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ABSTRACT 

 

 

Acanthaceae is one of the potential medicinal plant families that occurred in 

Peninsular Malaysia. A great contribution of the Acanthaceae was observed by the 

documentation of several Acanthaceae species in Malay Medical Manuscripts. 

However, the treatment of Acanthaceae subfamilies previously seems to have many 

changes including the placement of the genus Avicennia L. into the Acanthaceae. The 

placement of this genus somehow is made by molecular study without a strong 

justification from leaf anatomy, micromorphology and cytogenetics points of view. A 

systematic study thereby was conducted on ten selected species from nine genera of 

Acanthaceae from Peninsular Malaysia. This research aims to investigate the 

significance of leaf anatomy and micromorphology characteristics that can be used in 

the identification of Acanthaceae as well as determine the genome size data to support 

the systematic study of Acanthaceae. The leaf anatomical study involved several 

methods such as cross-section using a sliding microtome, leaf epidermal peeling, leaf 

clearing and observation under a light microscope. The leaf micromorphology method 

involved the observation of adaxial and abaxial surfaces under a Scanning Electron 

Microscope (Zeiss Model EVO 50). Cytogenetics study method involved the 

determination of genome size by using Flow Cytometry Method. The dichotomous 

key of species was constructed based upon leaf anatomical and micromorphological 

features gathered in this study. Phylogeny analysis was conducted based on leaf 

anatomical and micromorphological features by using Multivariate Statistical 

Package. The analysis of One-Way ANOVA based on genome size was done to 

investigate the interspecific variations among Acanthaceae species. Results revealed 

three common characteristics, fourteen variation characteristics and forty diagnostic 

characteristics of leaf anatomy and micromorphology among the Acanthaceae species. 

Results also revealed the separation of the genus Avicennia from other Acanthaceae 

species based on the constructed phylogeny tree. For the cytogenetics part, the 

genome size of Acanthaceae species was measured by using Glycine max cv. Polanka 

(2C=2.5pg) as external reference standard. Results revealed the genome size of 

Acanthaceae species ranged from 2.05 to 4.09 pg. The determination of genome size 

however was only obtained for six species studied, whilst the other four species were 

unable to represent a good peak of histogram. This might be due to the insufficient of 

nuclei quantities and interference of DNA staining during the analysis. The One-Way 

ANOVA of genome size showed a statistical difference, thus indicating the presence 

of interspecific variation among the Acanthaceae species. In conclusion, the leaf 

anatomy, micromorphology and genomes size data possessed taxonomic values and 

proven to be additional data for the identification and classification of Acanthaceae. 
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البحث  ملخص  
 

 

يحتوي في السابق على العديد من التغييرات بما في ذلك   Acanthaceae يبدو أن علاج الفصائل الفرعية

وبالتالي أجريت دراسة منهجية على عشرة أنواع مختارة  .Acanthaceaeفي   .Avicennia L وضع جنس

البحث إلى التحقق من أهمية  يهدف هذا  .  من شبه جزيرة ماليزيا Acanthaceae من تسعة أجناس من

الأوراق تحديد    ،تشريح  استخدامها في  يمكن  التي  الدقيقة  الأشكال  وكذلك    Acanthaceaeوخصائص 

. تضمنت الدراسة التشريحية للأوراق Acanthaceaeتحديد بيانات حجم الجينوم لدعم الدراسة المنهجية لـ 

شير جلد الأوراق، وتنظيف الأوراق، والمراقبة  عدة طرق مثل المقطع العرضي باستخدام مبضع منزلق، وتق

المسح  الشكل المجهري للأوراق مراقبة الأسطح المحورية تحت مجهر  الضوئي. تضمنت طريقة  تحت المجهر 

الجينوم  (.  Zeiss Model EVO 50)الإلكتروني   الخلوية تحديد حجم  الوراثة  علم  دراسة  تضمنت طريقة 

الخلوي. تم إنشاء المفتاح ثنائي التفرع للأنواع بناءً على السمات التشريحية باستخدام طريقة قياس التدفق  

خصائص  م   والميكرو ثلاث  عن  النتائج  الدراسة. كشفت  هذه  في  جمعها  تم  التي  للأوراق  ورفولوجية 

الأوراق   لتشريح  تشخيصية  وأربعين خاصية  تباين  أربعة عشر خاصية  مورفولوجيمشتركة،  بين    اوالميكرو 

الجينوم لأنواع    .Acanthaceae  الأنواع قياس حجم  الخلوية، تم  الوراثة   Acanthaceaeبالنسبة لجزء علم 

النتائج أن   Glycine max cv. Polanka (2C = 2.5pg)باستخدام   كمعيار مرجعي خارجي. كشفت 

بيانات  ، تمتلك  نهاية المطاففي    بيكوغرام.  4.09إلى    2.05تراوح من    Acanthaceaeحجم الجينوم لأنواع  

وحجم الجينوم قيمًا تصنيفية وأثبتت أنها بيانات إضافية لتحديد    ،وعلم الأشكال المجهرية  ،تشريح الأوراق

 .Acanthaceaeوتصنيف 

 



iii 

 

APPROVAL PAGE 

 

 

I certify that I have supervised and read this study and that in my opinion, it conforms 

to acceptable standards of scholarly presentation and is fully adequate, in scope and 

quality, as a dissertation for the degree of Master of Science 

 

 

……..………………………… 

Che Nurul Aini Binti Che Amri 

Supervisor 

 

…………………………..…... 

Rozilawati Binti Shahari 

Co-Supervisor 

 

……………………………..... 

Mohd Razik Bin Midin 

Co-Supervisor 

 

I certify that I have read this study and that in my opinion it conforms to acceptable 

standards of scholarly presentation and is fully adequate, in scope and quality, as a 

thesis for the degree of Master of Science 

 

 

………………………………. 

Nor Azahana Binti Abdullah 

Internal Examiner 

 

………………………………. 

Amalia M. Si 

External Examiner  

 

 

 

 

 



iv 

 

This thesis was submitted to the Department of Plant Science and is accepted as a 

fulfilment of the requirement for the degree of Master of Science 

 

 

………………………………. 

Zarina Binti Zainuddin 

Head, Department of Plant 

Science 

 

 

This thesis was submitted to the Kulliyyah of Science and is accepted as a fulfillment 

of the requirement for the degree of Master of Science 

 

 

………………………………. 

Jesni Bin Shamsul Shaari                     

Dean, Kulliyyah of Science 

 

  



v 

 

DECLARATION 

 

 

I hereby declare that this thesis is the result of my own investigations, except where 

otherwise stated. I also declare that it has not been previously or concurrently 

submitted as a whole for any other degrees at IIUM or other institutions. 

 

Siti Maisarah Binti Zakaria 

 

Signature……………………………   Date…………………… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 

 

 

        

 

INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA 

 

DECLARATION OF COPYRIGHT AND AFFIRMATION OF 

FAIR USE OF UNPUBLISHED RESEARCH 

 

LEAF ANATOMY AND CYTOGENETICS ANALYSES OF 

SELECTED ACANTHACEAE SPECIES IN PENINSULAR 

MALAYSIA 

 

I declare that the copyright holder of this thesis/dissertation is International 

Islamic University Malaysia. 

Copyright © 2022 International Islamic University Malaysia. All rights reserved. 

No part of this unpublished research may be reproduced, stored in a retrieval 

system, or transmitted, in any form or by any means, electronic, mechanical, 

photocopying, recording or otherwise without prior written permission of the 

copyright holder except as provided below 

1. Any material contained in or derived from this unpublished research may 

only be used by others in their writing with due acknowledgement. 

 

2. IIUM or its library will have the right to make and transmit copies (print or 

electronic) for institutional and academic purpose. 

 

3. The IIUM library will have the right to make, store in a retrieval system 

and supply copies of this unpublished research if requested by other 

universities and research libraries.  

By signing this form, I acknowledged that I have read and understand the IIUM 

Intellectual Property Right and Commercialization policy. 

 

Affirmed by Siti Maisarah Binti Zakaria 

 

………………………………  ………………….. 

   Signature     Date 



vii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

This thesis is dedicated to my dear self for keeping strong throughout the bittersweet of 

this journey 



viii 

 

ACKNOWLEDGEMENTS 

 

 

All glory is due to Allah, the Almighty, whose Grace and Mercies have been with me 

throughout this unforgettable journey. 

 

I am most indebted to my supervisor, Asst. Prof. Dr. Che Nurul Aini Che Amri 

for her valuable guidance, suggestions and continuous support throughout this 

research project. Thank you for always being a teacher, friend and sister to me. 

Despite her commitments, she took the time to listen and lend a hand to me. I am also 

grateful to my co-supervisors, Asst. Prof. Dr. Rozilawati Shahari, Asst. Prof. Dr. 

Mohd Razik Midin and Asst. Prof. Dr. Noor Syaheera Mohd Yunus whose support 

and cooperation contributed to the outcome of this work. 

 

This project would not have been possible without support from my fiancé, 

Azad ‘Azizi Mahdzir. Thank you for always being my best partner, standing by my 

side and supporting me, especially during difficult times. Thank you for always giving 

me motivational words, positive minds and being my best crying shoulder. I will 

always remember his words “Fasobrun jamil”. Only Allah can repay your kindness 

and sacrifices.  

 

My gratitude also goes to Br. Mohamad Ruzi Abdul Rahman, Br. Abdul Azim 

Abd Razak, Sr. Siti Aisyah Hassan, Sr. Norazura Jamil and Sr. Zainab Anip for your 

helps and guidance. Also, my dedication goes to my beloved parents, Zakaria Ishak 

and Rahimah Mat Zin. Thank you for all the prayers, motivations and understanding. 

Lastly, thank you to all administrations and laboratory staffs from the International 

Islamic University of Malaysia (IIUM Kuantan), Universiti Kebangsaan Malaysia 

(UKM) and Malaysian Palm Oil Board (MPOB) for their help and guidance.  

 

Truly, all the bittersweets of this journey are safely engraved in my heart. 

Thank you Allah for keeping me strong and enduring all the hardships. May Allah 

grants all of us with His blessings. Alhamdullilah.   

 

 

 

 

 

 

 



ix 

 

TABLE OF CONTENTS 
 

 

Abstract ........................................................................................................................... i 

Abstract in Arabic .......................................................................................................... ii 

Approval Page ............................................................................................................... iii 

Declaration ..................................................................................................................... v 

Acknowledgements ..................................................................................................... viii 

List of Tables .............................................................................................................. xiii 

List of Figures ............................................................................................................. xiv 

List of Abbreviations ................................................................................................ xviii 
 

CHAPTER ONE: INTRODUCTION ........................................................................ 1 

1.2 Problem Statement ....................................................................................... 4 

1.3 Significance of the Study ............................................................................. 5 

1.4 Research Objectives ..................................................................................... 6 

1.5 Research Questions ...................................................................................... 7 
 

CHAPTER TWO: LITERATURE REVIEW ........................................................... 8 

2.1 Taxonomy of Acanthaceae........................................................................... 8 

2.2 Origin and Distribution .............................................................................. 11 

2.3 Morphology ................................................................................................ 12 

2.3.1 Genus Acanthus L. ...................................................................... 14 

2.3.2 Genus Avicennia L. ..................................................................... 14 

2.3.3 Genus Clinacanthus Nees ........................................................... 15 

2.3.4 Genus Crossandra Salisbury ...................................................... 16 

2.3.5 Genus Graptophyllum Nees ........................................................ 17 

2.3.6 Genus Hemigraphis Nees ........................................................... 17 

2.3.7 Genus Ruellia L. ......................................................................... 18 

2.3.8 Genus Staurogyne Wall. ............................................................. 18 

2.3.9 Genus Thunbergia Retz. ............................................................. 19 

2.4 Leaf Anatomy ............................................................................................ 19 

2.5 Leaf Micromorphology .............................................................................. 21 

2.6 Cytogenetics ............................................................................................... 23 

2.7 Medicinal Values ....................................................................................... 24 

2.8 Ethnomedicines (Malay Medical Manuscripts) ......................................... 26 

2.9 Economical Values .................................................................................... 30 
 

CHAPTER THREE: MATERIALS AND METHOD ............................................ 32 

3.1 Research Materials ..................................................................................... 32 

3.2 Research Methodology .............................................................................. 32 

3.2.1 Sample Collections ..................................................................... 32 

3.2.2 Sample Locality Map .................................................................. 34 

3.2.3 Herbarium Preparation ................................................................ 37 

3.2.4 Sample Preparations .................................................................... 37 

3.2.5 Leaf Anatomy Method ................................................................ 38 

3.2.6 Leaf Micromorphology Method.................................................. 41 

3.2.7 Phylogeny Analysis .................................................................... 42 



x 

 

3.2.8 Flow Cytometry Analysis (FCM) ............................................... 42 
 

CHAPTER FOUR: RESULTS AND OBSERVATION ......................................... 44 

4.1 Morphology of Selected Acanthaceae Species .......................................... 44 

4.1.1 Acanthus ebracteatus .................................................................. 45 

4.1.2 Avicennia alba ............................................................................ 47 

4.1.3 Avicennia marina var. rumphiana .............................................. 49 

4.1.4 Clinacanthus nutans .................................................................... 51 

4.1.5 Crossandra infundibuliformis ..................................................... 53 

4.1.6 Graptophyllum pictum ................................................................ 55 

4.1.7 Hemigraphis reptans ................................................................... 57 

4.1.8 Ruellia repens ............................................................................. 59 

4.1.9 Staurogyne sp. ............................................................................. 61 

4.1.10 Thunbergia erecta ..................................................................... 63 

4.2. Leaf Anatomical Characteristics of Petiole, Midrib, Lamina and Margin 65 

4.2.1 Acanthus ebracteatus .................................................................. 65 

4.2.2 Avicennia alba ............................................................................ 71 

4.2.3 Avicennia marina var. rumphiana .............................................. 77 

4.2.4 Clinacanthus nutans .................................................................... 83 

4.2.5 Crossandra infundibuliformis ..................................................... 89 

4.2.6 Graptophyllum pictum ................................................................ 95 

4.2.7 Hemigraphis reptans ................................................................. 101 

4.2.8 Ruellia repens ........................................................................... 107 

4.2.9 Staurogyne sp. ........................................................................... 113 

4.2.10 Thunbergia erecta ................................................................... 119 

4.3 Leaf Epidermis of Anatomical Characteristics ........................................ 125 

4.3.1 Acanthus ebracteatus ................................................................ 125 

4.3.2 Avicennia alba .......................................................................... 125 

4.3.3 Avicennia marina var. rumphiana ............................................ 128 

4.3.4 Clinacanthus nutans .................................................................. 128 

4.3.5 Crossandra infundibuliformis ................................................... 131 

4.3.6 Graptophyllum pictum .............................................................. 131 

4.3.7 Hemigraphis reptans ................................................................. 134 

4.3.8 Ruellia repens ........................................................................... 134 

4.3.9 Staurogyne sp. ........................................................................... 137 

4.3.10 Thunbergia erecta ................................................................... 137 
4.4 Leaf Venation of Anatomical Characteristics .......................................... 140 

4.4.1 Acanthus ebracteatus ................................................................ 140 

4.4.2 Avicennia alba .......................................................................... 141 

4.4.3 Avicennia marina var. rumphiana ............................................ 142 

4.4.4 Clinacanthus nutans .................................................................. 143 

4.4.5 Crossandra infundibuliformis ................................................... 144 

4.4.6 Graptophyllum pictum .............................................................. 145 

4.4.7 Hemigraphis reptans ................................................................. 146 

4.4.8 Ruellia repens ........................................................................... 147 

4.4.9 Staurogyne sp. ........................................................................... 148 

4.4.10 Thunbergia erecta ................................................................... 149 

4.5 Leaf Micromorphological Characteristics ............................................... 150 

4.5.1 Acanthus ebracteatus ................................................................ 150 

4.5.2 Avicennia alba .......................................................................... 150 



xi 

 

4.5.3 Avicennia marina var. rumphiana ............................................ 155 

4.5.4 Clinacanthus nutans .................................................................. 155 

4.5.5 Crossandra infundibuliformis ................................................... 160 

4.5.6 Gratophyllum pictum ................................................................ 160 

4.5.7 Hemigraphis reptans ................................................................. 165 

4.5.8 Ruellia repens ........................................................................... 165 

4.5.9 Staurogyne sp. ........................................................................... 170 

4.5.10 Thunbergia erecta ................................................................... 170 

4.6 Genome Size Determination by Flow Cytometry .................................... 175 

4.6.1 Optimising of Nuclei Preparation ............................................. 175 

4.6.2 Genome Size Determination ..................................................... 176 

 

CHAPTER FIVE: DISCUSSION ........................................................................... 178 

5.1 Descriptions of Leaf Anatomy and Micromorphology ............................ 178 

5.2 General Characteristics of Leaf Anatomy and Micromorphology of 

Selected Acanthaceae Species................................................................. 196 

5.2.1 Presence of Collenchyma Cells in Petiole and Midrib ............. 197 

5.2.2 Presence of Mucilage Cells and Mucilage Canals .................... 197 

5.2.3 Presence of Trichomes .............................................................. 198 

5.3 Interspecific Variation of Leaf Anatomy and Micromorphology 

Characteristics of Selected Acanthaceae Species ................................... 199 

5.3.1 Petiole Outline .......................................................................... 199 

5.3.2 Midrib Outline .......................................................................... 200 

5.3.3 Marginal Outline ....................................................................... 201 

5.3.4 Pattern of Vascular Bundles in Petiole and Midrib .................. 202 

5.3.5 Presence of Brachysclereids...................................................... 203 

5.3.6 Presence of Hypodermal Cells .................................................. 204 

5.3.7 Presence and Types of Cystolith Cells ...................................... 205 

5.3.8 Presence and Types of Stomata ................................................ 206 

5.3.9 Presence and Types of Cell Inclusions ..................................... 207 

5.3.10 Types of Marginal and Lamina Venation ............................... 208 

5.3.11 Types of Trichomes ................................................................ 210 

5.3.12 Pattern of Anticlinal Walls ...................................................... 215 

5.3.13 Types of Waxes ....................................................................... 217 

5.3.14 Pattern of Cuticular Sculpturing ............................................. 218 

5.4 Diagnostic Characteristics of Leaf Anatomy and Micromorphology ...... 220 
5.5 Dichotomous Key of the Acanthaceae Species Studied based on Leaf 

Anatomy and Micromorphology Characteristics .................................... 228 

5.6 Phenetic Analysis based on Leaf Anatomy and Micromorphology 

Characteristics ......................................................................................... 229 

5.7 Flow Cytometry Analysis ........................................................................ 232 

5.7.1 Optimising of Nuclei Preparation ............................................. 232 

5.7.2 Genome Size Determination ..................................................... 235 

5.8 Taxonomic Implications .......................................................................... 238 
 

CHAPTER SIX: CONCLUSION ........................................................................... 240 
 

REFERENCES ......................................................................................................... 243 
 



xii 

 

APPENDIX A: CODES OF LEAF ANATOMY AND MICROMORPHOLOGY 

CHARACTERISTICS FOR NUMERICAL PHENETIC 

ANALYSIS ................................................................................... 274 

APPENDIX B: SUMMARY OF LEAF ANATOMY AND 

MICROMORPHOLOGY OF ACANTHACEAE SPECIES 

STUDIED ..................................................................................... 279 

APPENDIX C: SUMMARY OF THE OPTIMIZATION OF NUCLEI 

PREPARATION OF ACANTHACEAE SPECIES STUDIED

 ....................................................................................................... 282 

APPENDIX D: GENOME SIZE DATA IN ANALYSIS OF VARIANCE 

(ANOVA) ...................................................................................... 284 

APPENDIX E: ONE-WAY ANOVA FOR GENOME SIZE OF 

ACANTHACEAE SPECIES ...................................................... 285 

APPENDIX F: SUMMARY OF MULTIPLE COMPARISONS BASED ON 

POST HOC (TUKEY’S TEST) .................................................. 285 

APPENDIX G: POST HOC TEST (MULTIPLE COMPARISON) ................... 286 

APPENDIX H: LIST OF PUBLICATIONS ......................................................... 288 

 

 

 

 

 

 

  



xiii 

 

LIST OF TABLES 

 

 

Table 2.1 Systematic position of Acanthaceae subfamilies 10 

Table 2.2 Acanthaeace species in Malay Medical Manuscripts 28 

Table 3.1 Samples collection and localities 33 

Table 3.2 Sampling points and localities 35 

Table 3.3 Staining procedure 39 

Table 3.4 Dehydration procedure for cross-sectioning method 39 

Table 3.5 Dehydration procedure for leaf clearing method 41 

Table 4.1 Genome size determination of the selected Acanthaceae 

species 

176 

Table 5.1 Classification and description of petiole outlines 179 

Table 5.2 Classification and description of midrib outlines 182 

Table 5.3 Classification and description of vascular bundles in the 

petiole 

184 

Table 5.4 Classification and description of vascular bundles in the 

midrib 

186 

Table 5.5 Classification and description of marginal outlines 188 

Table 5.6 Classification and description of epicuticular waxes 190 

Table 5.7 Classification and description of cuticular sculpturing 191 

Table 5.8 Classification and description of anticlinal walls 192 

Table 5.9 Classification and description of trichomes 193 

Table 5.10 Classification and description of cystoliths 196 

Table 5.11 Summary on types of trichomes 212 

Table 5.12 Summary on patterns of anticlinal walls 216 

Table 5.13 Summary on types of epicuticular waxes 218 

Table 5.14 Summary on cuticular sculpturing 219 

Table 5.15 Summary on diagnostic characteristics in Acanthaceae 

species studied 

224 

 

 



xiv 

 

LIST OF FIGURES 

 

 

Figure 2.1 

Figure 2.2 

Taxonomic division of Acanthaceae subfamilies and tribes 

Examples of transliterated Malay Medical Manuscripts 

11 

29 

Figure 3.1 

 

Figure 3.2 

Sample locality map of Acanthaceae species in Peninsular 

Malaysia 

Formula of genome size determination 

36 

 

43 

Figure 4.1 Morphological characteristics of Acanthus ebracteatus 45 

Figure 4.2 Botanical illustration of Acanthus ebracteatus 46 

Figure 4.3 Morphological characteristics of Avicennia alba 47 

Figure 4.4 Botanical illustration of Avicennia alba 48 

Figure 4.5 Morphological characteristics of Avicennia marina var. 

rumphiana 

49 

 

Figure 4.6 Botanical illustration of Avicennia marina var. rumphiana 50 

Figure 4.7 Morphological characteristics Clinacanthus nutans 51 

Figure 4.8 Botanical illustration of Clinacanthus nutans 52 

Figure 4.9 Morphological characteristics Crossandra infundibuliformis 53 

Figure 4.10 Botanical illustration of Crossandra infundibuliformis  54 

Figure 4.11 Morphological characteristics Graptophyllum pictum 55 

Figure 4.12 Botanical illustration of Graptophyllum pictum 56 

Figure 4.13 Morphological characteristics of Hemigraphis reptans 57 

Figure 4.14 Botanical illustration of Hemigraphis reptans 58 

Figure 4.15 Morphological characteristics Ruellia repens 59 

Figure 4.16 Botanical illustration of Ruellia repens 60 

Figure 4.17 Morphological characteristics Staurogyne sp. 61 

Figure 4.18 Botanical illustration of Staurogyne sp. 62 

Figure 4.19 Morphological characteristics Thunbergia erecta 63 

Figure 4.20 Botanical illustration of Thunbergia erecta 64 

Figure 4.21 Petiole cross-section of Acanthus ebracteatus 66 

Figure 4.22 Midrib cross-section of Acanthus ebracteatus 68 

Figure 4.23 Lamina and margin cross-section of Acanthus ebracteatus 70 

Figure 4.24 Petiole cross-section of Avicennia alba 72 



xv 

 

Figure 4.25 Midrib cross-section of Avicennia alba 74 

Figure 4.26 Lamina and margin cross-section of Avicennia alba 76 

Figure 4.27 Petiole cross-section of Avicennia marina var. rumphiana 78 

Figure 4.28 Midrib cross-section of Avicennia marina var. rumphiana 80 

Figure 4.29 Lamina and margin cross-section of Avicennia marina var. 

rumphiana 

82 

Figure 4.30 Petiole cross-section of Clinacanthus nutans 84 

Figure 4.31 Midrib cross-section of Clinacanthus nutans 86 

Figure 4.32 Lamina and margin cross-section of Clinacanthus nutans 88 

Figure 4.33 Petiole cross-section of Crossandra infundibuliformis 90 

Figure 4.34 Midrib cross-section of Crossandra infundibuliformis 92 

Figure 4.35 Lamina and margin cross-section of Crossandra 

infundibuliformis 

94 

Figure 4.36 Petiole cross-section of Graptophyllum pictum 96 

Figure 4.37 Midrib cross-section of Graptophyllum pictum 98 

Figure 4.38 Lamina and margin cross-section of Graptophyllum pictum 100 

Figure 4.39 Petiole cross-section of Hemigraphis reptans 102 

Figure 4.40 Midrib cross-section of Hemigraphis reptans 104 

Figure 4.41 Lamina and margin cross-section of Hemigraphis reptans 106 

Figure 4.42 Petiole cross-section of Ruellia repens 108 

Figure 4.43 Midrib cross-section of Ruellia repens 110 

Figure 4.44 Lamina and margin cross-section of Ruellia repens 112 

Figure 4.45 Petiole cross-section of Staurogyne sp. 114 

Figure 4.46 Midrib cross-section of Staurogyne sp. 116 

Figure 4.47 Lamina and margin cross-section of Staurogyne sp. 118 

Figure 4.48 Petiole cross-section of Thunbergia erecta 120 

Figure 4.49 Midrib cross-section of Thunbergia erecta 122 

Figure 4.50 Lamina and margin cross-section of Thunbergia erecta 124 

Figure 4.51 Leaf epidermis of Acanthus ebracteatus 126 

Figure 4.52 Leaf epidermis of Avicennia alba 127 

Figure 4.53 Leaf epidermis of Avicennia marina var. rumphiana 129 

Figure 4.54 Leaf epidermis of Clinacanthus nutans 130 

Figure 4.55 Leaf epidermis of Crossandra infundibuliformis 132 



xvi 

 

Figure 4.56 Leaf epidermis of Graptophyllum pictum 133 

Figure 4.57 Leaf epidermis of Hemigraphis reptans 135 

Figure 4.58 Leaf epidermis of Ruellia repens 136 

Figure 4.59 Leaf epidermis of Staurogyne sp. 138 

Figure 4.60 Leaf epidermis of Thunbergia erecta 139 

Figure 4.61 Leaf venation of Acanthus ebracteatus 140 

Figure 4.62 Leaf venation of Avicennia alba 141 

Figure 4.63 Leaf venation of Avicennia marina var. rumphiana 142 

Figure 4.64 Leaf venation of Clinacanthus nutans 143 

Figure 4.65 Leaf venation of Crossandra infundibuliformis 144 

Figure 4.66 Leaf venation of Graptophyllum pictum 145 

Figure 4.67 Leaf venation of Hemigraphis reptans 146 

Figure 4.68 Leaf venation of Ruellia repens 147 

Figure 4.69 Leaf venation of Staurogyne sp. 148 

Figure 4.70 Leaf venation of Thunbergia erecta 149 

Figure 4.71 Leaf micromorphology of abaxial Acanthus ebracteatus 151 

Figure 4.72 Leaf micromorphology of adaxial Acanthus ebracteatus 152 

Figure 4.73 Leaf micromorphology of abaxial Avicennia alba 153 

Figure 4.74 Leaf micromorphology of adaxial Avicennia alba 154 

Figure 4.75 Leaf micromorphology of abaxial Avicennia marina var. 

rumphiana 

156 

Figure 4.76 Leaf micromorphology of adaxial Avicennia marina var. 

rumphiana 

157 

Figure 4.77 Leaf micromorphology of abaxial Clinacanthus nutans 158 

Figure 4.78 Leaf micromorphology of adaxial Clinacanthus nutans 159 

Figure 4.79 Leaf micromorphology of abaxial Crossandra 

infundibuliformis 

161 

Figure 4.80 Leaf micromorphology of adaxial Crossandra 

infundibuliformis 

162 

Figure 4.81 Leaf micromorphology of abaxial Graptophyllum pictum 163 

Figure 4.82 Leaf micromorphology of adaxial Graptophyllum pictum 164 

Figure 4.83 Leaf micromorphology of abaxial Hemigraphis reptans 166 

Figure 4.84 Leaf micromorphology of adaxial Hemigraphis reptans 167 



xvii 

 

Figure 4.85 Leaf micromorphology of abaxial Ruellia repens 168 

Figure 4.86 Leaf micromorphology of adaxial Ruellia repens 169 

Figure 4.87 Leaf micromorphology of abaxial Staurogyne sp. 171 

Figure 4.88 Leaf micromorphology of adaxial Staurogyne sp. 172 

Figure 4.89 Leaf micromorphology of abaxial Thunbergia erecta 173 

Figure 4.90 Leaf micromorphology of adaxial Thunbergia erecta 174 

Figure 4.91 Histogram peaks of isolated nuclei of Acanthaeae species 175 

Figure 4.92 Genome size of Acanthaceae species studied 177 

Figure 5.1 Cluster analysis UPGMA based on the leaf anatomy and 

micromorphology characteristics of selected Acanthaceae 

species 

231 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xviii 

 

LIST OF ABBREVIATIONS 

 

 

°C  Celcius 

µL  Microlitre  

µm Micrometre 

ANOVA Analysis of variance 

bp  Base pair  

ca  circa 

CV  Coefficient of variation  

DNA  Deoxyribonucleic acid  

EDTA  Ethylenediaminetetraacetic acid 

FCM  Flow cytometry 

g  Gram  

ha  hectare 

HCl  Hydrochloric acid 

kb  Kilo base 

KCL  Potassium chloride 

Mbp  Megabase pair 

MgCl2  Magnesium chloride  

MgSO4 Magnesium sulphate  

mL  Mililitre 

mm  Milimetre 

MPOB  Malaysian Palm Oil Board 

MVSP  Multivariate Statistical Package 

Na2EDTA Sodium EDTA 

NaCl  Sodium chloride 

pg  Picogram 

pH  Negative logarithm of hydrogen ion concentration 



xix 

 

PI  Propidium iodide 

PVP-40 Polyvinylpyrrolidone-40 

RNA  Ribonucleic acid 

RNAse  Ribonuclease 

SEM  Scanning electron microscope 

SEM  Standard error of mean 

SPSS  Statistical Package for The Social Science 

UKM  Universiti Kebangsaan Malaysia 

UPGMA Unweighted Pair Group Method with Arithmetic Mean 

UPM  Universiti Putra Malaysia 

 

 

 

 

 

 

 

 

 

 



1 

 

CHAPTER ONE 

INTRODUCTION 

 

 

1.1 BACKGROUND OF STUDY 

 

Planet Earth is a unique space endowed with a rich variety of life forms including 

plants and animals. Pullaih et al. (2015) emphasized the estimation of more than 50 

million species of plants and animals, including invertebrates and microorganisms that 

existed on Earth. In fact, each life form starting from unicellular primary producers to 

complexly built higher plants and animals possessed its functions. The plant is one of 

the important life forms and has a crucial role in human life such as for the sake of 

food source, shelter, spiritual or medicinal purposes. The foremost role of plants in the 

medicinal field is through the involvement of plant-based drugs which provide new 

remedies to mankind. To be surprised, 25% of ingredients in the prescribed modern 

medicine are directly or indirectly derived from the higher plants (Bandaranayake, 

2006; Khan et al., 2017). Somehow, plants are not only important for humankind but 

also for ecological balance. The showy colors of bracts and nectars in the floral 

composition of plants are significantly useful for the ecological part since many 

different classes of pollinators from bees, butterflies, hawkmoths, hummingbirds, 

sunbirds and bats depend upon the nectar and pollen to survive (Adjonohoum et al., 

1996).  

 

Malaysia is a country of Southeast Asia located just north of the equator, 

straddling between 0°51’N and 7°25’N with a total landmass of 329, 847 square 

kilometers (Saw & Chung, 2015). According to Conservation International, Malaysia 

is considered one of the 17 designated ‘megadiversity’ countries of the world 

(Suhaimi et al., 2001). The flora and fauna of Malaysia are exceedingly rich and 

unique which contribute to important parts of biodiversity. The botanical history of 

Peninsular Malaysia started with the first British settlement in the early 1800s in 

Penang, where the island is significant for the spice trade. Burkill (1927) presented a 

full list of the collectors together with the details of their backgrounds. About 12, 500 
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species of flowering plants and more than 1, 100 species of ferns including fern allies 

conservatively estimated in Malaysia (Suhaimi et al. 2001). Saw and Chung (2015) 

also mentioned that Malaysia has an estimated number of 15, 000 species of vascular 

plants. From this number, Ridley’s (1922-1926) successfully documented 7, 183 

species whereas Turner’s (1997) catalog recorded 8, 198 species including ferns allies, 

especially focussed on Peninsular Malaysia. To be noticed, one of the families with 

the largest number of genera and species occurred in the Acanthaceae family with 29 

genera and 158 species respectively recorded in Flora of Malaya (Turner, 1997).  

 

 Scotland et al. (1995) recognized Acanthaceae as a large pantropical family of 

mainly herbs and shrubs belongs to the order Lamiales. Somehow, the members of 

Acanthaceae are climbers or liana such as in the genera of Thunbergia and 

Mendoncia, whilst a few species are woody plants as in the genera of Graptophyllum 

and Sanchezia (Carlquist, 1988; Scotland & Vollesen, 2000). The Acanthaceae family 

consists of approximately 240 genera and 3250 species throughout the world 

(Wasshausen & Wood, 2004). The four main regions of distribution are Malaysia and 

Indonesia, Brazil, Africa and Central America (Durkee, 1996). The systematic 

position of Acanthaceae is discussed relatively according to recent molecular studies, 

pollen morphology, corolla aestivation and other potentially informative 

morphological homologs (Scotland & Vollesen, 2000). Lindau (1895) recognized four 

subfamilies of Acanthaceae based on the retinacula characteristics which are; 

Nelsonioideae, Thunbergioideae, Mendoncioideae and Acanthoideae. The genera 

from Nelsonioideae, Thunbergioideae and Mendoncioideae do not possess retinacula 

fruits compared to Acanthoideae. Bremekamp (1965) excluded genera that lack 

retinacula fruits and therefore divided the Acanthaceae into two groups which are; 

Acanthoideae and Ruellioideae. However, a new finding by Schwarzbach and 

McDade (2002) reported that the genus Avicennia has a sister relationship with the 

Acanthaceae based on the floral molecular analysis. Thorne and Reveal (2007) came 

out with an updated classification and agreed on the placement of Avicennioideae into 

Acanthaceae. Recently, this up-to-date classification of Acanthaceae categorized this 

family into four subfamilies which are Nelsonioideae, Thunbergioideae, Acanthoideae 

and Avicennioideae (Stevens, 2017; Manzitto‐Tripp et al., 2021). 
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 Findings on anatomical and micromorphological characteristics of 

Acanthaceae by Nurul-Aini (2013) and Noor-Syaheera et al. (2015) however, revealed 

different anatomical and micromorphological characteristics of Avicennia compared to 

other Acanthaceae members. Present, the treatment of Acanthaceae lineages still has 

many changes, unclear and questionable, and therefore researchers should give more 

attention and emphasize the systematic position of Acanthaceae. Consequently, 

comprehensive studies might be significant to clarify the Acanthaceae lineages. For 

that reason, plant anatomy and cytogenetics parts are significant to support the 

taxonomic study of plants. Plant anatomy is an important fundamental field that 

provides such great importance details on the inner parts of the plants. According to 

Noraini et al. (2019), plant anatomy is one of the additional tools used in taxonomic 

studies specifically for the identification and classification of plants. Fahn (1967) even 

mentioned that without the aid of the anatomy part, the phylogenetic relationships 

between various plant groups cannot be fully understood.  Also, plant anatomy plays a 

significant role to have a better understanding on the physiological part of the plants 

and their relationship with the environment (Metcalfe, 1963). This present research 

hence focuses on the investigation of the leaf anatomy and micromorphology on ten 

selected Acanthaceae species in Peninsular Malaysia. 

 

 Meanwhile, the cytogenetics part which involved the Flow Cytometry Method 

(FCM) is also another important tool that helps to refine the existence of classification 

in plants. It is expected to provide additional data and evidence especially to better 

understand the Acanthaceae lineages. FCM typically involved the analysis of the 

genome size of the plants. Even though the application of FCM is reported to be less 

frequently applied in the plant science industry, a high number of publications based 

on the estimation of nuclear DNA content information are published to date (Loureiro 

et al., 2007). The genome size data obtained from FCM is important for various fields 

of research including ecology, evolution and taxonomy (Bennett & Leitch, 2005). The 

estimation of genome size by FCM in Acanthaceae thereby served as a good 

additional parameter and supportive evidence, especially in the taxonomic study. 

Also, the anatomical and cytogenetics parts of Acanthaceae have been sporadically 

recorded in Peninsular Malaysia. Therefore, this research project is considered a good 

platform and significant to provide additional data and support the systematic 

treatment of the Acanthaceae, specifically for the species of Peninsular Malaysia.  
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1.2 PROBLEM STATEMENT 

 

The Acanthaceae members are familiarized with the presence of unique fruit types, by 

which their seeds are borne on retinacula structures (Nurul-Aini et al., 2018). 

However, taxonomists faced difficulties to identify and classify species in the 

Acanthaceae, especially when there are incomplete parts of plant specimens obtained 

from the field samplings such as the absence of flowers and fruits. In other words, the 

morphological characteristics alone might invalidate the process of identification and 

classification of plants if there is incomplete data gained, especially the absence of 

flowers and fruits. Besides, the Acanthaceae is also recognized with the occurrence of 

cystoliths that are visible with the magnifying lenses as rod-shaped, especially in the 

epidermis surfaces of the leaves. Hence, it is very significant to have an additional tool 

to provide information about the inner part of the plants. The anatomical and 

micromorphological tool is one of the most reliable tools to confirm the existence of 

cystoliths and other important cell structures of the Acanthaceae members. Besides, 

the anatomical and micromorphological tools have also important to better understand 

the adaptation of plants to their habitats and environment.  

 

Also, previous studies reported the changes in the systematic position of the 

Acanthaceae such as in the treatment of its subfamilies. Schwarzbach and McDade 

(2002) even assumed that the genus Avicennia which previously has been treated 

under the family Avicenniaceae has a sister relationship with the Acanthaceae based 

on the floral character shared between Avicennia and Thunbergioideae, but this 

statement is still uncertain and debatable. Surprisingly, modern studies found that the 

taxonomic placement of the genus Avicennia into the Acanthaceae by the analysis of 

chloroplast and nuclear ribosomal DNA sequences (Thorne & Reveal, 2007). 

However, Nurul-Aini (2013) and Noor-Syaheera et al. (2015) reported on the 

differences of the anatomical and micromorphological features of Avicennia and 

Acanthaceae and therefore more future works and studies are needed to clarify the 

systematic issue of the Acanthaceae. In fact, the conflicting issues in the systematic 

position of the Acanthaceae are still unclear and yet, comprehensive and systematic 

studies of Acanthaceae in Peninsular Malaysia are still lacking. Therefore, this 

research provides several tools for systematic studies including leaf anatomical, 

micromorphological and the contribution of a cytological analysis (FCM). The 




