
 ix

TABLE OF CONTENTS 
                Page 

 

Acknowledgements                iii 

Abstract (Thai)                 v 

Abstract (English)               vii 

Table of contents                ix 

List of tables                xii 

List of illustrations                    xiii 

Abbreviations            xviii 

Chapter 1   Introduction                1 

 1.1 Objectives                 3          

Chapter 2   Literature reviews               4 

2.1 Thermophilic cyanobacteria              4  

2.1.1 Diversity of thermophilic cyanobacteria           5 

2.2 Identification of cyanobacteria              7      

2.3 Molecular diversity             10 

2.3.1 Revealing microbial diversity           11      

2.3.2  The denaturing gradient gel electrophoresis (DGGE)         14      

2.3.3  Advantages of DGGE            17 

2.3.4  Disadvantages of DGGE           17 

2.3.5  Biodiversity applications                      17 

2.4. Phylogenetic analysis             19 

2.4.1  Phylogenetic trees            20 

  2.4.2  Methods for constructing phylogenies          20 

2.4.3  Distance methods            20 

2.4.4  Character-based methods           21 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 x

TABLE OF CONTENTS (continue) 
 

                 Page 

 

Chapter 3   Materials and methods                         24 

3.1  Sampling                24  

3.1.1  Cyanobacterial mat sampling            25  

3.1.2  Water analysis              26 

3.2  Morphological study              27 

3.2.1  Morphological identification            27 

3.2.2  Isolation and cultivation             27 

3.2.3  Cyanobacteria abundance evaluation           28 

3.3  Molecular analysis              28 

  3.3.1  DNA extraction              28 

3.3.2  PCR amplification of cyanobacterial 16S rDNA         29 

3.3.3  DGGE analysis of community DNA           30  

3.3.4  Sequencing of DGGE bands            31 

 3.3.5  Phylogenetic analysis             32 

3.4  Data analysis               33 

Chapter 4   Results                            35 

 4.1  Diversity of cyanobacterial morphotypes                35      

  

4.2  Morphotypic diversity analysis             55 

4.3  Physico-chemical properties of all hot springs           59 

4.4  Physico-chemical properties analysis            70

 4.5  Canonical correspondence analysis (CCA) of            72 

        physico-chemical properties and cyanobacterial  

        morphotype data of all hot springs        

   

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xi

TABLE OF CONTENTS (continue) 
 

               Page 

 

4.6   Cyanobacterial enrichment cultures            76 

4.7   Molecular diversity of cyanobacterial 16S rRNA genes         76

 4.8   DGGE banding patterns of 16S rRNA gene analysis          83 

4.9   Phylogenetic analysis of the cyanobacterial 16S rDNA          90 

Chapter 5   Discussions                         100 

5.1   Cyanobacterial morphotypic diversity                     100 

5.2   Plasticity of the hot spring           100 

5.3  Molecular diversity of thermophilic cyanobacterial         102 

        16S rRNA genes          

5.4   The need for a polyphasic characterization         106  

5.5   Phylogenetic analysis of the cyanobacterial 16S rDNA         107 

Chapter 6   Conclusions and recommendations          110 

References               112 

Appendixes               125 

Publications               135 

Curriculum vitae              156 

 

 

 

 

 

 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xii

LIST OF TABLES 
 

        Tables          page 

 

1    Site descriptions and characteristics for each hot spring     25 

2    Chemical ingredients of 40 and 60% denaturant concentration    31  

3    Cyanobacterial morphotypes distinguished in six hot springs    43 

4    Diversity of cyanobacterial morphotypes at San Kamphaeng    47 

             (SK) Hot Spring in every season and for each range  

                   of temperature     

5    Diversity of cyanobacterial morphotypes at Pong Dued (PD)    48 

                  Hot Spring in every season and for each range of temperature  

6 Diversity of cyanobacterial morphotypes at Theppanom (TP)    50 

      Hot Spring in every season and for each range of temperature 

7 Diversity of cyanobacterial morphotypes at Pra Rueang (PR)     52 

      Hot Spring in every season and for each range of temperature   

8 Diversity of cyanobacterial morphotypes at Raksawarin      53 

      Public Park (RS) Hot Spring in every season and for  

each range of temperature  

9 Diversity of cyanobacterial morphotypes at Khaochaison (KC)    54 

      Hot Spring in every season and for each range of temperature   

10 Identity of 37 sequences obtained from community DNA of     90 

       thermophilic cyanobacterial mats  

11 Twenty selected cyanobacterial enrichment cultures from all     92 

       six hot springs   

 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xiii

LIST OF ILLUSTRATIONS 
 

            Figures                   page 

 

 1   Some coccoid cyanobacteria in Orders Chroococcales       8 

     and Pleurocapsales     

2 Some filamentous cyanobacteria in Orders Oscillatoriales,     9 

Nostocales and  Stigonematales       

 3   The polymerase chain reaction      13 

4   Separation bands in DGGE      15 

 5   The hot spring districts in Thailand     24 

6 Cyanobacterial morphotypes in Orders Chroococcales and  37 

      Pleurocapsales from natural samples in six hot springs  

      of Thailand   

7 Hand-drawings of cyanobacterial morphotypes in Orders   38 

      Chroococcales and Pleurocapsales from natural samples 

       in six hot springs of Thailand    

8 Cyanobacterial morphotypes in Order Oscillatoriales    39 

      from natural samples in six hot springs of Thailand 

9 Hand-drawings of cyanobacterial morphotypes in Order   40 

      Oscillatoriales from natural samples in six hot springs  

      of Thailand  

10 Cyanobacterial morphotypes in Order Nostocales and    41 

Stigonematales from natural samples in six hot springs  

of Thailand 

11 Hand-drawings of cyanobacterial morphotypes in Order    42 

      Nostocales and Stigonematales from natural samples 

      in six hot springs of Thailand  

12 The ordination plot of cyanobacterial morphotypes presented  56 

       in hot springs of each temperature range and season  

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xiv

LIST OF ILLUSTRATIONS (continue) 
 

            Figures                             page 

   

13 The ordination plot of cyanobacterial morphotypes presented  57 

       in hot springs of each temperature range and season   

14 The CATPCA biplot ordination of the cyanobacterial morphotype  58 

      data converted into a biplot by addition of lines showing 

      morphotype loading  

15 Air temperature of the 6 hot springs in rainy, cold dry and  61 

      summer seasons   

16 Maximum temperature of water in the 6 hot springs in rainy,   61 

      cold dry and summer seasons   

17 pH of water in the 6 hot springs in rainy, cold dry and summer  62 

      seasons   

18 Conductivity of water in the 6 hot springs in rainy, cold dry  62 

      and summer seasons   

19 Total alkalinity of water in the 6 hot springs in rainy, cold dry  63 

      and summer seasons   

20 Soluble reactive phosphorus of water in the 6 hot springs in rainy,  63 

      cold dry and summer seasons   

21 Nitrate nitrogen of water in the 6 hot springs in rainy, cold dry  64 

      and summer seasons   

22 Ammonium nitrogen of water in the 6 hot springs in rainy,   64 

      cold dry and summer seasons  

23 Sulfide of water in the 6 hot springs in rainy, cold dry and  66 

      summer seasons     

24 Sulfate of water in the 6 hot springs in rainy, cold dry and  66 

      summer seasons  

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xv

  LIST OF ILLUSTRATIONS (continue) 
 

            Figures                            page 

 

25 Hardness of water in the 6 hot springs in rainy, cold dry and  67 

      summer seasons   

26 Calcium of water in the 6 hot springs in rainy, cold dry and  67 

       summer seasons   

27 Magnesium of water in the 6 hot springs in rainy, cold dry  68 

      and summer seasons   

28 Sodium of water in the 6 hot springs in rainy, cold dry and  68 

      summer seasons   

29 Potassium of water in the 6 hot springs in rainy, cold dry  69 

      and summer seasons    

30 Chloride of water in the 6 hot springs in rainy, cold dry    69 

       and summer seasons    

31 The PCA ordination diagram of the physico-chemical   71 

       properties of all hot springs in each season   

32 The UPGMA cluster analysis of the physico-chemical    72 

       properties of all hot springs in each season    

33 The CCA ordination diagram of the cyanobacterial    74 

       morphotype data and physico-chemical properties 

       of all hot springs in each season    

34 The CCA ordination diagram of the sampling sites when using  75 

       cyanobacterial morphotype data and physico-chemical 

       properties of all hot springs in each season  

35 DGGE banding patterns of 16S rRNA gene-defined diversity  77 

      among thermophilic cyanobacterial mats in San Kamphaeng 

      (SK) Hot Spring   

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xvi

 LIST OF ILLUSTRATIONS (continue) 
 

            Figures                   page 

  

36 DGGE banding patterns of 16S rRNA gene-defined diversity     78 

      among thermophilic cyanobacterial mats in Pong Dued (PD)  

      Hot Spring    

37 DGGE banding patterns of 16S rRNA gene-defined diversity    79 

      among thermophilic cyanobacterial mats in Theppanom (TP) 

      Hot Spring    

38 DGGE banding patterns of 16S rRNA gene-defined diversity     80 

      among thermophilic cyanobacterial mats in Pra Rueang (PR)  

      Hot Spring    

39 DGGE banding patterns of 16S rRNA gene-defined diversity    81 

      among thermophilic cyanobacterial mats in Raksawarin  

      Public Park (RS) Hot Spring    

40 DGGE banding patterns of 16S rRNA gene-defined diversity     82 

      among thermophilic cyanobacterial mats in Khaochaison  

      (KC) Hot Spring  

41 PCA ordination diagram of cyanobacterial DGGE profile     84 

      distribution in San Kamphaeng Hot Spring  

42 PCA ordination diagram of cyanobacterial DGGE profile    85 

      distribution in Pong Dued Hot Spring   

43 PCA ordination diagram of cyanobacterial DGGE profile    86 

      distribution in Theppanom Hot Spring   

44 PCA ordination diagram of cyanobacterial DGGE profile    87 

      distribution in Pra Rueang Hot Spring   

45 PCA ordination diagram of cyanobacterial DGGE profile    88 

      distribution in Raksawarin Public Park Hot Spring 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xvii

  LIST OF ILLUSTRATIONS (continue) 
 

            Figures                   page 

 

46 PCA ordination diagram of cyanobacterial DGGE profile    89 

      distribution in Khaochaison Hot Spring    

47 Phylogenetic relationships for the thermophilic cyanobacteria     93 

      were constructed using partial 16S rRNA gene sequences   

48 Phylogenetic relationships of the a) Phormidium-like,      97 

       b) Synechococcus-like  and c) Oscillatoria–like cyanobacteria 

                 constructed on the basis of partial 16S rRNA gene sequences  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xviii

ABBREVIATIONS 
 

µs/cm    microsemen per centimeter 

bp     base pair 

CATPCA   Categorical Principal Components Analysis 

CCA    Canonical Correspondence Analysis 

cf.    carried forward 

dATP     deoxyadenosine 5’ triphosphate 

dCTP     deoxycytidine 5’ triphosphate 

dGTP     deoxyguanosine 5’ triphosphate 

dTTP     deoxythymine5’ triphosphate 

DNA     deoxyribonucleic acid 

dsDNA   double strand deoxyribonucleic acid 

DGGE    Denaturing Gradient Gel Electrophoresis 

mM     millimolar 

MVSP    Multivariate Statistical Package 

PCR     Polymerase Chain Reaction 

PCA    Principal Component Analysis 

RAPD     Random Amplification Polymorphism DNA 

rDNA     ribosomal deoxyribonucleic acid 

RNA    ribonucleic acid 

rpm    revolutions per minute 

SPSS    Statistical Program for Social Science 

SSU rRNA   small sub unit ribosomal ribonucleic acid 

wt/vol    weight per volume 

µmol     micromole 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xix

ABBREVIATIONS 
 

Sampling site of six hot springs in each temperature range and season code 

 

Site Name code 
San Kamphaeng Hot Spring in rainy season SK-r 
San Kamphaeng Hot Spring in cold dry season SK-w 
San Kamphaeng Hot Spring in summer season SK-s 
San Kamphaeng Hot Spring in rainy season, 40-45ºC range SK40r 
San Kamphaeng Hot Spring in cold dry season, 40-45ºC range SK40w 
San Kamphaeng Hot Spring in summer season, 40-45ºC range SK40s 
San Kamphaeng Hot Spring in rainy season, 45-50ºC range SK45r 
San Kamphaeng Hot Spring in cold dry season, 45-50ºC range SK45w 
San Kamphaeng Hot Spring in summer season, 45-50ºC range SK45s 
San Kamphaeng Hot Spring in rainy season, 50-55ºC range SK50r 
San Kamphaeng Hot Spring in cold dry season, 50-55ºC range SK50w 
San Kamphaeng Hot Spring in summer season, 50-55ºC range SK50s 
San Kamphaeng Hot Spring in rainy season, 55-60ºC range SK55r 
San Kamphaeng Hot Spring in cold dry season, 55-60ºC range SK55w 
San Kamphaeng Hot Spring in summer season, 55-60ºC range SK55s 
San Kamphaeng Hot Spring in rainy season, 60-65ºC range SK60r 
San Kamphaeng Hot Spring in cold dry season, 60-65ºC range SK60w 
San Kamphaeng Hot Spring in summer season, 60-65ºC range SK60s 
San Kamphaeng Hot Spring in rainy season, 65-70ºC range SK65r 
San Kamphaeng Hot Spring in cold dry season, 65-70ºC range SK65w 
San Kamphaeng Hot Spring in summer season, 65-70ºC range SK65s 
Pong Dued Hot Spring in rainy season PD-r 
Pong Dued Hot Spring in cold dry season PD-w 
Pong Dued Hot Spring in summer season PD-s 
Pong Dued Hot Spring in rainy season, 40-45ºC range PD40r 
Pong Dued Hot Spring in cold dry season, 40-45ºC range PD40w 
Pong Dued Hot Spring in summer season, 40-45ºC range PD40s 
Pong Dued Hot Spring in rainy season, 45-50ºC range PD45r 
Pong Dued Hot Spring in cold dry season, 45-50ºC range PD45w 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xx

ABBREVIATIONS (continue) 

 

Sampling site of six hot springs in each temperature range and season code 

 

Site Name code 
Pong Dued Hot Spring in summer season, 45-50ºC range PD45s 
Pong Dued Hot Spring in rainy season, 50-55ºC range PD50r 
Pong Dued Hot Spring in cold dry season, 50-55ºC range PD50w 
Pong Dued Hot Spring in summer season, 50-55ºC range PD50s 
Pong Dued Hot Spring in rainy season, 55-60ºC range PD55r 
Pong Dued Hot Spring in cold dry season, 55-60ºC range PD55w 
Pong Dued Hot Spring in summer season, 55-60ºC range PD55s 
Pong Dued Hot Spring in rainy season, 60-65ºC range PD60r 
Pong Dued Hot Spring in cold dry season, 60-65ºC range PD60w 
Pong Dued Hot Spring in summer season, 60-65ºC range PD60s 
Pong Dued Hot Spring in rainy season, 65-70ºC range PD65r 
Pong Dued Hot Spring in cold dry season, 65-70ºC range PD65w 
Pong Dued Hot Spring in summer season, 65-70ºC range PD65s 
Pong Dued Hot Spring in rainy season, 70-75ºC range PD70r 
Pong Dued Hot Spring in cold dry season, 65-70ºC range PD70w 
Pong Dued Hot Spring in summer season, 65-70ºC range PD70s 
Theppanom Hot Spring in rainy season TP-r 
Theppanom Hot Spring in cold dry season TP-w 
Theppanom Hot Spring in summer season TP-s 
Theppanom Hot Spring in rainy season, 40-45ºC range TP40r 
Theppanom Hot Spring in cold dry season, 40-45ºC range TP40w 
Theppanom Hot Spring in summer season, 40-45ºC range TP40s 
Theppanom Hot Spring in rainy season, 45-50ºC range TP45r 
Theppanom Hot Spring in cold dry season, 45-50ºC range TP45w 
Theppanom Hot Spring in summer season, 45-50ºC range TP45s 
Theppanom Hot Spring in rainy season, 50-55ºC range TP50r 
Theppanom Hot Spring in cold dry season, 50-55ºC range TP50w 
Theppanom Hot Spring in summer season, 50-55ºC range TP50s 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xxi

ABBREVIATIONS (continue) 

 

Sampling site of six hot springs in each temperature range and season code 

 

Site Name code 
Theppanom Hot Spring in rainy season, 55-60ºC range TP55r 
Theppanom Hot Spring in cold dry season, 55-60ºC range TP55w
Theppanom Hot Spring in summer season, 55-60ºC range TP55s 
Theppanom Hot Spring in rainy season, 60-65ºC range TP60r 
Theppanom Hot Spring in cold dry season, 60-65ºC range TP60w
Theppanom Hot Spring in summer season, 60-65ºC range TP60s 
Theppanom Hot Spring in rainy season, 65-70ºC range TP65r 
Theppanom Hot Spring in cold dry season, 65-70ºC range TP65w
Theppanom Hot Spring in summer season, 65-70ºC range TP65s 
Theppanom Hot Spring in rainy season, 65-70ºC range TP70r 
Theppanom Hot Spring in cold dry season, 65-70ºC range TP70w
Theppanom Hot Spring in summer season, 65-70ºC range TP70s 
Pra Rueang Hot Spring in rainy season PR-r 
Pra Rueang Hot Spring in cold dry season PR-w 
Pra Rueang Hot Spring in summer season PR-s 
Pra Rueang Hot Spring in rainy season, 40-45ºC range PR40r 
Pra Rueang Hot Spring in cold dry season, 40-45ºC range PR40w
Pra Rueang Hot Spring in summer season, 40-45ºC range PR40s 
Pra Rueang Hot Spring in rainy season, 45-50ºC range PR45r 
Pra Rueang Hot Spring in cold dry season, 45-50ºC range PR45w
Pra Rueang Hot Spring in summer season, 45-50ºC range PR45s 
Raksawarin Public Park Hot Spring in rainy season RS-r 
Raksawarin Public Park Hot Spring in cold dry season RS-w 
Raksawarin Public Park Hot Spring in summer season RS-s 
Raksawarin Public Park Hot Spring in rainy season, 40-45ºC range RS40r 
Raksawarin Public Park Hot Spring in cold dry season, 40-45ºC range RS40w
Raksawarin Public Park Hot Spring in summer season, 40-45ºC range RS40s 
Raksawarin Public Park Hot Spring in rainy season, 45-50ºC range RS45r 
Raksawarin Public Park Hot Spring in cold dry season, 45-50ºC range RS45w

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xxii

ABBREVIATIONS (continue) 

 

Sampling site of six hot springs in each temperature range and season code 

 

Site Name code 
Raksawarin Public Park Hot Spring in summer season, 45-50ºC range RS45s 
Raksawarin Public Park Hot Spring in rainy season, 50-55ºC range RS50r 
Raksawarin Public Park Hot Spring in cold dry season, 50-55ºC range RS50w 
Raksawarin Public Park Hot Spring in summer season, 50-55ºC range RS50s 
Raksawarin Public Park Hot Spring in rainy season, 55-60ºC range RS55r 
Raksawarin Public Park Hot Spring in cold dry season, 55-60ºC range RS55w 
Raksawarin Public Park Hot Spring in summer season, 55-60ºC range RS55s 
Khaochaison Hot Spring in rainy season KC-r 
Khaochaison Hot Spring in cold dry season KC-w 
Khaochaison Hot Spring in summer season KC-s 
Khaochaison Hot Spring in rainy season, 45-50ºC range KC45r 
Khaochaison Hot Spring in cold dry season, 45-50ºC range KC45w 
Khaochaison Hot Spring in summer season, 45-50ºC range KC45s 
Khaochaison Hot Spring in rainy season, 50-55ºC range KC50r 
Khaochaison Hot Spring in cold dry season, 50-55ºC range KC50w 
Khaochaison Hot Spring in summer season, 50-55ºC range KC50s 

 

 

 

 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d


	2.3.2  The denaturing gradient gel electrophoresis (DGGE)   
	2.3.4  Disadvantages of DGGE           17
	3.2.2  Isolation and cultivation             27

	Figures                   page
	Figures                   page
	ABBREVIATIONS
	ABBREVIATIONS (continue)
	ABBREVIATIONS (continue)
	ABBREVIATIONS (continue)

