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Study on Genetic Relationship Using Random Amplification of Polymorphic DNA (RAPD)

and Yield Comparisons, Biochemical Characteristics of Stevia rebaudiana Promising Line
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Abstract

Stevia (Stevia rebaudiana Bertoni) is a plant which high sweetness, but non-caloric. Now, stevioside
has been used incorporate it in numerous food products for conscious consumers and commonly grown in
the North of Thailand. This study was investigated genetic relationship, yields, biochemical characteristics such
as stevioside and antioxidant of stevia 3 clones; SMOL2 SMOL3and SMOL4. The experiments were designed to
RCBD with 7 replications under 2 locations 1) farmer's field in Samoeng district (700 meters above sea level)
and Chiang Mai Royal Agricultural Research Centre (Khun Wang at 1,300 meters above sea level) Chiang Mai
Province. Genetic relationship was analyzed by Random Amplification of Polymorphic DNA (RAPD) technique;

the result showed all of stevia 3 clones have been closely related genetic relationship but not the same
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clone. Clone SMOL3 has higher genetic similarity with SMOL4 than SMOL2. Yield and biochemical
characteristics were evaluated; the results showed fresh and dry weight of all stevia clones at 700 meters
above sea level was not significantly different. However, clones SMOL3 showed the highest fresh weight and
dry weight, but SMOL2 gave the highest of stevioside and antioxidant at 7.59 ¢/100g and 50.96 mg Trolox/g,
respectively and significant differences from other clones. While at 1300 meters above sea level, fresh and dry
weights and stevioside were not significantly different. SMOL2 showed high fresh weight at 618.84 kg/rai, dry
weight at 117.10 kg/rai, and steviside at 7.06 g/100g, but SMOL3 gave the highest antioxidant and significant
differences from other clones.

Keywords: stevia, yield, biochemical characteristics, stevioside
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Polymorphic DNA (RAPD) affafiuenamanuia 3 anedudeds PVP extraction method (USuldann Kim et al.,
1997) winvSinaiiduelagldinaiia Polymerase Chain Reaction (PCR) #ae tnsiues RAPD s1uau 11 lwsied
(Table 1) ndurhdiduefldluifiuyiinudediiongnlanodiuedisa Usznou fe 3 Junou (Table 2) udn
psRFevIInTURS weiRniinallddeBidnTnsTridal flaenlsanudutu 1.5 % Annesitoyanuduiug
yomguusiazanesu Tagthnandaiildannafinufinueusseufitongnlsweawedisa uiuisuifisuany
aduadlusziuugnssy Tnemsdasigidaelusunsu NTSYS 2.11a antumeanuduiusida iaunislngadns
wnunIAulillagds Neighbor-joining (NJ) fielusunsu Unweighted Pair Group Method with Arithmetic average
(UPGMA)

Table 1 RAPD primers used for amplification of Stevia genomic DNA in this study

No. Primer name Sequence
1 OPA-01 CAGGCCCTTC
2 OPA-02 TGCCGAGCTG
3 OPA-14 CTCGTGCTGG
a4 OPB-08 GTCCACACGG
5 OPB-12 CCTTGACGCA
6 OPD-18 GAGAGCCAAC
7 OPA-03 AGTCAGCCAC
8 OPB-10 CTGCTGGGAC
9 OPB-15 GGAGGGTGTT
10 OPD-09 CTCTGGAGAC
11 OPD-20 ACCCGGTCAC

Table 2 Optimized conditions for PCR amplifications

Steps involved (temperature °C) Time No. of cycles
Initial denaturation (94 °C) 5 min 1
Denaturation (94 °C) 30s 39
Annealing (34 °C) 40 s
Extension (72 °C) 1min 155
Final extension (72 °C) 7 min 1

2. Ugnviadoundi vy S1uau 3 @1esiu ldud aedu SMOL2 SMOL3 uay SMOL4 Tudwm¥adedlual #ufl
Sunoaniiis finmgs 700 was nseRu ML wazquitoinunvalaiaegesyuag fnngs 1,300 g
afiunsnegeuluginfounguniau 2566 f weuiiuau 2567 MNUNITIAABIMUUUABNdNANYSal (Randomized
Complete Block Design : RCB) $1uau 3 n3913% (anedw) n3suiiay 7 81 9 az 144 fu (S1u3u 4 uad 9 a2 36 fu)
fuilfuifer 8 msnawns seosUgn 25 x 25 lwuRwns (nsudvnsinees, 2565) Weflveny 135 Yundagn
sdunmaiutoyanandn Tiun dvinaandsluan uaztdmiinaendeluws

3. mIeEiUTInumsaRileludieiaiedasunnnnilveavaranssausge wisudog1siauUannis

283 Woelwer-Rieck uazamz (2010) Felungimnuuisnualunsazidenin 0.5 n5u adlunasaluuen (centrifuge
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ansazaneiiegesy nylon filtter vuaauazden 0.45 lulasuns udrhasiilaludnsesiseedadasulnnsil
youmaassuzas lngldredun C-18 vun 4.6 x 150 fadums 5 lunsou (Sunfire C18 , Waters) figaumgdl 36 o3
wadealunisuenans niata Mendewnsiatariialnlalalonense (Photodiode Array) finuenandu 210 wily
RS wimwnnUsinuasamlebed euivaisazarsuinsgiuaniteles Tugasamududy 5 - 100 lulasniuse
fadans Inszvliinuailolonluiiegang 1mnuuis lunihesesay (g/100g DW)

4. MAAnTEnvEFuoyLadaTEiIE38 DPPH (DPPH antioxidant assay) afnlungmufauuasainisves
Prommajak wazaay (2014) nedamsiegrslungunuiiunasdenundegnsay 0.5 n3u adlunaenfidUavuin 50
1addns Wnasanaleniueaiutuiesas 50 U3uns 25 adans mmfuﬁ’]lﬂLL‘ﬂué’Nﬂ’JUﬂquﬁQﬁ figaumad 50
ssrwadea WJunan 1 $alus wdnsesansazanefild srenszaunseaues 1 wavihansazaneiiatnldlussieauuia
felAdaanduszveuUUAYAINIA (rotary  evaporator)  Wagaraftuansafnue1uieasazals DMSO Usuns
5 faddns mnﬁumaauqménwéﬁuawaﬁaizﬁw%%ﬁﬁﬁLasu (DPPH radical scavenging) fintiasn1a1niseas Singh
wazAue (2002) lnainsenansazateiingsansanalunaulntiananuiduty 0.1-0.8 Jadnudeliaddns fae DMSO
waziAnasazane DPPH  wudu 0.1 adluans Usuias 3 Haddns waulidniu waswleuaisazateniunulagly
DMSO U3anms 0.1 fiadans uazifinansazans DPPH wusienfufiuansazanedogne denslsluiite Wunan 30 wiil
nduthansazaneidenld intadinsganduuasiininuenadu 515 uilues foadninslnlsfines teins
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%DPPH radical scavenging activity = {(Ay - Agmpte)/Actd X100
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5. MIBATIENTRYE

NTiATIENdeyaNaNan eI IMIULAREANEAUlAEN1TIATIEANLUTUTIY (analysis of variance;
ANOVA) ansn13Mnaadwuy Randomized Complete Block Design (RCB) W3suiflsuninuuansneseninsaniadeves
WiiaznIIUITEETT Least significant difference (LSD) wazn1simsevideyausunuasaiileled uazasiueyya
dasy 1AenN151ATIENAULUTUTIU (analysis of variance; ANOVA) snumsnaaeswuuguauysal (Completely
Randomized Design; CRD) \US8UMIEUAILLANANITE I 19ARRET0IWAAZNT5UIEETS Least significant difference

(LSD)

NawazINTalNanINAaD Y
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dlerhuauiiduevemamnui 3 aedu uiesviezuamaded Tnenstwaildandunounisin
PCR uniiAstvimnuduiusmsiugnssy ieaaduunugiaudusiusmaiugnssy (dendrogram) wudndian
é’uﬂixﬁwémﬁﬂﬂé’%maﬁluﬂw 0.43 - 0.64 lngvig)muangdu SMOL2 dewdaulnddniunisiugnssuivanesu
SMOL3 i 0.43 wazfedudanalnddadufuatesdu SMOLA 7 0.55 Turueiivgvinuanedu SMOL3 Sensudaiu
TndBavmaitugnssufivanediu SMOLA 7 0.62 (Table 3 and Figure 1) wansliiudmgauie 3 aeduiiaanalnddn
aiugnssy ualdliiugideniu wasnavnuaesiu SMOL3 danulndgaveiugnssuivanesiu SMOLA annndtany

fi SMOL2 &sgionaaeafiun1sfinunuad guaisaia wavame (2563) Nd151anasAnwdnyaen1edugIuing1veamg
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Table 3 Similarity matrix table of S. rebaudiana 3 samples

Samples SMOL2 SMOL3 SMOL4
SMOL2 1
SMOL3 0.428 1
SMOL4 0.547 0.642 1
SMOL2
SMOL3
SMOL4

r T T T J
0.49 053 0.57 0.60 0.64
Similarity Coefficient

Figure 1 Dendrogram shows the results of DNA band analysis of 3 Stevia using NTSYSpc version 2.11a
program
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(Table 4) uazUSnauansduayyadassaomamIui 3 aefuitinTesidaeds DPPH Tnsansdu SMOL2 fU3una
asiueyyadaszuniigauananafunnsainodsdidoddy sesaamnfe anediu SMOL3 way SMOLA FsiiuSunmans
éﬁuaq;ﬁaﬁaizﬁ 50.96, 45.77 way 37.49 mg Trolox/g (Table 4)

nanAnTwTIAUAE w5 At ludaadeungainieu 2566-feuiiuiay 2567 Uumansaiileles uaz
Uhinumsiusyyadaszvemiduuaeiuiindendgnitsriuaugaain seduiimeia 1,300 wes Wi wandn
Yrotinan dhainusts uarUSinaansaiilelasuomanmnuia 3 aedu liunnsnafunieadd Tnefiaedu sMoL2 1
NANAALIETNAR wazkanAAL MU sgeTian fo 618.84 wag 117.10 Alanfudels sesasunfie ndhmuaedy
SMOLA uaz SMOL3 #iliinandsluand 506.74 uaz 464.50 Alanfusiels nudiy wasnandmimiinuiadl 106.41 way
98.70 Alan3usiols mudiy drutBinaansailoled wud1 vamauanedy SMOL2 TUSinuansaiilelusuniian
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Trolox/g 5898911A® @efu SMOLA taz SMOL2 fg 39.59 uag 17.63 mg Trolox/g mua16u (Table 4) 31nA1T
yaaey wui Uinamesansaiileledlundvniuis 3 anedu fvgnluiiufigannseduimea 700 was T
ansamleledinnniiufigennssiudmeia 1,300 wes weiidlesanuinmuansaiilelediavaululungviutuey
fuaeius Taouas gungll uasUius e sz uenaniuudadewisuifisuilefifuinugadevenimin
WU HenAmvesemd gl 1,300 wesanszduimeia Sesdudmsgyidedosnimdmiuiiugn
Tududl 700 wasnsgduimeia Wesandunaveduuasaududuresiinuansiuegfuanmindenlunis
WigAule nsdamsuaznisquainu (Pal et al. 2015)  Kang uax Lee (1981) na1791 anmgilenniainasienis
WigAulauazn1sasanieivem M fiufl 1,300 wnsainszdutinzg flgamgfisinin dawalsinisazay
o dndnuiedsgeand uesiilesmnudmmuduiifuduiiitasiinged 13-14 $alus endmnuegly
anmiuiitugniazdamalifunaveslunasUiinaasaiiloledifiuanntu lumafeatu Guerrero waganiz (2018)
nai Vinaansaiiesalnalalesvemamiuiivgn 2 undausndnaiu lusagiinisiedyivlauastaweansiiu

eI liuansiney

Table 4 Total fresh leaves and dry leaves weight per rai which harvesting 5 times and Content of
stevioside and DPPH in three promising stevia clones cultivated in Chiang Mai province at 700 and 1,300

meters above sea level.

Yield/rai (kg) Stevioside content Antioxidant capacity
Fresh leaves Dry leaves (g/100g DW) (mg Trolox/g)
Promising line
1,300
700 m. 1,300 m. 700 m. 1,300 m. 700 m. 700 m. 1,300 m.
m.
SMOL2 11454 61884 170.00 117.10 7.59° 7.06 50.96"  17.63
SMOL3 1178.7 464.50 178.94 98.70 7.26ab 6.80 45.77b 48.88"
SMOL4 1139.9 506.74 172.61 106.41 7.01b 7.00 37.49° 39.59b
CV. (%) 12.86 33.58 11.57 39.69 3.73 6.24 0.70 8.26

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT.
dyuna
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o =

ffnennuIniign

AUBUAN

AMgEITETvRUANA TN UANENTTINTALASIINeIMIans ITenaruinnssy (anad.) dmsuuramu

o A

aduayuAdglunmsiTeuasimuinisuiang i gudideinunmaludeddnl aaduideiva nsuinnisinens

wnensnsdmsvanuitunisaiunuideluasell eaensudmihfidinerdemnrinuiatuayunisvhauidelidnsa

q

fen

d
The 3° National and 1" International Conference on Agricultural Innovation and Natural Resources



AN

2y

124

NE15D19D9

v
°o v a Y a

nsaAvInsneas. 2565, InadansadalunsufoRauise. fuiadeis. ddnfiuiAudy e uums. 51 i,

‘ququ%‘ YUNDI LAY FuYA LAYATAUNIAG. 2560. mamaqmiﬁmiamaﬂﬁﬁaiaﬂmﬁzyLa‘uim LAZNANANTDING NI Y
(Stevia rebaudiana Bertoni). 13a15AWNYAT 45 (HLew 1): 195-199.

UsgnANTVIsIas13alg (309 aieealnalales (aUufl 360) 1. 2556 Usznna i Tufl 8 nIngIAn w.A. 2556. A
N51AIIYLUNN 1dal 130 meudivy 91 1 Fuil 31 nsngIAu 2556

fiasly nan1eyaunss. 2555. v vumaden eguam. medvunduied aazindvaans  amAnendeudiog,
3 Wil

WS TnSadns, W51 yulns, 1w nesw, Junsiiiey wauwsuy, AIns A3un, dan1tad Bunsded uas
angya luadssa. 2563, N1sfnwIanuaeNIsdugIuInewarUSsuguUTIE TAAY YR, 9156873
NARNTIUNITNEAT 2(1): 67-78.

WBUN fUNse. 2558, Mg aﬂ,gulvﬁﬁﬁsamm LLﬁLﬂaulﬂﬁaa@mm 91119 45(3): 41-44.

Guerrero, A. B, Leticia, S. E., Itziar, D., Ignacio, I. and Julio, M. 2018. Steviol glycoside content dynamics during
the growth cycle of Stevia rebaudiana Bert. American Journal of Plant Sciences 9: 892-901.

Kang, KH and Lee, FW. 1981. Physio-ecological studies on Stevia (Stevia rebaudiana Bertoni). Korean Journal
of Crop Science 26: 69-89.

Kim, C. S., Lee, C. H,, Shin, J. S, Chung, Y. S. and Hyung, N. . 1997. A simple and rapid method for isolation of
high quality genomic DNA from fruit trees and conifers using PVP. Nucleic Acids Research 25(5): 1085-
1086.

Libik-Konieczny, M., Ewa, C., Edyta, K., Michal, D., Aleksandra, G. J., Elwira, S., and Laura, P. 2018. Growth,
development and steviol glycosides content in the relation to the photosynthetic activity of several
Stevia rebaudiana Bertoni strains cultivated under temperate climate conditions. Scientia Horticulturae
234: 10-18.

Pal, P. K, Rajender, K, Vipan, G., Mitali, M., Ramdeen, P., Vijaylata, P., Baljinder, S. G., Devinder, S., Gopi C,,
Bikram, S., Rakesh, D. S. and Paramvir, S. A. 2015. Crop-ecology and nutritional variability influence growth
and secondary metabolites of Stevia rebaudiana Bertoni. BMC Plant Biology 15(67): 1-16.

Prommajak, T., Surawang, S. and Rattanapanone, N. 2014. Ultrasonic-assisted extraction of phenolic and
antioxidative compounds from lizard tail (Houttuynia cordata Thunb). Songklanakarin Journal of Science
and Technology 36(1): 65-72.

Singh, R.P., KN.C,, Murty. and Jayaprakasha, G.K. 2002. Studies on the antioxidant activity of pomegranate
(Punica granatum) peel and seed extracts using in vitro models. Journal of Agricultural and Food
Chemistry 50(1): 81-86.

Woelwer-Rieck, U., Lankes, C., Wawrzum, A. and Wust, M. 2010. Improved HPLC method for the evaluation of
the major steviol glycosides in leaves of Stevia rebaudiana. European Food Research and Technology

231: 581-588.

d
The 3° National and 1" International Conference on Agricultural Innovation and Natural Resources



125
asAUsznauluusiuveuszvevasyadaunauazyatreannusemelng
Essential Oil Components of Etlingera pauciflora (Ridl.) R.M.Sm. and E. littoralis (K&nig)

Giseke from Thailand

.
1 =) s =

A Y 1 o 1
afgyey1 WA 53AMs RasAnyad uaz ¥aanT EuWUNIg

1* 1 1
Wongpia, A. , Luangsuphabool, T. and Samphunphuang, C.

dinideiaumalulag¥inim nadvinisinuas a.558n 0.5yu3 a.unusni 12110
1Biotechnology Research and Development Office, Department of Agriculture, Rangsit, Thanyaburi, Pathum Thani 12110

*Corresponding author: aphinya.wongpia@gmail.com
UNANED

fianaunduiivayulwsdugnoravanelndeegluiedls AvanaUavanevilafinsildduemmsuaseniiut

q q

N Yo o

agslsfaudnuanewiaddiidunddnundnvisiuassnaandsinanaznisunluldusslewl dewmgdddddne

U q
<

osUsznovludifunenssmevesiivanaya 2 ¥in Wi Yndeunas (€ paudiflora) waradns (€ littoralis) fusausam
rnfartaaga lavatmiiumenssmennluuasdduresioudnneidomaiautalasninn s f-usaunlnaues
iuveuszimevesyadounasiiug Inilu (68.21%) wazuean-Inilu (16.34%) \Juessiusznoundn vnmed
aaﬁ‘dﬁzﬂa‘uwé’ﬂluﬁﬂﬁumamsmaﬁmmwuiuﬂm%w lown 1,8-F000a (20.55%) LUdn-lnfiu (18.42%) woan-luilu
(15.65%) uazmdilu (13.69%) asdusznoviinsesildmaniifsadostuassmaaidsiinvesiafivanayn agndlsh
mudesdinisAnugrimedanimvesiuensemeiiieigniasswauniseivesiivanayasia 2 siiadeufiordauaiy
nsthlulduszloniluswan

[ =

AdAey: Nvanayn fwiedds Swinaga wialasulnnai-uuaanlngues
Abstract

Etlingera is a genus of herbaceous perennial plants belonging to the Zingiberaceae family. Several
species of Etlingera have been used as foods and folk medicines. However, many species do not know their
therapeutic properties and application widely. Hence, the volatile oil compositions of two Etlingera species
including E. pauciflora and E. littoralis, which were collected from Satun province, were studied. The essential
oils of leaves and stems of plant samples were extracted using the hydrodistillation method and then
analyzed by Gas Chromatography-Mass Spectrometry (GC-MS). The E. pauciflora essential oil contained
B-pinene (68.21%) and a-pinene (16.34%) as major components, whereas the dominant constituents detected
in E. littoralis volatile oil were 1,8-cineole (20.55%), B-pinene (18.42%), a-pinene (15.65%), and sabinene
(13.69%). These identified compounds would relate to the therapeutic attributes of Etlingera species.
However, the bioactivities of their volatile oils need to be further investigated to prove their medicinal
properties before being promoted to their application in the future.

Keywords: Etlingera, Zingiberaceae, Satun Province, Gas Chromatography-Mass Spectrometry
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Figure 1 Leafy shoots and leaves of E. pauciflora (A) and E. littoralis (B) collected from their native

habitat in the lower part of southern Thailand (C)
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Figure 2 GC-MS chromatograms of the essential oils extracted from E. pauciflora (A) and E. littoralis (B)
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Table 1 Essential oil constituents (% of total) of E. pauciflora and E. littoralis collected from Satun

province
% Constituent in each species
No RT  Compounds - - -
E. pauciflora E. littoralis
1 635 a-pinene 16.34 15.65
2 747 sabinene - 13.69
3 757 B-pinene 68.21 18.42
4 793 B-myrcene 0.65 2.02
5 835 a-phellandrene - 4.37
6 872 a-terpinene - 0.66
7 897 p-cymene - 1.01
8 9.10 limonene 2.16 3.63
9 9.29 18-cineole 6.50 20.55
10 10.06 vy-terpinene - 1.47
11 11.02 o-terpinolene - 0.74
12 11.52 linalool - 0.32
13 14.14 terpinene-4-ol 0.85 3.41
14 14.62 o-terpineol 2.62 2.27
15 2198 trans-caryophyllene 0.61 3.35
16 23.07 d-humulene - 0.72
others 3.95 10.05
¢-pinene p-pinene sabinene ¢-phellandrene
&
limonene 1,8-cineole ¢-terpineol

Figure 3 Structures of top five components identified from the volatile oils of E. pauciflora and E.

littoralis
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DNA Barcoding for Identification and Phylogenetic Relationship of Zingiber ottensii Valeton
in Southern Thailand
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’Jmmmiiuwmvl,wamLLau‘wmaﬂamwummq 7 Inglddueunslandumua /7S uay rps16 lumslasgiaudusiug
M9 TAns 99nsAne wudn duds 7S Suszansamgslunisszysialuad Seanmsadiuunlnadioonain
nszilefiana (Z spectabile) waznseiie (Z. zerumbet) Tuanizishuma 1ps16 Tianansaldlunisindwunlnan waz
nszfioeenainiuls ‘i]’]ﬂﬂ’]i’JLﬂ‘i”l”WJ’JWU’]misﬁ’]G\WHS‘UEJWHLL‘WIN ITS 93U rpsl6 lvflauidertu wazay
‘UfﬂL"\]iﬂ,umiiuUﬁm(ﬂW‘lﬂuﬁﬂasu\ﬂ,ﬂLW&J&J’Iﬂ"UL! uaﬂmﬂumwwmmauwuﬁmnmmmi%ﬂ,wammmuﬂ,ﬂamm
n3gie (Z. zerumbet) WNnNINNIzTaNad (Z. spectabile) %aaamﬂaaaﬂuaﬂwmuammwmﬂuawamammuwm
AdAy: lwar AueuIsAn MITAT LN AINENTLST TANNTS

Abstract

Phlai Dam (Zingiber ottensii) is a high-value medicinal plant that popular cultivated in the southemn
Thailand. Species identification of Zingiber genera have been difficult based on morphological characters
alone, especially in immature stage or herbal raw materials. The objective of this study is to test the efficiency
of DNA barcode loci for species identification and investigate on the phylogenetic relationships between Z
ottensii and other species within genus Zingiber. Two DNA loci of /TS and rps16 were chosen for phylogenetic
analysis. The /TS locus showed a high efficiency for identifying Z. ottensii species which could be separated Z
ottensii from Z. spectabile and Z. zerumbet. While the rps16 locus could not separate Z ottensii from Z.
zerumbet. Phylogenetic analysis based on combination of /TS and rps16 regions made confident and clear
identification of the species. In addition, the phylogenetic relationship of Z. ottensii was more closely related
to Z. zerumbet than Z. spectabile. Similar result was obtained from morphological characters of inflorescence
and rhizome.

Keywords: Zingiber ottensii, DNA barcoding, identification, phylogenetic relationship
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wadn (Zingiber ottensii Valeton) \Juiivdugnengnarsdinegluanals (Zingiber) fiduduialwede
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ANwENNEUFIINEUsALTEIDE 1R IﬂEJLQ‘W’]U’e]EJ’N?NI‘LﬁuEJuG]‘lJﬂa']‘lfliE]’mﬂ@Uﬁiiu'lWi dwsulwanluszezdund
Azildnwazadepdsiunsziie (Zingiber zerumbet (L.) Smith) (Larsen et al., 1999) LuammLmuimaumﬁua“uaﬂwmv
aneiu laglwacdadudunaduiazinindidiaemeudnani (Malek et al., 2005) Lma&m"l,ﬁﬂmuaﬂwmummmmu
WerAnaniauuUsiugInuladenig q #il#su (Pant et al,, 2021) auﬂﬁﬂ‘wLﬂmmmaumﬂ,umimmLLuﬂfuuWia
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Ushadindvauazraslsnaafduisnisideuthunldlunisinsuunsinvesitunonratssin (Kress et al,, 2005)
Immﬂ%ﬁamamﬁﬂuLaﬂamﬂﬁnmﬁLﬁuwmﬁé’mﬁ'mmvauﬁumﬁmﬁﬁuﬁwﬁ"umﬂ%’é’wmvmﬁé’mmﬁw‘&m]wu'wslﬁ
mmmﬁmmLLuﬂﬁjumwsﬂmamammm mmumiﬂﬂmwuﬁﬂiiﬂu‘ﬁvmuammmmmmiwamﬂuﬂivmﬂlmmmwm
ASANYIABUTNLDY muuiumsﬂﬂmmwﬁ]qmm"di anmwammaauﬂi SAvEnNasREuou TR TinzauTunig
dndunlnasi (Zingiber ottensii) aaﬂmﬂwszjaﬂamau 7 AldnwaradugineadeadstulagAnwaruduiug
Beiianmssenindlwadn (Zingiber ottensii) uazitvanads (Zingiber) wilagi1e 9 Lwamwmmﬂummauwuﬁmq
WugnIsuvaslna aﬂmmmummauau,ayLﬂmﬁmsmmﬂﬂi’ﬂumﬁwmLLuﬂﬂuumlwam (Zingiber ottensii) \ian1s
vawam (Zingiber ottensii) VLUI%UiuIEJ‘II‘LJVIOﬂGIEN

gunsaluazdsnns
nﬁstﬁuﬁaaeiﬁalwaﬁﬂu,a"miﬁnmé'nwm”maqumaﬂ%
mumamﬂ,wammﬂLmawmuwmﬂsuﬂiviwuLﬂuwszjauulwmmmmmmq q manaldvesUssinalneg
LLauwmanaﬂuwuaﬂwmyiﬂammmlwam mﬂuummamwﬂ,mmﬂmaﬂwmquamﬁwmwmLLauLﬂiaumwﬂmﬂ
TsmesirurazsiaiioliuszneuntsmageulsansnmlunisdasuunlagldaEuunldnuazesuismuduriudis
Iun1s (Table 1)

Table 1 Species and sample locations of Zingiber ottensii and related species used in this study

Scientific name ID Local name Location
Zingiber ottensii Valeton Z2 hlai Dam Sai Buri district, Pattani province
Zingiber ottensii Valeton Z3  Phlai Dam Sai Buri district, Pattani province
Zingiber ottensii Valeton Z9  Phlai Dam Saba Yoi district, Songkhla province
Zingiber ottensii Valeton Z14  Phlai Dam Sawi district, Chumphon province
Zingiber ottensii Valeton KT8  Phlai Dam Srinagarindra district, Phatthalung province
Zingiber cf. fragile S.Q.Tong 716 - Mueang Nakhon Nayok district, Nakhon Nayok province
Zingiber cf. fragile S.Q.Tong Z17 - Mueang Prachin Buri district, Prachin Buri province
Zingiber parishii Hook.f. Z19  Khing Phu Phan  Phu Ruea district, Loei province
Zingiber spectabile Griff. KT1  Kratue Philad Srinagarindra district, Phatthalung province
Zingiber spectabile Griff. KT2  Kratue Philad Yan Ta Khao district, Trang province
Zingiber zerumbet (L.) Smith  KT3  Kratue Thai Mueang district, Phang Nga province
Zingiber zerumbet (L.) Smith  KT10  Kratue Yan Ta Khao district, Trang province

nsanadlulindaidule

Wdegslnaduazivanadananndludndfiduenieds CTAB dauUasainidues Cubero waz Crespo
(2002) Inewniesluiivdsyana 20-50 afindu way stainless steel beads wua 1 fiadiuns 911 10 in Tdasluy
waon lulasiwussindoun 2.0 faddns wilululesiaumar Wuad 1wl arnduihluuaseiaios Mixer MM 400
Teaud 30 B9nd Wunan 2 wiiivseauniifegezaziden iy CTAB extraction buffer nasnag 400 lulasdns
waw @Y 5% (w/v) PVPP (Polyvinyl polypyrrolidone) 100 lulaséns anntiuuudigamaill 70 esrwadea 1uiian 30
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Lilasdins nanlndnfulagldin3osugmauans (vortex) Tuieafinnunda 10,000 seusowdt W@uan 5 undt sedau
1a'v|aS%uuuiaiumamluimLszjum‘vhﬂmamiwmaamamu‘[,a 3 1911 M2y CTAB precipitation buffer {‘Jul,mmwmwmia
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30 W9l vazae 1.2 luans NaCl Ysuams 370 lulasdns mﬂuumumiavawmaaiimﬁmma"LaImauaLLaaﬂaaaa
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a3 Juwfesfinnuds 10,000 seusewdt WWuan 5 wdl mEJmuiamamjuuuialwaamluiﬂiwumﬂaﬂmaa@lm LA
ansazany 2-Inswiuea (lsopropanol) UTuas 0.6 i maqﬂiuwmiaauiaiuLLmauuaam Huwieaiinusy 13,000 sou
foul mam‘vmu 4 psawgaldud Wunan 15wl meuiamiwmamwmmuﬂau LAULONIUDAAUTUTY 70
Wedldud ‘Uimm 500 lulAsdng {]umamwmmm 13,000 SaURDUNY ‘mamvmu 4 parwaded LWunal 3 il wm
mu‘Lam Lmemuﬂmﬂmmwammwaq 'viaw']ﬂuuaua’lammaumamama TE buffer Usuns 50 lulasans
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dNTP 1 lalasans Tuswes (20 lulasluand) eg1vaz 0.5 lulasans wag Pfu DNA polymerase 8%e Vivantis (5 unit)
0.1 lulpsdng (USIn8U ITS uae rps16) Ineusiindu 175 Tdelnsiwes ITS1 (TCCGTAGGTGAACCTGCGG) Way ITS4
(TCCTCCGCTTATTGATATGC) (White et al., 1990) uazusiidu rps16 ldalnsiues rpsk (GTGGTAGAAAGCAACGT
GCGACTT) Uag rpsR2 (TCGGGATCGAAC@TCAATFGyCAAC) (Oxelman et al., 1997) Mntuselsunsunmsrnuees
1AT94 PCR thermal cycle Usznaumistunou Al 94 asagal@ed 5 uiil 99UIU 1 50U AIUAIY 94 rlalged
1 u#l 54 seenwalfoa 1 Uil 72 ssrwaldva 1 w1 $1u9u 35 59U way 72 esAwaldea 5 uiil 1 5eU Ui
ATIEOUNAKANTITDNSMEITIaAINIINETauuaznlsaaa 1.5 Wosidua Tu 1X TBE buffer 7ty SERVA DNA Stain G
U3uns 0.1 lulasdnsseoznilsaiaa 10 dadans laeldnszualvihausiiedng 100 Taad e 30 wnit uagly
ﬂuumumamammmmmm 100 bp+1.5 kb DNA ladder mmaammmumumLauLawmmuma’tmmaamwlﬂaLam
ALe1IAA 312 wiluns mﬂuuwaNamwsvaﬁmwﬂ,miawﬁmwm FavorPrep GEL/ PCR Purification Kit &%
Favorgen uas sdsAnSu o lEnnnsfinUTnai Sule Ui 1 lUmasehnsezidsuiiandlelndil usem
@ 13 @ 9110w grenuinemansusewelng dnenasamay Jariauyusii
nsAIzEARNENRUsNIITauINsszaulanauazUsEansawlunisiaduunvia
mmmuumalalwmamLauwmﬂﬂmanlwamua gvanadeumaziumldnEes (DNA  sequence
alignment) ¢78 MUSCLE (Edgar, 2004) UsuBsdlnaanaadaeTusunsy MEGA 11 (Tamura et al. , 2021) Tagld
Curcuma longa (KY129785 waz KU215006) uag C. xanthorrhiza (KU215130 uag KU215007) 1Ju outgroup hag
mﬂuuuwmamammmLauwmﬂﬂmLLmaumLammamiwmm nucleotide substitution model vayavayausiag
‘Ummmzﬂﬂmﬂiu jModelTest v.2.1.4 (Darriba et al., 2012) 591U Akaike Information Criterion (AIC) mimmam
Vlafﬂam‘iumnm ITS waz ITS 591U rps16 Av General Time Reversible + gamma distribution (GTR+G) model
v rps16 Ae General Time Reversible (GTR) model Imwm%m%mLauwmﬁﬂmLLaqumammmmmaaﬂ
GuaaLLmavummvmmmamevmfawuwmsmmwuﬁsvmimLaﬂammﬁ Maximum likelihood (ML) ﬂ’]EJI‘USLLﬂilI
RAXML-HPC2 v.8.2.12 (Stamatakis, 2014) uu CipresWeb Portal (https://www.phylo.org) warnAdeuALLdRIiugae
A1 Bootstrap 91U 1,000 91 Ly NamiaLﬂiﬂ“%%“gﬂLLamImJI‘LJiLLﬂﬁJ FigTree v.1.4.4 (http:// tree.bio.ed.ac.uk/
software/figtree/) 1N UUAATIERANUFNTUTNITTAINTHArUSEANS AN TRTuunvllalnad Auuanugd
Tianmsnanugssauluanausazusnusuiuteyanisdugiuine,
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mﬂmimwumauaﬂwmvamﬁwmmmmaﬂwam (Z. ottensii) Wagiwanads (Zingiber) fifdnuarlndideaiu
Iwas (Z. ottensii) wuanlwasm ( (Z. ottensi) SY8TAUDIUIIAMUAAIEAANAUNIETID (Z Zzerumbet) wasﬂ,usva zifeaiu
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uazfanuinanvaznivesinan (Z. ottensii) nsgite (Z. zerumbet) waznszilofiand (Z, spectabi( )mmmaﬂwm
ammmmmmﬂmsuaﬂummmuauauma usilwaen (2. ottensii) fanmeluwmhiduni nsy wa (Z. zerumbet) way
nsyilofang (7. spectabile e) (Figure 1) GmaﬂwmaumawwuL‘Uumammﬂﬂimmmiwqwmwavauaﬂ Fafmulal
LLuuaummmLLUimﬂﬂmmmLnﬂaamaumawﬂaﬂ warsyeyaIMaAuiel (Pant et al, 2021) lngdnvazves
aduiisnlusyerdusoulas awwmaqmmmmuaﬁwqm’mauaﬂmumiLwﬂmwmmnmwaﬂwam 9ONIINNYANA
wuummuaﬂwmumaam%wmmﬂﬂammﬂulm

ﬂqwauwuﬁm'J'wummssvﬂu‘[manau,a“Us“awsmwwmmamamﬁﬂﬂ

HansvnAeUUsEAVER e EueuTElumsSnsuunTias (Z. ottensii) aaﬂmﬂwmaﬂaﬁuwumau q 7%
anwarlnaldaiulnas (Z ottensin Tnensihdeyadnuasmedugiuiven (Figure 1) uTinseisinduuauniiag
U3 TwnsRRuresiaweusIAnMuALY ITS rps16 wag ITS 59U rps16 Wuin Aduleulsianmums
7S S awamwaﬂuﬂ'ﬁiuwumiwam (Z. ottensii) anunsadunlwanieenannsyiieRata (2. spectabile) waz
nsgNe  (Z  zerumbet) Imaummmwamu (Bootstrap) ~ a@tfuayugans 91 Lﬂaiwjum Imﬂmmsm'u,l,uﬂlwam
(Z. ottensi)) @anaINnIENeNad (7. spectabile) waznseito (2. zerumbet) Fenanudertu 97 Wesidud way
< 70 Wesidus mudnu (Figure 2A) Tuvaug @A Buousidniunis rps16 lifiusgansamlunisdnduunadnsening
lwadn (Z ottensii) wagnseiia (Z zerumbet) usanunsaldlunisssyrlinvesnseiiofiana (2 spectabil e) 1
FNUS /TS ImaummmLmauuauuauuaqm 97 Wedldud (Figure 28) dwiudinsevanuduiusnadfauinisi
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FIUNUS /TS 53R rps16 wu@mnsadIndunatnszwinglwan (Z. ottensii) nsziie (Z. zerumbet) wagnsziiofiand
(Z. spectabile) Imammmauuauuauuw 95 \Wadidud 89 Weosidus way 99 Wosidud auddu (Figure 3) Fslvien
mmL%auuauuauuam’nmﬂﬁummemamamﬁmmwm ITS %39 rps16 WgsAnuaaelun1TInTILUnNn
uaﬂmﬂuaa‘wmwmwuauwuﬁmmmmmimaﬁwam (Z. ottensii) daulnddadunsedie (Z. zerumbet) uInNNI
nsydloWand (Z spectabile) Im834m’maamﬂaENmJaﬂwmumﬁammmw‘&maqmmumau w3 wazaenen (Figure 1)
finnundeadstunnlnsnnzegnbduszezdunduazni Judusee wmﬂmu'ﬂ,ﬁummummammmuauulwa s
BENANULANANTZIININAAT (Z. ottensi) nsz#ie (Z. zerumbet) uay ﬂsuwa‘wma (Z. spectabile) e[,usu YLAINAIL
maaiwaﬂawuuuiﬁliuﬂWiﬂaﬂLLa ﬁ’liJ’]iﬂU’llﬂi‘UﬂiﬂEﬁUﬁlﬂ@EJNOﬂG]ENiﬂﬂ?Ju

Figure 1 Morphological characters of Zingiber species that related to Z. ottensii. (A-C) Z. ottensii:
(A) pseudostem, (B) rhizome, and (C) Inflorescence; (D-F) Z. spectabile: (A) pseudostem, (B) rhizome and (C) Inflorescence; (G-I) Z

zerumbet: (A) pseudostem, (B) rhizome and (C) Inflorescence. Scale bar = 5 cm.

f\nﬂwamiﬂﬂmw,l,amslvimmmLauwmﬁmummmammaaaauuﬂﬁ ﬁ%ﬁﬂ?WIUﬂﬁi”‘UﬂUﬂlWﬁﬂ?LLa“"WsU
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Lmnmﬂuimuaﬂa JEAUTUA LAz umuawwuﬁmaawwummq 9 Imaw%ﬂaﬁuuu (Curcuma) AduUBUISIAAUS AL ITS2
uamﬁmmmmaﬂumsaﬂw,l,uﬂwmaﬂ ‘lj\‘l(ﬂm’mLEJ'LJLE]U’]'ﬁﬂﬂ‘UiL’JmﬂaEﬂ,iwmﬁm (matK, rbcl, tmH-psbA wag tml-F)
(Chen et al., 2015) LLaqu‘W‘U?{ﬂa‘m (Alpinia) T51euifdueuislianusiim 1752 uﬂiuammwaﬂumimLLuﬂﬂjum
714 88.2 Wosi¥ud (Tan et al., 2020) amiuwmﬂamﬂmmﬂ&mumﬁmiauL‘V]EJ‘Umﬂ%‘usmmmLauLamﬂﬂmwamiﬁm
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ﬁ]ﬂLLumJuﬂ Z. loerzingii 1uwuwau1mswLMuamaaU3umﬂauimumawmwmm ITS2 mJiuawsmwiumsmmuuﬂwm
LmaLﬂia‘ULwaUﬂUUinm rbcl wag trnL-F wagdinuin /752 LﬂuUiLamwmmummL.Lmﬂmwwwuﬁmiumsfluszjum
e ulesnIusi rocl  wag  trl-F (Prasetya et al., 2023) LLmummLL“LJiwuwmwuﬁﬂﬁmumwuumn
(Saudah et al., 2022) luvaizdinsueurdnvesduusnanaslsnatadmumis rbcl and matk uUse amam‘wiumi
ﬁ]G]‘\]’lLLuquG]‘W‘U’NﬂGUd‘U’ld‘U‘LlGﬂ,uinLV]ﬂEJ‘LJL(ﬂEJVLWﬂﬂ’NG]LEJuLEJU’]ﬂﬂﬂUiL’Jm ITS (Vinitha et al., 2014) Szmaamﬂamﬂu
NANIINAABINNUIIAILNAUL rps16 @rmnsalalunisse Uﬁuummma‘wma (Z spectabile) Lw\ﬂaulua’lmimwﬂmm
wanAesErInglnan (2. ottensi) Waznseiie (Z. zerumbet) mﬂmiﬂﬂmuﬂwmmmamamﬁﬂmLmau‘ummumm
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Zingiber ottensii Z14
Zingiber ottensii 7.2
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Figure 2 Molecular phylogeny of Z. ottensii and Zingiber species based on maximum likelihood using
each DNA barcode loci of ITS (A), rps16 (B) and ITS + rps16 (C). The bootstrap values 270% is given
above the branches.
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Figure 3 Molecular phylogeny of Z. ottensii and Zingiber species based on maximum likelihood using
two DNA barcode loci ITS and rps16. The bootstrap values 270% is given above the branches.
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Study of DNA barcoding in Piper nigrum L. var. Chanthaburi
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willoufugiudeya GenBank wuinfianunilaududu rocl vesiivana Piper louf Piper nigrum L. (EF450315.1),
P. laetispicum (EF591353.1) uaeg P. austrosinense (EF450305.1) 7 £ value 0.0 way Homology identity 99.43
Woesidud nturhnisdnumanuannsalumadufidueviiléndelusunsy DNA Subway Safufivana Piper
savan 15 via wuirdduiedlelnduisdmtu ool vemdnlnetusiunyitanunieusudu ool vosiivana

Piper 8¢19g1 InediA1 Homology identity @sfls 98.26-99.43 wWesidus Inedldranuunnsiwesainuilndlolnddie
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FAuIuAY K2P distance 71 0.008 @enadpsiuunugianuduiusmaiugnssudaifauinis msideldliiuinddu
fndlolndvesdu roct fauawnsadismelunsduiidueuislan Judayadnanawisalfidudoyaiiugiulu
nsenwvsednduuniivluana Piper 1
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Ardnfsy: Winlne AduweunslAn wunlinugnssy
Abstract

Chanthaburi or Prang-Thee pepper is a native variety in Chanthaburi province. It is identifying plant
varieties based on morphological characteristics, which can be difficult. This research aims to study the
development of DNA barcodes for the identification Chanthaburi pepper using the rbcL gene. The results
found that the rbcL gene of Chanthaburi pepper is 700 bp. For alignment analyzed asgainst the GenBank
database, it was found that there is a similarity with the rbclL gene in Piper nigrum L. (EF450315.1), P.
laetispicum (EF591353.1) and P. austrosinense (EF450305.1) with E value of 0.0 and a homology identity of
99.43%. Subsequently, the capability to be a DNA barcode was studied using the DNA Subway program with
all 15 species of the Piper genus. It was found that high similarity with the rbcL gene of the Pjper genus, with
homology identity ranging from 98.26% to 99.43%. The nucleotide sequence divergence, calculated by K2P
distance at 0.008, aligns with the phylogenetic relationship diagram in evolutionary genetics. This research
indicates that the rbcL gene sequence could be used as a DNA barcode which is basic information for
studying or classifying plants in the Piper genus.

Keywords: Pepper, DNA barcoding, Phylogenetic tree
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gufingduinaalelndita 4 via 8ammsunuiluuy transition ua transversion Tudadauilaivindy Se35daealy
TunsAnwIANEIR LS Tauns9esddiTinuarlinszianuuaniesdiuiina lolndsynineia (Kimura,
1980) Tunswmmdueuildndielflun1sfinuiifauints anuduiusmetusnssundonisustiondnuainig
fugnasn TN uunaeiusEumaUIeufisussssianaiugnssy (Genetic distance) anansalddusasgiu

1 vila v3ouNNINNoN1TTMUNNTALIULINEITY AUNT ety wazan (2561) WudnsIg8uNInTgIu rocl was
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matk Saufuanansaduunnéslifussearunildfninslitunespudendaien d8unnsgu oo duiinn
wanzaannsaliiduedesmnglunsinwiiusnssusesdu single locus Iiduegsd (Patric et al,, 2016)

PNATATURUNTANUFURUTITUGNTTNBATMUINTVRINYANS Piper Wagn3nlnedunys d1uu 15
wila AlFandiemgsidduinadlelnddumiadu el wuihannsaueniivana Piper sanldidu 2 naulve) Aongud 1
ﬂizﬂauﬁwﬁmaqa Piper 377U 11 %l 19un P. arborescens, P. macropiper, P. sarmentosum, P. longum, P.
hancei, P. chinense, P. austrosinense, P. nigrum, P. nigrum var. Chanthaburi, P. laetispicum Wa g P. betle g
w3inlneWugdunys P. nigrum var Chanthaburi 3neglungueasifaaiyu P. nigrum, P. laetispicum wag P.
austrosinense (Figure 2) WaA331dAMUINATANIBTUFNTTUAUBLIWIN ADAARBITUNANITIATIENTLELU1INI
Wannmsszarinsaeiedlelndideduindaean k2p distance iusinglu Table 2 Tasfiwana Piper nqudasiiny
Huisiiddnuusdulidesvieliouasifusdnluuavieide Tusneiiflunduil 2 Ussnoudefivana Piper
1w 4 via laun P. aduncum, P. gaudichaudianum, P. cernuum wag P. pseudopothifolium ﬁ"]’mﬂuﬂejuﬁl,l,aﬂ

v 3

a18ifmuiniseenuiainfivvidndu 9 91ndeyaveseddns The Royal Botanic Gardens
(https://powo.science kew.org) Wui1 Wana Piper i 4 siedfilauiuinlusovewisninats nsAnwAUELITLS
maiugnssdaaunslaensligduinnalelndluaded annsndiwaivayuuasdusunnuaonadesddnume
nMeduguiveuasnsnszanedivesiivana Pper 1w faluananinlne P. laetispicum wag P. austrosinense \Uu
fidiasivlnfinoniou-fdou faurudalulssmaiuunsindinamievesUssmealng aduidnvasiuniuasd
d35MAVN9E1 (Konexaisavath et al., 2020) Wiy P. nigrum var. Chanthaburi g19lsfinnu luns@nyiidelu
adsiinuingiiuianalelnduesiiu roct ilssegrafeadlianusaueniiniodnsana Piper enunoonainldoeis
Faiau lagianig P. nigrum, P. nigrum var Chanthaburi, P. laetispicum way P. austrosinense Fedunisyndu

WNTPIUYTADY ) 19U /TS, matK, rpoB, rpoCl wat trH-psbA 11ATIENTAUILAINT0ATIUNUN TN WS TN

ANUALNTALUASI LN ARSI

dyuna
= awv g e s a =~ A = o s 5 v a Y Ny A
nsAnvideluaseilunisyssendinaiianisdluanafiednwfiduieuisidnveminlnefunyinedu
WMIZIU rbcl nuIdvun 700 Aua dadumdeuiuiu roct Tuiiwana Piper lawn P. nigrum L. (EF450315.1), P.
laetispicum (EF591353.1) Wwag P. austrosinense (EF450305.1) 7 £ value 0.0 way Homology identity 99.43
Woesidud Faluidanulndifesiugaunn annsfinesseziisesdduiindlelndaieg Ko distance waguuugd
Wugnssuaunsananlaan 8u roct danuansaiiemelunsdufidueusidaluninlneiuddunys deloyaild

anunsaliidudeyaniugulunsiesgivieasefidueunsidnyunsdadwuniivluiivana Piper la

AUBUAN

v
awv

NuITellasusuyssniaaiuanun1side answdssinaluselddiuny augingimansfauaans

WNIMEEYIIN INenundunys Yeuuszana we. 2567

LNEN5D19D9

a a

Ay enzassi. 2564. winlneugdunys. wnansweuns 77 idyavissdumive lassmisimungudeyagi
Uyywinsduimunmsinuasiieiasuadadndnuainutuy drinaunuasinlad Junys.
1 fieew, Ssedy suntiud wazugua sWITUR. 2561. MIAATIBRANNFURUSIN OGN ITULAENITIEURUGNa 8l

seawhuinguluaelaelddrduiiondlelndvesdu rocl way matk. MIasIngrmansuazimalulad 26(1):
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103-112.
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o

WugnssuLazUsEansamuesdy rbal lunisdadnunndaslifineainuvaseysndueniuinia. 115813
IMYIPNENTUAUIINENTETIVALWYTUT 19(2): 70-81.
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Figure 1 Agarose gel electrophoresis of P. nigrum L. var. Chanthaburi A) genomic DNA B) PCR product of

rbclL gene

AY572253.1|P. arborescens
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Figure 2 Phylogenetic relationship between different Piper species differentiated based on rbcL gene.
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Table 1 Statistical simulation of BLAST Sequence homology with rbcL gene belonging to P. nigrum L.

var. Chanthaburi using DNA Subway Database

No.

Scientific name and details

Accession

number

E

value

Homology Mis-match

identity

P. nigrum ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds

EF450315.1

0.0

99.43 1

P. laetispicum ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

EF591353.1

0.0

99.43 1

P. austrosinense ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds - chloroplast

EF450305.1

0.0

99.43 1

P. chinense ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds

EF450314.1

0.0

99.15 3

P. arborescensribulose ribulose -1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

AY572253.1

0.0

99.15 3

P. hancei ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

EF591358.1

0.0

99.15 3

P. sarmentosum ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

EF591364.1

0.0

99.15 3

P. macropiper ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

FJ976159.1

0.0

99.41 3

P. betle ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds

EF450311.1

0.0

99.00 4

10

P. longum voucher QRI 507
ribulose-1,5-biphosphate carboxylase/oxygenase

large subunit (rbcl) gene, partial cds

MH287276.1

0.0

99.15 3

11

P. pseudopothifolium isolate PECB185
ribulose-1,5-bisphosphate carboxylase/oxygenase

large subunit (rbcl) gene, partial cds

MG718198.1

0.0

98.41 8
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No. Scientific name and details Accession E Homology Mis-match
number value identity
12 P. cernuum isolate PECB182 MG718196.1 0.0 98.26 9
ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) gene, partial cds
13 P. gaudichaudianum isolate PECB184 MG718197.1 0.0 98.28 9
ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) gene, partial cds
14 P. aduncum ribulose-1,5-bisphosphate AY572252.1 0.0 98.39 10

carboxylase/oxygenase large subunit (rbcl) gene,

partial cds - chloroplast

*rocL = ribulose-1,5-biphosphate carboxylase/oxygenase large subunit
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Table 2 Pairwise genetic distance matrix of rbcL gene sequence among of genus Piper

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. P. aduncum

2. P. arborescens 0.015

3. P. nigrum var. Chanthaburi 0.015 0.003

4. P. austrosinense 0.015 0.003 0.000

5. P. betle 0.017 0.005 0.005 0.005

6. P. chinense 0.015 0.003 0.003 0.003 0.005

7. P. nigrum 0.015 0.003 0.000 0.000 0.005 0.003

8. P. laetispicum 0.015 0.003 0.000 0.000 0.005 0.003 0.000

9. P. hancei 0.015 0.003 0.003 0.003 0.005 0.003 0.003 0.003

10. P. sarmentosum 0.015 0.003 0.003 0.003 0.005 0.003 0.003 0.003 0.003

11. P. macropiper 0.015 0.000 0.003 0.003 0.005 0.003 0.003 0.003 0.003 0.003

12. P. cernuum 0.012 0.012 0.012 0012 0.014 0.012 0.012 0012 0009 0.012 0.012

13. P. gaudichaudianum 0.008 0.014 0.014 0014 0.015 0.014 0.014 0014 0014 0.014 0.014 0.011

14. P. pseudopothifolium 0.012 0.012 0012 0012 0.014 0.012 0.012 0.012 0009 0012 0.012 0.000 0.011
15. P. longum 0.015 0.003 0.003 0.003 0.005 0.003 0.003 0.003 0.003 0.000 0.003 0.012 0.014 0.012

Average 0.008
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