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ABSTRAK

Aquilaria malaccensis, Aquilaria hirta, dan Aquilaria beccariana merupakan spesies
tumbuhan yang menghasilkan gaharu di Malaysia. la menghasilkan kayu resin dan
minyak pati yang digunakan dalam industri wangian, perubatan, kosmetik dan upacara
keagamaan. Spesies ini sukar untuk dikenal pasti dengan tepat kerana tiada piawaian
sebatian kimia gaharu dan minyak pati bagi tumbuhan tersebut. Kajian ini bertujuan
untuk mencirikan morfologi A. malaccensis, A. hirta dan A. beccariana melalui analisis
mikroskopik imbasan elektron, dan untuk mengenal pasti sebatian kimia yang meruap
dari kayu dan minyak pati menggunakan analisis kromatografi gas-pengesan pengionan
nyala (GC-FID) dan Kromatografi Gas =Spektroskopi Jisim (GC-MS). Kemudian, kajian
embriogenesis somatik dijalankan melalui teknik induksi kalus menggunakan analisis
Mikroskopi Elektron Pengimbasan (SEM) dan Tindak Balas Berantai Polimerase (PCR).
A. hirta dikenalpasti melalui struktur bulu pada bahagian atas daun dan tetulang daun.
Analisis Pancaran Medan Mikroskopi Elektron Pengimbasan (FESEM) menunjukkan
struktur lubang kapilari tanaman tidak dapat dilihat pada imej kayu resin kerana dilitupi
resin dan mikroorganisma. A. malaccensis dan A. beccariana mempunyai struktur lubang
vesel ringkas manakala A. hirta mempunyai vesel tidak berlubang dengan struktur apertur
luaran. Sebanyak 19 sebatian kimia dikenal pasti dalam kayu A. hirta yang terdiri
daripada 5.97 % seskuiterpena dan 20.32 % seskuiterpenoid. Terdapat 35 sebatian yang
terdapat dalam minyak A. hirta yang mengandungi 0.45 % monoterpena, 23.51 %
seskuiterpena dan 19.53 % seskuiterpenoid. Sebanyak 35 sebatian dikenal pasti dalam
resin kayu A. beccariana yang terdiri daripada monoterpena 1.5 %, seskuiterpena 15.27
% dan 50.69 % seskuiterpenoid. Terdapat 32 sebatian yang terdapat dalam minyak pati
A. beccariana yang mengandungi 36.69 % seskuiterpena dan 49.58 % seskuiterpenoid.
Frekuensi pertumbuhan kalus tertinggi diperhatikan pada medium MS yang dilengkapi
dengan BAP dan NAA bersama dengan parameter yang dioptimumkan. Analisis SEM
menunjukkan ciri-ciri embrio pada sel-sel kalus yang kecil dan isodiametri. Hanya gen
SERK berjaya digandakan untuk analisis bioinformatik. Kajian ini memberikan rujukan
untuk pengenalpastian spesies gaharu di Malaysia khususnya A. malaccensis, A. hirta dan
A. beccariana berdasarkan penilaian morfologi dan profil sebatian kimia dari minyak pati
dan kayu gaharu. Selain itu, kajian embriogenesis somatik memberikan pengetahuan asas
bagi usaha pemuliharaan genetik Aquilaria sp. ke arah penanaman gaharu yang lebih
sistematik dan produktif di Malaysia.



ABSTRACT

Aquilaria malaccensis, Aquilaria hirta, and Aquilaria beccariana are known as
Malaysian agarwood species. They produce unique resinous wood and essential oil used
in perfumery, medicinal, cosmetic and religious ceremony. It is difficult to identify the
species accurately since there is no standard to represent the chemical compounds of
agarwood and essential oil. This study aims to characterise the morphology of A.
malaccensis, A. hirta and A. beccariana via scanning electron microscopic analysis, and
to identify the volatile chemical compounds of the wood and the essential oil using Gas
Chromatography-Flame  lonisation Detector and Gas Chromatography-Mass
Spectrometry analyses. Then, somatic embryogenesis study was developed by optimising
callus induction techniques using Scanning Electron Microscope (SEM) and Polymerase
Chain Reaction (PCR) analysis. A. hirta was identified by the presence of hirsute on the
abaxial side of leaves and midrib. The FESEM analysis shows plant vessel pits cannot be
seen in the resinous wood images due to resin and microorganisms coverage.
Interestingly, A. beccariana has simple vessel pits structure while A. hirta has
nonvestured vessel pits with slit-like outer pit apertures. A total of 19 compounds were
identified in resinous A. hirta wood consists of 5.97 % sesquiterpenes and 20.32 %
sesquiterpenoid. There were 35 compounds found in A. hirta oil contained 0.45 %
monoterpenes, 23.51 % sesquiterpenes and 19.53 % sesquiterpenoid. A total of 35
compounds were identified in resinous A. beccariana wood consists of 1.5 %
monoterpenes, 15.27 % sesquiterpenes and 50.69 % sesquiterpenoid. There were 32
compounds found in A. beccariana oil contained 36.69 % sesquiterpenes and 49.58 %
sesquiterpenoid. The highest frequencies of callus induction were observed on MS
medium supplemented with BAP and NAA together with optimized growth parameters.
SEM analysis showed embryogenic characteristics in cells of the yellow friable calli
evidenced by the presence of small and isodiametric cells. Only SERK gene was
successfully amplified and enable to proceed to in silico analysis. This study provides a
reference for Malaysia agarwood species identification specifically for A. malaccensis,
A. hirta and A. beccariana based on morphology evaluation and volatile chemical
compounds profile of the essential oil and chip wood towards standardizing the quality.
In addition, the somatic embryogenesis study provides fundamental results for genetic
conservation effort of Aquilaria sp. towards more systematic and productive agarwood
plantation in Malaysia.



TABLE OF CONTENT

DECLARATION

TITLE PAGE

ACKNOWLEDGEMENTS

ABSTRAK

ABSTRACT

TABLE OF CONTENT

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

1.1

1.2

1.3

1.4

1.5

Research Background
Problem Statement
Objectives

Scope of Study

Significant and Novelty of the Research

CHAPTER 2 LITERATURE REVIEW

2.1

2.2

2.3

Introduction to Agarwood
2.1.1 Overview of Agarwood
Species of Agarwood

2.2.1 Aaquilaria malaccensis
2.2.2 Aquilaria hirta

2.2.3 Aquilaria beccariana

Aquilaria sp. Species identification

Xii

Xiii

10

11

13

15

17



2.4

2.5

2.6

2.7

2.3.1 Taxonomy and herbarium study

2.3.2 DNA Barcoding

2.3.3 Scanning Electron Microscopic Analysis

Extraction of Agarwood

2.4.1 Solid Phase Micro Extraction

2.4.2 Hydrodistillation

Quality Control Analysis

2.5.1 Gas Chromatography (GC)

2.5.2 Gas Chromatography-Mass Spectroscopy (GC-MS)
2.5.3 Gas Chromatography Flame lon Detector (GC-FID)
Marker compounds of agarwood

2.6.1 Chemical Constituents of Agarwood Wood Chip
2.6.2 Chemical Constituents of Agarwood Oil

Aquilaria sp. Conservation Using Somatic Embryogenesis
2.7.1 Agarwood Plantation in Malaysia

2.7.2 Introduction of Somatic Embryogenesis in Woody Plants
2.7.3 Somatic Embryogenesis Associated Genes

2.7.4 Applications of Somatic Embryogenesis

CHAPTER 3 METHODOLOGY

3.1

3.2

3.3

3.4

3.5

3.6

Outline of Methodology
Sample Collection

Herbarium Preparation
Sample Preparation

Scanning Electron Microscope

Field Emission Scanning Electron Microscope

Vi

17

18

19

20

20

22

23

26

27

28

30

32

33

33

34

36

41

45

48

48

50

51

51

52

52



3.7  Extraction
3.7.1 Hydrodistillation
3.7.2 Solid Phase Microextraction (SPME)

3.8 Chemical Constituents Analysis
3.8.1 Gas Chromatography-Mass Spectrometry (GC-MS)
3.8.2 Gas Chromatography-Flame lonisation Detector
3.8.3 ldentification of Components

3.9  Somatic Embryogenesis Development
3.9.1 Explant Collection and Sterilization
3.9.2 Callus Proliferation and Somatic Embryo Induction
3.9.3 Scanning Electron Microscope Analysis

3.10  Molecular Analysis of Somatic Embryogenesis Associated Genes
3.10.1 Genomic DNA Isolation
3.10.2 Determination of DNA Concentration and Quality
3.10.3 Polymerase Chain Reaction (PCR) Analysis
3.10.4 Agarose Gel Electrophoresis (AGE)

3.10.5 DNA Sequencing and Data Analysis

CHAPTER 4 RESULTS AND DISCUSSION
4.1 Introduction
4.2  Plant Morphology Analysis via Herbarium

4.2.1 Plant Morphology Analysis of Aquilaria malaccensis, Aquilaria
hirta, and Aquilaria beccariana

4.3  Wood Morphology Analysis Using FESEM
4.4  Essential Oil Extraction

4.4.1 Essential Oil Extraction of Aquilaria malaccensis, Aquilaria hirta,
and Aquilaria beccariana

Vil

52

52

53

53

53

54

55

56

56

56

57

57

57

59

59

60

61

62

62

63

63

68

69

69



4.5  Analysis of Chemical Constituents of Agarwood Oil and Chipwood

4.5.1 Chemical Constituents of Essential Oil and Chipwood of Aquilaria

malaccensis

4.5.2 Chemical Constituents of Essential Oil and Chipwood of Aquilaria

hirta

4.5.3 Chemical Constituents of Essential Oil and Chipwood of Aquilaria

beccariana
4.6  Aquilaria sp. Conservation Using Somatic Embryogenesis
4.6.1 Somatic Embryo Induction
4.6.2 Somatic Embryo Induction
4.6.3 Morphology Analysis Using SEM

4.6.4 PCR Optimization for Somatic Embryogenesis Associated Genes

Identification

4.6.5 DNA Sequencing Analysis

CHAPTER 5 CONCLUSION
5.1  Conclusion

5.2  Recommendations
REFERENCES

APPENDIX A

APPENDIX B

viii

70

70

75

79

85

85

88

88

90

94

96

96

98

100

130

131



REFERENCES

Abd Majid, J., Hazandy, A., Paridah, M., Nor Azah, M., Mailina, J., Saidatul Husni, S.,
& Sahrim, L. (2018). Determination of Agarwood volatile compounds from
selected Aquilaria species plantation extracted by Headspace-Solid Phase
Microextraction (HS-SPME) method. IOP Conference Series: Materials Science
and Engineering, 368(1), 012023. Retrieved 19 March 2019 from
https://doi.org/10.1088/1757-899X/368/1/012023

Abdul Majid, S., Ahmad, Z., Rafale, M., Salam, A., Irvvan, N., Hassan, A. A., &
Ibrahim, R. (2007). Propagation of Aquilaria Malaccencis seedlings through tissue
culture techniques, 2—-6.

Adam, A. Z., Lee, S. Y., & Mohamed, R. (2017). Pharmacological properties of
agarwood tea derived from Aquilaria (Thymelaeaceae) leaves: An emerging
contemporary herbal drink. Journal of Herbal Medicine, 10, 37-44. Retrieved
from https://doi.org/https://doi.org/10.1016/j.hermed.2017.06.002

Ahmaed, D. T., & Kulkarni, A. D. (2017). Sesquiterpenes and Chromones of
Agarwood: A Review. MALAYSIAN JOURNAL OF CHEMISTRY (MJChem),
19(1), 33-58. Retrieved 29 April 2019 from
https://ikm.org.my/ojs/index.php/MJChem/article/view/31

Ahmaed, D. T., Mohammed, M., Masaad, A. M., & Tajuddin, S. N. (2017).
Investigation of Agarwood Compounds in Aquilaria malaccensis & Aquilaria
Investigation of Agarwood Compounds in Aquilaria malaccensis & Aquilaria
Rostrata Chipwood by Using Solid Phase Microextraction, (January 2018).
Retrieved from https://doi.org/10.26717/BJSTR.2017.01.000499

Akula, A., & Akula, C. (1999). Somatic Embryogenesis in Tea (Camellia sinensis (L.)
O. Kuntze), 239-257. Retrieved from https://doi.org/10.1007/978-94-011-4774-
315

Al-Gabbiesh, A. H., Ghabeish, I. H., Kleinwéchter, M., & Selmar, D. (2014). Plant
regeneration through somatic embryogenesis from calli derived from leaf bases of
Laurus nobilis L. (Lauraceae). Plant Tissue Culture and Biotechnology, 24(2),
213-221. Retrieved from https://doi.org/10.3329/ptcb.v24i2.23554

Alemanno, L., Devic, M., Niemenak, N., Sanier, C., Guilleminot, J., Rio, M., ... Pascal
Montoro. (2008). Characterization of leafy cotyledonl-like during embryogenesis
in Theobroma cacao L . Planta, 227, 853-866. Retrieved from
https://doi.org/10.1007/s00425-007-0662-4

100



Aloisi, I., Schena, T., Giocastro, B., Zoccali, M., Tranchida, P. Q., Caramao, E. B., &
Mondello, L. (2020). Towards the determination of an equivalent standard column
set between cryogenic and flow-modulated comprehensive two-dimensional gas
chromatography. Analytica Chimica Acta, 1105, 231-236. Retrieved from
https://doi.org/https://doi.org/10.1016/j.aca.2020.01.040

Antonopoulou, M., Compton, J., Perry, L. S., & Al-Mubarak, R. (2010). The trade and
use of agarwood (oudh) in the United Arab Emirates. TRAFFIC Southeast Asia.
Retrieved from www.traffic.org/species-reports/traffic_species_plants16.pdf

Azah, N., Ali, M., Jin, C., & Jamil, M. (2016). Agarwood ( Aquilaria malaccensis )
Oils. Essential Oils in Food Preservation, Flavor and Safety. Elsevier Inc.
Retrieved from https://doi.org/10.1016/B978-0-12-416641-7.00018-3

Babushok, V. 1. (2015). Chromatographic retention indices in identification of chemical
compounds. TrAC Trends in Analytical Chemistry, 69, 98-104. Retrieved from
https://doi.org/https://doi.org/10.1016/j.trac.2015.04.001

Bakansing, S. M., Sahri, M. H., & Liew, K. C. (2019). Wood Anatomical Structure of
Aquilaria malaccensis Associated with Agarwood Occurrence and the Uses of
Agarwood. In Prospects and Utilization of Tropical Plantation Trees (pp. 179—
221). CRC Press. Retrieved from
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429442773-7/wood-
anatomical-structure-aquilaria-malaccensis-associated-agarwood-occurrence-uses-
agarwood-shirley-marylinda-bakansing-mohd-hamami-sahri-kang-chiang-liew

Bapat, V. A., & Mhatre, M. (2005). Bioencapsulation of Somatic Embryos in Woody
Plants. In Protocol for Somatic Embryogenesis in Woody Plants (pp. 539-552).
Springer. Retrieved from https://doi.org/10.1007/1-4020-2985-3 42

Bapat, V., & Rao, P. (1979). Somatic Embryogenesis and Plantlet Formation in Tissue
Cultures of Sandalwood (Santalum album L.). Annals of Botany, 44(5), 629-630.
Retrieved from http://www.jstor.org/stable/42756657

Barciela, J., & Vieitez, A. M. (1993). Anatomical sequence and morphometric analysis
during somatic embryogenesis on cultured cotyledon explants of camellia japonica
I. Annals of Botany. Retrieved from https://doi.org/10.1006/anbo.1993.1050

Barden, A., Anak, N. A., Mulliken, T., & Song, M. (2000). Heart of the matter:
agarwood use and trade and CITES implementation for Aquilaria malaccensis.
TRAFFIC International, Cambridge, UK. Retrieved from
https://194.158.18.86/library/sites/library/files/documents/Traf-072.pdf

101



Betekhtin, A., Rojek, M., Milewska-hendel, A., Gawecki, R., Karcz, J., Kurczynska, E.,
& Hasterok, R. (2016). Spatial Distribution of Selected Chemical Cell Wall
Components in the Embryogenic Callus of Brachypodium distachyon. Retrieved
from https://doi.org/10.1371/journal.pone.0167426

Bonga, J. M. (2015). A comparative evaluation of the application of somatic
embryogenesis, rooting of cuttings, and organogenesis of conifers. Canadian
Journal of Forest Research, 45(4), 379-383. Retrieved from
https://doi.org/10.1139/cjfr-2014-0360

Boutilier, K., Offringa, R., Sharma, V. K., Kieft, H., Ouellet, T., Zhang, L., ... van
Lookeren Campagne, M. M. (2002). Ectopic Expression of BABY BOOM
Triggers a Conversion from Vegetative to Embryonic Growth . The Plant Cell,
14(8), 1737-1749. Retrieved from https://doi.org/10.1105/tpc.001941

Braybrook, S. A., & Harada, J. J. (2008). LECs go crazy in embryo development.
Trends in Plant Science, 13(12), 624-630. Retrieved from
https://doi.org/https://doi.org/10.1016/j.tplants.2008.09.008

Bui, L. T., Pandzic, D., Youngstrom, C. E., Wallace, S., Irish, E. E., Sz6vényi, P., &
Cheng, C.-L. (2017). A fern AINTEGUMENTA gene mirrors BABY BOOM in
promoting apogamy in Ceratopteris richardii. The Plant Journal, 90(1), 122-132.
Retrieved from https://doi.org/https://doi.org/10.1111/tpj.13479

Burfield, T., & Kendra Kirkham. (2005). The Cropwatch Files—The Agarwood Files.
Ecology And Society. Cropwatch.

Canhoto, J. M., & Corredoira, E. (2019). Holm Oak Somatic Embryogenesis : Current
Status and Future Perspectives, 10(March). Retrieved from
https://doi.org/10.3389/fpls.2019.00239

Chalupa, V. (1985). Somatic embryogenesis and plantlet regeneration from cultured
immature and mature embryos of Picea abies (L.). Karst. Commun. Inst. For.
Cech., 14, 57-63. Retrieved from https://ci.nii.ac.jp/naid/10007838233/

Chalupa, V., & Durzan, D. J. (1973). Growth and Development of Resting Buds of
Conifers InVitro. Canadian Journal of Forest Research, 3(2), 196-208. Retrieved
from https://doi.org/10.1139/x73-028

Chhipa, H., & Deshmukh, S. K. (2019). Diversity of Endophytic Fungi and Their Role
in Artificial Agarwood Production in Aquilaria Tree. In Advancing Frontiers in
Mycology & Mycotechnology (pp. 479-494). Springer. Retrieved from
https://doi.org/10.1007/978-981-13-9349-5 19

102



Chinese Pharmacopoeia Commission. (2010). Pharmacopeia of the People’s Republic
of China. China Medical Science Press (Vol. 01). People’s Medical Publishing
House.

Corredoira, E., Ballester, A., Vieitez, F. J., & Vieitez, A. M. (2005). Somatic
embryogenesis in chestnut. Plant Cell Monographs, 2(December), 177-199.
Retrieved from https://doi.org/10.1007/7089_036

Corredoira, E, Ballester, A., Ibarra, M., & Vieitez, A. M. (2018). Induction of somatic
embryogenesis in explants of shoot cultures established from adult Eucalyptus
globulus and E . saligna x E . maidenii trees, (August), 678-690. Retrieved from
https://doi.org/10.1093/treephys/tpv028

Corredoira, Elena, Valladares, S., Martinez, M. T., Vieitez, A. M., & San José, M. C.
(2013). Somatic embryogenesis in Alnus glutinosa (L.) Gaertn. Trees - Structure
and Function, 27(6), 1597-1608. Retrieved from https://doi.org/10.1007/s00468-
013-0907-8

Correia, S., Cunha, A. E., Salgueiro, L., & Canhoto, J. M. (2012). Somatic
embryogenesis in tamarillo (Cyphomandra betacea): Approaches to increase
efficiency of embryo formation and plant development. Plant Cell, Tissue and
Organ Culture, 109(1), 143-152. Retrieved from https://doi.org/10.1007/s11240-
011-0082-9

de Oliveira, K. C., de Souza Guimaraes, P., Bazioli, J. M., Martinati, J. C., dos Santos,
M. M., Padilha, L., ... Maluf, M. P. (2019). Effects of somatic embryogenesis on
gene expression of cloned coffee heterozygous hybrids. Acta Physiologiae
Plantarum, 41(7), 118. Retrieved from https://doi.org/10.1007/s11738-019-2917-7

Deep, K., & Tajuddin, S. N. (2019). King of Scents-Agarwood. Perfumer & Flavorist,
44(3), 42-56.

Durzan, D. J., & Steward, F. C. (1968). Cell and tissue culture of white spruce and jack
pine. Bimonthly Res. Notes.

El Enshasy, H. A., Hanapi, S. Z., Malek, R. A., Abdelgalil, S. A., & Leng, O. M.
(2019). Endophytic Fungi: The Desired Biostimulants for Essential Oil Production.
Advances in Endophytic ..., 211-232. Retrieved from https://doi.org/10.1007/978-
3-030-03589-1_10

Espinosa, F., & Castro, M. P. (2018). On the use of herbarium specimens for
morphological and anatomical research. Botany Letters, 8107, 1-7. Retrieved from
https://doi.org/10.1080/23818107.2018.1451775

103



Etienne, H., Breton, D., Breitler, J. C., Bertrand, B., Déchamp, E., Awada, R., ...
Ducos, J. P. (2018). Coffee somatic embryogenesis: How did research, experience
gained and innovations promote the commercial propagation of elite clones from
the two cultivated species? Frontiers in Plant Science, 871(November), 1-21.
Retrieved from https://doi.org/10.3389/fpls.2018.01630

Eurlings, M. C. M., & Gravendeel, B. (2005). TrnL-trnF sequence data imply paraphyly
of Aquilaria and Gyrinops (Thymelaeaceae) and provide new perspectives for
agarwood identification. Plant Systematics and Evolution, 254(1-2), 1-12.
Retrieved from https://doi.org/10.1007/s00606-005-0312-x

Faizal, A., Azar, A. W. P., Turjaman, M., & Esyanti, R. R. (2020). Fusarium solani
induces the formation of agarwood in Gyrinops versteegii (Gilg.) Domke branches.
Symbiosis, 81(1), 15-23. Retrieved from https://doi.org/10.1007/s13199-020-
00677-w

Fambrini, M., Durante, C., Cionini, G., Geri, C., Giorgetti, L., Michelotti, V., ...
Pugliesi, C. (2006). Characterization of LEAFY COTYLEDONI1-LIKE gene in
Helianthus annuus and its relationship with zygotic and somatic embryogenesis.
Development Genes and Evolution, 216(5), 253-264. Retrieved from
https://doi.org/10.1007/s00427-005-0050-7

Farah, A. H., Lee, S. Y., Gao, Z., Yao, T. L., Madon, M., & Mohamed, R. (2018).
Genome size, molecular phylogeny, and evolutionary history of the tribe
aquilarieae (Thymelaeaceae), the natural source of agarwood. Frontiers in Plant
Science, 9, 217. Retrieved from https://doi.org/10.3389/fpls.2018.00712

Faridah-Hanum, I., Mustapa, M. Z., Lepun, P., Tuan Marina, T. ., Nazre, M., Alan, R.,
... others. (2009). Notes on the distribution and ecology of Aquilaria
Lam.(Thymelaeaceae) in Malaysia. Malaysian Forester, 72(2), 247-259.

Fazila KN, H. K. (2012). Journal of Tropical Forest Science: Preface. Journal of
Tropical Forest Science, 13(4), 557-564.

Feng, J.-X., Liu, D., Pan, Y., Gong, W., Ma, L.-G., Luo, J.-C., ... Zhu, Y.-X. (2005).
An Annotation Update via cDNA Sequence Analysis and Comprehensive Profiling
of Developmental, Hormonal or Environmental Responsivenessof the Arabidopsis
AP2/EREBP Transcription Factor Gene Family. Plant Molecular Biology, 59(6),
853-868. Retrieved from https://doi.org/10.1007/s11103-005-1511-0

Feng, T., Li, Q., Wang, Y., Qiu, S., He, M., Zhang, W., ... Zhu, S. (2018). Phylogenetic
analysis of Aquilaria Lam . ( Thymelaeaceae ) based on DNA barcoding, 1-7.

104



Filonova, L. H., von Arnold, S., Daniel, G., & Bozhkov, P. V. (2002). Programmed cell
death eliminates all but one embryo in a polyembryonic plant seed. Cell Death and
Differentiation, 9(10), 1057-1062. Retrieved from
https://doi.org/10.1038/sj.cdd.4401068

Florez, S. L., Erwin, R. L., Maximova, S. N., Guiltinan, M. J., & Curtis, W. R. (2015).
Enhanced somatic embryogenesis in Theobroma cacao using the homologous
BABY BOOM transcription factor Enhanced somatic embryogenesis in
Theobroma cacao using the homologous BABY BOOM transcription factor. ???
Retrieved from https://doi.org/10.1186/s12870-015-0479-4

Floyd, S. K., & Bowman, J. L. (2007). The Ancestral Developmental Tool Kit of Land
Plants. International Journal of Plant Sciences, 168(1), 1-35. Retrieved from
https://doi.org/10.1086/509079

Forestry Department Peninsular Malaysia. (2015). Manual Pengecaman Spesies
Aquilaria. Jabatan Perhutanan Semenanjung Malaysia. Retrieved from
http://www.itto.int/files/user/cites/malaysia/Manual Pengecaman Spesies Aquilaria
Di Semenanjung Malaysia.pdf

Forrest, L. L., Hart, M. L., Hughes, M., Wilson, H. P., Chung, K. F., Tseng, Y. H., &
Kidner, C. A. (2019). The Limits of Hyb-Seq for Herbarium Specimens: Impact of
Preservation Techniques. Frontiers in Ecology and Evolution. Retrieved from
https://doi.org/10.3389/fev0.2019.00439

Gaj, M. D., Zhang, S., Harada, J. J., & Lemaux, P. G. (2005). Leafy cotyledon genes
are essential for induction of somatic embryogenesis of Arabidopsis. Planta,
222(6), 977-988. Retrieved from https://doi.org/10.1007/s00425-005-0041-y

Gao, M., Han, X., Sun, Y., Chen, H., Yang, Y., Liu, Y., ... Han, J. (2019). Overview of
sesquiterpenes and chromones of agarwood originating from four main species of
the genus Aquilaria. RSC Advances, 9(8), 4113-4130. Retrieved from
https://doi.org/10.1039/C8RA09409H

Gao, Z., Wei, J,, Yang, Y., Zhang, Z., Xiong, H., & Zhao, W. (2012). Identi fi cation of
conserved and novel microRNAs in Aquilaria sinensis based on small RNA
sequencing and transcriptome sequence data. Gene, 505(1), 167-175. Retrieved
from https://doi.org/10.1016/j.gene.2012.03.072

Garcia, C., Marelli, J. P., Motamayor, J. C., & Villela, C. (2018). Somatic
Embryogenesis in Theobroma cacao L. Methods in Molecular Biology,
1815(April), 227-245. Retrieved from https://doi.org/10.1007/978-1-4939-8594-
4 15

105



Ge, X.-X., Chai, L.-J., Liu, Z., Wu, X.-M., Deng, X.-X., & Guo, W.-W. (2012).
Transcriptional profiling of genes involved in embryogenic, non-embryogenic
calluses and somatic embryogenesis of Valencia sweet orange by SSH-based
microarray. Planta, 236(4), 1107-1124. Retrieved from
https://doi.org/10.1007/s00425-012-1661-7

Germana, M. A., & Lambardi, M. (2016). In vitro embryogenesis in higher plants.
Springer. Retrieved from https://doi.org/10.1007/978-1-4939-3061-6

Germana, M. A., Micheli, M., Chiancone, B., Macaluso, L., & Standardi, A. (2011).
Organogenesis and encapsulation of in vitro-derived propagules of Carrizo
citrange [Citrus sinensis (L.) Osbh. x Poncirius trifoliata (L.) Raf]. Plant Cell,
Tissue and Organ Culture (PCTOC), 106(2), 299-307. Retrieved from
https://doi.org/10.1007/s11240-011-9921-y

Ghosh, B., & Haque, S. M. (2019). Synthetic seeds: An alternative approach for clonal
propagation to avoiding the heterozygosity problem of natural botanical seeds. In
Synthetic Seeds (pp. 77-112). Springer. Retrieved from
https://doi.org/10.1007/978-3-030-24631-0_4

Giri, C. C., Shyamkumar, B., & Anjaneyulu, C. (2004). Progress in tissue culture,
genetic transformation and applications of biotechnology to trees: An overview.
Trees - Structure and Function, 18(2), 115-135. Retrieved from
https://doi.org/10.1007/s00468-003-0287-6

Goldstein, J. I., Newbury, D. E., Echlin, P., Joy, D. C., Lyman, C. E., Lifshin, E., ...
Michael, J. R. (2003). The SEM and Its Modes of Operation. In Scanning Electron
Microscopy and X-ray Microanalysis (pp. 21-60). Springer. Retrieved from
https://doi.org/10.1007/978-1-4615-0215-9_2

Gonzélez-Mas, M. C., Rambla, J. L., Lopez-Gresa, M. P., Blazquez, M. A., & Granell,
A. (2019). Volatile Compounds in Citrus Essential Oils: A Comprehensive Review
. Frontiers in Plant Science . Retrieved from
https://www.frontiersin.org/article/10.3389/fpls.2019.00012

Gonzalez, M. A., Baraloto, C., Engel, J., Mori, S. A., Pétronelli, P., Riéra, B., ... Chave,
J. (2009). Identification of Amazonian Trees with DNA Barcodes. PLOS ONE,
4(10), e7483. Retrieved from https://doi.org/10.1371/journal.pone.0007483

GroR-Hardt, R., & Laux, T. (2003). Stem cell regulation in the shoot meristem. Journal
of Cell Science, 116(9), 1659-1666. Retrieved from
https://doi.org/10.1242/jcs.00406

106



Guan, Y., Li, S. G, Fan, X. F., & Su, Z. H. (2016). Application of somatic
embryogenesis in woody plants. Frontiers in Plant Science, 7, 938. Retrieved from
https://doi.org/10.3389/fpls.2016.00938

Gutarowska, B., Celikkol-aydin, S., Bonifay, V., Otlewska, A., Adamiak, J., Sunner, J.
A., & Beech, I. B. (2015). Metabolomic and high-throughput sequencing analysis
— modern approach for the assessment of biodeterioration of materials from
historic buildings, 6(September), 1-13. Retrieved from
https://doi.org/10.3389/fmich.2015.00979

Haecker, A., GroR-Hardt, R., Geiges, B., Sarkar, A., Breuninger, H., Herrmann, M., &
Laux, T. (2004). Expression dynamics of WOX genes mark cell fate decisions
during early embryonic patterning in Arabidopsis thaliana. Development, 131(3),
657-668. Retrieved from https://doi.org/10.1242/dev.00963

Hai, L. E., & Yahya, A. Z. (1996). THE GROWTH PERFORMANCE OF
PLANTATION GROWN AQUILARIA MALACCENSIS IN PENINSULAR
MALAYSIA, 8(4), 573-575.

Hakman, I., Fowke, L. C., Von Arnold, S., & Eriksson, T. (1985). The development of
somatic embryos in tissue cultures initiated from immature embryos of Picea abies
(Norway Spruce). Plant Science, 38(1), 53-59. Retrieved from
https://doi.org/https://doi.org/10.1016/0168-9452(85)90079-2

Harada, J. J. (2001). Role of Arabidopsis LEAFY COTYLEDON genes in seed
development. Journal of Plant Physiology, 158(4), 405-409. Retrieved from
https://doi.org/https://doi.org/10.1078/0176-1617-00351

Haron, M. H., Taib, M. N., Ismail, N., Ali, N. A. M., & Tajuddin, S. N. (2018).
Statistical Analysis of Agarwood Oil Compounds based on GC-MS Data. In 2018
9th IEEE Control and System Graduate Research Colloquium (ICSGRC) (pp. 27—
30). Retrieved from https://doi.org/10.1109/ICSGRC.2018.8657571

HASHIM, Y. Z. .-Y., ISMAIL, N. I., & ABBAS, P. (2014). ANALYSIS OF
CHEMICAL COMPOUNDS OF AGARWOOD OIL FROM DIFFERENT
SPECIES BY GAS CHROMATOGRAPHY MASS SPECTROMETRY ( GCMS
). IUM Engineering Journal, 15(1), 55-60.

Hassan, N. H., Ali, N. A. M., Zainudin, F., & Ismail, H. (2011). Effect of 6-
benzylaminopurine (BAP) in different basal media on shoot multiplication of
Aquilaria hirta and detection of essential oils in the in vitro shoots. African Journal
of Biotechnology, 10(51), 10500-10503. Retrieved from
https://doi.org/10.5897/ajb11.121

107



Hazubska-Przybyt, T., Ratajczak, E., Obarska, A., & Pers-Kamczyc, E. (2020).
Different roles of auxins in somatic embryogenesis efficiency in two picea species.
International Journal of Molecular Sciences, 21(9). Retrieved from
https://doi.org/10.3390/ijms21093394

He, H. S., Pan, Z. H., Liang, Y. B., Luo, B., & Qiu, J. (2019). Anatomy comparative
study of Aquilaria sinensis in different agarwood induced methods. Journal of
Forestry Engineering, 4(5), 54-59. Retrieved from
https://www.cabdirect.org/cabdirect/abstract/20203317539

Hecht, A. F. G., Dresselhaus, T., Lo, H., Baudino, S., Hansen, S., Brettschneider, R., ...
Rogowsky, P. M. (2001). Molecular characterisation of two novel maize LRR
receptor-like kinases , which belong to the SERK gene family, 1-10.

Hecht, V., Vielle-Calzada, J.-P., Hartog, M. V, Schmidt, E. D. L., Boutilier, K.,
Grossniklaus, U., & de Vries, S. C. (2001). The Arabidopsis Somatic
Embryogenesis Receptor Kinase 1 Gene Is Expressed in Developing Ovules and
Embryos and Enhances Embryogenic Competence in Culture. Plant Physiology,
127(3), 803-816. Retrieved from https://doi.org/10.1104/pp.010324

Hernandez, I., Celestino, C., & Toribio, M. (2003). Vegetative propagation of Quercus
suber L. by somatic embryogenesis: I. Factors affecting the induction in leaves
from mature cork oak trees. Plant Cell Reports, 21(8), 759-764. Retrieved from
https://doi.org/10.1007/s00299-003-0605-x

Hoo, L. K., Swee, L., & Chua, L. (2018). Conservation of Aquilaria ( Thymelaeaceae )
in Peninsular Malaysia, (October).

Horstman, A., Bemer, M., & Boutilier, K. (2017). A transcriptional view on somatic
embryogenesis. Regeneration, 4(4), 201-216. Retrieved from
https://doi.org/https://doi.org/10.1002/reg2.91

Horstman, A., Li, M., Heidmann, 1., Weemen, M., Chen, B., Muino, J. M., ... Boutilier,
K. (2017). The BABY BOOM Transcription Factor Activates the LEC1-ABI3-
FUS3-LEC2 Network to Induce Somatic Embryogenesis. Plant Physiology,
175(2), 848-857. Retrieved from https://doi.org/10.1104/pp.17.00232

Hiib, J., Vookova, B., & Ned¢la, V. (2015). Imaging of native early embryogenic tissue
of Scots pine (Pinus sylvestris L.) by ESEM. Open Life Sciences, 10(1), 285-290.
Retrieved from https://doi.org/10.1515/biol-2015-0028

108



Irikova, T., Grozeva, S., & Denev, I. (2012). Identification of BABY BOOM and
LEAFY COTYLEDON genes in sweet pepper (Capsicum annuum L.) genome by
their partial gene sequences. Plant Growth Regulation, 67, 191-198. Retrieved
from https://doi.org/10.1007/s10725-012-9676-
4&casa_token=PUFVQ4QDWPMAAAAA:uKplyl-
ZP2ZAr1QSxdMYT2f6Z9eP_E3upeUsbgNHNL34JMsz05hjkxNt5jfiHACUUgDG
BRrVdKKJARIQhw

Isah, T. (2016). Induction of somatic embryogenesis in woody plants. Acta
Physiologiae Plantarum, 38(5). Retrieved from https://doi.org/10.1007/s11738-
016-2134-6

Ishihara, M., Tsuneya, T., Shiga, M., & Uneyama, K. (1991). Three sesquiterpenes
from agarwood. Phytochemistry, 30(2), 563-566. Retrieved from
https://doi.org/10.1016/0031-9422(91)83727-3

Ishihara, M., Tsuneya, T., & Uneyama, K. (1993a). Components of the Volatile
Concentrate of Agarwood. Journal of Essential Oil Research, 5(3), 283-289.
Retrieved from https://doi.org/10.1080/10412905.1993.9698221

Ishihara, M., Tsuneya, T., & Uneyama, K. (1993b). Fragrant sesquiterpenes from
agarwood. Phytochemistry, 33(5), 1147-1155. Retrieved from
https://doi.org/https://doi.org/10.1016/0031-9422(93)85039-T

Ismail, N., Azah, N., Ali, M., Jamil, M., Hezri, M., Rahiman, F., & Nizam, S. (2013).
DIFFERENTIATING AGARWOOD OIL QUALITY USING ARTIFICIAL
NEURAL NETWORK ( Perbezaan Kualiti Minyak Gaharu Menggunakan
Rangkaian Neural Tiruan ), 17(3), 490-498.

Ismail, N., Hezri, M., & Rahiman, F. (2016). Observation on SPME Different
Headspace Fiber Coupled with GC-MS in Extracting High Quality Agarwood
Chipwood, (October), 214-218.

Ismail, N., Ibrahim, M., Zareen, S., Rahiman, M. H. F., Tajuddin, S. N., & Taib, M. N.
(2017). Analysis of agarwood smoke chemical compounds using solvent trap, GC-
FID and GC-MS. Pertanika Journal of Science and Technology, 25(S), 1-8.

Ismail, N., Rahiman, M. H. F., Taib, M. N., Ali, N. A. M., Jamil, M., & Tajuddin, S. N.
(2013). The grading of agarwood oil quality using k-Nearest Neighbor (k-NN). In
Proceedings - 2013 IEEE Conference on Systems, Process and Control, ICSPC
2013 (pp. 1-5). Retrieved from https://doi.org/10.1109/SPC.2013.6735092

109



Ismail, N., Rahiman, M. H. F., Taib, M. N., Ibrahim, M., Zareen, S., & Tajuddin, S. N.
(2015). A Review on Agarwood and Its Quality Determination. 2015 IEEE 6th
Control and System Graduate Research Colloquium (ICSGRC), 103-108.
Retrieved from https://doi.org/10.1109/ICSGRC.2015.7412473

Ito, M., & Honda, G. (2005). Taxonomical identification of agarwood-producing
species. Natural Medicines, 59(3), 104-112.

Jansen, S., Baas, P., Gasson, P., Lens, F., & Smets, E. (2004). Variation in xylem
structure from tropics to tundra : Evidence from vestured pits, 101(23), 8833—
8837.

Jasik, J., Salajova, T., & Salaj, J. (1995). Developmental anatomy and ultrastructure of
early somatic embryos in European black pine ( Pinus nigra Arn .), 205-211.

Jayaraman, S., Daud, N. H., Halis, R., & Mohamed, R. (2014). Effects of plant growth
regulators, carbon sources and pH values on callus induction in Aquilaria
malaccensis leaf explants and characteristics of the resultant calli. Journal of
Forestry Research, 25(3), 535-540. Retrieved from
https://doi.org/10.1007/s11676-014-0492-8

Jha, P., & Kumar, V. (2018). BABY BOOM ( BBM ): a candidate transcription factor
gene in plant biotechnology. Biotechnology Letters, 5. Retrieved from
https://doi.org/10.1007/s10529-018-2613-5

Jiang, L., Li, M., Zhao, F., Chu, S., Zha, L., Xu, T., ... Zhang, W. (2018). Molecular
Identification and Taxonomic Implication of Herbal Species in Genus Corydalis
(Papaveraceae). Molecules . Retrieved from
https://doi.org/10.3390/molecules23061393

Jiao, L., Yin, Y., Cheng, Y., & Jiang, X. (2014). DNA barcoding for identification of
the endangered species Aquilaria sinensis: Comparison of data from heated or
aged wood samples. Holzforschung, 68(4), 487—-494. Retrieved from
https://doi.org/10.1515/hf-2013-0129

Jiao, L., Yin, Y., Xiao, F., Sun, Q., Song, K., & Jiang, X. (2012). Comparative analysis
of two dna extraction protocols from fresh and dried wood of Cunninghamia
lanceolata (Taxodiaceae). IAWA Journal, 33(4), 441-456. Retrieved from
https://doi.org/10.1163/22941932-90000106

110



Jo, L., Pelletier, J. M., & Harada, J. J. (2019). Central role of the LEAFY
COTYLEDONT1 transcription factor in seed development. Journal of Integrative
Plant Biology, 61(5), 564-580. Retrieved from
https://doi.org/https://doi.org/10.1111/jipb.12806

Jok, V. A., Radzi, N. C., & Hamid, K. H. K. (2015). Agarwood Qil Yield As A Result
of Changes in Cell Morphology Due To Soaking Process. Procedia - Social and
Behavioral Sciences, 195, 2443-2450. Retrieved from
https://doi.org/10.1016/j.sbspro.2015.06.387

Joliuan, D., & Konig, W. A. (1999). The Atlas of Spectral Data of Sesquiterpene
Hydrocarbons. Journal of Natural Products, 62(8), 1212-1213. Retrieved from
https://doi.org/10.1021/np990755n

Jun, S. Z., & Ye, W. J. (2014). Isolation and characterization of LEAFY COTYLEDON
1-LIKE gene related to embryogenic competence in Citrus sinensis Isolation and
characterization of LEAFY COTYLEDON 1 - LIKE gene related to embryogenic
competence in Citrus sinensis, (June). Retrieved from
https://doi.org/10.1007/s11240-014-0509-1

Jusoff, K., & Dahlan Taha. (2009). Managing Sustainable Mangrove Forests in
Peninsular Malaysia. Journal of Sustainable Development, 1(1), 88-96. Retrieved
from https://doi.org/10.5539/jsd.vin1p88

Kalra, R., & Kaushik, N. (2017). A review of chemistry, quality and analysis of
infected agarwood tree (Aquilaria sp.). Phytochemistry Reviews, 16(5), 1045—
1079. Retrieved from https://doi.org/10.1007/s11101-017-9518-0

Karim, R, Tan, Y. S,, Singh, P., & Khalid, N. (2018). Expression and DNA
methylation of SERK , BBM , LEC2 and WUS genes in in vitro cultures of
Boesenbergia rotunda ( L .) Mansf . Physiology and Molecular Biology of Plants,
24(5), 741-751. Retrieved from https://doi.org/10.1007/s12298-018-0566-8

Kenmotsu, Y., Ogita, S., Katoh, Y., & Yamamura, Y. (2011). Methyl jasmonate-
induced enhancement of expression activity of Am - FaPS - 1, a putative farnesyl
diphosphate synthase gene from Aquilaria microcarpa, 194-197. Retrieved from
https://doi.org/10.1007/s11418-010-0451-4

Kenzo, T., Yoneda, R., Tanaka, A., Mohamad, O., & Azani, A. (2018). Growth
performance and leaf ecophysiological traits in three Aquilaria species in
Malaysia. New Forests, (0123456789). Retrieved from
https://doi.org/10.1007/s11056-018-09693-7

111



Kim, Y. W., & Moon, H. K. (2007). Enhancement of somatic embryogenesis and plant
regeneration in Japanese larch (Larix leptolepis). Plant Cell, Tissue and Organ
Culture, 88(3), 241-245. Retrieved from https://doi.org/10.1007/s11240-007-
9202-y

Kimura, M. (1980). A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences. Journal of
Molecular Evolution, 16(2), 111-120. Retrieved from
https://doi.org/10.1007/BF01731581

Klimaszewska, K., Overton, C., Stewart, D., & Rutledge, R. G. (2011). Initiation of
somatic embryos and regeneration of plants from primordial shoots of 10-year-old
somatic white spruce and expression pro W les of 11 genes followed during the
tissue culture process, 635-647. Retrieved from https://doi.org/10.1007/s00425-
010-1325-4

Kocak, M., Sevindik, B., Izgu, T., Tutuncu, M., & Mendi, Y. Y. (2019). Synthetic Seed
Production of Flower Bulbs. In Synthetic Seeds (pp. 283-299). Springer. Retrieved
from https://doi.org/10.1007/978-3-030-24631-0 12

Kochba, J., & Lavee, S. (2018). kochba 1977 Difference in peroxidase activity and.pdf,
467(143), 463-467.

Kottapalli, S., Krishna, H., Venumadhav, K., & Jamir, K. (2016). PREPARATION OF
HERBARIUM SPECIMEN FOR PLANT IDENTIFICATION AND, (July).

Kress, W. J., Wurdack, K. J., Zimmer, E. A., Weigt, L. A., & Janzen, D. H. (2005). Use
of DNA barcodes to identify flowering plants. Proceedings of the National
Academy of Sciences of the United States of America, 102(23), 8369 LP — 8374.
Retrieved from https://doi.org/10.1073/pnas.0503123102

Kumar, V., Jha, P., & Van Staden, J. (2020). LEAFY COTYLEDONSs (LECs): master
regulators in plant embryo development. Plant Cell, Tissue and Organ Culture
(PCTOC), 140(3), 475-487. Retrieved from https://doi.org/10.1007/s11240-019-
01752-x

Kumeta, Y., & Ito, M. (2011). Genomic organization of d -guaiene synthase genes in
Aquilaria crassna and its possible use for the identification of Aquilaria species,
508-513. Retrieved from https://doi.org/10.1007/s11418-011-0529-7

112



Kumeta, Y., & Ito, M. (2016). Characterization of a-humulene synthases responsible
for the production of sesquiterpenes induced by methyl jasmonate in Aquilaria cell
culture. Journal of Natural Medicines, 70(3), 452-459. Retrieved from
https://doi.org/10.1007/s11418-016-0999-8

Kundu, S., Sutradhar, M., & Salma, U. (2019). Synthetic Seed Technology in Forest
Trees: A Promising Technology for Conservation and Germplasm Exchange. In
Synthetic Seeds (pp. 241-258). Springer. Retrieved from
https://doi.org/10.1007/978-3-030-24631-0_10

Kwong, R. W., Bui, A. Q., Lee, H., Kwong, L. W., Fischer, R. L., Goldberg, R. B., &
Harada, J. J. (2003). LEAFY COTYLEDONI1-LIKE Defines a Class of Regulators
Essential for Embryo Development . The Plant Cell, 15(1), 5-18. Retrieved from
https://doi.org/10.1105/tpc.006973

la Monaca, A., Liao, Z., & Axinte, D. (2020). A digital approach to automatically
assess the machining-induced microstructural surface integrity. Journal of
Materials Processing Technology, 282, 116703. Retrieved from
https://doi.org/10.1016/j.jmatprotec.2020.116703

Lakshmi Sita, G., Raghava Ram, N. V, & Vaidyanathan, C. S. (1979). Differentiation
of embryoids and plantlets from shoot callus of sandalwood. Plant Science Letters,
15(3), 265-270. Retrieved from https://doi.org/https://doi.org/10.1016/0304-
4211(79)90118-4

Lamk, A., Lec, H., & Indica, F. (n.d.). Aquilaria Ophiospermum Aquilaria
independently specific epithet by Sprengel species of Aquilaria disposal :
Bogoriense Gardens , Singapore Aquilaria agallocha plate Roxburgh had prepared
by Colebrooke , Roxburgh perfect capsules with their seeds, [ A . m.

Laux, T., Mayer, K. F., Berger, J., & Jurgens, G. (1996). The WUSCHEL gene is
required for shoot and floral meristem integrity in Arabidopsis. Development,
122(1), 87-96. Retrieved from https://doi.org/10.1242/dev.122.1.87

Le, B. H,, Cheng, C., Bui, A. Q., Wagmaister, J. A., Henry, K. F., Pelletier, J., ...
Goldberg, R. B. (2010). Global analysis of gene activity during Arabidopsis seed
development and identification of seed-specific transcription factors. Proceedings
of the National Academy of Sciences, 107(18), 8063-8070. Retrieved from
https://doi.org/10.1073/pnas.1003530107

Lebanov, L., Tedone, L., Kaykhaii, M., Linford, M. R., & Paull, B. (2019).
Multidimensional Gas Chromatography in Essential Oil Analysis. Part 2:
Application to Characterisation and Identification. Chromatographia, 82(1), 399—
414. Retrieved from https://doi.org/10.1007/s10337-018-3651-9

113



Lee, P. Y., Costumbrado, J., Hsu, C. Y., & Kim, Y. H. (2012). Agarose gel
electrophoresis for the separation of DNA fragments. Journal of Visualized
Experiments, (62), €3923. Retrieved from https://doi.org/10.3791/3923

Lee, S. Y., & Mohamed, R. (2016). Rediscovery of Aquilaria rostrata (Thymelaeaceae),
a species thought to be extinct, and notes on Aquilaria conservation in Peninsular
Malaysia. Blumea: Journal of Plant Taxonomy and Plant Geography, 61(1), 13—
19. Retrieved from https://doi.org/10.3767/000651916X691196

Lee, S.Y., & Mohamed, R. (2016). The Origin and Domestication of Aquilaria, an
Important Agarwood-Producing Genus. In Agarwood (pp. 1-20). Springer.
Retrieved from https://doi.org/10.1007/978-981-10-0833-7_1

Lee, SY, Ng, W. L., Lamasudin, D. U., & Mohamed, R. (2018). Inter-simple sequence
repeat markers reveal genetic relatedness between natural Aquilaria populations in
Peninsular Malaysia. Chiang Mai Journal of Science, 45, 1307-1317.

Lee, Shiou Yih, Lamasudin, D. U., & Mohamed, R. (2019). Rapid detection of several
endangered agarwood-producing Aquilaria species and their potential adulterants
using plant DNA barcodes coupled with high-resolution melting ( Bar-HRM )
analysis.

Lee, Shiou Yih, Mohamed, R., Faridah-hanum, 1., & Lamasudin, D. U. (2017).
Utilization of the internal transcribed spacer ( ITS ) DNA sequence to trace the
geographical sources of Aquilaria malaccensis Lam . populations. Plant Genetic
Resources, (May), 1-9. Retrieved from
https://doi.org/10.1017/S1479262117000016

Lee, Shiou Yih, Ng, W. L., Mahat, M. N., Nazre, M., & Mohamed, R. (2016). DNA
Barcoding of the Endangered Aquilaria (Thymelaeaceae) and Its Application in
Species Authentication of Agarwood Products Traded in the Market. PLOS ONE,
11(4), e0154631. Retrieved from https://doi.org/10.1371/journal.pone.0154631

Lee, Shiou Yih, Weber, J., & Mohamed, R. (2011). Genetic variation and molecular
authentication of selected Aquilaria species from natural populations in Malaysia
using RAPD and SCAR marker. Asian Journal of Plant Sciences, 10(3), 202-211.
Retrieved from https://doi.org/10.3923/ajps.2011.202.211

Li, W., Chen, H.-Q., Wang, H., Mei, W.-L., & Dai, H.-F. (2021). Natural products in
agarwood and Aquilaria plants: chemistry, biological activities and biosynthesis.
Natural Product Reports, 38(3), 528-565. Retrieved from
https://doi.org/10.1039/DONP00042F

114



Li, X. Y., & Huang, F. H. (1996). Induction of somatic embryogenesis in loblolly pine
(Pinus taeda L.). In Vitro Cellular and Developmental Biology - Plant, 32(3), 129—
135. Retrieved from https://doi.org/10.1007/BF02822755

Lim, H. F., Rashid, A. M. A, Lee, S. S., Fauzi, P. A,, Chang, Y. S., & ... (2010).
Penanaman Aquilaria dan Penghasilan Gaharu di Malaysia. Forest Research
Institute Malaysia. Retrieved from Kepong:

Liu, P., Zhang, X., Yang, Y., Sui, C., Xu, Y., & Wei, J. (2019). Interxylary phloem and
xylem rays are the structural foundation of agarwood resin formation in the stems
of Aquilaria sinensis. Trees, 33(2), 533-542. Retrieved from
https://doi.org/10.1007/s00468-018-1799-4

Liu, Yang-yang, Wei, J., Gao, Z., Zhang, Z., & Lyu, J. (2017). A Review of Quality
Assessment and Grading for Agarwood. Chinese Herbal Medicines, 9(1), 22—30.
Retrieved 27 April 2019 from https://doi.org/10.1016/S1674-6384(17)60072-8

Liu, Yang, Wei, C., Wang, H., Ma, X., Shen, H., & Yang, L. (2020). Indirect somatic
embryogenesis and regeneration of Fraxinus mandshurica plants via callus tissue.
Journal of Forestry Research. Retrieved from https://doi.org/10.1007/s11676-020-
01199-3

Lok, E. . (2016). Growth And Management of Aquilaria malaccensis For Agarwood.
International Journal of Agriculture, Forestry and Plantation, VVol.3 (Jun, 55-60.

Lopez-Sampson, A., & Page, T. (2018). History of Use and Trade of Agarwood.
Economic Botany, 72(1), 107-129. Retrieved from https://doi.org/10.1007/s12231-
018-9408-4

Lotan, T., Ohto, M., Yee, K. M., West, M. A. L., Lo, R., Kwong, R. W., ... Harada, J. J.
(1998). Arabidopsis LEAFY COTYLEDONLI Is Sufficient to Induce Embryo
Development in Vegetative Cells. Cell, 93(7), 1195-1205. Retrieved from
https://doi.org/https://doi.org/10.1016/S0092-8674(00)81463-4

Lowe, K., Wu, E., Wang, N., Hoerster, G., Hastings, C., Cho, M.-J., ... Gordon-Kamm,
W. (2016). Morphogenic Regulators Baby boom and Wuschel Improve Monocot
Transformation. The Plant Cell, 28(9), 1998-2015. Retrieved from
https://doi.org/10.1105/tpc.16.00124

115



Lu, D., Wei, W., Zhou, W., McGuigan, L. D., Ji, F., Li, X., ... Qin, L. (2017).
Establishment of a somatic embryo regeneration system and expression analysis of
somatic embryogenesis-related genes in Chinese chestnut (Castanea mollissima
Blume). Plant Cell, Tissue and Organ Culture (PCTOC), 130(3), 601-616.
Retrieved from https://doi.org/10.1007/s11240-017-1250-3

Ma, S., Fu, Y., Li, Y., Wei, P., & Liu, Z. (2021). The formation and quality evaluation
of agarwood induced by the fungi in Aquilaria sinensis. Industrial Crops and
Products, 173, 114129. Retrieved from
https://doi.org/10.1016/j.indcrop.2021.114129

Mabberley, D. J. (1997). The Plant-Book. A Portable Dictionary of the Vascular Plants.
Cambridge university press. books.google.com. Retrieved from
https://doi.org/10.2307/4110505

Malaysia Industrial of Timber Board. (2014). Panduan Pengkelasan Produk Gaharu
Malaysia. Perindustrian Kayu Malaysia.

Mamat, M. F., Yacob, M. R., Lim, H. F., & Rdam, A. (2010). Costs and Benefits
Analysis of Aquilaria Species on Plantation for Agarwood Production in Malaysia.
International Journal of Business and Social Science, 1(2), 162-174.

Mayer, K. F. X., Schoof, H., Haecker, A., Lenhard, M., Jirgens, G., & Laux, T. (1998).
Role of WUSCHEL in Regulating Stem Cell Fate in the Arabidopsis Shoot
Meristem. Cell, 95(6), 805-815. Retrieved from
https://doi.org/https://doi.org/10.1016/S0092-8674(00)81703-1

Mazlan, M., & Dahlan, T. (2010). Pengredan dan pemprosesan gaharu. Selangor:
Seminar Kebangsaan Dan Pameran Gaharu.

Méndez-Hernandez, H. A., Ledezma-Rodriguez, M., Avilez-Montalvo, R. N., Juarez-
GoOmez, Y. L., Skeete, A., Avilez-Montalvo, J., ... Loyola-Vargas, V. M. (2019).
Signaling Overview of Plant Somatic Embryogenesis . Frontiers in Plant Science
. Retrieved from https://www.frontiersin.org/article/10.3389/fpls.2019.00077

Meng-ling, H. E., Shu-yuan, Q. I., & Lan-juan, H. U. (2005). Rapid in vitro propagation
of medicinally important Aquilaria agallocha *, (8), 849-852. Retrieved from
https://doi.org/10.1631/jzus.2005.B0849

Minh, T. Van, & City, H. (2005). Application of Tissue Culture Techniques in Woody
Species Conservation , Improvement and Development in Vietnam : Agarwood (
Aquilaria crassna Pierre ex LeComte ) via Shoot-tip Culture, (4), 37-42.

116



Miraghaee, S. S., Karimi, I., & Becker, L. A. (2019). Psychobiological Assessment of
Smoke of Agarwood (Aquilaria spp.) in Male Rats. Journal of Applied Biological
Sciences, 5(2). Retrieved from
http://www.jabsonline.org/index.php/jabs/article/view/241

Mishra, S., & Rathore, A. K. (2021). Comparative study of the performance of
Supercritical Fluid Extraction, Microwave assisted Hydro-distillation and Hydro-
distillation of Lemongrass (Cymbopogon Citratus): A Review. G-Journal of
Environmental Science and Technology, 8(2), 20-27. Retrieved from
https://gjestenv.com/index.php/gjest/article/view/142

Mohamad Hamdan, M. S., Aminan, A. W., Noor Shaarani, S. H., & Tajuddin, S. N.
(2020). Characterization of Aquilaria malaccensis Callus Cells using SEM and
Somatic Embryogenesis Associated Genes Identification. IOP Conference Series:
Earth and Environmental Science, 549, 12070. Retrieved from
https://doi.org/10.1088/1755-1315/549/1/012070

Mohamed, R., Wong, M. T., & Halis, R. (2013). Microscopic observation of ‘gaharu’
wood from aquilaria malaccensis. Pertanika Journal of Tropical Agricultural
Science, 36(1).

Mohamed, R, Jong, P. L., & Kamziah, A. K. (2014). Fungal inoculation induces
agarwood in young Aquilaria malaccensis trees in the nursery. Journal of forestry
research. Springer. Retrieved from https://doi.org/10.1007/s11676-013-0395-0

Mohamed, Rozi. (2016). Agarwood: Science behind the fragrance. Springer.

Mohamed, Rozi, Jong, P. L., & Kamziah, A. K. (2014). Fungal inoculation induces
agarwood in young Aquilaria malaccensis trees in the nursery. Journal of Forestry
Research, 25(1). Retrieved from https://doi.org/10.1007/s11676-013-0395-0

Mohammed Golam Rasul. (2018). Extraction, Isolation and Characterization of Natural
Products from Medicinal Plants. International Journal of Basic Sciences and
Applied Computing (IJBSAC) , 2(6), 1-6. Retrieved from
https://www.researchgate.net/publication/330702256 Extraction_Isolation_and_C
haracterization_of Natural_Products_from_Medicinal_Plants

Moradi, S., Fazlali, A., & Hamedi, H. (2018). Microwave-Assisted Hydro-Distillation
of Essential Oil from Rosemary: Comparison with Traditional Distillation.
Avicenna Journal of Medical Biotechnology, 10(1), 22-28. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/29296263

117



Mukhopadhyay, M., Mondal, T. K., & Chand, P. K. (2016). Biotechnological advances
in tea (Camellia sinensis [L.] O. Kuntze): a review. Plant Cell Reports, 35(2), 255—
287. Retrieved from https://doi.org/10.1007/s00299-015-1884-8

Naef, R. (2011). The volatile and semi-volatile constituents of agarwood, the infected
heartwood of Aquilaria species: A review. Flavour and Fragrance Journal, 26(2),
73-87. Retrieved from https://doi.org/10.1002/f].2034

Nardmann, J., & Werr, W. (2006). The Shoot Stem Cell Niche in Angiosperms:
Expression Patterns of WUS Orthologues in Rice and Maize Imply Major
Modifications in the Course of Mono- and Dicot Evolution. Molecular Biology
and Evolution, 23(12), 2492-2504. Retrieved from
https://doi.org/10.1093/molbev/msl125

Nath, P. C., Nath, A. J., Sileshi, G. W., & Das, A. K. (2020). Stand structure and
functional attributes of agarwood (Aquilaria malaccensis Lam.) based smallholder
farms in Northeast India. Trees, Forests and People, 2, 100027. Retrieved from
https://www.sciencedirect.com/science/article/pii/S2666719320300273

Ng, L.-T., Chang, Y. S., & Kadir, A. A. (1997). A review on agar (gaharu) producing
Aquilaria species. Journal of Tropical Forest Products, 2, 272—-285. Retrieved
from https://ci.nii.ac.jp/naid/10029460881/

Nole-Wilson, S., Tranby, T. L., & Krizek, B. A. (2005). AINTEGUMENTA-like (AIL)
genes are expressed in young tissues and may specify meristematic or division-
competent states. Plant Molecular Biology, 57(5), 613-628. Retrieved from
https://doi.org/10.1007/s11103-005-0955-6

Noor, M. H. A., Mohamad, A., Othman, R., & Baharum, S. N. (2014). Morphological
evaluation on leaf characteristics of common Aquilaria species in Malaysia. In
Research and Development Seminar 2014 (p. 2). osti.gov. Retrieved from
https://www.osti.gov/etdeweb/biblio/22410691

Normah, F. M., & Noor, M. (2015). Epigenetic regulation and gene markers as signals
of early somatic embryogenesis, 407-422. Retrieved from
https://doi.org/10.1007/s11240-014-0615-0

Normah, M. N., Rohani, E. R., & Mohamed-Hussein, Z. A. (2013). Somatic
embryogenesis in higher plants. Malaysian Applied Biology, 42(2), 1-12.

118



Nurhaslina, C. R., Zahari Harip, M. K., Musa, M., Md Zaki, N. A., Alwi, H., Muhd
Rodhi, M. N., & Ku Hamid, K. H. (2018). Analysis of sesquiterpenes in agarwood
essential oil from hydrodistillation process. Malaysian Journal of Analytical
Sciences, 22(2), 353-357. Retrieved from https://doi.org/10.17576/mjas-2018-
2202-23

Nurhaslina Che Radzi, Mohamad Khir Zahari Harip, M. M., Zaki, Md, N. A., Alwi, H.,
& Miradatul Najwa Muhd Rodhi, K. H. K. H. (2018). ANALYSIS OF
Sesquiterpenes IN AGARWOOD ESSENTIAL OIL FROM
HYDRODISTILLATION PROCESS. Malaysian Journal of Analytical Sciences,
22(2), 353-357. Retrieved from https://doi.org/https://doi.org/10.17576/mjas-
2018-2202-23 MALAYSIAN

Okudera, Y., & Ito, M. (2009). Production of agarwood fragrant constituents in
Aquilaria calli and cell suspension cultures, 315, 307-315.

Oliveira, M. De, Romano, E., Suemy, K., Yotoko, C., Dias, A., Araga, L., & Jose, F.
(2005). Characterisation of the cacao somatic embryogenesis receptor-like kinase (
SERK) gene expressed during somatic embryogenesis. Plant Science, 168(3),
723-729. Retrieved from https://doi.org/10.1016/j.plantsci.2004.10.004

Ouakfaoui, E. S., Schnell, J., Abdeen, A., Colville, A., Héléne Labbé, Han, S., ... Brian
Miki. (2010). Control of somatic embryogenesis and embryo development by AP2
transcription factors. Plant Molecular Biology, 74(4-5), 313-326. Retrieved from
https://doi.org/10.1007/s11103-010-9674-8

Pais, M. S. (2019). Somatic Embryogenesis Induction in Woody Species : The Future
After OMICs Data Assessment. Frontiers in Plant Science, 10(March). Retrieved
from https://doi.org/10.3389/fpls.2019.00240

Paiva, L. V., & Alves, E. (2014). Morphological characteristics and cell viability of
coffee plants calli. Ciéncia Rural, 44(4), 660-665.

Palovaara, J., & Hakman, I. (2008). Conifer WOX -related homeodomain transcription
factors , developmental consideration and expression dynamic of WOX2 during
Picea abies somatic embryogenesis. Plant Molecular Biology, 66, 533-549.
Retrieved from https://doi.org/10.1007/s11103-008-9289-5

Pasaribu, G., K.Waluyo, T., & Pari, G. (2015). Analysis of Chemical Compounds
Distinguisher for Agarwood Quialities. Indonesian Journal of Forestry Research,
2(1), 1-7. Retrieved from https://doi.org/10.20886/ijfr.2015.2.1.644.1-7

119



Passarinho, P., Ketelaar, T., Xing, M., van Arkel, J., Maliepaard, C., Hendriks, M. W.,
... Boutilier, K. (2008). BABY BOOM target genes provide diverse entry points
into cell proliferation and cell growth pathways. Plant Molecular Biology, 68(3),
225-237. Retrieved from https://doi.org/10.1007/s11103-008-9364-y

Pedroso, M. C., Hilbert, J. L., Vasseur, J., & Pais, M. S. (1995). Polypeptides associated
with the induction of direct somatic embryogenesis in Camellia japonica leaves I.
Identification of embryo-specific polypeptides. Journal of Experimental Botany,
46(10), 1579-1584. Retrieved from https://doi.org/10.1093/jxb/46.10.1579

Persoon, G. A. (2008). Growing ‘The Wood of The Gods’: Agarwood Production in
Southeast Asia. Smallholder Tree Growing for Rural Development and
Environmental Services: Lessons from Asia, 5, 245-262\r494. Retrieved from
https://doi.org/10.1007/978-1-4020-8261-0_12

Pinto, G., Park, Y. S., Loureiro, J., Neves, L., Aradjo, C., Silva, S., & Santos, C. (2010).
Somatic embryogenesis in Eucalyptus- an update to 2009. In Applications of plant
biotechnology: In vitro propagation, plant transformation and secondary
metabolite production (pp. 531-542).

Pripdeevech, P., Khummueng, W., & Park, S. K. (2011). Identification of odor-active
components of agarwood essential oils from thailand by solid phase
microextraction-GC/MS and GC-O. Journal of Essential Oil Research, 23(4), 46—
53. Retrieved from https://doi.org/10.1080/10412905.2011.9700468

Rachmayanti, Y., Leinemann, L., Gailing, O., & Finkeldey, R. (2009). DNA from
processed and unprocessed wood: Factors influencing the isolation success.
Forensic Science International: Genetics. Elsevier. Retrieved from
https://doi.org/10.1016/j.fsigen.2009.01.002

Ragonese, C., Sciarrone, D., Tranchida, P. Q., Dugo, P., Dugo, G., & Mondello, L.
(2011). Evaluation of a Medium-Polarity lonic Liquid Stationary Phase in the
Analysis of Flavor and Fragrance Compounds. Analytical Chemistry, 83(20),
7947-7954. Retrieved from https://doi.org/10.1021/ac202012u

Rahman, S. S. A., Saleh, N. M., Muhammad, N., Mansor, M., Azah, N., Ali, M., ...
Abdullah, N. (2014). Enhancement of phytochemical production through in vitro
polyploidization of agarwood-producing species , Aquilaria malaccensis, 2(May),
37-43.

Rai, M. K., Asthana, P., Singh, S. K., Jaiswal, V. S., & Jaiswal, U. (2009). The
encapsulation technology in fruit plants—A review. Biotechnology Advances,
27(6), 671-679. Retrieved from
https://doi.org/https://doi.org/10.1016/j.biotechadv.2009.04.025

120



Rai, M. K., Jaiswal, V. S., & Jaiswal, U. (2008). Alginate-encapsulation of nodal
segments of guava (Psidium guajava L.) for germplasm exchange and distribution.
The Journal of Horticultural Science and Biotechnology, 83(5), 569-573.
Retrieved from https://doi.org/10.1080/14620316.2008.11512425

Rao, P. S. (1965). In vitro induction of embryonal proliferation in Santalum album L. In
Santalum album L.

Rasool, S., & Mohamed, R. (2016). Understanding Agarwood Formation and Its
Challenges. In Agarwood (pp. 39-56). Springer, Singapore. Retrieved 29 April
2019 from https://doi.org/10.1007/978-981-10-0833-7_3

Richter, J., & Schellenberg, I. (2007). Comparison of different extraction methods for
the determination of essential oils and related compounds from aromatic plants and
optimization of solid-phase microextraction/gas chromatography. Analytical and
Bioanalytical Chemistry, 387(6), 2207-2217. Retrieved from
https://doi.org/10.1007/s00216-006-1045-6

Ridley, H . N . (1901). Garu and Chandan. Journal of the Straits Branch of the Royal
Asiatic Society, 35, 73-82. Retrieved from http://www.jstor.org/stable/41560958

Ridley, Henry Nicholas. (1924). The flora of the Malay Peninsula. By Henry N. Ridley,
with illus. by J. Hutchinson., v.1, 964. Retrieved from
https://doi.org/10.5962/bhl. title.10921

Riechmann, J. L., & Meyerowitz, E. M. (1998). The AP2/EREBP family of plant
transcription factors. Biological Chemistry, 379, 633-646. Retrieved from
https://doi.org/10.1515/bchm.1998.379.6.633

Rosseleena, E., & Ismail, R. (2012). Somatic embryogenesis of mangosteen, 251-259.
Retrieved from https://doi.org/10.1007/s11240-012-0147-4

Rozi Mohamed, & Lee, S. Y. (2016). Keeping Up Appearances: Agarwood Grades and
Quality. In Agarwood (pp. 149-167). Springer Nature. Retrieved 27 April 2019
from https://doi.org/10.1007/978-981-10-0833-7_10

Rugkhla, A., & Jones, M. G. K. (1998). Somatic embryogenesis and plantlet formation
in Santalum album and S. spicatum. Journal of Experimental Botany, 49(320),
563-571. Retrieved from https://doi.org/10.1093/jxb/49.320.563

121



Rupps, A., Raschke, J., RUmmler, M., Linke, B., Zoglauer, K., Ru, M., & Zoglauer, K.
(2016). Identification of putative homologs of Larix decidua to BABYBOOM
(BBM), LEAFY COTYLEDONL1 (LEC1), WUSCHEL-related HOMEOBOX?2
(WOX2) and SOMATIC EMBRYOGENESIS RECEPTORIike KINASE (SERK)
during somatic embryogenesis. Planta, 243(2), 473-488. Retrieved from
https://doi.org/10.1007/s00425-015-2409-y

Saiful Nizam Tajuddin, Muhamad, N. S., Yarmo, M. A., & Yusoff, M. M. (2013).
Characterization of the chemical constituents of agarwood oils from Malaysia by
comprehensive two-dimensional gas chromatography—time-of-flight mass
spectrometry. Mendeleev Communications, 23, 51-52. Retrieved from
https://doi.org/https://doi.org/10.1016/j.mencom.2013.01.019

Saikia, M., Shrivastava, K., & Singh, S. S. (2012). An Efficient Protocol for Callus
Induction in Aquilaria malaccensis Lam . Using Leaf Explants at Varied
Concentrations of Sucrose. International Journal of Plant Research, 2(6), 188—
194. Retrieved from https://doi.org/10.5923/j.plant.20120206.03

Salaj, T., Klubicova, K., Matusova, R., & Salaj, J. (2019). Somatic embryogenesis in
selected conifer trees pinus nigra arn. And abies hybrids. Frontiers in Plant
Science, 10(January), 1-13. Retrieved from
https://doi.org/10.3389/fpls.2019.00013

Salvo, S. A. G. D., Hirsch, C. N., Buell, C. R., Kaeppler, S. M., & Kaeppler, H. F.
(2014). Whole Transcriptome Profiling of Maize during Early Somatic
Embryogenesis Reveals Altered Expression of Stress Factors and Embryogenesis-
Related Genes. PLOS ONE, 9(10), e111407. Retrieved from
https://doi.org/10.1371/journal.pone.0111407

Samadi, M., Abidin, Z. Z., Yunus, R., Awang Biak, D. R., Yoshida, H., & Lok, E. H.
(2017). Assessing the kinetic model of hydro-distillation and chemical
composition of Aquilaria malaccensis leaves essential oil. Chinese Journal of
Chemical Engineering, 25(2), 216-222. Retrieved from
https://doi.org/10.1016/j.cjche.2016.09.006

Sarih, N. M., Ismail, N., Akhtar, N., & Tajuddin, S. N. (2021). Analysis of GC-FID and
GC-MS Microwave-Assisted Hydrodistillation Extraction (MAHD) of Agarwood
Chips. International Journal of Integrated Engineering, 13(6), 180-189. Retrieved
from https://doi.org/10.30880/ijie.2021.13.06.017

Schlumbaum, A., Tensen, M., & Jaenicke-Després, V. (2008). Ancient plant DNA in
archaeobotany. Vegetation History and Archaeobotany, 17(2), 233-244. Retrieved
from https://doi.org/10.1007/s00334-007-0125-7

122



Schmidt, E. D., Guzzo, F., Toonen, M. A., & de Vries, S. C. (1997). A leucine-rich
repeat containing receptor-like kinase marks somatic plant cells competent to form
embryos. Development, 124(10), 2049-2062. Retrieved from
https://journals.biologists.com/dev/article-abstract/124/10/2049/39242

Sengupta, P., Khanra, K., Chowdhury, A. R., & Datta, P. (2019). 4 - Lab-on-a-chip
sensing devices for biomedical applications. In K. Pal, H.-B. Kraatz, A.
Khasnobish, S. Bag, |. Banerjee, & U. B. T.-B. and M. D. Kuruganti (Eds.),
Woodhead Publishing Series in Electronic and Optical Materials (pp. 47-95).
Woodhead Publishing. Retrieved from
https://doi.org/https://doi.org/10.1016/B978-0-08-102420-1.00004-2

Sharif, K. M., Kulsing, C., Junior, A. I. da S., & Marriott, P. J. (2018). Second
dimension column ensemble pressure tuning in comprehensive two-dimensional
gas chromatography. Journal of Chromatography A, 1536, 39-49. Retrieved from
https://doi.org/https://doi.org/10.1016/j.chroma.2017.10.060

Sharma, S., Shahzad, A., & Teixeira da Silva, J. A. (2013). Synseed technology—A
complete synthesis. Biotechnology Advances, 31(2), 186-207. Retrieved from
https://doi.org/https://doi.org/10.1016/j.biotechadv.2012.09.007

Shmakov, V. N., & Konstantinov, Y. M. (2020). Somatic embryogenesis in Larix: the
state of art and perspectives. Vavilov Journal of Genetics and ..., 24(6), 575-588.
Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7716517/

Silva, H. D., Cerqueira, M. A., & Vicente, A. A. (2012). Nanoemulsions for Food
Applications: Development and Characterization. Food and Bioprocess
Technology, 5(3), 854-867. Retrieved from https://doi.org/10.1007/s11947-011-
0683-7

Singla, B., Khurana, J. P., & Khurana, P. (2009). Structural Characterization and
Expression Analysis of the SERK / SERL Gene Family in Rice ( Oryza sativa ),
2009. Retrieved from https://doi.org/10.1155/2009/539402

Smith, R. H. (2013). Plant Tissue Culture : Techniques and Experiments. Modern
Applications of Plant Biotechnology in Pharmaceutical Sciences. United States of
America: Elsevier.

Soehartono, T, Newton, A. C., & Mardiastuti, A. (2002). Factors influencing the
survival and growth of Aquilaria malaccensis seedlings in Indonesia. Journal of
Tropical Forest Science, 14(3), 364-378.

123



Soehartono, Tonny, & Newton, A. C. (2001). Reproductive ecology of Aquilaria spp .
in Indonesia, 152.

Soepadmo, E., Saw, L. G., & Chung, R. C. K. (2004). Tree Flora of Sabah and
Sarawak. Forest Research Institute Malaysia.

Somleva, M. N., Schmidt, E. D. L., & de Vries, S. C. (2000). Embryogenic cells in
Dactylis glomerata L. (Poaceae) explants identified by cell tracking and by SERK
expression. Plant Cell Reports, 19(7), 718-726. Retrieved from
https://doi.org/10.1007/s002999900169

Sondahl, M. R., Salisbury, J. L., & Sharp, W. R. (1979). SEM Characterization of
Embryogenic Tissue and Globular Embryos During High Frequency Somatic
Embryogenesis in Coffee Callus Cells. Zeitschrift Fir Pflanzenphysiologie, 94(2),
185-188. Retrieved from https://doi.org/10.1016/s0044-328x(79)80135-x

Steiner, N., Santa-Catarina, C., Guerra, M. P., Cutri, L., Dornelas, M. C., & Floh, E. I.
S. (2012). A gymnosperm homolog of SOMATIC EMBRYOGENESIS
RECEPTOR-LIKE KINASE-1 (SERK1) is expressed during somatic
embryogenesis. Plant Cell, Tissue and Organ Culture, 109(1), 41-50. Retrieved
from https://doi.org/10.1007/s11240-011-0071-z

Stewart, D. (2005). The chemistry of essential oils made simple : God’s love manifest in
molecules. Care publications. Retrieved from
https://books.google.com/books?id=0J3gKgNUIjcC

Su, Y. H., Zhao, X. Y., Liu, Y. B., Zhang, C. L., O’Neill, S. D., & Zhang, X. S. (2009).
Auxin-induced WUS expression is essential for embryonic stem cell renewal
during somatic embryogenesis in Arabidopsis. The Plant Journal, 59(3), 448—460.
Retrieved from https://doi.org/https://doi.org/10.1111/j.1365-313X.2009.03880.x

Sun, Y. an, Zhang, H., Li, Z., Yu, W., Zhao, Z., Wang, K., ... Wang, J. (2020).
Determination and comparison of agarwood from different origins by
comprehensive two-dimensional gas chromatography—quadrupole time-of-flight
mass spectrometry. Journal of Separation Science, 43(7), 1284-1296. Retrieved
from https://doi.org/10.1002/jssc.201901008

Suresh, S., Kim, T., Raveendar, S., Cho, J., & Yi, J. Y. (2015). Transcriptome
characterization and large-scale identification of SSR / SNP markers in symbiotic
nitrogen fixation crop faba bean ( Vicia faba L .), 459-469. Retrieved from
https://doi.org/10.3906/tar-1409-3

124



Swee, L., & Chua, L. (2018). Agarwood (aquilaria malaccensis) in malaysia, (June).

Tajuddin, S. N., Aizal, C. M., & Yusoff, M. M. (2016). Resolution of Complex
Sesquiterpene Hydrocarbons in Aquilaria malaccensis Volatile Oils Using Gas
Chromatography Technique. In Agarwood (pp. 103-124). Retrieved from
https://doi.org/10.1007/978-981-10-0833-7_7

Tajuddin, S. N., & Yusoff, M. M. (2010a). Chemical Composition of Volatile Qils of
Aquilaria malaccensis (Thymelaeaceae) from Malaysia. Natural Product
Communications, 5(12), 1934578X1000501229. Retrieved from
https://doi.org/10.1177/1934578X1000501229

Tajuddin, S. N., & Yusoff, M. M. (2010b). Natural Product Communications Chemical
Composition of Volatile Oils of, 10-13.

Takamatsu, S., & Ito, M. (2018). Agarotetrol: a source compound for low molecular
weight aromatic compounds from agarwood heating. Journal of Natural
Medicines, 72(2), 537-541. Retrieved from https://doi.org/10.1007/s11418-018-
1185-y

Tamura, K., Stecher, G., Peterson, D., Filipski, A., & Kumar, S. (2013). MEGAG:
Molecular Evolutionary Genetics Analysis Version 6.0. Molecular Biology and
Evolution, 30(12), 2725-2729. Retrieved from
https://doi.org/10.1093/molbev/mst197

Tan, C. S., Isa, N. M., Ismail, 1., & Zainal, Z. (2019). Agarwood Induction: Current
Developments and Future Perspectives . Frontiers in Plant Science . Retrieved
from https://www.frontiersin.org/article/10.3389/fpls.2019.00122

Termignoni, R. R., Wang, P.-J., & Hu, C.-Y. (1996). Somatic embryo induction in
Eucalyptus dunnii. Plant Cell, Tissue and Organ Culture, 45(2), 129-132.
Retrieved from https://doi.org/10.1007/BF00048755

Thomas, C., & Jiménez, V. M. (2005). Mode of action of plant hormones and plant
growth regulators during induction of somatic embryogenesis: molecular aspects.
In Somatic Embryogenesis (pp. 157-175). Springer. Retrieved from
https://doi.org/10.1007/7089_040

Tian, C., Yao, X., Lu, J., Shen, L., & Wu, A. (2021). GC-MS fingerprints of essential
oils from agarwood grown in wild and artificial environments. Trees, 35(6), 2105—
2117. Retrieved from https://doi.org/10.1007/s00468-021-02177-w

125



Tondare, V. N., Villarrubia, J. S., & Vladar, A. E. (2017). Three-Dimensional (3D)
Nanometrology Based on Scanning Electron Microscope (SEM)
Stereophotogrammetry. Microscopy and Microanalysis, 23(5), 967-977. Retrieved
from https://doi.org/10.1017/S1431927617012521

Toruan-Mathius, N., Rahmawati, D., & Anidah. (2009). Genetic variations among
Aquilaria species and Gyrinops Versteegii using amplified fragment length
polymorphism markers. Biotropia, 16(2), 88-95. Retrieved from
https://doi.org/10.11598/bth.2009.16.2.59

Toruan-mathius, N., Situmorang, J., & Rachmawati, D. (2008). COMPATIBILITY
STUDIES OF INTERSPECIFIC IN VITRO MICROGRAFTING OF
AGARWOOD, 15(2), 95-109.

Tsvetkov, I., Jouve, L., & Hausman, J.-F. (2006). Effect of alginate matrix composition
on regrowth of in vitro-derived encapsulated apical microcuttings of hybrid aspen.
Biologia Plantarum, 50(4), 722—-724. Retrieved from
https://doi.org/10.1007/s10535-006-0115-0

van Asten, A. (2002). The importance of GC and GC-MS in perfume analysis. TrAC
Trends in Analytical Chemistry, 21(9), 698—-708. Retrieved from
https://doi.org/https://doi.org/10.1016/S0165-9936(02)00807-5

Varis, S., Klimaszewska, K., & Aronen, T. (2018). Somatic embryogenesis and plant
regeneration from primordial shoot explants of picea abies (L.) H. Karst. Somatic
trees. Frontiers in Plant Science, 871(October), 1-8. Retrieved from
https://doi.org/10.3389/fpls.2018.01551

Vinet, L., & Zhedanov, A. (2011). A ‘missing’ family of classical orthogonal
polynomials. Journal of Physics A: Mathematical and Theoretical, 44(8), 42-49.
Retrieved from https://doi.org/10.1088/1751-8113/44/8/085201

Von Arnold, S., Sabala, I., Bozhkov, P., Dyachok, J., & Filonova, L. (2002).
Developmental pathways of somatic embryogenesis. Plant Cell, Tissue and Organ
Culture, 69(3), 233-249. Retrieved from
https://doi.org/10.1023/A:1015673200621

Wang, F.-X., Shang, G.-D., Wu, L.-Y., Xu, Z.-G., Zhao, X.-Y., & Wang, J.-W. (2020).
Chromatin Accessibility Dynamics and a Hierarchical Transcriptional Regulatory
Network Structure for Plant Somatic Embryogenesis. Developmental Cell, 54(6),
742-757.e8. Retrieved from
https://doi.org/https://doi.org/10.1016/j.devcel.2020.07.003

126



Wang, Z., Cao, H., Cai, C., Guo, Y. U. N., & Wang, Z. (2018). Microsatellites
development and cross-amplification for Aquilaria sinensis , an endangered
agarwood-producing tree. Journal of Genetics, 97(s1), 139-145. Retrieved from
https://doi.org/10.1007/s12041-018-1010-0

Whitmore, T. C. (1972). Thymelaeaceae. Tree Flora of Malaya, vol. 2,. Kuala Lumpur,
Malaysia: Longman.

Wu, Z. Q., Liu, S., Li, J. F., Li, M. C,, Du, H. F,, Qi, L. K., & Lin, L. (2017). Analysis
of gene expression and quality of agarwood using Agar-bit in Aquilaria sinensis.
Journal of Tropical Forest Science, 29(3), 380-388. Retrieved from
http://www.jstor.org/stable/44272916

Xu, Y., Zhang, Z., Wang, M., Wei, J., Chen, H., Gao, Z., ... Li, W. (2013).
Identification of genes related to agarwood formation: transcriptome analysis of
healthy and wounded tissues of Aquilaria sinensis. BMC Genomics, 14. Retrieved
from https://doi.org/10.1186/1471-2164-14-227

Yagura, T., Shibayama, N., Ito, M., Kiuchi, F., & Honda, G. (2005). Three novel
diepoxy tetrahydrochromones from agarwood artificially produced by intentional
wounding. Tetrahedron Letters, 46(25), 4395-4398. Retrieved from
https://doi.org/https://doi.org/10.1016/j.tetlet.2005.04.072

Yahyaa, M., Matsuba, Y., Brandt, W., Doron-Faigenboim, A., Bar, E., McClain, A., ...
Ibdah, M. (2015). Identification, Functional Characterization, and Evolution of
Terpene Synthases from a Basal Dicot. Plant Physiology, 169(November),
pp.00930.2015. Retrieved from https://doi.org/10.1104/pp.15.00930

Yang, L., Yang, J.-L., Dong, W.-H., Wang, Y.-L., Zeng, J., Yuan, J.-Z., ... Dai, H.-F.
(2021). The Characteristic Fragrant Sesquiterpenes and 2-(2-
Phenylethyl)chromones in Wild and Cultivated “Qi-Nan” Agarwood. Molecules .
Retrieved from https://doi.org/10.3390/molecules26020436

Yang, L., Yang, Y.-L., Dong, W.-H., Li, W., Wang, P., Cao, X., ... Dai, H.-F. (2019).
Sesquiterpenoids and 2-(2-phenylethyl)chromones respectively acting as o-
glucosidase and tyrosinase inhibitors from agarwood of an Aquilaria plant. Journal
of Enzyme Inhibition and Medicinal Chemistry, 34(1), 853-862. Retrieved from
https://doi.org/10.1080/14756366.2019.1576657

Yang, X., Zhang, X., Yang, X., & Zhang, X. (2010). Critical Reviews in Plant Science
Regulation of Somatic Embryogenesis in Higher Plants Regulation of Somatic
Embryogenesis in Higher Plants, 2689. Retrieved from
https://doi.org/10.1080/07352680903436291

127



Yap, Y. H., Ali Budin, K., & Ibrahim, Z. (2010). Panduan Penanaman Karas. In
Panduan Penanaman Karas (p. 76). Retrieved from www.forestry.gov.my

Yazawa, K., Takahata, K., & Kamada, H. (2004). Isolation of the gene encoding Carrot
leafy cotyledonl and expression analysis during somatic and zygotic
embryogenesis. Plant Physiology and Biochemistry, 42(3), 215-223. Retrieved
from https://doi.org/https://doi.org/10.1016/j.plaphy.2003.12.003

Yazid, K., Yahtya, R., Kamarudin, N., Abdullah, M. Z., Khalid, M. A., & Mohamed, A.
A. (2012). High Resolution images of resin structure in Agarwood by Means of
SEM and Micro-CT. Jurnal Sains Nuklear Malaysia, 24(2), 42—49.

Yoshii, E., Koizumi, T., Oribe, T., Takeuchi, F., & Kubo, K. (1978). The structure of
agarotetrol, a novel highly oxygenated chromone from agarwood (jinko).
Tetrahedron Letters, 19(41), 3921-3924. Retrieved from
https://www.sciencedirect.com/science/article/pii/S0040403901950981

Yukihiro Ito, Takaya, K., & Kurata, N. (2005). Expression of SERK family receptor-
like protein kinase genes in rice. Biochimica et Biophysica Acta (BBA) - Gene
Structure and Expression, 1730(3), 253-258. Retrieved from
https://doi.org/10.1016/j.bbaexp.2005.06.007

Zahari, H. (2013). Polisi dan perundangan perdagangan gaharu Malaysia. Bengkel
Perladangan Pokok Aquilaria/Gaharu. Kuala Lumpur.

Zang, Q. L., Zhang, Y., Han, S. Y., Li, W. F., & Qi, L. W. (2020). Transcriptional and
post-transcriptional regulation of the miR171-LaSCL6 module during somatic
embryogenesis in Larix kaempferi. Trees - Structure and Function, 35(1), 145-
154. Retrieved from https://doi.org/10.1007/s00468-020-02026-2

Zhang, S., Wong, L., Meng, L., & Lemaux, P. G. (2002). Similarity of expression
patterns of knotted1 and ZmLEC1 during somatic and zygotic embryogenesis in
maize (Zea mays L.). Planta, 215(2), 191-194. Retrieved from
https://doi.org/10.1007/s00425-002-0735-3

Zhu, G., Zhao, F., Wang, D., & Xia, C. (2017). Extended effective carbon number
concept in the quantitative analysis of multi-ethers using predicted response
factors. Journal of Chromatography A, 1513, 194-200. Retrieved from
https://doi.org/https://doi.org/10.1016/j.chroma.2017.07.036

128



Zhu, S., Wang, J., Ye, J., Zhu, A.-D., Guo, W., & Deng, X. (2014). Isolation and
characterization of LEAFY COTYLEDON 1-LIKE gene related to embryogenic
competence in Citrus sinensis. Plant Cell, Tissue and Organ Culture (PCTOC),

119(1), 1-13. Retrieved from https://doi.org/10.1007/s11240-014-0509-1

Zuhaidi, Y. A. (2016). Growth and management of Aquilaria malaccensis for agarwood
a new domestication perspective. International Journal of Agriculture, Forestry

and Plantation, 3, 55-60. Retrieved from http://ijafp.com/wp-
content/uploads/2016/06/FR-14.pdf

Zuzarte, M., & Salgueiro, L. (2015). Essential oils chemistry. In Bioactive Essential

Oils and Cancer (pp. 19-61). Springer. Retrieved from
https://doi.org/10.1007/978-3-319-19144-7_2

129



