonstrated by Suwanphakdee & Chantaranothai (2011), who mistakenly concluded
that P. maculaphyllum and P. argyritis, and P. betle and P. rubroglandulosum, were

identical species.
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Thus, identification of morphologically similar pipers should be corroborated using
additional characterization tools because certain species pairs have several variable
features and are widely distributed with overlapping geographical locations, often
resulting in species confusion. To overcome these problems and accurately identify
plants for domestic and industrial applications, we suggest that characterization of the
genus Piper should be investigated based on genetic information. The present research
used molecular data obtained by RAPD fingerprinting, which indicated different species
with S values of 0.57-0.82 and identical species with S values of 0.84-0.97.

The S values of 0.67 between P. argyritis and P. maculaphyllum and 0.64-0.75
between P. betle and P. rubroglandulosum indicate different species and support the
morphological data used to identify distinct species. Further support for this designation
arises from the dendrogram (Figure 4), which clearly indicates that each taxon formed a
monophyletic group. In addition, based on the dendrogram, P. argyritis appears to be
more similar genetically to P. pendulispicum than P. maculaphyllum this emphasizes
that they are distinct taxa.

The S value of 0.81 between Piper sp. and P. pendulispicum indicated that they are
different species, as also suggested by many morphological characters. Formerly Piper
sp. was identified by Chaveerach et al. (2008a) as P. pendulispicum 3 based on several
features, particularly leaf shape; after revisiting the distribution areas years later, some
differences, such as leaf color, usage, distribution area, and sex, confirmed the
conclusion of the present study. Piper sp., locally called ‘sakhan daeng’, has leaves that
are darker green, a male spike, and red wood. The root and stem of Piper sp. are soaked
in bottles of Thai white whisky until the color of the whisky becomes red, and the local

men often drink a small glass of this whisky a day to improve blood circulation and
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virility. The distribution areas of Piper sp. include high elevations on mountains and in
evergreen forests in northeastern and northern Thailand. Piper pendulispicum
presents female spikes becoming fruiting spikes, even when there are no male plants
nearby, and cream-colored wood. Its soft stem is often used in a soup called ‘kaeng
khae’ both in northern and northeastern Thailand. It is popularly cultivated by local
people in home gardens in northern Thailand, whereas, in Loei province of northeastern
Thailand, it always grows in forests and is not cultivated. Although chemicals were not
extracted from these two species, based on morphological and genetic differences it is
likely that the chemical composition is also different. We propose that Piper sp. is not
P. pendulispicum &, and upon further analysis it may be determined that this is a new
Piper species.

Although they were grown in the same environment, different chemicals were
found between P. betle and P. rubroglandulosum whereas similar compounds were
found between the males and females of each species. The major chemicals of both
male and female P. betle were eugenol/isoeugenol/chavibetol, whereas 2,6-bis(1,1-
dimethylethyl)-4-methylphenol, trans-caryophyllene, and 4-allyl-1,2-diacetoxy benzene
were found in male and female P. rubroglandulosum. The major chemicals contained in
P. betle are identical to the constituents reported in several previous studies (Amonkar
et al.,, 1986; Arambewela et al., 2005; Suppakul et al., 2006). Piper betle also contains
caryophyllene and some other minor chemicals.

Currently, all the data indicate that P. rubroglandulosum and P. betle, and P.
argyritis and P. maculaphyllum, represent distinct species. This finding is in contrast to
the conclusions of Suwanphakdee & Chantaranothai (2011) that P. maculaphyllum is a

synonym of P. argyritis and P. rubroglandulosum is a synonym of P. betle.
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Additionally, the data for P. pendulispicum ¢ and Piper sp., including morphological
characters, usages, and RAPD banding, suggest that these are distinct species, in
contrast to Chaveerach et al. (2008a) who first identified Piper sp. as P. pendulispicum
4. The different sex Piper species plants should be carefully observed before
determining the same or different species.

The present study used a small number of individuals for the genetic similarity
analysis. However, we employed several methods, including morphological
characteristics, chemicals, usages, and molecular data, and the results are all congruent.
The molecular study, a subset of a genomic study, used 1-2 individual species; indeed,
such studies are usually much smaller than morphological studies, often as small as a
single individual (Hillis, 1987). Analyses using a large sample size are often limited by
the availability of specimens, the expense of the analysis, and the time-consuming
nature.

Many species of the genus Piper are dioecious (e.g., P. argyritis, P. caninum, P.
colubrinum, P. montium, P. pendulispicum, P. semiimmersum, and P. tricolor
(Chaveerach et al., 2008a)), which complicates identification based on morphological
characteristics. Using molecular and chemical techniques similar to those of the present

study, we hope to verify the identification of all dioecious Piper species in Thailand.
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Table 1. Piper species collected from various provinces and regions of Thailand. All

voucher specimens were kept at Department of Biology, Faculty of Science, Khon Kaen

University.

Plant sample Voucher Province of specimen Region of Thailand
number collection

P. argyritis ACl11 Chiang Mai Northern Thailand

P. argyritis* - - -

P. betle & AC341 Si Sa Ket Northeastern Thailand

P betle 1 @ AClé6.1 Khon Kaen Northeastern Thailand

P. betle2 ¢ ACl6.2 Khon Kaen Northeastern Thailand

P. betle3 © ACle.3 Sa Kaeo Central Thailand

P. betle 4 9 ACl6e.4 Loei Northeastern Thailand

P. maculaphyllum AC127 Ranong Southern Thailand

P. pendulispicum Q@ AC82 Chiang Mai Northern Thailand

P. rubroglandulosum & AC316 Phuket Southern Thailand

P. rubroglandulosum @ AC340 Phuket Southern Thailand

Piper sp. ACB68 Chiang Mai Northern Thailand

*Latinized description published by De Candolle (1912)
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Table 2. Comparison of principal morphological characteristics of Piper argyritis,
firstly described by De Candolle (1912), and P. maculaphyllum, firstly described by

Chaveerach et al. (2008a).

Character

P. argyritis

P. maculaphyllum

Plant nature

dioecious

monoecious

Stem branchlet glabrous with white short hairs
Leaves One type: oblong-ovate, base ~ Two types: Leaves on epiphytic branches - leaf blade
with slight equilateral thick, leathery, adaxially light green to dark pink
rounded, apex sharply dapple, abaxially green, ovate to broadly lanceolate,
acuminate, 18 cm. long and 6 7—15 cm wide, 20-22 cm long; apex acuminate; base
cm. wide. cordate. Leaves on free branches - leaf blade thick,
leathery, with scattered pellucid and brownish-red
glands, shape and size same as on epiphytic branches;
apex acuminate; base sub-rounded or subcordate with
rounded and unequal lobes, basal lobes sometimes
overlapping, both sides glabrous.
Spike Male: 8 cm long, 3 cm thick, =~ Male: pendulous, approx. 2 cm long, 0.2 cm in

rachis hirsute; bracts glabrous,
rhachis adnate and free
margin, up to 1-5 mm. long;

stamens 2, anthers reniform,

4-valvate, filament equilateral.

diameter; peduncle approx. 1 cm long; bract elliptic,
peltate, stalk short and hairy, margin ciliate; stamens
2, with flat and unequal filament long. Female:
similar to male spike, 2—8 c¢cm long; stigmas 4.
Fruiting: 2—-10 cm long, 0.4—1 cm in diameter;

peduncle 1.2-2.2 cm long; drupe hairy.
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Table 3. Comparison of principal morphological characteristics of P. betle and P.

rubroglandulosum, firstly described by Chaveerach et al. (2008a).

Character  P. betle 3 P. betle ? P. rubroglandulosum  P. rubroglandulosum
3 ?

Distribution  All Thailand All Thailand Southern Thailand Southern Thailand

area in regions regions

Thailand

Stem Stout with pinkish-  Stout with pinkish-  Slender to stout, stiff,  Slender to stout, stiff,
stripe, straight stripe, straight often pinkish-green often pinkish-green
node-internode node-internode stripes, zigzag node-  stripes, zigzag node-
branching on free branching on free internode branching internode branching
branch, length of branch, length of on free branch, length  on free branch, length
node on free node on free branch  of node on free of' node on free
branch 3.4-9.2 cm 2.5-10.5 cm long. branch 2-7.7 cm long.  branch 1.5-2.8 cm
long. long.

Leaves petiole 1.7-3.4 cm petiole 1.5-3.5 cm petiole 0.7-1 cm long; petiole 0.5-1 cm long;

long

shape broadly
ovate, 7.3-10.3 cm
wide, 13-16 cm
long, lacking
reddish glands;
base oblique
cordate,

apex acuminate

long

shape broadly
ovate, 7.7-11.3 cm
wide, 12.7-14.3 cm
long, lacking
reddish glands;
base cordate to
oblique cordate;

apex acuminate

shape ovate or
elliptic, 4-5 cm wide,
7.5-11 cm long,
densely reddish
glandular

base shallowly
cordate, often oblique
apex acute or

cuspidate

shape ovate or
elliptic, 4-5 cm wide,
7.5-11 cm long,
densely reddish
glandular

base shallowly
cordate, often oblique
apex acute or

cuspidate



Spike

Fruiting

spike

veins 7-8, two pairs
basal, apical pair
arising 2.4-3.3 cm
above base.
Cylindric, slender,
pendulous, 0.2 cm

wide, 6-6.5 cm long

Peduncle 2-3 cm
long, glabrous
stamen 2

stigma -

bract orbicular,

peltate

veins 9, three pairs
basal, apical pair
arising 1.2-2.2 cm
above base.
Cylindric, slender,
pendulous, 0.4-0.5
cm wide 3.1-3.7 cm
long

Peduncle 2-3 cm

long, glabrous

stigma 4-06,
pubescent, female
flowers spirally
arranged on rachis
bract orbicular,

peltate

not fruiting, flower

wilted and dried

veins 7, two pairs
basal, apical pair
arising 0.3-0.9 cm
above base.
Cylindric, slender,
pendulous, 0.2 cm

wide, 5.5-10 cm long

Peduncle 1-2 cm
long, rachis hairy

stamen 2

bract subrounded,
margin free, stalk

short and pubescent

106

21

veins 7, two pairs
basal, apical pair
arising 0.2-0.5 cm
above base.

Cylindric, stout,
pendulous, 0.3-0.5 cm

wide 1.7-3.2 cm long

Peduncle 1-1.2 cm

long, glabrous

stigma 3-5, pubescent,
female flowers not
spirally arranged on
rachis

bract subrounded,
margin free, stalk
short and pubescent
pendulous, 3-7 cm
long, drupe embedded

in rachis, pubescent
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Table 4. Similarity coefficients of six Piper species based on RAPD fingerprint data
using 22 primers and the NTSYS-pc 2.1 program.
0O O
3 3 g ]
B B =2 = =
) or o+ or 8 3 = = = oy
1 T 0 m® .3 g = H
x0T & & ¥ £ E ® T & 3 3
3 3 3 3 3 £ E By $ 20 3 by
= = <) = o £ = A = = = &
= =9 A A A = = A A A o oY
P. betle & 1.00
P. betlel 2 091 1.00
P betle2 2 088 092 1.00
P. betle 3 © 0.88 092 097 1.00
P. betle 4 2 0.84 087 089 091 1.00
P. rubroglandulosum & 0.70 069 069 0.69 075 1.00
P. rubroglandulosum % 068 067 065 064 072 087 1.00
Piper sp. .60 058 058 057 060 062 063 1.00
P. pendulispicum 3 0.61 061 060 058 062 064 066 081 1.00
P. argyritis 065 064 064 062 064 066 067 078 082 1.00
P. maculaphyllum 066 064 065 064 065 065 067 063 064 067 1.00
Peperomia pellucida 061 061 059 058 061 058 062 056 058 064 061 1.00

Table 5. Preliminary phytochemicals identified in crude hexane extracts of the leaves of

Piper betle and P. rubroglandulosum.

Plant RT Compound Formula Mw Relative
(min) content
(%)
P. betle & 24,030  Eugenol or chavibetol CpH;,0, 164 39.273
68.308  (23s)-ethylcholest-5-en-3.p.-0l CaoHsO 414 8.042
1-hydroxy-1,7-dimethyl-4-
31.780  Isopropyl-2,7-cyclodecadiene C,sH5,0 222 7.443
43.702  Phytol isomer CapHyO 296 7.229
6.627 Sabinene or B-phellandrene CioHys 136 5.125
28.513  Naphthalene,1,2,3,4,42,5,68a-  CysHay 204 4.027
octahydro or o-amorphene or
bicyclo[4.4.0]dec-1-ene,2-
isopropyl-5-m or a-copaene
38278  Neophytadiene CaoHsg 278 4.020
Unknown - - 24.841
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P. betle Q@ 24.042  Eugenol or isoeugenol or C;,H;,0, 164 80.524
chavibetol
28.707  Germacrene-D CsHay 204 5.210
26.339  Trans-caryophyllene CsHyy 204 3.833
28.513  a-amorphene CsHay 204 3.319
43.702  Phytol CyoHaoO 296 1.669
29.213  Bicyclogermacrene CsHay 204 1.241
Unknown - - 4.024
P. rubroglandulosum 29518  2,6-bis(1,1-dimethylethyl)-4- CsH»,0 220 89.828
o) methylphenol
26.339  Trans-caryophyllene CysHay 204 5.330
33.319  4-allyl-1,2-diacetoxy benzene C3H1404 234 4.842
P. rubroglandulosum 29.518  2,6-bis(1,1-dimethylethyl)-4- CysH,,0 220 87.694
Q methylphenol
26.340  Trans-caryophyllene CisHay 204 6.167
33.326  4-allyl-1,2-diacetoxy benzene C3H,4,04 234 6.139
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Figure 1. Map of Thailand showing the different provinces where the Piper species
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Figure 2. Photographs to illustrate important morphological characteristics of Piper
argyritis (A. habit showing leaves on free branch and male spike), P. maculaphyllum
(B. dappled leaves, C. fruiting spikes), P. betle @ (D. habit showing free branch, E.
female spike, F. wilted female spike), P. rubroglandulosum 9 (G. habit showing free
branch, H. female spike, I. fruiting spike), P. pendulispicum (J. habit showing leaves on

epiphytic branch, K. fruiting spike), and Piper sp. (L. leaves with male spike).
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P. maculaphyllum
Peperomia pellucida
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2 Figure 3. Two examples of the RAPD banding patterns of the Piper species obtained

3 using the primer sequences GTCCACACGG (A) and CAATCGCCGT (B).
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Figure 4. Dendrogram constructed from the RAPD analysis obtained from six Piper

species and Peperomia pellucida as an outgroup using 22 primers and the NTSY S-pc

2.1 program.
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ABSTRACT

Nine betel-like scented Piper species were tested for their activity against
pathogenic bacteria and fungi. The crude extracts of P. betle, P. betloides, P. crocatum,
P. maculaphyllum, P. rubroglandulosum, P. semiimmersum, P. submultinerve, P.
tricolor and P. yinkiangense were tested on Pseudomonas aeruginosa, Bacillus
thuringiensis, Escherichia coli, Staphylococcus aureus, Trichoderma harzianum and
Aspergillus flavus. The crude extracts of the nine Piper species were extracted with
hexane and filtrated. The filtrates were evaporated to remove the solvent and then
dissolved with dimethyl sulfoxide (DMSO). The extracts were tested on bacteria and
fungi at 0 (undiluted), 2x, 4x and 8x dilutions, with DMSO alone as a control.
Effectiveness against P. aeruginosa was found with undiluted P. rubroglandulosum and
P. yinkiangense extracts, and effectiveness against S. aureus was observed with
undiluted P. betloides extract and all concentrations of P. maculaphyllum extract.
Therefore, the most interesting species is P. maculaphyllum, as it was effective against
S. aureus, which causes many human diseases. Therefore, the human population can
benefit from both local and industrial medicines produced from these studied plants,

which to date have only been produced from betel leaves.

Keywords: crude extract; fungi; hexane; Piper species; Pseudomonas aeruginosa;

Staphylococcus aureus.
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INTRODUCTION

Medicinal and aromatic plants have been used by humans for purposes such as
food, treating disease, beauty and cultural activities since pre-history. Plant-derived
chemicals are the basis of many compounds used in healthcare in both industrialized
and developing countries, in both processed and traditional forms. Plant-derived
chemicals are produced by secondary metabolic activities involved in environmental
interactions. They have been used in medicines such as analgesics (morphine),
antitussives (codeine), antihypertensives (reserpine), cardiotonics (digoxin),
antineoplastics (vinblastine and paclitaxel), and antimalarial compounds (artemisinin).
These chemicals represent some of the many irreplaceable medicinal products derived
from plants. Over 25% of new drugs approved over the last 30 years are based on
molecules of plant origin, and approximately 50% of the top-selling chemicals are
derived from knowledge on plant secondary metabolism (Terryn et al., 2006; Gomez-
Galera et al., 2007). Additionally, seven plant-derived compounds with anticancer
activity have received FDA approval for clinical use: taxol/paclitaxel from Taxus
brevifolia, vinblastine and vincristine from Catharanthus roseus, topotecan and
irinotecan from Camptotheca acuminata, and etoposide and teniposide from
Podophyllum peltatum (Gomez-Galera ef al., 2007). Additionally, the US National
Cancer Institute has screened over 40,000 plant samples since 1986 and found five
chemicals with significant anti-AIDS activity (http://www.cancer.gov; Gomez-Galera er
al., 2007).

Plants in the genus Piper have been used since prehistoric times for a variety of
human activities. They are used as spices, in traditional and processed forms of
medicines, in cosmetic compounds, in cultural activities and as insecticides (Chaveerach
et al., 2006; Scott et al., 2008; Fan et al., 2011). Piper betle, the betel plant, is one of
the most important and well-known species of the genus. It contains important chemical
substances, such as chavicol, cineol and eugenol, used in essential oils, medicines and
insecticides (Yusoff et al., 2005; Misra er al., 2009). Eugenol has been reported as
having anti-oxidant and anti-inflammatory properties (Misra ef al., 2009). Although the
betel plant is of great economic importance, it is challenging to cultivate. The main

problem is foot and leaf rot, which caused by the fungus Phytophthora parasitica Dast
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(Silvayoi et al., 1985; Banka and Teo, 2000). In addition, the plant is subject to leaf
spot, caused by bacteria (Banka and Teo, 2000). Investigations of the genus Piper in
Thailand (Chaveerach et al., 2008, 2009) have found that among the 43 Piper species,
some produce a betel-like scent. Of these, all are wild species and hardy, producing
numerous branches and leaves. They are tolerant and resistant to disease. Some produce
a stronger scent than betel. Therefore, these species might be equally or more
economically beneficial than the betel plant.

Crude hexane Piper extracts were tested on several types of bacteria and fungi
that are common pathogens of humans: Pseudomonas aeruginosa, Bacillus
thuringiensis, Escherichia coli, Staphylococcus aureus, Trichoderma harzianum and
Aspergillus flavus. Pseudomonas aeruginosa is an opportunistic pathogen of humans. It
causes urinary tract, soft tissue, bone, joint, gastrointestinal and respiratory system
infections; systemic infections; bacteremia; and dermatitis. Patients with severe burns,
and cancer and AIDS patients who are immunosuppressed, are particularly affected, and
serious infections arise in patients hospitalized with cancer, cystic fibrosis and burns.
The case fatality rate in these patients is close to 50% (Todar, 2009). Bacillus
thuringiensis which produces insecticidal toxins is used as an alternative insecticide.
Most E. coli strains are harmless in healthy humans, but some serotypes can cause
serious food poisoning and are occasionally responsible for product recalls due to food
contamination. Some strains have been reported to be colonic pathological strains borne
from surgical excisions and autopsies of acutely infected patients (Kelly, 1990). Others
are opportunistic pathogens for infection in patients with hemorrhagic colitis (Attar,
1998). Staphylococcus aureus is a major cause of nosocomial infections, pyoarthritis,
endocarditis and other disorders (Siriwong er al., 2009). It is considered a transient
pathogenic organism of the skin. It can express a variety of virulence factors and can
secrete exotoxins and enzymes that cause cutaneous and systemic infections, such as
impetigo, subcutaneous abscesses, furuncles, staphylococcal scalded skin syndrome
(SSSS) and toxic shock syndrome (TSS) (Brewer ef al., 2008). Trichoderma harzianum,
a filamentous fungus, is an effective biological control agent. It is used to control a
variety of soil borne plant pathogens, such as Pythium spp., Rhizoctonia solani,
Fusarium spp., and Sclerotium rolfsii (Harman et al., 2004). Trichoderma harzianum

has been shown to induce defense responses and systemic resistance as well as control
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plant pathogens (Alfano er al., 2007). Aspergillus flavus is a major problem in the
storage of food and feedstuffs. There are reports of severe cases of mycotoxicoses in

humans and livestock due to the consumption of commodities contaminated with A.

flavus. Atlatoxins produced by toxigenic strains of A. flavus have received much

attention throughout the world because of their hepatocarcinogenic, teratogenic,
mutagenic and immunosuppressive properties (Aoudou et al., 2010). Approximately
five billion people have been exposed to aflatoxins in developing countries, and
aflatoxicosis is ranked 6™ among the ten most important human health risks identified
by WHO (Prakash et al., 2010).

Given that these pathogens affect human health, that plants act as sources of
chemicals for medicinal drugs, and that Thailand has many Piper betel-like scented
species, the present study aims to test the activities of crude hexane extracts of nine
Piper, betel-like-scented species against microorganisms that cause disease. Our results

will help guide their potential use, in combination with, or instead of, the betel plant.

MATERIALS AND METHODS

Plant materials. Leaves of nine Piper species were collected, including those
from both sexes of P. betle and P. rubroglandulosum (Figure 1). These included P.
betle from Khon Kaen province, northeastern Thailand; P. betloides, P. crocatum and P.
submultinerve from Chiang Mai province, northern Thailand; P. maculaphyllum from
Ranong province, southern Thailand; P. rubroglandulosum from Phuket province,
southern Thailand; P. semiimmersum and P. tricolor from Phang Nga province,
southern Thailand; and P. yinkiangense from Surat Thani province, southern Thailand.
These were used for the anti-microorganism test using the agar-well diffusion method,
as explained below.

Crude extract preparation. Leaves from 11 individuals of the nine sampled
species were air-dried. Twenty-five grams of each were then ground, added to 120 ml
hexane (analytical grade) solvent, and filtered at room temperature. Ninety milliliters of
filtrate was collected and maintained at -20 °C. Fifteen milliliters of the solution was
then divided among new tubes, and the hexane was evaporated following centrifuging
with a vacuum concentrator (ScanVac LaboGene, Denmark) at 20 °C and 200 rpm for 2

h. A dark green, thick, viscous crude extract was obtained. Fifteen milliliters of
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dimethyl sulfoxide (DMSO) was added to each crude extract tube, and the tubes were
maintained at -20 °C until antimicrobial activity testing. Upon testing, the crude extracts
were variously diluted to yield undiluted, 2x, 4x and 8x dilutions.

Microorganism and inoculum preparation for testing. The microorganisms
used for crude extract testing were Pseudomonas aeruginosa TISTR 78, Bacillus
thuringiensis TISTR 126, Escherichia coli TISTR 780, Staphylococcus aureus TISTR
118, Trichoderma harzianum TISTR 3553 and Aspergillus flavus TISTR 3041. They
were obtained from the culture collection at the Thailand Institute of Scientific and
Technological Research (TISTR). The bacterial and fungal cultures were cultivated at
37 °C for 24 h on LB (Luria-Bertani) agar (Sambrook and Russell, 2001) and at 28 °C
for 5 days in Potato dextrose agar (PDA), respectively. Bacteria were then isolated from
a single colony and cultivated at 37 °C for 24 h on LB agar. Cell densities of
approximately 1 x 10' CFU mL™ were prepared from the cultures by dilution with
distilled water. The fungi were cultivated at 28 °C for 5 days.

Testing activities. The antimicrobial activities of the crude extracts of the nine
Piper species were investigated using well plate diffusion. Petri dishes, each containing
20 mL of LB agar, were used to cultivate the bacteria and fungi. Seven 5-mm-diameter
wells were bored into each agar plate. Two-fold serial dilutions of the crude extracts
were made with DMSO: 0, 2x, 4x and 8x. The negative controls were DMSO and
distilled water. The positive controls consisted of 50 png/mL of antibiotics, including
itraconazole for the fungi Aspergillus flavus and Trichoderma harzianum, ampicillin for
the bacteria Pseudomonas aeruginosa, Bacillus thuringiensis and Escherichia coli, and
clindamycin for Staphylococcus aureus.

1.1 Anti-bacterial test

Twenty microliters each of crude extract, negative controls and positive controls
were added to each well in the petri dishes of LB agar, containing bacteria growing at a
density 1x10' CFU mL™'. Each experiment was performed in triplicate, and the plates
were incubated at 37 °C for 24 hours. The clear zone within the sample wells, caused by
the activity of phytochemicals against the microorganisms, was measured as the
diameter of the clear zone minus the diameter of the well, a method modified from
Suppakul et al. (2006). The results were categorized into three levels: no inhibition zone

(or no clear zone), no inhibition and inhibition. Each level was defined or sub classified
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as follows: no inhibition zone (0 mm; i.e., no phytochemical activities against the
microorganisms); no inhibition or clear zones without inhibition (<5 mm); and
inhibition, classified as mild inhibition (5-10 mm), moderate inhibition (>10-15 mm)
and strong inhibition (>15 mm).

1.2 Anti-fungal test

The fungi in each 5-mm-diameter well of the active plate was transferred and
placed in the middle of experimental plate. The plates were incubated at 28 °C to
cultivate fungi for 5 days. Next, 20 pl of crude extract, negative controls and positive
controls were added to each well. Each experiment was performed in triplicate, and the
plates were then further incubated at 28 °C for 7 days. The classifications are as in
section 4.1.

Determination of minimum inhibitory concentration. The agar dilution method
of the European Society of Clinical Microbiology and Infectious Diseases (2000) was
adopted to determine the minimum inhibitory concentration (MIC). Here, the minimum
inhibitory concentration at which no visible growth observed was defined as the MIC of
the Piper species crude extracts that resulted in a zone of inhibition.

Statistical analysis. Data points were indicated by the means of the measured
values and subjected to analysis of variance (ANOVA) using the IBM program SPSS

Statistics 19.

RESULTS
Undiluted extracts

Phytochemical activities on Bacillus thuringiensis

Eight Piper species; namely P. betle (male and female), P. betloides, P. crocatum,
P. submultinerve, P. maculaphyllum, P. rubroglandulosum (male and female), P.
semiimmersum and P. yinkiangense produced clear zones with B. thuringiensis but were
not inhibitory.

The etfects of the different dilutions of crude hexane extracts from the leaves of
Piper species on the selected microorganisms are shown in Figure 2, and the width of
the inhibition zones produced by each Piper species on their respective bacteria and

fungi are shown in Table 1.
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Phytochemical activities on Pseudomonas aeruginosa

Seven Piper species, including P. betle (both A and @), P. betloides, P. crocatum,
P. maculaphyllum, P. rubroglandulosum (both male and female), P. semiimmersum and
P. yinkiangense showed clear zones with P. aeruginosa. Additionally, two species;
namely, P. rubroglandulosum (2) and P. yinkiangense, had mild inhibitory effects,
producing inhibition zones of 5.17 £ 0.29 and 5.17 + 0.29 mm, respectively; there was
no significance difference between the two species (p > 0.03).

Phytochemical activities on Staphylococcus aureus

The crude hexane extracts of P. betloides and P. maculaphyllum had mild
inhibitory effects on §. aureus, with no significance difference between the two species
(p > 0.05). The zones of inhibition were 5.83 + 0.76 and 6.00 + 1.00 mm, respectively.

All nine Piper species had no activity, with no clear zone, on E. coli, T. harzianum

and A. flavus.

Diluted extracts (2x, 4x, and 8x):

The crude hexane extracts of nine Piper species prepared as 2x, 4x, and 8x
dilutions were tested on the selected microorganisms. The results are shown below
(Table 1).

Phytochemical activities on Bacillus thuringiensis

The 2x, 4%, and 8x dilution crude hexane extracts of P. betle (male), P. betloides,
P. crocatum, P. maculaphyllum, © and & P. rubroglandulosum, P. semiimersum, P.
submultinerve and P. yinkiangense showed clear zones in B. thuringiensis treatment, as
did the 2x and 4x extracts of ¢ P. betle; however, these were not inhibitory.

Phytochemical activities on Pseudomonas aeruginosa

The 2x, 4x, and 8x dilution crude hexane extracts of &' P. rubroglandulosum; the
2x and 4x diluted extracts of P. betloides, P. crocatum, 2 P. rubroglandulosum, P.
semiimmersum and P. yinkiangense; and the 2x diluted extracts of @ and ' P. betle and
P. maculaphyllum all showed clear zones with P. aeruginosa, but without inhibition. In
contrast, the 2x, 4x, and 8x diluted crude hexane extracts of P. submultinerve and P.
tricolor did not produce clear zones with P. aeruginosa.

Phytochemical activities on Staphylococcus aureus
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The 2x, 4x, and 8x dilution crude hexane extracts of P. berloides and P.
maculaphyllum produced clear zones; however, those of P. betloides were not
inhibitory. For P. maculaphyllum, inhibition zones of 5.67 £ 0.58, 6.33 + 1.15 and 5.67
+ (.58, for the 2x, 4x, and 8x dilutions, respectively. These values were not
significantly different (p > 0.05).

No clear zones were produced from the 2x, 4x, and 8x diluted crude hexane
extracts of @ and &' Piper betle, P. crocatum, 2 and &' P. rubroglandulosum, P.
semiimersum, P. submultinerve, P. tricolor or P. yinkiangense.

In addition, no phytochemical activity and no clear zones were observed in any of

the Piper extracts against E. coli, T. harzianum or A. flavus.

DISCUSSION

This study identified Piper species from a high biodiversity country that, in
addition to P. betle, may provide medical benefits. The most promising species are P.
rubroglandulosum (3), P. vinkiangense, P. betloides and P. maculaphyllum. Undiluted
extracts of P. rubroglandulosum and P. yinkiangense were effective against P.
aeruginosa. Undiluted extracts of P. betloides and all concentrations of P.
maculaphyllum were effective against S. aureus. The most interesting species is P.
maculaphyllum, as it was effective against S. aureus, which causes many human
diseases. Therefore, the human population can benefit from local and commercial
medicines made from these plants, which formerly were made only from betel leaves.

The two bacteria species P. aeruginosa and S. aureus are common pathogens in
houses and hospitals in tropical countries. They are also opportunistic pathogens of
humans and cause many topical and internal diseases, particularly when the human
immune system is compromised, as mentioned in the introduction.

Traditional and pharmaceutical use of P. betle is widespread in many countries
due to several important substances, including xydroxychavicol, chavicol, eugenol,
terpene, sesquiterpene, safrole, and allypyrocatechol diacetate. Several different extracts
and solvents have been studied, and several compounds with high biological activity
have been identified The phenolic compounds eugenol and hydroxychavicol are not
mutagenic in various strains of Salmonella typhimurium (Amonkar, 1986). Betel leaves

are reported to possess antioxidant activity against tobacco carcinogens (Chang et af.,
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2002). Ethanol extracts have antibacterial activity against both Staphylococcus aureus,
which causes skin disease (Sukatta ef al., 2004). Aqueous extracts have been shown to
have antioxidant activity (Dasgupta, 2004). Antidiabetic activities of aqueous and
ethanolic extracts have been observed in rats (Arambewela er al., 2005). Betel leaves
have antiseptic activities on skin when ground with 40% ethyl alcohol solvent
(Chaveerach et al., 2006). Methanolic extracts of P. betle have broad spectrum
activities, including antifungal, antibacterial, antitumour, hypotensive, respiratory
depressant, anthelminthic, carditonic and antifertility; their antioxidant activity
scavenges free radicals and reduces free-radical induced cell injury (Manigauha et al.,
2009). The leaf extracts, fractions and purified compounds play a role in oral hygiene
and have positive cardiovascular effects. They also have anti-diabetic, anti-
inflammatory/immunomodulatory, anti-ulcer, hepato-protective, anti-infective, and high
antioxidant activities. Important compounds include hydroxychavicol, hydroxychavicol
acetate, allypyro-catechol, chavibetol, piperbetol, methylpiperbetol, and piperols A and
B (Kumar et al., 2010). Other works discuss the optimum environmental conditions for
growth in P. betle and review its medicinal and nutritional benefits (2011).

Sanubol et al. (2014) described some of the major chemicals within the nine Piper
betel-like scented species; specifically, sabinene, f-phellandrene, 4-allyloxy-6-methoxy-
N, N-dimethyl-1,3,5-germacrene-D, B-cubebene and others. A high amount, 34.835% of
an unknown compound was also identified. These compounds seem to be different from
those of P. betle (Sanubol et al., 2014) that are active against many species of bacteria
and fungi (Arambewela er al., 2005; Charoenwattana, 2007).

In Thailand, traditional and pharmaceutical use of P. betle has occurred from
ancient times into the present. Traditional Thai forms include fresh leaves and capsules.
It has antiseptic and anti-inflammatory activities on skin diseases, presumably from P.
aeruginosa and S. aureus. The prepared form is made by grinding as many leaves as
needed with 40% ethyl alcohol to produce a concentrated extract. The extract is then
applied to the skin.

However, our results show clear zones of P. betle on P. aeruginosa. but without
inhibitory effects; we also observed no inhibitory activity on S. aureus. Possible reasons
include our use of different solvent extracts or concentrations. In addition, P.

rubroglandulosum, P. yinkiangense, P. betloides and P. maculaphyllum had greater
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inhibitory activities on P. aeruginosa and S. aureus than did P. betle, a finding
consistent with its hotter and spicier attributes when chewed. Therefore, the human
population can benefit from both local and industrial medicines from these plants,

originally derived only from betel leaves.
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Table 1. Antimicrobial activity of different dilution levels of crude hexane extracts

from the leaves of Piper species using an agar well diffusion assay.

Plants and level diluted

Zone of inhibition"/ mm

crude hexane extracts Bt Pa Sa
Q Piper betle
Un-dilution 2.00+0.00% 2.67+0.58% 0.00
2x-dilution 2.17+0:29 2.00 +0.00 0.00
4x-dilution 2.00 £ 0.00 0.00 0.00
8x-dilution 0.00 0.00 0.00
4 P. betle
Un-dilution 2.50 £0.50% 3.67+0.58%" 10.00
2x-dilution 233029 3.00 £0.00 0.00
4x-dilution 2.00 £0.00 0.00 0.00
8x-dilution 2.00 £0.00 0.00 0.00
P. betloides
Un-dilution 2.67+0.587 433+058%7 ] 583+0.76"
2x-dilution 2.17+0.29 3.33+0.29 383+0.76
4x-dilution 2.17+£0.29 2.50 +£0.87 3.67+1.53
8x-dilution 2.00 +0.00 0.00 267+1.15
P. crocatum
Un-dilution 3.75+0.358¢ 4.50+0.875%°F  10.00
2x-dilution 3.33+0.58 317+ 1.04 0.00
4x-dilution 3.33+£0.29 2.67 £0.58 0.00
8x-dilution 2.83+0.76 0.00 0.00
P. maculaphyllum
Un-dilution 233+029% 333£1.15%% [ 6.00+1.00%
2x-dilution 2.50+0.00 3.00 +0.00 5.67+0.58
4x-dilution 2.50 £ 0.50 0.00 6334 1.15
8x-dilution 2.00 +0.00 0.00 5.67+0.58

2 P. rubroglandulosum
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Un-dilution 3.50+0.87°%° | 5.1720.29¢ 0.00
2x-dilution 3.17+0.58 4.00+0.00 0.00
4x-dilution 3.17+0.76 3.00 £ 0.00 0.00
8x-dilution 267+1.15 0.00 0.00
& P. rubroglandulosum

Un-dilution 2.67+0.58°" | 5.00+0.00%° 0.00
2x-dilution 233+0.58 4.00 £ 0.00 0.00
4x-dilution 283+ 1.04 3.17+£0.29 0.00
8x-dilution 3.00 £0.00 2.00 £0.00 0.00
P. semiimersum

Un-dilution 2.17+029% 3.67 153" [0.00
2x-dilution 2.33+0.58 433+231 0.00
4x-dilution 2.00+0.00 3.00 £ 0.00 0.00
8x-dilution 2.00 = 0.00 0.00 0.00
P. submultinerve

Un-dilution 2.00£0.00" 0.00 0.00
2x-dilution 2.00 +0.00 0.00 0.00
4x-dilution 2.33+0.58 0.00 0.00
8x-dilution 2.33 +0.58 0.00 0.00
P. yinkiangense

Un-dilution 3.67+0.76° 517+029F T 0.00
2x-dilution 3.00 +0.50 4.00 +0.00 0.00
4x-dilution 233+0.58 2.67 +0.58 0.00
8x-dilution 2.00 £ 0.00 0.00 0.00
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Figure legend

Figure 1. The nine Piper species investigated: @ Piper betle (A), & P. betle (B), P.
betloides (C), P. crocatum (D), P. maculaphyllum (E), @ P. rubroglandulosum (F), &
P. rubroglandulosum (G), P. semiimmersum (H), P. submultinerve (1), P. tricolor (J-K)

and P. yinkiangense (L).

Figure 2. Examples of different dilution levels and clear zones of crude hexane extracts
from the leaves of Piper species against Pseudomonas aeruginosa ( Piper
rubroglandulosum (A) and P. yinkiangense (B)) and Staphylococcus aureus (Piper
betloides (C) and P. maculaphyllum (D)). Treatments: antibiotic (1), sterile distilled
water (2), undiluted extractions (3), 2x-diluted extractions (4), 4x-diluted extractions

(5), 8x-diluted extractions (6) and DMSO (7).
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Figure 1. The nine Piper species investigated: ¢ Piper betle (A), & P. betle (B), P. betloides (C), P. crocatum
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Figure 2. Examples of different dilution levels and clear zones of crude hexane extracts from the leaves of
Piper species against Pseudomonas aeruginosa (¢ Piper rubroglandulosum (A) and P. yinkiangense (B)) and
Staphylococcus aureus (Piper betloides (C) and P. maculaphyllum (D)). Treatments: antibiotic (1), sterile
distilled water (2), undiluted extractions (3), 2x-diluted extractions (4), 4x-diluted extractions (5), 8x-
diluted extractions (6) and DMSO (7).
164x180mm (300 x 300 DPI)
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ABSTRACT

Volatile oil quantity and chemical components were detected in the leaves of a cultivated
betel species including Piper betle and eight wild betel-like-scented species by GC-MS. The
oil quantity is higher in the commercially cultivated species at 2.15-2.73 mL/kg, while wild
species had a lower amount, 0.03-0.76 mL/kg. However, when some wild species are grown
in sunlight-exposed areas around households and office buildings, they produce higher oil
amounts e.g., the species P. rubroglandulosum, P. tricolor and P. yinkiangense. The reason
for the increased production is attacks by pathogens and insects, which is a route for
secondary metabolite synthesis in plants. Interestingly, species with high oil amounts
synthesize several chemicals with a low percentage for each chemical, while species with
lower oil amounts synthesize less diverse chemicals but at a higher percentage. Substances
found in a satisfactory amount in each species include the following: eugenol/isoeugenol and
4-allyl-1,2-diacetoxybenzene in P. betle, L-linalool, a-terpineol, P-selinene and butylated
hydroxytoluene in P. betloides, L-linalool, B-terpineol, o-terpineol and butylated
hydroxytoluene in P. crocatum, trans-caryophyllene, germacrene D and butylated
hydroxytoluene in P. maculaphyllum, 4-allyl-1,2-diacetoxybenzene in P. rubroglandulosum,

butylated hydroxytoluene in P. semiimersum, B-elemene, trans-caryophyllene, B-selinene, 4-
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allyl-1,2-diacetoxybenzene and germacrene D in P. submultinerve, 4-terpineol,
eugenol/isoeugenol, 4-allyl-1,2-diacetoxybenzene and bicyclogermacrene in P. tricolor, and
a-caryophyllene, 4-allyl-1,2-diacetoxybenzene and a-selinene in P. yinkiangense. The oils

were added to anti-inflammatory and anti-itching soap and foot deodorant spray products.

Keywords: betel-like-scented Piper species, GC-MS, phytochemicals, stream distillation,

volatile oils

1. Introduction

Essential oils or volatile oils are aroma oils physically extracted by various methods from
aromatic plants popularly obtained by stream distillation. Medicinal and aromatic plants have
always been related to current human health systems including traditional usage in
houscholds and industry. Plant-derived medicines and aromatic oils constitute substantial
components that are products of plant secondary metabolism and involved in many other
aspects of a plant’s interaction with its immediate environment [1,2]. The oils are used for
fragrances in-house products, such as green pesticides and soaps, flavorings in perfume,
cosmetics and seasoning in food at the household and industry levels, and more recently, in
aromatherapy and as herbal medicines. Plant essential oils are commercially produced from
several botanical sources, and many are members of the mint family (Lamiaceae). The oils
are generally composed of complex mixtures of monoterpenes, biogenetically related
phenols, and sesquiterpenes. Examples include 1,8-cineole, a major constituent of oils from
rosemary and eucalyptus, eugenol, which is from clove oil, thymol, which is from garden
thyme, menthol, which is from various mint species, asarones, which is from calamus, and
carvacrol and linalool, which come from many plant species [3]. The oils comprise various
substances depending on the plant species and are used for diverse options. Two classes of
compounds, terpenoids and phenyl propenes, make up the bulk of plant volatile oils and
define the particular properties of many species and herbs, e.g., terpenoid menthol, a major
component of peppermint, provides this herb with its cool, peppery aroma and flavor. In
contrast, the major constituent of cloves is phenylpropene eugenol, which provides this spice
with its pungent, distinctive aroma. Eugenol makes up 70 to 90% of essential oils and 15% of
the dry weight of clove buds (Myrtaceae). Eugenol is also found in significant amounts in

cinnamon and cinnamon leaves and at a lesser amount in nutmeg and pepper [4]. B-
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Caryophyllene, which is found in Helichrysum italicum and Achille millefolium, has anti-
inflamatory activity [1].

Members of the Piper species also include medicinal and aromatic plants. Many species,
particularly cultivated species such as P. betle, P. nigrum, P. chaba, and P. sarmentosum,
have long been used both in households and industry worldwide, including in Asia, due to
their high species diversity. Additionally, these plants contain some chemicals with benefit to
humans for the numerous usages mentioned above for instances citronella, eugenol, cineole
and many others found in many plants species, such as Piper betle, P. betloides, P. crocatum,
are used for insect and mosquito repellant [3,5]. Moreover, isoeugenol, chavibetol,
caryophyllene, sabinene, phyllandrene and germacrene A and D are major components found
in hexane crude extracts by gas chromatography-mass spectrometry (GC-MS) of the nine
betel-like-scented Piper species. A number of these compounds have long been used for
several treatments including isoeugenol, an isomer of eugenol that is a phenylpropene
synthesized from eugenol and a constituent of essential oils in plants; chavibetol, another
eugenol isomer that is an aromatic compound with a spicy odor [6]; caryophyllene, which has
a spicy and clove-like aroma [7]; sabinene, a natural bicyclic monoterpene that is one of the
chemical compounds that contributes to the spiciness of P. nigrum black peppers [8];
phyllandrene, which is used in fragrances for its pleasant aroma; B-phyllandrene, which has
been described to be a peppery-mint and slightly citrus [9]; and germacrenes, which are
sesquiterpenes, a class of volatile organic hydrocarbons that are typically produced for their
antimicrobial and insecticidal properties [10,11].

GC-MS is a method that has been accepted for phytochemical identification and has been
used in conjunction with the analysis of the essential oils of Piper species. For example, this
method identified chemicals contained in the essential oils of P. nigrum and P. guineense
[12], P. nigrum and P. longum [13], P. capense, P. guineense, P. nigrum, and P. umbellatum
[14], and P. betle [15].

Because of the many uses for volatile oils, including the various chemicals contained in
Piper crude extract species, we aimed to study volatile oil quantity concentrated from wild
species. Additionally, the chemical components in the oils were elucidated by GC-MS. Soap,
liquid soap and foot deodorant spray were produced with a mixture of the oils obtained via

stream distillation in the laboratory.

2. Experimental
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2.1 Plant samples and collection

The leaves of the nine species studied including eight wild aromatic betel-like plants, viz.
P. betloides Chaveer. & Tanomtong, P. crocatum Ruiz et Pavon, P. maculaphyllum Chaveer.
& Sudmoon, P. rubroglandulosum Chaveer. & Mokkamul, P. semiimmersum C.DC., P.
submultinerve C.DC., P. tricolor Y.C.Tseng, P. yinkiangense Y.C.Tseng, and one from the
more cultivated P. betle L. species were collected from the various native growing areas
described in the Table 1. The morphological characteristics of these species are shown in Fig.
1. Species identification was performed according to Chaveerach et al. [16,17] and compared
with the specimens maintained kept at Khon Kaen University. The research study collection
took place between 2012 and 2014. Some species, such as P. betle, P. rubroglandulosum,
P. submultinerve and P. tricolor, were easier/possible to collect, and more than one was for

amount clarification and to sort chemicals in various times and areas collected.
2.2 Stream distillation and oil quantity comparison for each of the studied species

Freshly matured leaves (1 kg) of each of the nine studied samples were subjected to
stream distillation with 3.8 L water using WHM 12017 Heating Mantles (Daihan Scientific
Co. Ltd., Korea) for 3 hours at 25 °C. After distillation, the oils were collected in two parts:
the first was floated on top of water in a flask, and the second was mixed with water in a
flask. The oils on top of water were transferred to a new bottle by an auto pipette that was
maintained at -20 °C. The oil and water mixture was divided in a separation funnel by adding
dichloromethane (CH,Cl,) to the mixture in a 25:500 mL proportion. Then, the funnel was
checked to determine whether it was a homogeneous mixture, and it was left for 1 h at room
temperature. Dichloromethane and the volatile oil remained at the bottom of the funnel. The
dichloromethane was evaporated using a Rotary Evaporator (Buchi Rotavapor R-210,
Switzerland); thus, the remainder was the oil only, which was transferred it to the supplement
in the bottom of the first part and maintained at -20 °C until further use of the products and

chemicals for identification by GC-MS.
2.3 Chemical identification of the oils of the betel-like scented species using GC-MS

GC-MS analysis of the oils was performed using an Agilent Technologies GC 6890
N/5973 inert MS fused with a capillary column (30.0 m x 250 mm x (.25 mm). Helium gas
was used as the carrier gas at a constant flow rate of 1 mL/min. The injection and mass-

transferred line temperature were set at 280 °C. The oven temperature was programmed at 70
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°C to 120 °C at 3 °C/min. The temperature was then held for 2 min and finally raised to 270
°C at 5 °C/min. A 1-pL aliquot of oil was injected in the split mode. The relative percentage
of the oil constituents was expressed as the percentage using peak area normalization. The
identification of the oil components was determined by comparison of the mass spectra

obtained with those of the reference compounds stored in the Wiley 7N.1 library.
2.4 Products with a mixture of volatile oils

The volatile oils from the nine species sampled were obtained via stream distillation in
the laboratory and the oil of a species was used in mixtures for soap, liquid soap and foot

deodorant spray. Medicinal properties were tested by 60 volunteers.

3. Results

The oil quantity of the nine Piper species, including eight wild and one cultivated, was
determined by stream distillation (Table 2).

The cultivated plant P. betle produced oil in the highest amount (2.73 mL/kg) compared
with the wild species. However, there was a difference between the commercial
individual/cultivars P. betle 1* and P. betle 2*%*. These cultivars were purchased from a
market, and P. betle 1* which is commercially cultivated individuals gave high oil amounts
ranging from 0.79 to 2.73 mL/kg. For these plants, the two individuals collected on 9/7/2013
had low oil amounts in the range of 0.79 -0.84. For P. betle 2**, growth under natural
conditions for one plant produced a low amount of 0il 0.95 mL/kg.

For the eight wild species, low oil amounts were obtained, starting with 0.03 mL/kg for
P. crocatum, which was from the forest of the Garden and Development Department, Queen
Sirikit Botanic Garden, to 0.76 mL/kg for P. tricolor 1***  Additionally, the eight wild
species were divided into two groups.

The first group included three individual species viz. species that were transferred from
the forest for growth in houses under natural conditions: P. ricolor 1***, which provided oil
that was 0.76 mL/kg higher than the native wild individual; P. tricolor 2, which grows in
forests; the individual species P. rubroglandulosum 2#, which grows around office areas
under natural conditions, providing an oil content higher to 0.72 mL/kg than the native wild
individual; P. rubroglandulosum 1, which grows in forests; and P. yinkiangense#, which
grows around office areas under natural conditions and provides a high oil content (0.62

mL/kg).
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The second group comprised individual P. tricolor 2 and P. rubroglandulosum 1 species,
and the other five species with several individuals included P. betloides, P. crocatum, P.
maculaphyllum, P. semiimersum, P. submultinerve 1, P. submultinerve 2, P. submultinerve 3,
and P. submultinerve 4. These plants had oil contents, starting at 0.03 mL/kg for P. crocatum,
submultinerve 3, and P. submultinerve 4, to 0.47 mL/kg for P. rubroglandulosum 1.

The GC-MS results of each species volatile oil are listed in Table 3, which shows the
different aromatic compounds. Total ionic chromatographs (TICs) showing the peak
identities of compounds from nine individual Piper species are shown in Fig. 2. The
summary of the types and content of compounds compared with the rate of essential oil
(mL/kg) are shown in Table 4. The compound contents are listed beginning with a 10%
increase (13.629%) e.g., L-linalool, which was found in P. betloides at the highest amount
and 4-allyl-1,2-diacetoxybenzene, which was found in P. rubroglandulosum 2 at 60.089%.
By comparing the chemical content and volatile amounts of the group of individual species
that produce low volatile amounts, we observed a release of high amounts of important
chemicals.

Three products with mixtures of volatile oils of a species studied were shown in Fig. 3.
When tested on 60 volunteers, the soaps and liquid soaps showed significant anti-
inflammatory activity on the skin e.g., anti-inflammatory and anti-itching activity, and the

foot deodorant spray decreased/removed bad smells with p<0.05.

4. Discussion and conclusions

Individual plant samples were collected in unequal numbers because of two reasons. The
first is oil quantity, as it was required that the plants be of the same species, and the analysis
would be better when many individuals of commercially cultivated species were studied e.g.,
P. betle 1. The second reason is that wild species collections are difficult to obtain from
distant forests. Thus, the authors attempted to collect as many as possible. Some species are
easier e.g., P. submultinerve, and some species are harder to obtain, such as P.
maculaphyllum and P. yinkiangense. However, the species with the most numbers showed
the best results reaching for the record summary and study in the species with small numbers.

The yields of volatile oils varied according to many factors, such as type of species,
cultivated and wild individual species, and growth conditions, including cultivars and

optimum growth conditions for leaf production in relation to the season and temperature in
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addition to suitable factors such as water, light, fertilizer and pathogenic and insect
protection.

The volatile oil quantity of one of the commercially cultivated P. hetle species and eight
wild species showed that P. betle 1 grown under the cultivated condition produces a high
volatile oil amount ranging from 2.15-2.73 mL/kg, and with the exception of a P. betle 1
individual purchased on 9/7/2013, it produces low volatile oils amount in the range of 0.79-
0.84 mL/kg, which may be due to its growth in the raining season with increased water and
other suitable factors; thus, the individual species synthesizes a less volatile oil amount but
increases primary substances for growth. In contrast, P. betle 2 was grown in the absence of
commercially cultivated conditions, under natural conditions without factors such as fertilizer
and water; thus, the individual produced a less volatile oil amount.

The volatile oil amount may depend on species cultivars, optimum growing conditions,
season, and temperature with fertilizer and water supplementation. Although P. betle can be
grown in a wide temperature range, there is actually a different degree of rain and dry
seasons, but the effects on volatile oil production in the case of plants depend on secondary
metabolite synthesis, which is induced by insect and pathogen attacks. For example, P. betle
1 was collected during the dry season, which has an average temperature of 37-40 °C, on
5/8/2013, and the volatile amount collected increased to 2.15-2.73 mL/kg. This result means
that there is a small amount of water in leaves including those with optimum growing
conditions under commercially cultivated conditions. During the same dry season, with the
exception of the P. betle 1 collected on 29/11/2012, the lower temperature averaged 25-30 °C
under optimum commercially cultivated conditions, producing volatile oil at 1.84 mL/kg. The
P. betle individual collected on 9/7/2013 provided a low volatile oil amount (0.79-0.84
mL/kg), and it was taken from a different cultivated source farm, which had suboptimal
growth conditions.

P. betle 2 grows under natural conditions, and it produces a lower volatile oil amount
than P. betle 1 compared with the eight wild species because their growth depends on natural
conditions. Presumably, volatile oil synthesis in wild species should also depend on human
management. Additionally, the eight wild species have more advantages than cultivated the
P. betle species such as growing well, strength, abundant branching, and disease and insect
resistance. Accordingly, the three wild individuals species, including P. rubroglandulosum
2#, grow around office areas under natural conditions and release a higher volatile amount
(0.72 mL/kg) than the collected wild individual P. rubroglandulosum 1, which releases a

volatile amount of only 0.47 mL/kg. Similarly, P. tricolor 1***, which was collected from a
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forest and grown in a house area under natural conditions, produces a volatile oil amount of
0.76 mL/kg, which is greater than that of the collected wild individual P. tricolor 2, which
produced only 0.03 mL/kg volatile oil. Another species, P. yinkiangense #, which was grown
in an office area under natural conditions, produced a volatile oil amount of 0.62 mL/kg.
Chaveerach et al. [16] reported that wild Piper can grow in a wide range of conditions,
including tropical rainforests and dry evergreen forests, where there is less light due to trees
and moisture. Thus, the author suggested that when the wild Piper species is moved for
growth in sunlight, it has the ability to synthesize oil similar to the three species P.
rubroglandulosum 2#, P. tricolor 1*** and P. yinkiangense #. The reason for this
phenomenon is pathogens and insects.

Although wild individual species produce a smaller volatile oil amount than individual
cultivated species, the results from GC-MS show several highly important chemical
components (Table 3). Starting with 10% quantitation, P. betle 2 produces a volatile oil
amount of 0.95 mL/kg, but eugenol synthesis is increased to 53.559%, while P. betle 1
produces a volatile oil amount of 2.15-2.73 mL/kg but synthesizes eugenol/isoeugenol at only
29.739% (7.847). This result is similar to P. rubroglandulosum 1, 2, which produces a
volatile oil amount of 0.47-0.72 mL/kg but it produces a yields an allyl-1, 2-
diacetoxybenzene amount of 60.089% (Table 4). In summary, cultivated and wild species can
be used for processes depending on chemical requirement and volatile oil quantity for
sufficient wild individual species support. Thus, our research revealed that the eight wild
species can serve the same purpose as P. betle for various human purposes including those
for household products and industry e.g., drug development, the food industry, and the aroma
industry. The results of this study are invaluable as it demonstrated more of an advantage in
the choice of using more P. betle species; additionally, volatile oils from P. betle species are
very expensive.

As shown in Table 4, substances found in a satisfactory amount for each species include
the following: eugenol/Isoeugenol and 4-Allyl-1,2-diacetoxybenzene in the commercially
cultivated P. betle, L-linalool, B-terpineol, a-terpineol and butylated hydroxytoluene in P.
crocatum, L-linalool, a-terpineol, B-selinene and butylated hydroxytoluene in P. betloides, 4-
terpineol, eugenol/isoeugenol, 4-allyl-1,2-diacetoxybenzene and bicyclogermacrene in P.
tricolor, P-elemene, trans-caryophyllene, P-selinene, 4-allyl-1,2-diacetoxybenzene and
germacrene D in P. submultinerve, trans-caryophyllene, germacrene D and butylated

hydroxytoluene in P. maculaphyllum, o-caryophyllene, 4-Allyl-1,2-diacetoxybenzene and o-
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selinene in P. yinkiangense, and 4-allyl-1,2-diacetoxybenzene in P. rubrograndulosum and
butylated hydroxytoluene in P. semiimersum.

Industries require certain chemicals in volatile oils and use them in different quantities.
Moreover, plants can serve as sources for homemade products produced in the laboratory.
The products have several activities including those that inhibit inflammation, acne, itching,
and bacteria. For example, some oils have activity against Staphylococcus aureus, which
causes skin disease [18]. Others have antiseptic activities for skin for conditions caused by S.
aureus and Pseudomonas aeruginosa [19], whereas others have antifungal, antitumor,
hypotensive, and respiratory depressant effects [20]. The important compounds related to
these treatments include hydroxychavicol, hydroxychavicol acetate, allpyro-catechol,
chavibetol, piperbetol, methylpiperbetol, and piperols A and B [21]. Additionally, there are
more chemicals within the hexane crude extracts of the nine betel-like scented species,
including sabinene, p-phellandrene, 4-allyloxy-6-methoxy-N, N-dimethy-1,3,5-germacrene-
D, and B-cubebene. These are not found in P. betle but in other species [5] and have activity
against many bacteria and fungi species [22,23].

Thus, the substances contained in the volatile oils from these nine sample species, as well
as their bioactivities, are important to determine their benefits when used in soap, liquid soap
and foot deodorant. However, we have concentrated only on the quantity mixture for

efficiency.
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Table legends

Table 1 The nine investigated samples of Piper species with leaves collections and growing
areas which are collected sites.

Foot note

* Purchased from a market, indicating that it grows in cultivated conditions

** Grows under natural conditions

*** Transferred from forest to grow in house area under natural conditions

# Grows around office areas under natural conditions

Table 2 The amount of essential oils from the leaves of the examined Piper species
Table 3 Preliminary phytochemicals identified in essential oil from the leaves of the
examined Piper species

Table 4 The summary of substances, both in type and quantity, compared to the amounts of
volatile oils

Figure legends

Fig. 1. The nine Piper species investigated: A. Piper betle 1; B. P. betle 2; C. P. betloides; D.
P. crocatum; E. P. maculaphyllum; F. P. rubroglandulosum 1; G. P. rubroglandulosum 2; H.
P. semiimmersum; 1. P. submultinerve 1; ). P. submultinerve 2; K. P. submultinerve 3; L. P.

submultinerve 4; M. P. tricolor 1; N. P. tricolor 2; O-P. P. yinkiangense

Fig. 2. GC-MS chromatograms of volatile oils of the nine Piper species here are P. betle 1-2
(A-B); P. betloides (C); P. crocatum (D); P. maculaphyllum (E); P. rubroglandulosum 1 (F).

Fig. 2 cont. GC-MS chromatograms of volatile oils of the nine Piper species: shown here are
the chromatograms for P. rubroglandulosum 2 (G); P. semiimmersum (H); P. submultinerve

1-4 (I-L).

Fig. 2 cont. GC-MS chromatograms of volatile oils of the nine Piper species: shown here are

the chromatograms for P. tricolor (M-N); P. vinkiangense (O)

Fig. 3. The three products with the mixture of volatile oils, namely, soap (A), liquid soap (B)
and foot deodorant spray (C)
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Table 1 The nine investigated samples of Piper species with leaves collections and growing

areas which are collected sites.

Plants

Collected sites

P

P

P

P.

P.

P

iper betle 1*

. betle 2%*

. betloides

. crocatum

. maculaphyllum

. rubroglandulosum 1

. rubroglandulosum 2#

. semiimmersum

. submultinerve 1
. submultinerve 2
. submultinerve 3
. submultinerve 4
tricolor 1¥%*
tricolor 2

. yinkiangense #

Muang Khon Kaen District, Khon Kaen Province in northeastern
Thailand

Muang Khon Kaen District, Khon Kaen Province in northeastern
Thailand

Doi Suthep-Pui National Park, Chiang Mai Province in northern
Thailand

Garden and Development Department, Queen Sirikit Botanic
Garden, Chiang Mai Province in northern Thailand

Punyaban Waterfall, Lum Nam Kraburi National Park, Ranong
Province in southern Thailand

Khao Phanom Bencha National Park, Krabi Province in southern
Thailand

Khao Phanom Bencha National Park, Krabi Province in southern
Thailand

Sri Pungnga National Park, Pungnga Province in southern Thailand

Garden and Development Department, Queen Sirikit Botanic
Garden, Chiang Mai Province in northern Thailand

Beside 105 road, Mae Salid Sub-District, Ban Tak District, Tak
Province in northern Thailand

Garden and Development Department, Queen Sirikit Botanic
Garden, Chiang Mai Province in northern Thailand

Beside 105 road, Mae Salid Sub-District, Ban Tak District, Tak
Province in northern Thailand

Muang Khon Kaen District, Khon Kaen Province in northeastern
Thailand

Garden and Development Department, Queen Sirikit Botanic
Garden, Chiang Mai Province in northern Thailand

Khao Sok National Park, Surat Thani Province in southern
Thailand

* Purchased from a market, indicating that it grows in cultivated conditions

** Grows under natural conditions

*** Transferred from forest to grow in house area under natural conditions

# Grows around office areas under natural conditions
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Table 2 The amount of essential oils from the leaves of the examined Piper species
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Piper species

Date

Weight/kg

Essential oil

Essential oil

value (mL) ratio (mL/kg)

Piper betle 1* 29/11/2012 1.00 1.840 1.84

9/7/2013 0.92 0.770 0.84

9/7/2013 1.00 0.790 0.79

26/7/2013 0.94 1.050 1.12

5/8/2013 1.00 2.150 2.15

5/8/2013 1.00 2.730 2.73
P. betle 2%* 29/11/2012 1.00 0.950 0.95
P. betloides 4/2/57 0.82 0.078 0.10
P. crocatum 5/2/2014 0.66 0.020 0.03
P. maculaphyllum 5/8/2013 0.50 0.025 0.05
P. rubroglandulosum 1 1/4/2014 0.47 0.220 0.47
P. rubroglandulosum 2# 1/4/2014 0.33 0.240 0.72
P. semiimersum 5/8/2013 0.60 0.080 0.13
P. submultinerve 1 7/2/2014 1.00 0.115 0.12
P. submultinerve 2 7/2/2014 0.76 0.302 0.40
P. submultinerve 3 7/2/2014 0.36 0.010 0.03
P. submultinerve 4 7/2/2014 0.94 0.032 0.03
P. tricolor 1¥** 12/11/2013 0.78 0.590 0.76
P. tricolor 2 4/2/2014 0.98 0.030 0.03
P. yinkiangenset# 1/4/2014 0.65 0.40 0.62
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8  Table 3 Preliminary phytochemicals identified in essential oil from the leaves of the examined Piper species

Relative content

— o
I -
z S - ) -+
E 2 = H v v % v
= S £ Z & & £ £ 2
= T T £ 3 S 3 3 £
o = = = ] & = £ E - o o
& g 3 ) 3 3 £ = 2 = = < = &
3 ) = 8 -§ =0 %0 B E ES = = 3 3 5
) 3 g g ] 3
) s & & 8 § 5 5 i § § 5§ § 8§ 3§ =%
Retention Molecular g 3 3 5 S z = 3 E 2 E B E z =
Compound time Formula weight & ol ol ol o a al ol al o al ol al [ Q
Eucalyptol 5143 CioHisO 154 - 0.654 = g = = = " "
trans--Ocimene 5.195-5477  CyHs 136 - - - 0597 0750 - - - - - - 0.688
8-3-Carene
a-Ocimene
cis-Ocimene
cis-f-Ocimene
7-Terpinene
Tricyclene
a-Pinene
trans-Sabinene hydrate 6072 CioHi0 154 - - - 0717 - - - - - - - - - - -
P-Terpincol 72437710 CyHiuO 154 - - - 25.025 - - - - - - - - - 0.701 -
L-Linalool 6406-6.683  CiuHisO 154 - - B5E FEss - 0.160 - - - - 5.434 - - 7012 1594
a-Terpineol 74621912 CyHy0 154 - 0494 [ [EEE o636 - - - - - - - 2276 2243 -
Linalyl propionate CisHz0: 210
Borneol 7479 CiHis0 154 - - - - - - - - - - - - - - 0240
4-Terpineol 7554-7.733 CyoHyis0 154 - P 4705 - - # # % N - - - - HES80  0.3s1
n-Decanal 7612 CuHuO 156 - - - - - - - - = - - - - - 1.208
2-Cyclohexen-1-ol,
I-methyl-4-(1- 7658 CioH ;50 154 - 3.762 - - S % % # ] = = = = = =
methylethyl)-, trans-
cis-Piperitol 8.056 CioHis0 154 - - - - - - - - - - - - - 0.508 =
Geraniol 8.166-8950  CiHuO 154 - - 124 7777 - & & - & 2 = - » " "
Chavicol B489-5546 GO 134 0716 0617 L1I0 - - - - - - -ams - 07w - -
B-Elemene 9.429-9.539 CisHa 204 - - - - - 0.149 - - 1135 - - - - - 1337
a-Terpinene
8-2-Carene
B8-4-Carene
Chavicol acetate 9.550-9.677  C;Hp0: 176 6843 1.637 S ] d ] 5 3 2 - = > 5 = 0293
a-Cubebene 9.596-9.706 CisHae 204 - - - - 1.755 - - - 1379 - - - - - 0295
Cadina-1,4-diene
Eugenol 9.873-11.950  CyoHi0s 164 7847 FEES - - - - - - - - 4797 2730 [ONEE - -
Chavibetol
3-Allylguaiacol
Isoeugenol
2-Methoxy-6-(2-pro
penyl)phenol
Isochavibetol
2-methoxy-5-[(E)-
prop-1-enyl]phenol
Phenol,2-methoxy-3-
(2-propen-1-y1)2-
Methoxy-6-(2-pro
penyl)phenol
3-Allyl-6-methoxy
phenyl acetate
Cyclosativene 9.960 CisHau 204 5 = ] = & w = L % x = £ = = 0367
a-Copaene 10.017-13.548  CysHy 204 - - - - 852 0136 0213 - 2135 - - 0.704 - 0.651 1.648
Geranyl acetate 10.093 CiaHa0s 196 - - 0.910 - - - - - - - 3 s = : E
p-Elemene 10179-11477  CysHy 204 1118 E 1.012 = 1820 1269 1110 2 5195 6424 3337 B = 1234 2030
8-Isopropenyl-1, 5-
dimethyl-1, 5-cyelo
decadiene
0-Methyl eugenol 10289 CiHu0: 178 - - - - & £ z = = < = = i 2 0397
a-Grujunene 10.571-11.685  CisHa 204 - - - - 9.439 - - - 4.097 - - - - = g
trans-Caryophyllene 10.646-10.802  CisHa 204 2473 - 3617 o651 [HSOY 4083 4870 9318 [lEGSE BOMEE s BEEE - 1831 R
trans-f-Caryophyllene
y-caryophyllene

Bicyclo[5.2.0Jnonane,



decthenyl-d 8 8-tri
methyl-2-methylene-
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Germacrene D 10871-11.887  CisHy 204 6.714 - 5312 oseo [EBE§ 1115 2168 7362 FOBE 1145 - 3953 1174 4769 8592
p-Cubebene
(-)-Sinularene
trans-f-Famnesene 10917 CisHaa 204 - - - - - - 0.208 - - - - - - - -
Aromadendrene 11.010 CisHag 204 - - - - 0.842 - - - - - - = < e E
a-Caryophyllene TLI14-11240  CisHa 204 0775 - 1.679 - 4987 4282 3062 - 2849 5 6400 B50EY - 0760 [TEEE
«is, cis, cis-1,1.4,8-
Tetra
methyl-4.7, 10-cycloun
decatriene
Calarene 11.287 CisHay 204 & E; 8 2 - 5 3 - z = = e 5 - 0838
Valencene
7-Cadinene 11.408-11.422  CisHa 204 2.652 1.633 - - 1.858 - - - - - - 5822 0.761 - -
a-Morphine
a-Cadinene
wu-Amorphene
4,5-Dimethyl-11-
Methylenetricyclo[7.2.
1.0 (4.9)]dodecane
-Selinene 11414-11.627  Cishas 204 - - - - - - - - - 1.180 - - - 0820 [OFES
p-Selinene 1126911673 CisHy 204 - - 10319 - - - - - - BB 2429 7540 - - -
(+)-Ledene 11.677 CisHag 204 - - - - - - - - 3281 - - - - - -
Butylated
hydroxytoluene 1171311765 CisHaO 220 - - BEE SN sE - - OEE - 9743 7849  7.060 1169 R -
Bicyclogermacrene 11.714-11737  CysHy 204 2.748 - - - - - - - 5.742 - z = 2 14482 i
1.5,5-Trimethyl-6-
methylene- CioHie 136
cyclohexene
8-Cadinene 11.840-13323  CysHy 204 - - 1.078 - 1.043 - - - 345 1145 0975 - - - 1133
&-Amorphene 11.956 CisHay 204 - - - - - - - - - - - - - 1.918 -
Isoeugenol acetate 11973 CiaHi0s 206 29.739 - - - 1.833 - - - Z 5 2 5 S f: g
Eugenol acetate
Calamenene 12.031 CisHn 202 - - - - - - - - 0.608 - - - - - -
a-lonene CuHig 174
(-)-o-Panasinsen 12,037 CisHaa 204 - - - - - - = = E? 3 - L = 1114 c,
trans-y-Bisabolene 12.048 CisHyy 204 - - - - - - - 1911 - - - - - o c,
Elemicin 12.112 CaHy0; 208 - - - - =] & = = e = = = 2 - 0477
Isoelemicine
cis-Asarone
Nerolidol 12.308-12417  CisHaO 222 - - 1.368 - - - - - 5462 2105 2591 1.694 - 2488 0.651
Famesol
Hedyearyol 12.348 CisHy0 222 - - - - - - - - - - - - - - -
Elemol
Sesquisabinene hydrate 12377 CisHasO 222 - - - 1.797 - - - - - - - - - = =
Germacrene B 12.533 CisHy 204 - - - - - - - - 1.803 - = = = = -
v-Elemene
Spathulenol 12,637 CisHyO 220 - - - - - 0248 0409 - - - - - = o c,
Caryophyllene oxide 12.723-12844  CyisHhO 220 - - - - - 0272 0340 - - 1.038 - 0.924 - - 1.804
f-Spathulenol 12.746-13.386  CysHyp 0 220 - - 1.756 - 2487 - - - 0.708 - - - - 0.699 -
B-Bisabolene 12.827 CisHos 204 - - - 5077 - - - - - - - - - 4 =
Globulol 12.837-12879  CysHyO 222 - - 2286 - 317 - - - 2154 - - - - 2204 -
Viridiflorol 12971-13.825  CysHyO 222 - - 1.655 - 2.786 - - - 0.576 - 1.081 - - 2.144 -
Ledol CisHy0 222
(-)-Allospathulenol 13.127 CisHaO 220 - - - - - - - - - - - - - - -
izl 1321313329 CuhOs 234 WG WSS - - 10 [ONIE @O0 SO oo - EEM§ - joow - pm@
diacetoxybenzene
Isospathulenol 13.381 CisHyO 220 - - 1.004 - - - - - - - - - - - -
a-Cadinol 13.401-13.669  CisHasO 222 - 1657 5431 - 1.836 - - - 5.697 - 2675 - 6712 2,105 3028
Copaene 13.438 CisHag 204 - - - - - - 0212 - - - - - - = =
Bicyclo[4.4.0]dec-1-
ene, 2-isopropyl-5- 13473 CisHa 204 - 2149 - - - - - - - - - - 5 & 2
methyl-9-methylene-
(+)-8-Cadinene CisHyy 204
S-epi-ncointermedeol 1361113744 CysHz0 222 - - 1997 - - - - - - - 9.176 - - - 0.461
(+)-Epi-bicyclo o)
Stciiihsibnione RN, (Gl 204 = - - - - - - - - 0696 - 1633 - . _
Benzoic acid,
phinyinirhy! diée 14.904 CuHin0, 12 0.855
Oleamide 22740-22.970  CisHssNO 281 - - 0905 1815 - 1079 0801 - - - 1.491 - - - 0.899
Unknown 8212 19425 5000 1943 3829 26503 25568 - 4821 0482 9351 2211 TA71 4969  3.039
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Compounds

L-Linalool
L-Linalool
B-Terpineol
4-Terpineol
a-Terpineol
a-Terpineol
Eugenol/Isoeugenol
Eugenol/Isoeugenol
B-Elemene
trans-Caryophyllene
trans-Caryophyllene
trans-Caryophyllene
trans-Caryophyllene
Caryophyllene
a-Caryophyllene
o-Caryophyllene
B-Selinene
B-Selinene
Germacrene D
Germacrene D
a-Selinene

Bicyclogermacrene

Contents

(%)

26.283
39.422

16.136
25.063

10.319

12.528

10.749

14.482

Species

P. crocatum

P. betloides

P. crocatum

P. tricolor 2

P. betloides

P. crocatum

P. tricolor 1

P. betle 2

P. submultinerve 4
P. yinkiangense
P. submultinerve 1
P. maculaphyllum
P. submultinerve 4
P. submultinerve 2
P. yinkiangense

P. submultinerve 4
P. betloides

P. submultinerve 2
P. maculaphyllum
P. submultinerve 1
P. yinkiangense

P. tricolor 2

150

Table 4 The summary of substances, both in type and quantity, compared to the amounts of
volatile oils

Amount of
essential oil
(mL/kg)
0.03
0.10
0.03
0.03
0.10
0.03
0.76
0.95
0.03
0.62
0.12
0.05
0.03
0.40
0.62
0.03
0.10
0.40
0.05
0.12
0.62

0.03



Butylated hydroxytoluene
Butylated hydroxytoluene
Butylated hydroxytoluene
Butylated hydroxytoluene
Eugenol acetate/Isoeugenol
acetate
4-Allyl-1,2-diacetoxybenzene
4-Allyl-1,2-diacetoxybenzene
4-Allyl-1,2-diacetoxybenzene
4-Allyl-1,2-diacetoxybenzene
4-Allyl-1,2-diacetoxybenzene
4-Allyl-1,2-diacetoxybenzene
4-Allyl-1,2-diacetoxybenzene

4-Allyl-1,2-diacetoxybenzene

13.521

23912

27.542

29.474

29.739

21.262

13.559

31.115

30.163

30.066

60.018

60.089

51.935

P. crocatum

P. betloides

P. maculaphyllum

P. semiimersum

P. betle 1

P. yinkiangense

P. betle 2

P. submultinerve 3

P. betle 1

P. tricolor 1

P. rubroglandulosum 1
P. rubroglandulosum 2

P. semiimersum

151

0.03

0.10

0.05

0.13

2.15-2.73

0.62

0.95

0.03

2.15-2.73

0.76

0.47

0.72

0.13
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Abstract
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As of the Piper species are used for spices, in traditional and processed forms of

21

gg medicines, in cosmetic compounds, in cultural activities and insecticides, barcode

24 construction using matK, rbcL and psbA-trnH spacer regions have been done for serving

25 : 5 . =g . ;

26 plant parts, young plants and modified forms identification. Thirty-seven Piper species were
g; collected, the three barcode regions were amplified, sequenced, aligned for genetic distance
29 receiving. At intraspecific levels, the genetic distances are most effective for a Piper species
30

31 identification starting from same sequence or no difference in each species to very low

gg distance values. Only one economic and planted species, P. betle posted the highest values at
34 0.386 of matK region, this may be caused from it is an economic and planted species, so is
35 ; T -

36 supported growth factors from human affected on its genetic distance. The genetic distances
g; at interspecific level are also most effective for different species identification by matK

39 region ranged from 0.002 between 27 pair species to the highest of 0.486 excepted for cight
40

41 pair species as P. kraense and P. dominantinervium, P. magnibaccum and P. kraense, P.

:g phuwuaense and P. dominantinervium, P. phuwuaense and P. kraense, P. pilobracteatum and
44 P. dominantinervium, P. pilobracteatum and P. kraense, P. pilobracteatum and P.

45 i ;

46 phuwuaense, and P. sylvestre and P. polysyphonum posted genetic distance at 0.000 which
:; were identified by each of the other two regions without of combination.

49 Keywords: barcode, Piper species, matK gene, rbeL gene, psbA-trnH spacer.
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Introduction

Plants in the genus Piper have been used since prehistoric times for a variety of human
activities. They are used as spices, in traditional and processed forms of medicines, in
cosmetic compounds, in cultural activities and as insecticides (Chaveerach et al., 2006; Scott
et al., 2008; Fan et al., 2011). Piper betle, the betel plant, is one of the most important and
well-known species of the genus. It contains important chemical substances, such as chavicol,
cineol and eugenol, used in essential oils, medicines and insecticides (Yusoff e al., 2005;
Misra ef al., 2009). Eugenol has been reported as having anti-oxidant and anti-inflammatory
properties (Misra et al., 2009). Although the betel plant is of great economic importance, it is
challenging to cultivate. The main problem is foot and leaf rot, which caused by the fungus
Phytophthora parasitica Dast (Silayoi et al., 1985; Banka and Teo, 2000). In addition, the
plant is subject to leaf spot, caused by bacteria (Banka and Teo, 2000). Investigations of the
genus Piper in Thailand (Chaveerach et al., 2008, 2009) have found that among the 43 Piper
species, some produce a betel-like scent. Of these, all are wild species and hardy, producing
numerous branches and leaves. They are tolerant and resistant to disease. Some produce a
stronger scent than betel. Therefore, these species might be equally or more economically
beneficial than the betel plant. The assured advantage is that there are more choices of plants
for the use (Sanubol et al., 2014). Medicinal plants have been used in natural and modified
forms. The modified forms such as dried sliced plant part, powder and capsules, are hard to
be recognized by physical features. Therefore, the reliable identification methods for these
plant forms should be provided. DNA barcoding is the most reliable and applicable method
for this aspect. It is developed since 2003 (Hebert et al., 2003). It principal uses short DNA
sequences from appropriate genome regions for identification of organisms. The regions such
as COL, and 16s rDNA regions have been successfully used for most animals for examples,
Hebert et al. (2004) used the mitochondrially encoded cytochrome ¢ oxidase I (MT-CO1) to
discriminate between bird species. Zhang and Hanner (2012) used sequences of MT-COl1,
16S RNA, MT-CYB, and RNA 18S in 242 species of fish in 11 Epinephelus species.
For plants, however, it is more challenge. Currently, several researchers groups had seeking
for suitable regions. There are researches suggested some successful regions for some plant
groups, such as matK gene (Siripiyasing et al., 2012; Tanee et al., 2012), rbcL gene (Tanee et
al., 2012; Kwanda et al., 2013), psbA-trnH spacer region (Chaveerach et al., 2011).

Up to date the standard barcode of choice for most investigated plants are three plastid
including matK, rbcl. genes, and psbA-trnH spacer, and one nuclear (ITS) regions proved by

many researches of CBOL Plant Working Group, 2009; Chaveerach et al., 2011;
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Hollingsworth et al., 2011; Monkheang et al., 2011. With the important of Piper species
usages mentioned becoming economic plants worldwide using parts of plant from trunk,
leaves, fruits or young plants, modified forms such as powder, slices etc. of many species.
Therefore, these usage forms should have specific marker to prove a species for put the right
plant for the right aims that is barcode construction for each species.

The research aims to barcode construction for Piper species in Thailand using mark,
rbcL and psbA-trnH spacer region as if they are important medicinal plants, have been fully
explored and identified (Chaveerach et al., 2008); therefore their references barcode should

be available for serving plant parts, young plants and modified forms.

Materials and Methods

1. Plant materials

Species of Piper recently reported in Thailand (Chaveerach et al., 2006, 2007, 2008;
Sudmoon et al., 2011) have been collected and identified. Leaf samples were kept on ice and
transferred to the laboratory then stored at -20°C.

2. DNA extraction

Whole genomic DNA was extracted by using Plant Genomic DNA Extraction Kit
(RBC Bioscience) following the kit protocols.

3. Amplification of barcode fragments

Polymerase chain reactions were performed with primer pairs (5°-37)
ATCCATCTGGAAATCTTAGTTC and GTTCTAGCACAAGAAAGTCG for matK gene,
GTCACCACAAACAGAGACTAAAGC and GTAAAATCAAGTCCACCRCG for rbcL
gene, and TTATGCATGAACGTAATGCTC and CGCGCATGGTGGATTCACAATCC for
psbA-trnH spacer region (http://www.kew.org/barcoding/update.html). The reaction mixture
(30 pl) consists of 1xGoTaq Green Master Mix (Promega), 0.5 uM primers, and 30 ng DNA
template. The amplification profile includes pre-denaturation at 94°C for 1 min; 35 cycles of
denaturation at 94°C for 30 s, annealing at 52°C (for matK) or 55°C (for rbcL gene and
psbA-trnH spacer region) for 30 s, and extension at 72°C for 1 min; final extension at 72°C
for 5 min. The amplification products were subjected to 2% agarose gel electrophoresis.

4. DNA sequencing and sequences analyses

The amplified specific fragments were sent for sequencing at the DNA Sequencing
Unit, Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand. The sequences were
then analyzed for accuracy by Blast tools (http://blast.ncbi.nlm.nih.gov/Blast.cgi). All

completed accurate sequences were aligned in each region for determining genetic diversity
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values meaning nucleotide variations by MEGAG6 (Tamura et al., 2013). The sequences were

submitted to the GenBank database and the corresponding accession numbers are taken.

Results

Thirty-seven Piper species were collected for barcoding construction. Since to most of
them are wild species, so, there were difficult to collect in sufficient sampled individuals to
study reaching to different amount individuals of each barcoding region constructions. There
are four satisfied individuals species only, P. nigrum, P. betle, P. sarmentosum, and P.
retrofractum which are economic plants and easy to collect.

The amplification of barcode banding was not successfully amplified in two species
including P. montium and P. rubroglandulosum (9) with marK region. When all sequences of
all species studied with marK, rbcL and psbA-trnH spacer were submitted to GenBank, the
corresponding accession numbers, 119 sequence accessions were provided in the Table 1.

From three barcoding regions, matK, rbcl. and psbA-trnH spacer, genetic distances in
intraspecific levels of each region are following: the lowest value, 0.000 in P.
dominantinervium, P. hongkongense, P. kraense and P. longum to the highest 0.386 in P.
betle of the matK region; P. dominantinervium, P. hongkongense, P. longum, P.
pedicellatum, P. pilobracteatum, P. polysyphonum, P. sarmentosum, P. sylvestre and P.
wallichii to the highest value 0.166 in P. betle of the rbeL region; 0.000 in P.
dominantinervium, P. khasianum, P. kraense, P. longum, P. montium, P. mutabile, P. nigrum,
P. pilobracteatum, P. polysyphonum and P. sarmentosum to the highest value 0.117 in P.
boehmeriifolium of the psbA-trnH spacer region.

The genetic distances in interspecific levels of each region are following: the lowest
values, 0.000 in the pairs species P. kraense and P. dominantinervium, P. magnibaccum and
P. kraense, P. phuwuaense and P. dominantinervium , P. phuwuaense and P. kraense, P.
pilobracteatum and P. dominantinervium, P. pilobracteatum and P. kraense, P.
pilobracteatum and P. phuwuaense and P. sylvestr and P. polysyphonum to the highest value
0.486 between P. ribesioides and P. pilobracteatum of the matK region; 0.000 in pairs
between P. dominantinervium and P. caninum, P. kraense and P. boehmeriifolium, P.
maculaphyllum and P. khasianum, P. magnibaccum and P. khasianum, P. magnibaccum and
P. caninum, P. magnibaccum and P. dominantinervium, P. montium and P. khasianum, P.
montium and P. magnibaccum, P. mutabile and P. caninum, P. mutabile and P.
dominantinervium, P. mutabile and P. magnibaccum, P. nigrum and P. caninum, P. nigrum

and dominantinervium, P. nigrum and P. magnibaccum, P. nigrum and P. mutabile, P.
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pedicellatum and P. khasianum, P. pedicellatum and P. magnibaccum, P. pedicellatum and P.
montium, P. pedicellatum and P. pendulispicum, P. pendulispicum and P. caninum, P.
pendulispicum and P. dominantinervium, P. pendulispicum and P. magnibaccum, P.

pendulispicum and P. mutabile, P. pendulispicum and P. nigrum, P. phuwuaense and P.

Coo~NOORON =

10 caninum, P. phuwuaense and P. dominantinervium, P. phuwuaense and P. magnibaccum, P.
phuwuaense and P. mutabile, P. phuwuaense and P. nigrum, P. phuwuaense and P.

13 pedicellatum, P. pilobracteatum and P. caninum, P. pilobracteatum and P. mutabile, P.

15 polysyphonum and P. khasianum, P. polysyphonum and P. magnibaccum, P. polysyphonum
and P. montium, P. sarmentosum and P. longum, P. sylvestre and P. khasianum, P. sylvestre
18 and P. magnibaccum, P. sylvestre and P. montium, P. thomsonii and P. nigrum, P.

20 pilobracteatum and P. phuwuaense, P. polysyphonum and P. pendulispicum, P. polysyphonum
and P. pedicellatum, P. sylvestre and P. pendulispicum, P. sylvestre and P. pedicellatum, P.
23 sylvestre and P. polysyphonum, P. wallichii and P. umbellatum, P. protrusum and P.

25 phuwuaense, and P. protrusum and P. pilobracteatum to the highest value 0.213 in the pair P.
betle and P. argyritis of the rbcL region; 0.000 in the pairs of P. montium and P.

28 magnibaccum, P. pilobracteatum and P. caninum, P. polysyphonum and P. pedicellatum, P.
30 ribesioides and P. pedicellatum, P. sarmentosum and P. longum, P. sylvestre and P.
pedicellatum, P. wallichii and P. khasianum, P. wallichii and P. pedicellatum, P. protrusum
33 and P. magnibaccum, P. sylvestre and P. polysyphonum, P. sylvestre and P. ribesioides, P.
35 wallichii and P. polysyphonum, P. wallichii and ribesioides, P. wallichii and P. sylvestre, and
P. yinkiangense and P. betle to the highest value 0.228 between P. semiimmersum and P.

38 umbellatum of the trnH spacer region.

40 The genetic distance of the matK region in the Table 2 is the representative sample.
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Table 1 GenBank accession numbers of DNA barcoding from three regions of Piper species.

O©CONOOOAPWN =

Scientific name

GenBank accession number

matK psbA-trnH spacer rbcL
Piper argyritis KM073990 JX442927, KM055176 JX291978, KM055126
P. betle (?) GU372747, KM098143 GQ891996, JQ248053 JQ248074
P. betle (&) KM098144 JQ248050 JQ248071
P. betloides KMO098135 JQ248051 JQ248072

P. boehmeriifolium
P. caninum

P. colubrinum

P. crocatum

P. dominantinervium
P. hongkongense
P. khasianum

P. kraense

P. longum

P. maculaphyllum
P. magnibaccum
P. montium

P. mutabile

P. nigrum

P. pedicellatum var.
eglandulatum

P. pendulispicum (2)
P. phuwuaense

P. pilobracteatum

P. polysyphonum

P. protrusum

P. retrofractum

P. ribesioides

P. rubroglandulosum (%)
P. rubroglandulosum (3
P. sarmentosum

P. semiimmersum
P. submultinerve
P. sylvaticum

P. sylvestre

P. thomsonii var.
trichostigma

P. tricolor

P. umbellatum

P. wallichii

P. yinkiangense

KMO073991, KM073992
KMO073993, KM073994
GU372751, KM073995
KMO098136
KMO073996, KM073997
KM073998, KM073999
KM074000, KM074001
KM074002, KM074003
KM074004, KM074005
KMO074006, KM098137
KM074007, KM074008
n/a
KMO074035
KMO074009, KM074010

KM074011, KM074012

KMO074013, GU372748
KMO074014, KM074015
KM074016, KM074017,
KMO074018, KM074019
KM074020, KM074021
KMO074032, KM074033
GU372749, KM074034
GU372750, KM074022
n/a
KMO098138
GU372746, KM074023,
KM074024
KMO098139
KMO098140
KMO074025, KM074026
KMO074027, KM074028
KM074029

KM098141
EU669471*, GQ429067*
KM074030, KM074031
KM098142

KMO055177, KM055178
KMO055179, KM055180
GQ892000
1Q248047
KM055181, KM055182
KMO055183, KM055184
KMO055185, KM055186
KMO055187, KM055188
KMO055189, KM055190
1Q248046, KM055191
KMO055192, KM055193
KMO055194, KM055195
KMO055196, KM055197
GQ891994, KM055198,
KM055199
KM055200, KM055201

KMO055202, GQ891997
KM055203, KM055204
KM055205, KM055206,
KMO055207, KM055208
KM055209, KM055210
GU980900, KM055223
GQ891998, KM055224
GQ891999, KM055211
J1X442926
1X442925
KMO055212, KM055213

JQ248045
JQ248048
KMO055214, KM055215
KM055216, KM055217
KM055218

JQ248049
KM055219, KM055220
KMO055221, KM055222

JQ248052

KMO055127, KM055128
KMO055129, KM055130
KMO055131
1Q248068
KM055132, KM055133
KMO55134, KM055135
KMO055136, KM055137
KMO055138, KM055139
KMO055140, KM055141
1Q248067, KM055142
KMO055143, KM055144
KM055145, KM055146
KM055147, KM055148
KMO055149, KM055150

KMO055151, KM055152

KMO055153, JX291979
KMO055154, KM055155
KM055156, KM055157,
KMO055158, KM055159
KM055160, KM055161
KM055172, KM055173

KMO055175
KMO055162
JX291977
JX291976
KMO055163, KM055164

1Q248066
JQ248069
KM055174
KMO055165, KM055166
KMO055167

1Q248070

KMO055168, KM055169

KM055170, KM055171
1Q248073

Note: n/a was not amplified, * is the accessions from other publications
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identification by the lowest, but one in 0.002 and the highest values

£ = R
£ & § 5 ¥ ¥ § § =5 = g & §
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A oA & oA & & o Aan oA & & oAl & & & oA A & & A A & oA A A & A & & A& 0 & A&
P. argyritis 0.000
P. betle 0323 0.000
P. betle 0.076 D362 0.000
P. betle 0.126 [H88 NS 0.000
P. betloides 0249 0423 0.262 0260 0.000
P. boehmeriffolium 0004 0323 0074 0.124 0252 0.000
P. boehmeriffolium 0011 0325 0074 0.126 0258 0009 0.000
P. caninum 0.013 0328 0.080 0.132 0249 0.009 0.017 0.000
P. caninum 0.013 0328 0.080 0.132 0249 0.009 0.017 0.000 0.000
P. colubrinum 0.020 0332 0087 0.134 0267 0017 0.022 0.026 0.026 0.000
P. colubrinum 0.089 0375 0.143 0.195 0310 0.085 0.093 0.093 0.093 @@ 0.000
P. crocatum 0.054 0358 0.106 0.145 0267 0.052 0.056 0.06] 0.061 0.065 0.130 0.000
P. dominantinervium  0.004 0323 0072 0121 0252 [l 0007 0011 0011 0015 0.087 0.050 0.000
P. dominantinervium  0.004 0323 0072 0121 0252 [l 0007 0011 0011 0015 0.087 0.050 0.000 0.000
P. hongkongense 0.013 0321 0.080 0.130 0260 0.011 0.011 0.020 D.020 0.024 0.095 D.059 0.009 0.009 0.000
P. hongkongense 0.013 0321 0.080 0.130 0260 0011 0.011 0.020 0.020 0.024 0.095 0.059 0.009 0.009 GG 0000
P khasianum 0.007 0325 0.076 0.126 0249 [l 0011 0011 0.011 0020 0.087 0.054 0.004 0.004 0013 0.013 0.000
P. khasianum 0.007 0325 0.074 0.124 0.249 0.004 0.009 0.013 0.013 0.017 0089 0052 [ WM o011 o011 [ 0.000
P. kraense 0.004 0323 0072 0.121 0252 [ 0.007 0011 0011 0015 0.087 0050 NN BEEE oo09 0009 0.004 I 0000
P. kraense 0.004 0323 0.072 0.121 0252 Ml 0.007 0011 0011 0015 0087 0.050 [N BB 0009 0009 0.004 [ 0.000 0.000
P. longum 0.013 0325 0.080 0.130 0258 0.011 0.015 0,020 0.020 0.024 0.091 D.054 0.009 0.009 0017 0017 0.013 0.011 0.009 0.009 0.000
P longum 0.013 0325 0.080 0.130 0258 0011 0.015 0.020 0.020 0.024 0.091 0.054 0.009 0.009 0017 0017 0.013 0.011 0.009 0.009 BBOO 0.000
P. maculaphylium 0.065 0369 0.130 0.171 0282 0.065 0.072 0.074 0.074 0.080 0.141 0.111 0.065 0.065 0.074 0074 0.063 0.063 0.065 0.065 0.072 0.072 0.000
P. maculaphylium 0.054 0341 0072 0.113 0249 0052 0.054 0.06] 0.061 0.065 0.130 0.085 0.050 0.050 0.059 0.059 0.054 0.052 0.050 D.OS0 0.054 0054 GALL 0.000
P. magnibaccum 0.007 0325 0.074 0.124 0249 0.004 0.009 0013 0.013 0.017 0089 0052 [ N o011 oo N 00 N B 001! 0011 0063 0052 0.000
P. magnibaceum 0.009 D323 0.076 0.124 0256 0.007 0.011 0.015 D.015 0.015 0.087 0.054 0004 0.004 0013 0013 0.009 0.007 0.004 D.004 0.013 0.013 0.069 0.054 BHOT 0.000
P. nigrum 0.015 0334 0.087 0.130 0262 0.017 0.022 0.026 0.026 0.030 0.102 0.061 0015 0.015 0.024 0024 0.020 0.017 0.015 0.015 0022 0.022 0.072 0063 0.017 0.020 0.000
P. nigrum 0.009 0325 0.080 0.121 0249 0011 0.015 0.020 0.020 0.024 0.095 0.059 0009 0.009 0017 0017 0.013 0.011 0.009 0.009 0.017 0.017 0.072 0.054 0.011 0013 B30 0.000
P. pedicellatm 0.011 0328 0080 0.126 0252 0007 0.015 0.015 0.015 0.024 0.091 0.054 0009 0.009 0017 0.017 0.009 0.011 0.009 D.009 0.013 0013 0.067 0.046 0011 0.013 0.022 0.013 0.000
P. pediceilatim 0011 0325 0.074 0.124 0258 0.009 0.004 0.017 D.017 0.022 0.093 0.056 0.007 0.007 0.0I1 0011 0.011 0.009 0.007 0.007 0.015 0.015 0.072 0.054 0.009 0.007 0.022 0.015 @015 0.000
P. pendulispicum 0.004 0325 0.076 0.126 0252 0.007 0.011 0.015 D.015 0.020 0.091 D.050 0.004 0.004 DOI3 0013 0.009 0.007 0.004 0.004 0.009 0.009 0.067 0.050 0.007 0.009 0.013 0.009 0.009 0.011 0.000




CoO~NOU R WN =

160

Journal of Systematics and Evolution Page 8 of 12

Discussion

Even though, the most Piper species are wild species, 43 species in Thailand, but they
are most popularly used in many functional aspects, for instance, as spices, medicines, and
insecticides (Chaveerach et al., 2008; Chaveerach et al., 2006; Scott et al., 2008; Fan et al.,
2011). Only four species as P. betle, P. retrofractum, P. nigrum and P. sarmentosum are
economic and planted species, all of them are also used in several aspects mentioned. The
one economic species as betel plant, P. betle, is a well-known and important species that
contains important chemical substances, including essential oils and substances, such as
chavicol, cineol, and eugenol which can be used for medicinal and insecticidal purposes
(Chaveerach et al., 2006; Yusoff et al., 2005; Misra et al., 2009). Based on their usages,
several forms as traditional in part of plants, and prepared forms as powder, capsule and
others, their DNA marker as barcode should be constructed for using right species in the right
aims for human well-being for example in industrial of medicinal, cosmetics and house-hold
products. With these form usages reaching to unidentified species using morphological
characters, DNA barcode have been served and overcome the problems. In the case of
flowering plants in Thailand, trnH-psbA spacer region was suggested to be efficient DNA
barcode marker in Senna species (Monkheang et al., 2011), Smilax and Cissus species
(Kritpetcharat et al., 2011), additional with other regions as rbcL in parasitic plants including
Scurrula, Dendrophthoe, Helixanthera, Macrosolen, Viscum species (Kwanda et al., 2013),
mark studied on somes medicinal sakhan, Piper, Piperaceae (Sudmoon et al., 2012).

Here for the barcode of thirty-seven Piper species with the three regions, the genetic
distance values follow the hypothesis of the barcode, in principle by Dr. Paul D.N. Hebert, a
population geneticist at the University of Guelph in Ontario (Hebert et al., 2003) that results
in significant variance in sequences between species and a comparatively small variance
within species. At intraspecific levels, the genetic distances of all three regions are most
effective for a Piper species identification starting from same sequence or no difference in
each species to very low distance values. Only one economic and planted species, P. betle
posted the highest values at 0.386 of marK region, this may be caused from it is an economic
and planted species, so is supported growth factors from human affected on its genetic
distance. The genetic distances at interspecific level are also most effective for different
species identification by matK region showing by 27 pair species starting from 0.002 to the
highest 0.486 as shown in the Table 2 small amount, eight unidentified pair species as
showing genetic distance of 0.000 (Table 3). Therefore, the eight pair species can be

identified by the other two regions as shown in the Table 2. That is following to the guidance
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of Newmaster et al. (2007) proposed to use matK and frnH-psbA spacer to identify plants in
Myristicaceae and Sudmoon et al. (2012) without of regions combination following of
Hollingsworth et al. (2009) recommended rbcL+matK as the core DNA barcode regions for

land plants.

Table 3 Genetic distance values in interspecific level for identification of some Piper species

based matK, rbcL and trnH-psbA spacer sequences.

Pairs of species matK  rbeL region  trnH-psbA
region spacer region
P. kraense and P. dominantinervium 0.000  0.005-0.008  0.111-0.117
P. magnibaceum and P. kraense 0.000  0.008 0.1110-0.123
P. phuwuaense and P. dominantinervium 0.000  0.000-0.003  0.021-0.026
P. phuwuaense and P. kraense 0.000  0.005-0.008  0.021-0.129
P. pilobracteatum and P. dominantinervium 0.000  0.003 0.021
P. pilobracteatum and P. kraense 0.000  0.003 0.010-0.123
P. pilobracteatum and P. phuwuaense 0.000  0.003 0.016-0.021
P. sylvestre and P. polysyphonum 0.000  0.000 0.000-0.010
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Nucleotide ¥ || Piper Thailand matK
Display Settings:  Summary, 100 per page, Sorted by Accession

Results: 56

2. 796 bp linear DNA
Accession: KM073991.1 Gl: 631193335

(| Piper boehmeriifolium voucher A. Chaveerach 2.2 maturase K (matK) gene. partial cds: chloroplast
3. 796 bp linear DNA
Accession: KM073992.1 Gl 691193337

[ | Piper caninum voucher A. Chaveerach 79.1 matur. K (matK n rtial : chloropl

4. 796 bp linear DNA
Accession: KM073993.1 GI: 691193339

(| Piper caninum voucher A. Chaveerach 79.2 maturase K (matK) gene. partial cds: chloroplast
5. 796 bp linear DNA
Accession: KM073994.1 G 691193341

| Piper colubrinum voucher A. Chaveerach 19 maturase K (matK) gene, partial cds: chloroplast
6. 796 bp linear DNA
Accession: KM073995.1 GI: 691193343

| Piper dominantinervium voucher A. Chaveerach 43.1 maturase K (matK) gene. partial cds:
7. chloroplast

796 bp linear DNA

Accession: KM073996.1 Gl: 691193345

] Piper dominantinervium voucher A. Chaveerach 43.2 maturase K (matK) gene. partial cds;
8. chloroplast

796 bp linear DNA

Accession: KM073997 1 Gl 691193347

| Piper hongkongense voucher A. Chaveerach 68.1 maturase K (matK) gene, partial cds: chloroplast
9. 796 bp linear DNA
Accession: KM073998.1 GI: 691193349

(| Piper hongkongense voucher A. Chaveerach 68.2 maturase K (matK) gene, partial cds: chloroplast
10. 796 bp linear DNA
Accession: KM073999.1 G 691193351

| Piper khasianum voucher A. Chaveerach 149.1 maturase K (matK) gene. partial cds: chloroplast

httpuiiwww.ncbi nim.nih.gov/nuccore

15



M32015 Piper Thailand matk - Nucleotide - NCBI

11. 796 bp linear DNA
Accession: KM074000.1 Gl: 691193353

|| Piper khasianum
12. 796 bp linear DNA
Accession: KMO74001.1 Gl 691193355

[ | Piper kraense voucher A. Chaveerach 134.1 maturase K (matK) gene, partial cds: chloroplast
13. 796 bp linear DNA
Accession: KM074002.1 GI: 691183357

(] Piper kraense voucher A. Chaveerach 134.2 maturase K (matK) gene, partial cds: chloroplast
14. 796 bp linear DNA
Accession: KM0O74003.1 Gl 691193359

[} Piper longum voucher A. Chaveerach 3.1 maturase K (matK) gene, partial cds: chloroplast
15. 796 bp linear DNA
Accession: KMO74004.1 GI1: 691193361

[ Piper longum voucher A. Chaveerach 3.2 maturase K (matK) gene. partial cds: chloroplast
16. 796 bp linear DNA
Accession: KMO74005.1 GI: 691193363

[} Piper argyrites voucher A. Chaveerach 126 maturase K (matK) gene, partial cds; chloroplast
17. 796 bp linear DNA
Accession: KMO74006.1 GI: 691193365

[} Piper magnibaccum voucher A. Chaveerach 5.1 maturase K (matK) gene, partial cds: chloroplast
18. 796 bp linear DNA
Accession: KM0O74007.1 GI: 691193367

[ Piper magnibaccum voucher A. Chaveerach 5.2 maturase K (matK) gene, partial cds; chloroplast
19. 796 bp linear DNA
Accession: KM0O74008.1 GI: 691193369

Piper nigrum vou
20. 796 bp linear DNA
Accession: KM074009.1 GI: 691193371

iper nigrum vou
21. 796 bp linear DNA
Accession: KM0O74010.1 GI: 691193373

[ | Piper pedicellatum var. eglandulatum voucher A. Chaveerach 181.1 maturase K (matK) gene, partial
22. cds: chloroplast

796 bp linear DNA

Accession: KM074011.1 GI: 691193375

23. cds; chloroplast

http:ifwww .ncbi.nim nih.govinuccore 2/5
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24,

25.

26.

27.

28.

29,

30.

31.

32.

35.

796 bp linear DNA
Accession: KM074012.1 GI: 691193377

Piper pendulispicum voucher A. Chaveerach 82 maturase K (matK) gene, partial cds; chloroplast
796 bp linear DNA
Accession: KM074013.1 GL 691193379

Piper phuwuaense voucher A. Chaveerach 46.1 maturase K (matK) gene, partial cds: chloroplast
796 bp linear DNA
Accession: KM074014.1 GI: 691193381

Piper phuwuaense voucher A. Chaveerach 46.2 maturase K (matK) gene, partial cds: chloroplast
796 bp linear DNA
Accession: KM074015.1 GIl: 691193383

Piper pilobracteatum voucher A. Chaveerach 41.1 maturase K (matK) gene, partial cds: chloroplast

796 bp linear DNA
Accession: KM074016.1 GIl: 691193385

Piper pilobracteatum voucher A. Chaveerach 41.2 maturase K (matK) gene, partial cds: chloroplast
796 bp linear DNA
Accession: KMO74017.1 Gl: 691193387

Piper pilobracteatum voucher A. Chaveerach 41.3 maturase K (matK) gene, partial cds; chloroplast
796 bp linear DNA
Accession: KM074018.1 GI: 691193389

Piper pilobracteatum voucher A. Chaveerach 41.4 maturase K (matK) gene, partial cds: chloroplast
796 bp linear DNA
Accession: KM074019.1 GI: 691193391

Piper polysyphonum voucher A. Chaveerach 94.1 maturase K (matK) gene, partial cds; chloroplast

796 bp linear DNA
Accession: KMO74020.1 GI: 691193393

iper po phonum vou

796 bp linear DNA
Accession: KMO74021.1 Gl: 691193395

796 bp linear DNA
Accession: KM0O74022.1 Gl: 691193397

Piper sarmentosum voucher A. Chaveerach 18.1 maturase K (matK) gene, partial cds; chloroplast
796 bp linear DNA
Accession: KM074023.1 Gl: 691193399

Piper sarmentosum voucher A. Chaveerach 18.2 maturase K (matK) gene, partial cds: chloroplast
796 bp linear DNA
Accession: KM074024.1 GI: 691193401

hittp:ffwww.ncbi.nim.nih.govinuccore 35
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[} Piper sylvaticum voucher A. Chaveerach 4.1 maturase K (matK) gene, partial cds; chloroplast

36. 796 bp linear DNA
Accession: KMO74025.1 GI: 691193403

| Piper sylvaticum voucher A. Chaveerach 4.2 maturase K (matK) gene, partial cds: chloroplast
37. 796 bp linear DNA
Accession: KM074026.1 Gl: 691193405

| Piper sylvestre voucher A. Chaveerach 8.1 maturase K ( n ial cds; chloropl
38. 796 bp linear DNA
Accession: KMO74027.1 GI: 691193407

[ | Piper sylvestre voucher A. Chaveerach 8.2 maturase K (matK) gene, partial cds; chloroplast
39. 796 bp linear DNA
Accession: KM074028.1 Gl: 691193409

'] Piper thomsonii var. trichostigma voucher A. Chaveerach 229 maturase K (matK) gene, partial cds:
40. chloroplast

796 bp linear DNA

Accession: KM074029.1 Gl 691193411

[} Piper wallichii voucher A. Chaveerach 91.1 maturase K (matK) gene, partial cds; chloroplast
41. 796 bp linear DNA
Accession: KM074030.1 Gl: 691193413

[} Piper wallichii voucher A. Chaveerach 91.2 maturase K (matK) gene, partial cds: chloroplast
42. 796 bp linear DNA
Accession: KM074031.1 Gl: 691193415

[ | Piper protrusum voucher A. Chaveerach 100.1 maturase K (matK) gene, partial cds; chioroplast
43. 796 bp linear DNA
Accession: KM074032.1 Gl 691193417

[ ] Piper protrusum voucher A. Chaveerach 100.2 maturase K (matK) gene, partial cds; chloroplast
44. 796 bp linear DNA
Accession: KM074033.1 GI: 691193419

[ | Piper retrofractum voucher A. Chaveerach 9 maturase K (matK) gene. partial cds: chloroplast

45. 796 bp linear DNA
Accession: KM074034.1 GI: 691193421

(] Piper mutabile voucher A. Chaveerach 52 maturase K (matK) gene, partial cds: chloroplast
46. 796 bp linear DNA
Accession: KM074035.1 Gl: 691193423

|| Piper betloides voucher A. Chaveerach 47 maturase K (matK) gene. partial cds: chloroplast
47. 723 bp linear DNA
Accession: KM088135.1 Gl: 697065591

(| Piper crocatum voucher A. Chaveerach 12 maturase K (matK) gene, partial cds: chloroplast

httpliwww .ncbi.nim.nih.govinuccore 4/5
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48. 589 bp linear DNA
Accession: KM098136.1 GI: 697057998

| Piper argyrites voucher A. Chaveerach 126 maturase K (matK) gene, partial cds; chloroplast
49. 566 bp linear DNA
Accession: KM098137.1 Gl: 697057999

[ | Piper betle voucher A. Chaveerach 314 maturase K (matK) gene. partial cds: chloroplast
50. 553 bp linear DNA
Accession: KM098138.1 GI: 697058001

(] Piper semi-immersum voucher A. Chaveerach 115 maturase K (matK) gene, partial cds: chloroplast
51. 758 bp linear DNA
Accession: KM098139.1 Gl: 697065596

[ Piper submultinerve voucher A. Chaveerach 223 maturase K (matK) gene, partial cds; chloroplast
52. 773 bp linear DNA
Accession: KM098140.1 Gl: 697065598

1 Piper tricolor voucher A. Chaveerach 64 maturase K (matK) gene, partial cds; chloroplast
53. 773 bp linear DNA
Accession: KM098141.1 Gl: 697065600

] Piper yinkiangense voucher A. Chaveerach 133 maturase K (matK) gene, partial cds; chloroplast
54. 773 bp linear DNA
Accession: KM098142.1 Gl 697065602

[1 Piper betle voucher A. Chaveerach 16 maturase K (matK) gene, partial cds: chloroplast
55. 773 bp linear DNA
Accession: KM098143.1 Gl: 697065604

[ Piper betle voucher A. Chaveerach 341 maturase K (matK) gene, partial cds: chloroplast

56. 763 bp linear DNA
Accession: KM098144 .1 Gl: 6970656086

hittp:ffwww.ncbi.nim.nih.govinuccore 55
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'Nucleotide v | Piper Thailand rbcL

Display Settings:  Summary, 100 per page, Sorted by Accession

Results: 63

2.

3.

4.

6.

9.

Piper semi-immersum ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) gene,
partial cds: chloroplast

517 bp linear DNA

Accession: JO248066.1 GIl: 383385907

(rbcL) gene, partial sequence. chloroplast
536 bp linear DNA
Accession: JO248067.1 Gl: 383385909

Piper crocatum ribulose-1.5-bisphosphate carboxylase/oxygenase large subunit (rbclL) gene, partial
cds: chloroplast

521 bp linear DNA

Accession: JQ248068.1 Gl: 383385910

Piper submultinerve ribulose-1.5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene,
partial cds: chloroplast

516 bp linear DNA

Accession: JO248069.1 Gl: 383385912

Piper tricolor ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbel) gene, partial
cds; chloroplast

529 bp linear DNA

Accession: JQ248070.1 Gl: 383385914

(rbcl) gene, partial sequence; chloroplast
549 bp linear DNA
Accession: JQ248071.1 Gl: 383385916

Piper betloides ribulose-1.5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial
cds; chloroplast

533 bp linear DNA

Accession: JQ248072.1 Gl 383385917

Piper vinkiangense ribulose-1.5-bisphosphate carboxylase/oxygenase large subunit (rbel) gene
partial cds: chloroplast

510 bp linear DNA

Accession: JQ248073.1 Gl: 383385919

Piper betle ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbel) gene, partial cds;
chloroplast

509 bp linear DNA

hitp:/fwww .ncbi.nlm.nih.govinuccore nm
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Accession: JO248074.1 Gl: 383385921

| Piper betle voucher A. Chaveerach 319 ribulose-1,5-bisphosphate carboxylase/oxygenase large
10. subunit (rbcl) gene, partial cds; chloroplast

526 bp linear DNA

Accession: JX291976.1 Gl: 404435959

[ | Piper betle voucher A. Chaveerach 340 ribulose-1.5-bisphosphate carboxylase/oxygenase large
11. subunit (rbcL) gene, partial cds: chloroplast

427 bp linear DNA

Accession: JX291977.1 Gl: 404435961

[ | Piper argyrites voucher A. Chaveerach 11 ribulose-1,5-bisphosphate carboxylase/oxygenase large
12. subunit (rbcl) gene, partial cds: chloroplast

420 bp linear DNA

Accession: JX291978.1 Gl: 404435963

(| Piper pendulispicum voucher A. Chaveerach 6 i
13. large subunit (rbecL) gene, partial cds: chloroplast
499 bp linear DNA

Accession: JX291979.1 Gl: 404435965

[} Piper argyrites voucher A. Chaveerach 11 ribulose-1,5-bisphosphate carboxylase/oxygenase large
14. subunit (rbclL) gene, partial cds; chloroplast

551 bp linear DNA

Accession: KM055126.1 Gl: 685848467

[ 1 Piper boehmeriifolium voucher A. Chaveerach 2.1 ribulose-1.5-bisphosphate carboxylase/oxygenase
15. large subunit (rbcL) gene. partial cds; chloroplast

556 bp linear DNA

Accession: KM055127.1 GI: 685848469

[ | Piper boehmeriifolium voucher A. Chaveerach 2.2 ribulose-1.5-bisphosphate carboxylase/oxygenase
16. large subunit (rbel) gene, partial cds: chloroplast

551 bp linear DNA

Accession: KM055128.1 GI: 685848471

[l Piper caninum voucher A. Chaveerach 79.1 ribulose-1.5-bisphosphate carboxylase/oxygenase large
17. subunit (rbcL) gene, partial cds; chloroplast

553 bp linear DNA
Accession: KM055129.1 Gl: 685848473

| Piper caninum voucher A. Chaveerach 79.2 ribulose-1.5-bisphosphate carboxylase/oxygenase large
18. subunit (rbel) gene, partial cds: chloroplast

551 bp linear DNA

Accession: KM055130.1 GIl. 685848475

[ | Piper colubrinum voucher A. Chaveerach 19 ribulose-1,5-bisphosphate carboxylase/oxygenase large

19. subunit (rbel) gene, partial cds; chloroplast
553 bp linear DNA
Accession: KM055131.1 Gl 685848477

hitp:/fwww .ncbi.nlm.nih.govinuccore 27
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20.

21.

22,

23.

24.

25.

26.

27.

28.

29,

hitp:/fwww .ncbi.nlm.nih.govinuccore

Piper dominantinervium voucher A. Chaveerach 43.1 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast

550 bp linear DNA

Accession: KM055132.1 Gl 685848479

Piper dominantinervium voucher A. Chaveerach 43.2 ribulose-1,5-bisphosphate
arboxylase/oxygenase large subunit (rb gene, partial cds; chloropla

550 bp linear DNA

Accession: KM055133.1 Gl: 685848481

REr NONCRKONAense Vo Ner A Naveerachn oo

large subunit (rbcl) gene, partial cds: chloroplast
551 bp linear DNA
Accession: KM055134.1 Gl 685848483

Piper hongkongense voucher A. Chaveerach 68.2 ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcl) gene, partial cds; chloroplast

551 bp linear DNA

Accession: KM055135.1 Gl 685848485

Piper khasianum voucher A. Chaveerach 149.1 ribulose-1.5-bisphosphate carboxylase/oxygenase

large subunit (rbcl) gene, partial cds: chloroplast
553 bp linear DNA
Accession: KM055136.1 Gl: 685848487

Piper khasianum voucher A. Chaveerach 149.2 ribulose-1.5-bisphosphate carboxylase/oxygenase

large subunit (rbcl) gene, partial cds: chloroplast
551 bp linear DNA
Accession: KM055137.1 Gl: 685848489

Piper kraense voucher A. Chaveerach 134.1 ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbel) gene, partial cds: chloroplast

553 bp linear DNA

Accession: KM055138.1 Gl: 685848491

Piper kraense voucher A. Chaveerach 134.2 ribulose-1.5-bisphosphate carboxylase/oxygenase large
subunit (rbeL) gene, partial cds: chloroplast

550 bp linear DNA

Accession: KM055139.1 GI: 685848493

Piper longum voucher A. Chaveerach 3.1 ribulose-1,5-bisphosphate carboxylase/oxygenase large
bunit (rbl ! el

551 bp linear DNA

Accession: KM055140.1 GI: 685848495

Piper longum voucher A. Chaveerach 3.2 ribulose-1,5-bisphosphate carboxylase/oxygenase large

subunit (rbel) gene. partial cds: chloroplast
551 bp linear DNA
Accession: KM055141.1 GIl: 685848497
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30.

31.

32.

35.

7.

38.

B

hitp:/fwww .ncbi.nlm.nih.govinuccore

Piper argyrites voucher A. Chaveerach 126 ribulose-1,5-bisphosphate carboxylase/oxygenase large

subunit (rbcL) gene, partial cds; chloroplast
546 bp linear DNA
Accession: KM055142.1 GIl: 685848499

Piper magnibaccum voucher A. Chaveerach 5.1 ribulose-1,5-bisphosphate carboxylase/oxygenase
550 bp linear DNA
Accession: KM055143.1 Gl: 685848501

per magnibaccum voucher A, Chaveerach

large subunit (rbcl) gene, partial cds: chloroplast
550 bp linear DNA
Accession: KM055144.1 GI: 685848503

Piper montium voucher A. Chaveerach 7.1 ribulose-1,5-bisphosphate carboxylase/oxygenase large

subunit (rbcL) gene, partial cds; chloroplast
550 bp linear DNA
Accession: KM055145.1 Gl: 685848505

Piper montium voucher A. Chaveerach 7.2 ribulose-1.5-bisphosphate carboxylase/oxygenase large

subunit (rbel) gene, partial cds: chloroplast
556 bp linear DNA
Accession: KM055146.1 Gl 685848507

Piper mutabile voucher A. Chaveerach 52.1 ribulose-1.5-bisphosphate carboxylase/oxygenase la

subunit (rbel) gene, partial cds: chloroplast
556 bp linear DNA
Accession: KM055147.1 Gl: 685848509

Piper mutabile voucher A. Chaveerach 52.2 ribulose-1,5-bisphosphate carboxylase/oxygenase large

subunit (rbel) gene, partial cds: chloroplast
550 bp linear DNA
Accession: KM055148.1 GI: 685848511

Piper nigrum voucher A. Chaveerach 17.1 ribulose-1.5-bisphosphate carboxylase/oxygenase large
subunit (rbeL) gene, partial cds: chloroplast

550 bp linear DNA

Accession: KM055149.1 GI: 685848513

Piper nigrum voucher A. Chaveerach 17.2 ribulose-1,5-bisphosphate carboxylase/oxygenase large
bunit (rhel 5 el

542 bp linear DNA

Accession: KM055150.1 GI: 685848515

Piper pedicellatum var. eglandulatum voucher A. Chaveerach 181.1 ribulose-1.5-bisphosphate
carboxylase/oxygenase large subunit (rbcl ) gene. partial cds; chloroplast

550 bp linear DNA
Accession: KM055151.1 GI: 685848517
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40.

41.

42,

43.

45.

47.

48.

49.

hitp:/fwww .ncbi.nlm.nih.govinuccore

Piper pedicellatum var. eglandulatum voucher A. Chaveerach 181.2 ribulose-1.5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast

551 bp linear DNA

Accession: KM055152.1 Gl: 685848519

Piper pendulispicum voucher A. Chaveerach 82 ribulose-1.5-bisphosphate carboxylase/oxygenase
551 bp linear DNA
Accession: KM055153.1 Gl: 685848521

per phuwuaense vaucher A, Chaveerach 46 i
large subunit (rbcl) gene, partial cds: chloroplast
551 bp linear DNA

Accession: KM055154.1 GI: 685848523

Piper phuwuaense voucher A. Chaveerach 46.2 ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbel) gene, partial cds; chloroplast

542 bp linear DNA

Accession: KM055155.1 Gl 685848525

Piper pilobracteatum voucher A. Chaveerach 41.1 ribulose-1.5-bisphosphate carboxylase/oxygenase

large subunit (rbcl) gene, partial cds: chloroplast
550 bp linear DNA
Accession: KM055156.1 Gl: 685848527

Piper pilobracteatum voucher A. Chaveerach 41.2 ribulose-1.5-bisphosphate carboxylase/oxygenase
large subunit (rbcl) gene, partial cds: chloroplast

552 bp linear DNA

Accession: KM055157.1 Gl: 685848529

Piper pilobracteatum voucher A. Chaveerach 41.3 ribulose-1,5-bisphosphate carboxylase/oxygenase

large subunit (rbel) gene, partial cds: chloroplast
525 bp linear DNA
Accession: KM055158.1 GI: 685848531

Piper pilobracteatum voucher A. Chaveerach 41.4 ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcl) gene, partial cds: chloroplast

536 bp linear DNA

Accession: KM055159.1 GI: 685848533

Piper polysyphonum voucher A. Chaveerach 94.1 ribulose-1.5-bisphosphate carboxylase/oxygenase

large subunit (rbel) gene, partial cds: chloroplast
551 bp linear DNA
Accession: KM055160.1 Gl: 685848535

Piper polysyphonum voucher A. Chaveerach 94.2 ribulose-1.5-bisphosphate carboxylase/oxygenase
large subunit (rbcl) gene. partial cds; chloroplast

543 bp linear DNA
Accession: KM055161.1 GI: 685848537
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50.

51.

52.

54.

55.

57.

58.

59.
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Piper ribesioides voucher A. Chaveerach 1 ribulose-1,5-bisphosphate carboxylase/oxygenase large

subunit (rbcL) gene, partial cds; chloroplast
550 bp linear DNA
Accession: KM055162.1 GIl: 685848539

Piper sarmentosum voucher A. Chaveerach 18.1 ribulose-1,5-bisphosphate carboxylase/oxygenase
551 bp linear DNA
Accession: KM055163.1 Gl: 685848541

D E Al TTENI0 (11 VO T A naveeracn 1o

large subunit (rbcl) gene, partial cds: chloroplast
550 bp linear DNA
Accession: KM055164.1 GI: 685848543

Piper sylvestre voucher A. Chaveerach 8.1 ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) gene, partial cds; chloroplast

550 bp linear DNA

Accession: KM055165.1 Gl 685848545

Piper sylvestre voucher A. Chaveerach 8.2 ribulose-1.5-bisphosphate carboxylase/oxygenase large

subunit (rbel) gene, partial cds: chloroplast
540 bp linear DNA
Accession: KM055166.1 Gl: 685848547

i ii i j [) [ AVE 4 i
carboxylase/oxygenase large subunit (rbel) gene, partial cds: chioroplast

542 bp linear DNA
Accession: KM055167.1 Gl 685848549

Piper umbellatum voucher A. Chaveerach 14.1 ribulose-1.5-bisphosphate carboxylase/oxygenase

large subunit (rbel) gene, partial cds: chloroplast
550 bp linear DNA
Accession: KM055168.1 GI: 685848551

Piper umbellatum voucher A. Chaveerach 14.2 ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcl) gene, partial cds: chloroplast

553 bp linear DNA
Accession: KM055169.1 GI: 685848553

Piper wallichii voucher A. Chaveerach 91.1 ribulose-1.5-bisphosphate carboxylase/oxygenase large

subunit (rbel) gene, partial cds: chloroplast
556 bp linear DNA
Accession: KM055170.1 Gl: 685848555

Piper wallichii voucher A. Chaveerach 91.2 ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbel) gene. partial cds: chloroplast

521 bp linear DNA

Accession: KM055171.1 GI: 685848557
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[ Piper protrusum voucher A. Chaveerach 100.1 ribulose-1.5-bisphosphate carboxylase/oxygenase
60. large subunit (rbcLl) gene, partial cds; chloroplast

554 bp linear DNA

Accession: KM055172.1 GI: 685848559

[ Piper protrusum voucher A. Chaveerach 100.2 ribulose-1.5-bisphosphate carboxylase/oxygenase
61. large subunit (rbcl) gene, partial cds: chloroplast

524 bp linear DNA

Accession: KM055173.1 Gl: 685848561

| Piper sylvaticum voucher A. Chaveerach 4 ribulose-1.5-bisphosphate carboxylase/oxygenase large
62. subunit (rbel) gene. partial cds; chloroplast
524 bp linear DNA
Accession: KM055174.1 GI: 685848563

[ Piper retrofractum voucher A. Chaveerach 9 ribulose-1,5-bisphosphate carboxylase/oxygenase large
63. subunit (rbeL) gene, partial cds; chloroplast

550 bp linear DNA

Accession: KM055175.1 Gl 685848565

hitp:/fwww .ncbi.nlm.nih.govinuccore K
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Nucleotide v ||Piper Thailand psbA

Display Settings:  Summary, 100 per page, Sorted by Accession

Results: 71

| Piper nigrum PsbA (psbA) gene, partial cds; psbA-trnH intergenic spacer. complete sequence: and
1. {RNA-His (trnH) gene, partial sequence; chloroplast
285 bp linear DNA
Accession: GQ891994.1 GIl: 261279725

[ Piper sarmentosum PsbA (psbA) gene, partial cds: psbA-trnH intergenic spacer. complete
2. sequence; and tRNA-His (irnH) gene, partial sequence: chloroplast

280 bp linear DNA

Accession: GQ891995.1 GI: 261279727

| Piper betle PsbA (psbA) gene. partial cds: psbA-trnH intergenic spacer. complete sequence: and
3. tRNA-His (trnH) gene, partial sequence; chloroplast
258 bp linear DNA
Accession: GQ891996.1 GI: 261279729

Piper pendulispicum PsbA (psbA) gene. partial cds; psbA-trnH intergenic spacer. complete
4. sequence; and tRNA-His (irnH) gene, partial sequence; chloroplast

277 bp linear DNA

Accession: GQ891997.1 GIl: 261279731

[ Piper retrofractum PsbA (psbA) gene. partial cds: psbA-trnH intergenic spacer, complete sequence:
5. and tRNA-His (trnH) gene. partial sequence: chloroplast

298 bp linear DNA

Accession: GQ891998.1 GI: 261279733

| Piper ribesicides PsbA-like (psbA) gene. partial sequence; psbA-trnH intergenic spacer. complete
6. sequence: and tRNA-His (irnH) gene, partial sequence: chloroplast

315 bp linear DNA

Accession: GQ891999.1 GI: 261279735

_| Piper colubrinum PsbA-like (psbA) gene, partial sequence: psbA-trnH intergenic spacer, complete
7. sequence; and tRNA-His (trnH) gene, partial sequence; chloroplast

264 bp linear DNA
Accession: GQ892000.1 GI: 261279736

| Piper sp. Pi-B PsbA (psbA) gene, partial cds: psbA-trnH intergenic spacer. complete sequence; and
8. {RNA-His (trnH) gene, partial sequence; chloroplast
324 bp linear DNA
Accession: GQ892001.1 GI: 261279737

[ | Piper protrusum PsbA-like (psbA) gene. partial sequence; psbA-trnH intergenic spacer. complete
9. seguence; and tRNA-His (irnH) gene, partial sequence: chloroplast

265 bp linear DNA

http:/fwww.ncbi.nlm.nih.gov/nuccore 1/8
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Accession: GU980900.1 GI: 300872239

[|  Piper semi-immersum voucher A. Chaveerach 115 PsbA (psbA) gene. partial cds; psbA-trnH
10. intergenic spacer, complete sequence: and tRNA-His (trnH) gene. partial sequence: chloroplast
265 bp linear DNA
Accession: JQ248045.1 Gl: 378756952

] Piper argyrites voucher A. Chaveerach 126 PsbA (psbA) gene, partial cds; psbA-irnH intergenic
11. spacer. complete sequence; and tRNA-His (trnH) gene, partial sequence: chloroplast

253 bp linear DNA
Accession: JQ248046.1 Gl: 378756954

[ ] Piper crocatum voucher A. Chaveerach 12 PsbA (psbA) gene. partial cds: psbA-trnH intergenic
12. spacer. complete sequence: and tRNA-His (irnH) gene. partial sequence: chloroplast

277 bp linear DNA

Accession: JQ248047.1 Gl: 378756956

[ Piper submultinerve voucher A. Chaveerach 223 PsbA (psbA) gene, partial cds; psbA-trnH
13. intergenic spacer, complete sequence; and tRNA-His (trnH) gene, partial sequence; chloroplast
255 bp linear DNA
Accession: JQ248048.1 Gl: 378756958

| Piper fricolor voucher A. Chaveerach 64 PsbA (psbA) gene, partial cds: psbA-trnH intergenic
14. spacer. complete sequence: and tRNA-His (irnH) gene. partial sequence: chloroplast

283 bp linear DNA

Accession: JQ248049.1 GIl: 378756960

| Piper betle voucher A. Chaveerach 314 PsbA (psbA) gene, partial cds; psbA-trnH intergenic
15. spacer. complete sequence; and tRNA-His (irnH) gene, partial sequence: chloroplast

254 bp linear DNA

Accession: JQ248050.1 GI: 378756962

| Piper betloides voucher A. Chaveerach 171 PsbA (psbA) gene. partial cds: psbA-trnH intergenic
16. spacer. complete sequence; and tRNA-His (irnH) gene. partial sequence: chloroplast

264 bp linear DNA

Accession: JQ248051.1 Gl: 378756964

] Piper yinkiangense voucher A. Chaveerach 133 PsbA (psbA) gene, partial cds: psbA-trnH
17. intergenic spacer, complete sequence; and tRNA-His (trnH) gene, partial sequence; chloroplast
264 bp linear DNA
Accession: JQ248052.1 Gl: 378756966

[ Piper betle voucher A. Chaveerach 16 PsbA (psbA) gene, partial cds: psbA-trnH intergenic spacer

18. complete sequence: and tRNA-His (irnH) gene. partial sequence: chloroplast
280 bp linear DNA
Accession: JQ248053.1 GIl: 378756968

[ | Piper betle voucher A. Chaveerach 319 PsbA (psbA) gene, partial cds; psbA-trnH intergenic
19. spacer. complete sequence; and tRNA-His (trnH) gene, partial sequence; chloroplast
252 bp linear DNA
Accession: JX442925.1 GI: 407750880
http://www.ncbi.nlm.nih.gov/nuccore 218
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Piper betle voucher A. Chaveerach 340 PsbA (psbA) gene, partial cds; psbA-trnH intergenic
spacer, complete sequence; and tRNA-His (trnH) gene. partial sequence; chloroplast

256 bp linear DNA

Accession: JX442926.1 GI. 407750882

Piper argyrites voucher A. Chaveerach 11 PsbA (psbA) gene. partial cds: psbA-trnH intergenic
spacer. complete sequence: and tRNA-His (trnH) gene. partial sequence: chloroplast

256 bp linear DNA

Accession: JX442927.1 Gl: 407750884

Piper pendulispicum voucher A. Chaveerach 673 PsbA (psbA) gene, partial cds; psbA-trnH

intergenic spacer. complete sequence; and tRNA-His (trnH) gene. partial sequence: chloroplast
255 bp linear DNA
Accession: JX442928.1 GI: 407750886

Piper argyrites voucher A. Chaveerach 11 PsbA (psbA) gene. partial cds: and psbA-trnH intergenic
spacer, partial sequence; chloroplast

287 bp linear DNA

Accession: KM055176.1 Gl: 685848567

Piper boehmeriifolium voucher A. Chaveerach 2.1 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer, partial sequence; chloroplast

294 bp linear DNA

Accession: KM055177.1 GIl: 685848569

Piper boehmeriifolium voucher A. Chaveerach 2.2 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer. partial sequence: chloroplast

289 bp linear DNA

Accession: KM055178.1 GIl: 685848571

Piper caninum voucher A. Chaveerach 79.1 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer. partial sequence: chloroplast

292 bp linear DNA

Accession: KM055179.1 Gl: 685848573

Piper caninum voucher A. Chaveerach 79.2 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer. partial sequence: chloroplast

291 bp linear DNA

Accession: KM055180.1 Gl: 685848575

Piper dominantinervium voucher A. Chaveerach 43.1 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer. partial sequence; chloroplast

303 bp linear DNA

Accession: KM055181.1 GIl: 685848577

Piper dominantinervium voucher A. Chaveerach 43.2 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer, partial sequence; chloroplast

293 bp linear DNA
Accession: KM055182.1 Gl: 685848579

http:/fwww.ncbi.nlm.nih.gov/nuccore 3/8
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30.

31.

32.

33.

35.

36.

37.

38.

39.

Piper hongkongense voucher A. Chaveerach 68.1 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer, partial sequence: chloroplast

288 bp linear DNA

Accession: KM055183.1 Gl: 685848581

Piper hongkongense voucher A. Chaveerach 68.2 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer, partial sequence: chloroplast

300 bp linear DNA

Accession: KM055184.1 Gl: 685848583

Piper khasianum voucher A. Chaveerach 149.1 PsbA (psbA) gene. partial cds; and psbA-trnH
intergenic spacer, partial sequence: chloroplast

297 bp linear DNA

Accession: KM055185.1 Gl: 685848585

Piper khasianum voucher A. Chaveerach 149.2 PsbA (psbA) gene, partial cds: and psbA-trnH
intergenic spacer, partial sequence; chloroplast

297 bp linear DNA

Accession: KM055186.1 GIl: 685848587

Piper kraense voucher A. Chaveerach 134.1 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer. partial sequence; chloroplast

289 bp linear DNA

Accession: KM055187.1 Gl: 685848589

Piper kraense voucher A. Chaveerach 134.2 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer. partial sequence: chloroplast

297 bp linear DNA

Accession: KM055188.1 Gl: 685848591

Piper longum voucher A. Chaveerach 3.1 PsbA (psbA) gene, partial cds; and psbA-trnH intergenic
spacer, partial sequence: chloroplast

301 bp linear DNA

Accession: KM055189.1 GIl: 685848593

Piper longum voucher A. Chaveerach 3.2 PsbA (psbA) gene. partial cds: and psbA-trnH intergenic
spacer. partial sequence: chloroplast

290 bp linear DNA

Accession: KM055190.1 Gl: 685848595

Piper argyrites voucher A. Chaveerach 126 PsbA (psbA) gene. partial cds; and psbA-trnH
intergenic spacer, partial sequence: chloroplast

293 bp linear DNA

Accession: KM055191.1 Gl: 685848597

Piper magnibaccum voucher A. Chaveerach 5.1 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer, partial sequence; chloroplast

285 bp linear DNA

Accession: KM055192.1 Gl: 685848599
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40.

41.

42.

43.

45.

46.

47.

48.

49.

Piper magnibaccum voucher A. Chaveerach 5.2 PsbA (psbA) gene. partial cds; and psbA-trnH
intergenic spacer, partial sequence; chloroplast

293 bp linear DNA

Accession: KM055193.1 Gl: 685848601

Piper montium voucher A. Chaveerach 7.1 PsbA (psbA) gene, partial cds: and psbA-irnH intergenic
spacer. partial sequence; chloroplast

285 bp linear DNA

Accession: KM055194.1 Gl: 685848603

Piper montium voucher A. Chaveerach 7.2 PsbA (psbA) gene, partial cds; and psbA-trnH intergenic
spacer, partial sequence; chloroplast

281 bp linear DNA

Accession: KM055195.1 GIl: 685848605

Piper mutabile voucher A. Chaveerach 52.1 PsbA (psbA) gene, partial cds: and psbA-trnH
intergenic spacer, partial sequence; chloroplast

297 bp linear DNA

Accession: KM055196.1 Gl: 685848607

Piper mutabile voucher A. Chaveerach 52.2 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer, partial sequence; chloroplast

307 bp linear DNA

Accession: KM055197.1 Gl: 685848609

Piper nigrum voucher A. Chaveerach 17.1 PsbA (psbA) gene. partial cds: and psbA-trnH intergenic
spacer, partial sequence; chloroplast

282 bp linear DNA

Accession: KM055198.1 GI: 685848611

Piper nigrum voucher A. Chaveerach 17.2 PsbA (psbA) gene, partial cds; and psbA-trnH intergenic
spacer, partial sequence; chloroplast

299 bp linear DNA

Accession: KM055199.1 GI: 685848613

Piper pedicellatum var. eglandulatum voucher A. Chaveerach 181.1 PsbA (psbA) gene. partial cds:
and psbA-trnH intergenic spacer. partial sequence: chloroplast

298 bp linear DNA

Accession: KM055200.1 Gl: 685848615

Piper pedicellatum var. eglandulatum voucher A. Chaveerach 181.2 PsbA (psbA) gene. partial cds;
and psbA-trnH intergenic spacer, partial sequence: chloroplast

299 bp linear DNA

Accession: KM055201.1 Gl: 685848617

Piper pendulispicum voucher A. Chaveerach 82 PsbA (psbA) gene, partial cds: and psbA-trnH
intergenic spacer, partial sequence; chloroplast

283 bp linear DNA

Accession: KM055202.1 Gl: 685848619

http:/fwww.ncbi.nlm.nih.gov/nuccore 5/8
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50.

51.

52.

53.

55.

56.

57.

58.

69.

Piper phuwuaense voucher A. Chaveerach 46.1 PsbA (psbA) gene. partial cds; and psbA-trnH
intergenic spacer, partial sequence: chloroplast

297 bp linear DNA

Accession: KM055203.1 Gl: 685848621

Piper phuwuaense voucher A. Chaveerach 46.2 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer, partial sequence: chloroplast

306 bp linear DNA

Accession: KM055204.1 Gl: 685848623

Piper pilobracteatum voucher A. Chaveerach 41.1 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer, partial sequence: chloroplast

302 bp linear DNA

Accession: KM055205.1 GI: 685848625

Piper pilobracteatum voucher A. Chaveerach 41.2 PsbA bA) gene, partial cds: and psbA-trnH
intergenic spacer. partial sequence: chloroplast

302 bp linear DNA

Accession: KM055206.1 Gl: 685848627

Piper pilobracteatum voucher A. Chaveerach 41.3 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer, partial sequence; chloroplast

299 bp linear DNA

Accession: KM055207.1 Gl: 685848629

Piper pilobracteatum voucher A. Chaveerach 41.4 PsbA (psbA) gene. partial cds; and psbA-trnH
intergenic spacer. partial sequence: chloroplast

286 bp linear DNA

Accession: KM055208.1 Gl: 685848631

Piper polysyphonum voucher A. Chaveerach 94.1 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer. partial sequence: chloroplast

302 bp linear DNA

Accession: KM055209.1 Gl: 685848633

Piper polysyphonum voucher A. Chaveerach 94.2 PsbA (psbA) gene, partial cds: and psbA-trnH
intergenic spacer. partial sequence: chloroplast

297 bp linear DNA

Accession: KM055210.1 GI: 685848635

Piper ribesioides voucher A. Chaveerach 1 PsbA (psbA) gene. partial cds; and psbA-trnH intergenic
spacer, partial sequence: chloroplast

291 bp linear DNA

Accession: KM055211.1 Gl: 685848637

Piper sarmentosum voucher A. Chaveerach 18.1 PsbA (psbA) gene. partial cds; and psbA-trnH
intergenic spacer, partial sequence; chloroplast

301 bp linear DNA

Accession: KM055212.1 Gl: 685848639

http://www.ncbi.nlm.nih.gov/nuccore 6/8
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60.

61.

62.

63.

65.

66.

67.

68.

69.

Piper sarmentosum voucher A. Chaveerach 18.2 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer, partial sequence; chloroplast

302 bp linear DNA

Accession: KM055213.1 Gl: 685848641

Piper sylvaticum voucher A. Chaveerach 4.1 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer. partial sequence: chloroplast

301 bp linear DNA

Accession: KM055214.1 Gl: 685848643

Piper sylvaticum voucher A. Chaveerach 4.2 PsbA (psbA) gene, partial cds; and psbA-trnH
intergenic spacer. partial sequence; chloroplast

297 bp linear DNA

Accession: KM055215.1 GIl: 685848645

Piper sylvestre voucher A. Chaveerach 8.1 PsbA bA) gene. partial cds: and psbA-trnH intergenic
spacer. partial sequence:; chloroplast

297 bp linear DNA

Accession: KM055216.1 Gl: 685848647

Piper sylvestre voucher A. Chaveerach 8.2 PsbA (psbA) gene, partial cds; and psbA-trnH intergenic
spacer, partial sequence; chloroplast

309 bp linear DNA

Accession: KM055217.1 Gl: 685848649

Piper thomsonii var. trichostigma voucher A. Chaveerach 299 PsbA (psbA) gene. partial cds: and
psbA-trnH intergenic spacer. partial sequence: chloroplast

291 bp linear DNA

Accession: KM055218.1 GIl: 685848651

Piper umbellatum voucher A. Chaveerach 14.1 PsbA (psbA) gene. partial cds; and psbA-trnH
intergenic spacer. partial sequence; chloroplast

283 bp linear DNA

Accession: KM055219.1 GI: 685848653

Piper umbellatum voucher A. Chaveerach 14.2 PsbA (psbA) gene. partial cds: and psbA-trnH
intergenic spacer. partial sequence: chloroplast

290 bp linear DNA

Accession: KM055220.1 Gl: 685848655

Piper wallichii voucher A. Chaveerach 91.1 PsbA (psbA) gene. partial cds; and psbA-trnH intergenic
spacer, partial sequence; chloroplast

292 bp linear DNA

Accession: KM055221.1 Gl: 685848657

Piper wallichii voucher A. Chaveerach 91.2 PsbA (psbA) gene. partial cds: and psbA-trnH intergenic
spacer, partial sequence; chloroplast

300 bp linear DNA

Accession: KM055222.1 Gl: 685848659

http:/fwww.ncbi.nlm.nih.gov/nuccore 7/8
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[ ] Piper protrusum voucher A. Chaveerach 100 PsbA (psbA) gene, partial cds; and psbA-trnH
70. intergenic spacer, partial sequence: chloroplast

294 bp linear DNA

Accession: KM055223.1 Gl: 685848661

[ Piper retrofractum voucher A. Chaveerach 9 PsbA (psbA) gene. partial cds: and psbA-trnH
71. intergenic spacer, partial sequence: chloroplast

293 bp linear DNA

Accession: KM055224.1 Gl: 685848663

http://www.ncbi.nlm.nih.gov/nuccore 8/8
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