
ï
 0

1
9

6
8

1
2

1
"

ดีเอ ็นเอบาร์โคดและรูปแบบทางเคม ีของพ ืชสก ุล Aristolochia สำหรับการตรวจสอบสมุนไพร

ไคร้เครือ

นางสาวพิรุณรัต'น เดชบำรุง

ว ิทยาน ิพนธ์น ี้เป ็นส ่วนหน ึ่งของการสืกษาตามหลักส ูตรปริญญาเภสัชศาสตรมหาบ ัณฑ ิต 

สาขาวิชาเภสัชเวท ภาควิชาเภส ัชเวทและเภส ัชพฤกษศาสตร์ 

คณะเภสัชศาสตร์ จ ุฬาลงกรณ ์มหาว ิทยาล ัย 

ป ีการส ืกษา 2557

ลิฃส ิทธ ิ้ฃองจ ุฬาลงกรณ ์มหาว ิทยาล ัย

แแแแแแแแแแแแ
5576218033



DNA BARCODES AND CHEMICAL PROFILES OF ARISTOLOCHIA PLANTS FOR 

EXAMINATION OF KRAI-KRUA HERBS

Miss Piroonrat Dechbumroong

ฟ ้อ ง ส ม ุด ค ณ ะ เ ภ ส ื'ซ ศ า ส ด - !

ชุ'พาลงกรถฟ้]ทารท»าร้»

A Thesis Submitted เก Partial Fulfillment o f the Requirements 

for the Degree of Master of Science in Pharmacy Program in Pharmacognosy 

Department of Pharmacognosy and Pharmaceutical Botany 

Faculty of Pharmaceutical Sciences 

Chulalongkorn University 

Academic Year 2014 

Copyright of Chulalongkorn University



Thesis Title

By

Field of Study 

Thesis Advisor 

Thesis Co-Advisor

DNA BARCODES AND CHEMICAL PROFILES OF 

ARISTOLOCHIA PLANTS FOR EXAMINATION OF 

KRAI-KRUA HERBS 

Miss Piroonrat Dechbumroong 

Pharmacognosy

Associate Professor Surattana Amnuoypol, Ph.D. 

Associate Professor Suchada Sukrong, Ph.D.

Accepted by the Faculty of Pharmaceutical Sciences, Chulalongkorn 

University in Partial Fulfillment of the Requirements for the Master's Degree

Dean of the Faculty o f Pharmaceutical Sciences 

(Assistant Professor Rungpetch Sakulbumrungsil, Ph.D.)

THESIS COMMITTEE

L  l  น.... i  .............. ..........Chairman

(Professor Kittisak Likhitwitayawuid, Ph.D.)

....... ร , . . . . ^ . . .  .;............Thesis Advisor

(Associate Professor Surattana Amnuoypol, Ph.D.)

....... LiUrvjX-v ร > '''^ "^ร ^ ............................. Thesi ร Co-Advi sor

(Associate Professor Suchada Sukrong, Ph.D.)

........... c  lli'isp'ytCl.jc v .......................... Examiner

(Assistant Professor Taksina Chuanasa, Ph.D.)

..... Y& ............Examiner

(Associate Professor Jessada Denduangboripant, Ph.D.) 

............ ^  .............External Examiner

(Piyarat Parinyapong Chareonsap, Ph.D.)



IV

พิรุณรัตน์ เดชบำร ุง : ด ีเอ็นเอบาร์โคดและรูปแบบทางเคมขี อ งพืชสกุล Aristolochia 

สำหรับการตรวจสอบสม ุนไพรไคร ้เคร ือ (DNA BARCODES AND CHEMICAL PROFILES 

OF ARISTOLOCHIA PLANTS FOR EXAMINATION OF KRAI-KRUA HERBS) อ.ท ี่ปรึกษา 

ว ิทยาน ิพนธ์หล ัก: รศ. ภญ. ดร.สุรัตนา อำนวยผล, อ.ท ี่ปร ึกษาวิทยาน ิพนธ์ร ่วม: รศ. ร.ต.อ. 

หญิง ภญ. ดร.สุชาดา สุฃหร่อง, 140 หน้า.

พ ืชสก ุล Aristolochia จ ัดอย ู่ในวงศ ์ Aristolochiaceae หร ือวงศ ์กระเซ ้าส ีดา สารหล ักท ี่ 

พบในทุกส ่วนของพ ืชสกุลบ ี้ค ือ aristolochic acid I (AAI) และ AAH ซึ่งเป ็นสารก่อมะเร ็งในมนุษย์ ใน 

ปี พ.ศ. 2556 คณะกรรมการยาจึงม ีมต ิให ้ต ัดเคร ื่องยาท ี่ได ้จากพ ืชสก ุลบ ี้ออกจากทะเบ ียนตำร ับยาท ี่ได ้ 

ข ึ้นทะเบ ียนไว ้แล ้ว รากแห ้งของพ ืชสก ุลบ ี้ 3 ชน ิดถ ูกใช ้เป ็นแหล ่งของเคร ื่องยา “ไคร ้เคร ือ ” ได้แก่ 

กระเซ ้าถ ุงทอง หนอนตาย และกระเซ ้าผ ีมด อย่างไรก็ตามไคร้เครือยังได้จากรากแห้งของข้าวสารดอก 

ใหญ่ พ ืชสก ุล Jasminum และรากข ึ้กาขาวข ึ้กาแดงเช ่นก ัน  การพ ิส ูจน ์เอกล ักษณ ์ของไคร ้เคร ือด ้วย 

ส ัณฐานวิทยาเป ็นไปได ้ค ่อนช ้างยากจ ึงอาจทำให ้เก ิดความส ับสนในการใช ้สม ุนไพรชน ิดบ ี้ ด ังบ ั้นเพ ื่อ 

ความปลอดภ ัยของผ ู้บร ิโภค เคร ื่องม ือในการระบ ุเอกล ักษณ ์ของว ัตถ ุด ิบสม ุนไพรท ี่เช ื่อถ ือได ้และม ี 

ประส ิทธ ิภาพจ ึงได ้ร ับการพ ัฒ นาอย ่างต ่อ เน ื่อง ในการศ ึกษาบ ี้ใซ ้การประเม ินทางพ ันธ ุกรรมของพ ืช 

สกุล Aristolochia จำนวน 11 ชนิด โดยอาศ ัยเทคน ิค DNA barcode ของด ีเอ ็นเอ 4 บริเวณ ได้แก่ 

rbcL matK ITS และ trnH-psbA ค ว าม แ ต ก ต ่า งข อ งลำด ับ น ิวค ล ีโอ ไท ศ ์ข อ งด ีเอ ็น เอ ท ุก บ ร ิเวณ  

ด ังกล่าวสามารถใช ้ในการจำแนกชน ิดของพ ืชสก ุล Aristolochia ทั้ง 11 ชนิดบี้ได้ ข ้อม ูลลำด ับน ิวคล ี 

โอไทด์บริเวณ internal transcribed spacers 2 (ITS2) บี้ได้ถูกนำไปใช้ใน multiplex PCR ร่วมกับ 

ก า ร ป ร ะ เ ม ิ น ร ู ป แ บ บ อ ง ศ ์ ป ร ะ ก อ บ ท า ง เ ค ม ี โ ด ย ใ ช ้ ว ิ ธ ี  high-performance thin layer 

chromatography (HPTLC) โดยใช ้ AAI เป ็นสารมาตรฐาน เพ ื่อใช ้ระบ ุเอกลักษณ ์สม ุนไพรไคร้เคร ือ 

ว ิธ ีการบ ี้สามารถประย ุกต ่ใช ้เพ ื่อการทดสอบเบ ื้องต ้นสำหรับสาร AAI ในอุตสาหกรรมสมุนไพรและการ 

บ ังค ับใช ้กฎหมายได ้ ผลจากการศ ึกษาในคร ั้งบ ี้แสดงให ้เห ็นว ่าการประเม ินทางพ ันธ ุกรรมร ่วมก ับการ 

ประเม ินร ูปแบบองศ ์ประกอบทางเคม ีสามารถพ ิส ูจน ์เอกล ักษณ ์ของพ ืชสก ุล Aristolochia และจำแนก 

ชนิดสมุนไพรไคร้เครือได้

ภาควิชา เภส ัชเวทและเภสัชพฤกษศาสตร์

สาขาวิชา เภสัชเวท

ลายม ือช ื่อน ิส ิต 

ลายม ือช ื่อ อ.ท ี่ปร ึกษาหลัก Crdr

ลายม ือช ื่อ อ.ท ี่ปรึกษาร่วม
Ç*

.jCM น̂ -ป ีการศึกษา 2557



V

# # 5576218033 : MAJOR PHARMACOGNOSY 

KEYWORDS: DNA BARCODE, ARISTOLOCHIA, KRAI-KRUE

PIROONRAT DECHBUMROONG: DNA BARCODES AND CHEMICAL PROFILES OF 

ARISTOLOCHIA PLANTS FOR EXAMINATION OF KRAI-KRUA HERBS. ADVISOR: 

ASSOC. PROF. SURATTANA AMNUOYPOL, Ph.D., CO-ADVISOR: ASSOC. PROF. 

SUCHADA SUKRONG, Ph.D., 140 pp.

The genus Aristolochia belongs to the Aristolochiaceae family. The major 

chemical constituents in the whole part o f Aristolochia plant are aristolochic acids I 

(AAI) and AAII, which are classified as human carcinogens. เท Thailand, 2013, The 

National Drug Committee have issued an order that demands the removal of crude 

drugs derived from Aristolochia plants from alt registered formulas. Dried roots o f A. 

pothieri Pierre ex Lecomte, A. pierrei Lecomte and A. tagala Cham., have been 

reported as sources o f medicinal crude drugs called “ Krai-Krue” . However, Krai-Krue 

can also be derived from dried roots o f Raphistemma pulchellum  (Roxb) Wall, 

Jasminum spp and Gymnopetalum inteçrifolium Kurz. Authentication o f Krai-Krue by 

morphological examination is quite difficult and can cause confusion. For the 

protection o f consumer’ s safety, reliable and effective tools for identification of raw 

herbal materials have been continuously developed. เท this study, genetic assessment 

o f 11 Aristolochia plants by DNA barcoding technique was conducted based on four 

DNA regions including rbci, matK, ITS and fmH-psbA. The nucleotide variations o f the 

four regions are useful to differentiate the eleven Aristolochia species. Multiplex PCR 

based on nucleotide sequences o f ITS2 region combining with HPTLC using AAI as 

standard substance were used for the identification o f Krai-Krue herbs. This method 

can be used as a preliminary AAl-screening test for safety control by the herbal 

industries as w ell as the regulatory authorities. The results from these studies indicated 

that the combination of genetic and chemical assessment would be useful for the 

identification and discrimination o f Aristolochia plants and Krai-Kr

Department: Pharmacognosy and Student's Signature

Pharmaceutical Botany Advisor's Signature ..... 

Field o f Study: Pharmacognosy Co-Advisor's Signature

Academic Year: 2014



V i

ACKNOWLEDGEMENTS

The successful of this research would not have been possible without the support 

and assistance of the people and institutions to whom I would like to express my sincere and 

profound gratitude:

Assoc. Prof. Dr. Surattana Amnuoypol and Assoc. Prof. Dr. Suchada Sukrong of the 

Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, 

Chulalongkorn University, my thesis advisor and thesis co-advisor, for their helpful advices, 

constant helps and kindnesses. The thesis committee for their constructive suggestions and 

critical review of this thesis, including Prof. Kittisak Likhitwitayawuid, Assist. Prof. Taksina 

Chuanasa, Assoc. Prof. Jessada Denduangboripant and Dr. Piyarat Parinyapong Chareonsap.

The 90th Anniversary of Chulalongkorn University Fund (Ratchadaphiseksomphot 

Endowment Fund) for the main financial supports and Chula - Chiba University Pharmaceutical 

Student Exchange Program Year 2013 for providing a great opportunity to do research at Chiba 

University, Japan under supervisor of Prof. Dr. Kazuki Saito, Assoc. Prof. Dr. Mami Yamazaki and 

Assoc. Prof. Dr. Naoko Yoshimoto.

Assoc. Prof. Dr. Wanchai De-Eknamkul for his kind assistance in providing chemistry 

lab facilities, Assoc. Prof. Thatree Phadungcharoen for her kind assistances plant identification 

and Asst. Prof. Dr. Jessada Denduangboripant for his kind assistance in molecular analysis of the 

plants.

Mr. Pinit Chinsoi, Dr. Prachaya Srisanga, Miss Siridao Maneekhat, Mr. Wimol 

Ungprombundith, Mr. Sakda Jaranwan, Mrs. Rojana Paka, Assist. Prof. Ubolrat Thengtrirat and 

her family, Miss Lalita Pingkasan, Mr. Komed Najang, and Mr. Chalermwoot Soopasookfor their 

kind assistances during plant material collecting. Miss Naphatsawan Pooreecharurot, Mr. 

Wattanapon Chantra and Mr. Jate Didthaudom for their helps.

All lecturers and members of Department of Pharmacognosy and Pharmaceutical 

Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn University and all staff members of 

Residence of Chulalongkorn University for their helpful advice, nice friendship, and warmth. เท 

addition, the author would like to thank Chulalongkorn University Drug and Health Products 

Innovation Promotion Center (CU.D.HIP) and Pharmaceutical Research Instrument Center for 

providing research facilities. Finally, her special gratitude is expressed her beloved family for 

their love and encouragement.



CONTENTS

Page

THAI ABSTRACT......................................................................................................................... iv

ENGLISH ABSTRACT................................................................................................................... V

ACKNOWLEDGEMENTS............................................................................................................. vi

CONTENTS................................................................................................................................ VI i

LIST OF TABLES......................................................................................................................... xi

LIST OF FIGURES...................................................................................................................... xii

LIST OF ABBREVIATIONS......................................................................................................... XV

CHAPTER I INTRODUCTION........................................................................................................1

CHAPTER II LITERATURE REVIEWS............................................................................................5

2.1 Plant samples................................................................................................................. 5

2.1.1 Aristolochia spp ....................................................................................................5

2.1.1.1 Morphology of Aristolochia p lants.......................................................5

2.1.1.2 Bioactivity of Aristolochia plants.........................................................13

2.1.1.3 Chemical constituents o f Aristolochia plants................................... 13

2.1.1.4 Toxicity of Aristolochia p lants.............................................................14

2.1.2 Krai-Krue herbs....................................................................................................15

2.1.2.1 Morphology of Krai-Krue herbs............................................................15

2.1.2.2 Traditional use of Krai-Krue herbs.......................................................19

2.2 Assessment for identification o f the medicinal plants........................................... 19

2.2.1 Genetic assessment............................................................................................19

2.2.2 Chemical assessment.........................................................................................21

CHAPTER III DNA BARCODES OF ELEVEN ARISTOLOCHIA SPECIES 23



viii

sge

23

23

23

27

27

32

32

33

33

44

46

51

.52

.52

.53

.53

.53

.53

.55

.56

3.1 Introduction......................................................................................................

3.2 Materials and methods...................................................................................

3.2.1 Plant materials.......................................................................................

3.2.2 Genomic DNA extraction......................................................................

3.2.3 Primer design.........................................................................................

3.2.4 PCR amplification of the barcode regions.........................................

3.2.5 Cloning technique..................................................................................

3.3 Results...............................................................................................................

3.3.1 Sequence analysis of the barcode regions of eleven Aristolochia

species....................................................................................................

3.3.2 Phylogenetic analysis of Aristolochia species based on matK

sequences..............................................................................................

3.4 Discussion..........................................................................................................

3.5 Conclusion........................................................................................................

CHAPTER IV AUTHENTICATION OF “ KRAI-KRUE” DERIVED FROM THREE 

ARISTOLOCHIA SPECIES USING MULTIPLEX PCR....................................................

4.1 Introduction.......................... ......................................................................... .

4.2.1 Plant materials......................................................................................

4.2.2 Genomic DNA extraction.....................................................................

4.2.3 Multiplex PCR of the ITS2...................................................................

4.2.3.1 ITS2 multiple sequence alignment.......................................

4.2.3.2 Multiplex PCR...........................................................................

4.3 Results



IX

Page

4.3.1 ITS2 sequences analysis and species-specific primers for multiplex

PCR....................................................................................................................... 56

4.3.2 Multiplex PCR analysis....................................................................................... 57

4.4 Discussion....................................................................................................................... 58

4.5 Conclusion..................................................................................................................... 60

CHAPTER V APPLICATION OF MULTIPLEX PCR FOR IDENTIFICATION OF KRAI-KRUE....61

5.1 Introduction....................................................................................................................61

5.2 Materials and M ethods................................................................................................ 62

5.2.1 Crude drugs named Krai-Krue and Thai traditional formulas containing

Krai-Krue...............................................................................................................62

5.2.2 Genomic DNA extraction....................................................................................62

5.2.3 Multiplex PCR......................................................................................................62

5.3 Results............................................................................................................................ 64

5.4 Discussion....................................................................................................................... 66

5.5 Conclusion..................................................................................................................... 67

CHAPTER VI CHEMICAL PROFILES OF KRAI-KRUE AND THAI TRADITIONAL 

FORMULAS................................................................................................................................ 68

6.1 Introduction....................................................................................................................68

6.2 Materials and M ethods................................................................................................ 68

6.2.1 Crude drug “ Krai-Krue” and Thai traditional formulas containing Krai-

Krue ...................................................................................................................... 68

6.2.2 High performance thin layer chromatography (HPTLC)............................... 70

6.3 Results............................................................................................................................ 71

6.4 Discussion...................................................................................................................... 76



Page

6.5 Conclusion................................................................................................................... 78

CHAPTER VII DISCUSSION AND CONCLUSIONS.....................................................................79

REFERENCES..............................................................................................................................82

APPENDIX A Morphology of plant samples used in this s tudy..........................................93

APPENDIX B Multiple sequence alignments of the eleven Aristolochia p lants.........109

VITA...........................................................................................................................................140

X



xi

Table 1 Aristolochia plants found in Thailand................................................................... 6

Table 2 Plant materials and their accession numbers for DNA barcodes....................24

Table 3 Primers used for the generation o f DNA barcodes............................................ 31

Table 4 Properties of selected DNA loci (rbcL, matK, ITS and tm\-\-psbA) of Aristolochia

plants used in this study....................................................................................... 37

Table 5 Pairwise percent sequence divergence in the complete rbcL gene among

eleven species in the genus Aristolochia...........................................................39

Table 6 Pairwise percent sequence divergence in the complete matK gene among

eleven species in the genus Aristolochia............................................................ 40

Table 7 Pairwise percent sequence divergence in ITS region among eleven species

in the genus Aristolochia........................................................................................41

Table 8 Pairwise percent sequence divergence in trnh-psbA among eleven species

in the genus Aristolochia........................................................................................42

Table 9 Pairwise percent sequence divergence in rbcL, matK, ITS and trnh-psbA

among three Aristolochia species used as Krai-Krue........................................43

Table 10 Plant samples used as sources of Krai-Krue..................................................... 53

Table 11 Species-specific primers used in multiplex PCR in this study........................54

Table 12 Details of Krai-Krue crude drugs and formulas analyzed in this study.......... 63

Table 13 Details o f commercially available crude drugs analyzed............................... 65

Table 14 Details o f Krai-Krue crude drugs and samples analyzed in this study.......... 69

LIST OF TABLES

T a b le  15 T h e  d e te c t io n  o f  AAI in Krai-Krue c ru d e  d rugs a n d  Krai-Krue co n ta in in g
fo rm u la s  c o l le c te d  from  th e  h e rb  a n d  tra d it io n a l m e d ic in e  m a rk e ts
a n a ly z e d  in th is  s tu d y ................................................................................................................. 75



XII

Figure 1 Structure of aristolochic acid I (AAI) (R = OCH3) and M il (R = H ).................. 14

Figure 2 Schematic diagram of the chloroplast rbcL gene and relative positions 

of the PCR amplification primers and sequencing primers used in this 

study. The arrows represent the directions o f the primers.............................29

Figure 3 Schematic diagram of the chloroplast matK gene and relative positions of 

the PCR amplification primers and sequencing primers used in this study.

The arrows represent the directions of the primers.........................................29

Figure 4 Schematic diagram of ITS region and relative positions of the PCR 

amplification primers and sequencing primers used in this study. The 

arrows represent the directions of the primers................................................ 30

Figure 5 Schematic diagram of the chloroplast intergenic spacer trnh-psbA and 

relative positions of the PCR amplification primers and sequencing 

primers used in this study. The arrows represent the directions of the 

primers.......................................................................................................................30

Figure 6 Phylogenetic assessment o f eleven Aristolochia species constructed with 

the matK sequences using the Neighbor-joining algorithm (bootstrap 

values are shown below the branches) w ith Thottea dependens and 

T. siliquosa as the outgroup. The sequence data of the species followed 

by accession numbers in brackets were retrieved from the GenBank DNA 

database................................................................................................................... 45

Figure 7 Positions o f diagnostic primers for multiplex PCR for discrimination of

Aristolochia plants used as Krai-Krue herbs........................................................55

Figure 8 1.7% agarose gel electrophoresis image of PCR products generated with

a set of species-specific PCR primers on ITS2 region of Krai-Krue herb........ 58

Figure 9 Samples o f crude drugs “ Krai-Krue” C1-C7............................................................65

LIST OF FIGURES

Figure 10 1.7% agarose gel electrophoresis image o f species-specific PCR primers 

on ITS2 region of Krai-Krue herb. Seven commercially available crude



drugs (Cl -  C7) and DNA markers (M) in bp are indicated. Lane 1: mixed 

Krai-Krue, 2: Aristolochia pothieri, 3: A. pierrei, 4: A. tagala, 5-10: C1-C7 

respectively.............................................................................................................66

Figure 11 HPTLC profiles of standard aristolochic acid I at concentration 0.5, 3, 5,

10 and 20 ppm respectively (lane 1-7).............................................................72

Figure 12 Calibration curve of AAI by TLC-densitometric method................................72

Figure 13 HPTLC profile o f Krai-Krue herbs; lane 1 (A2) is standard M l 2 ppm (20 

pi), lane 2-8 are Krai-Krue from  traditional herb stores (1 pi for C1-C5 

and 20 pi for C6-C7) and lane 9 (A5) is standard M l 5 ppm (20 pi)........... 73

Figure 14 HPTLC profiles of 23 available formulas containing Krai-Krue........................ 74

Figure A l Aristolochia ançuicida Jacq.................................................................................94

Figure A2 Aristolochia giçantea Mart, et Zucc...................................................................95

Figure A3 Aristolochia grandiflora รพ ..................................................................................96

Figure A4 Aristolochia kerrii Craib.........................................................................................97

Figure A5 Aristolochia littoralis D. Parodi........................................................................... 98

Figure A6 Aristolochia rinçens Vahl......................................................................................99

Figure A7 Aristolochia tentaculata Schmidt in Fedde...................................................100

Figure A8 Aristolochia pothieri Pierre ex Lecomte..........................................................101

Figure A9 Aristolochia pierrei Lecomte............................................................................. 102

Figure A10 Aristolochia taçala Cham................................................................................ 103

Figure A l l  A. sp.....................................................................................................................104

Figure A12 Raphistemma pulchellum  (Roxb.) Wall Craib............................................... 105

Figure A13 Jasminum sambac (L.) A iton.......................................................................... 106

Figure A14 Jasminum adenophyllum Wall. Ex C.B. Clarke..............................................107

Figure A15 Gymnopetalum inteçrifolium  Kurz.................................................................108

XIII



xiv

Figure B1 Sequence alignment o f fu ll length rbcL genes of eleven Aristolochia

plants................................................................................................................. 110

Figure B2 Sequence alignment of fu ll length ทาatK genes o f eleven Aristolochia

plants................................................................................................................. 120

Figure B3 Sequence alignment of ITS regions of eleven Aristolochia plants...............131

Figure B4 Sequence alignment of trnH-psbA regions of eleven Aristolochia plants.

.........................................................................................................................................137



XV

LIST OF ABBREVIATIONS

AA = aristolochic acid

AAN = Aristolochic Acid Nephropathy

AFLPs = amplified fragment length polymorphisms

AL(s) ะะ aristolactam(s)

ARMS = amplification-refractory mutation system

bp = base pair

CBOL = Consortium for the Barcode of Life

CHN = Chinese herb nephropathy

°c = degree Celsius

DNA = deoxyribonucleic acid

dNTP = deoxyribonucleotide triphosphate

GC = gas chromatography

GC-MS = gas chromatography-mass spectroscopy

h20 = water

HPLC = high-performance liquid chromatography

HPLC-MS = high-performance liquid chromatography- mass spectroscopy

HPTLC = high-performance thin-layer chromatography

IARC = International Agency for Research on Cancer

ITS = internal transcribed spacer

Kb = kilobase

MARMS = multiplex amplification refractory mutation system

กาatK = maturase K

min = minute(s)

NIR = near infrared

PCR = polymerase chain reaction

ppm = part(s) per million

RAPD = random amplified polymorphic DNA

rbcL = large subunit of ribulose-bisphosphate carboxylase

rDNA = ribosomal deoxyribonucleic acid



RFLP restriction fragment length polymorphism

SCAR sequence characterized amplified region

sp species (singular)

spp species (plural)

SSR simple sequence repeat

TLC thin-layer chromatography

trnH-psbA trnH-psbA intergenic spacer region

uv ultraviolet

V voltage
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