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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

ISOLATION AND IN SILICO CHARACTERIZATION OF TWO 

ANTHOCYANIN TRANSCRIPTS CHS AND F3H FROM CALYX OF Hibiscus 

sabdariffa L. VAR. UMKL 

 

By 

MARYAM ROSHANI 

June 2015 

 
Chairman: Christina Yong Seok Yien, PhD 

Faculty: Science 

Flavonoids represent a large class of secondary metabolites. These compounds possess 

many pharmacological and nutritional properties that are beneficial to human, as well as 

performing important biological roles in the growth and development of plants. 
Anthocyanin is one of the most abundant and important flavonoids. The calyx of 

Hibiscus sabdariffa (roselle) is rich in anthocyanin and phenolic compounds. In spite of 

the importance of Chalcone synthase (CHS) and Flavonone 3-hydroxylase (F3H) genes 

in the biosynthesis of flavonoids in plants, these genes have not been investigated in 
roselle. In this study, the transcripts of HsCHS and HsF3H were isolated from the calyx 

of roselle for the first time. HsCHS transcript sequence with a total length of 1167 bp 

and HsF3H with the total length of 1107 bp were isolated using PCR approaches. In 

addition, the start and stop codons, poly-A signal, poly-A tail, 3´ UTR and 5´ UTR 

regions for both isolated transcripts were also identified using in-silico analyses. 

Several important domains were predicted in the HsCHS deduced amino acid sequence, 

including CHS-like, fabH, BcsA, Chal-sti-synt-N and Chal-sti-synt-C, which indicates 

that the isolated cDNA sequence is probably a CHS transcript belonging to the 

polyketide synthase family. On the other hand, predictions of 2OG-FeII_oxy, 

Isopenicillin N synthase-like, DIOXN and PLN02515 domains in HsF3H deduced 

amino acid sequence, supports that the isolated cDNA sequence is an F3H transcript 
related to the large gene family of 2-oxoglutarate-dependent dioxygenases (2-ODDs). 

BLAST and phylogenetic analyses predicted the putative functions of the isolated 

HsCHS in the of condensation reaction of one 4-coumaroyl-CoA with three acetate 

molecules to produce naringenin; whereas an involvement of the HsF3H in catalyzing 

the reaction that transforms naringenin to dihydrokaempferol. However, further 

investigations must be carried out to confirm the function of HsCHS and HsF3H. This 

study predicted the putative functions of the two central genes (CHS and F3H) 

governing the flavonoid pathway of H. sabdariffa, which leads to anthocyanin 

production. It has also provided primary evidences on the predicted structures of the 

HsCHS and HsF3H transcripts, which is critical for getting a deeper insight into 

understanding the function of these genes in roselle.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia  

sebagai memenuhi keperluan untuk ijazah Master Sains 

 

 PENGASINGAN DAN PENCIRIAN DALAM SILICO DUA TRANSKRIP 

ANTOSIANIN CHS DAN F3H DARIPADA KALIKS HIBISCUS SABDARIFFA 

L. VAR. UMKL 

 

Oleh 

MARYAM ROSHANI 

Jun 2015 

  

Pengerusi: Christina Yong Seok Yien, PhD 

Fakulti: Sains  

Flavonoid mewakili satu kelas metabolit sekunder yang besar. Sebatian-sebatian ini 

mempunyai banyak ciri-ciri farmakologikal dan nutrisi yang membawa kebaikan 

kepada manusia, dan juga menjalankan peranan biologi yang penting di dalam 

pertumbuhan dan perkembangan tumbuhan. Antosianin adalah salah satu daripada 

flavonoid yang paling banyak dan penting. Kaliks Hibiscus sabdariffa L. (roselle) 

adalah kaya dengan antosianin dan sebatian-sebatian fenolik. Walaupun gen-gen 

Chalkon sintase (CHS) dan Flavonon 3-hidrosilase (F3H) adalah gen-gen yang 

mustahak dalam biosintesis flavonoid di dalam tumbuhan, gen-gen ini belum dikaji di 

dalam roselle. Di dalam kajian ini, gen-gen HsCHS dan HsF3H telah diasingkan 

daripada kaliks roselle untuk kali pertama. Jujukan lengkap transkrip cDNA HsCHS 

dengan kepanjangan 1167bp, dan HsF3H dengan kepanjangan 1107bp telah 
diasingkan. Di samping itu, kodon-kodon permulaan  dan hentian, isyarat poli-A, ekor 

poli- A, dan kawasan-kawasan 3´ UTR dan 5´ UTR untuk kedua-dua transkrip yang 

diasingkan ini telah dikenalpasti menggunakan analisi in-silico. Beberapa domain 

mustahak telah diramalkan di dalam jujukan asid amino HsCHS yang disimpulkan, 

termasuklah CHS-like, fabH, BcsA, Chal-sti-synt-N, dan Chal-sti-synt-C, domain ini 

menunjukkan bahawa gen yang diasingkan kemungkinan adalah transkrip CHS yang 

tergolong dalam keluarga polyketide synthase. Selain itu, domain-domain 2OG-

FeII_oxy, Isopencillin N synthase-like, DIOXN, dan PLN02515 yang diramalkan di 

dalam jujukan asid amino HsF3H yang disimpulkan menyokong bahawa gen F3H yang 

diasingkan adalah tergolong dalam keluarga gen 2-oxoglutarate-dependent 

dioxygenases (2-ODDs). Analisis BLAST dan filogenetik meramalkan fungsi putatif 
HsCHS yang dipencilkan di dalam reaksi kondensasi satu 4 koumaril-CoA dengan tiga 

molekul asetat untuk menghasilkan naringenin; manakala penglibatan HsF3H di dalam 

mengkatalisi reaksi yang menukar neringenein kepada dihidrokaempferol. 

Walaubagaimanapun, penyiasatan lanjut harus dijalankan untuk mengesahkan fungsi-

fungsi HsCHS dan HsF3H di dalam rosel. Penyelidikan ini meramal fungsi putatif 

untuk gen-gen CHS dan F3H yang mengawal laluan flavonoid H. sabdariffa dan 

membawa kepada pengeluaran anthocyanin. Penyelidikan ini juga menerangkan 
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struktur gen-gen HsCHS dan HsF3H, maklumat yang kritikal untuk pemahaman fungsi 

gen-gen tersebut dalam roselle. 
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CHAPTER 1 

INTRODUCTION 

The genus Hibiscus belongs to the family Malvaceae includes over 300 species 

distributed in tropical and sub-tropical regions. Roselle (Hibiscus sabdariffa L.), an 

annual erect shrub growing up to 2-2.5 m tall is a tetraploid (2n = 4x = 72) medicinal 

plant. The field longevity of the plant is approximately six to seven months. Roselle is 

vastly cultivated in Malaysia, India and Africa, mostly because of its fleshy shiny 

calyx, which is the commercially important part of the shrub (Abdel-Moniem and Abd 

El-Wahab, 2006; Mohamed et al., 2012). 

 
Roselle extract is used in drugs, food and the cosmetic industries (Abdel-Moniem and 

Abd El-Wahab, 2006). Its fiber content is also of an eminent importance commercially. 

H. sabdariffa possesses a wide range of beneficial properties, including antioxidant, 

anti-cancer, antihypertensive, hypolipidaemic, hepatoprotective, anti-stress, 

antispasmodic, diuretic and antidiarrheal activities (Salem et al., 2014). 

 

Flavonoids are natural products that widely distributed as a group of polyphenols 

present in the diet. To date, more than 4000 different flavonoids have been identified 

and characterized. According to their phenolic structures, flavonoids are categorized 

into a few main groups including flavonols, flavanones, flavones, catechin, isoflavone, 
chalcones and anthocyanin (Labib et al., 2004).  

 

Anthocyanin is a kind of flavonoid that derives from a flavylium nucleus. These 

pigments are the source of different colors such as pink, violet, blue and purple in 

flowers, fruits, vegetables and different parts of plants (Cisse et al., 2009). Six different 

classes of anthocyanins including delphinidin, cyanidin, malvidin, pelargonidin, 

petunidin and peonidin have been found in different vegetables with great antioxidant 

activities (Aurelio et al., 2008; Kähkönen and Heinonen, 2003).  

 

The main medicinal characteristic of anthocyanin is protecting DNA integrity as well 

as anti-ageing activities. Additionally, anthocyanins serve as cardio protective and anti-
inflammatory factors (Bagchi et al., 2004). Subsequently, they have been the center of 

attention for the last decade for their desirable act in minimizing the risk of cancer, 

stroke and coronary heart disease (Clifford, 2000; Scalbert and Williamson, 2000; 

Wrolstad, 2004). Many edible plants, including roselle, are rich sources of 

anthocyanins and flavonoids. Significant amounts of anthocyanins, as much as 2.5 

g/100 g DW, can be found in roselle calyx, mainly two kind of anthocyanins: 

delphinidin and cyanidin (Cisse et al., 2009; Du and Francis, 1973). 

 

In line with the above-mentioned importance of the flavonoid-based compounds, the 

priority of conducting researches on the genetic aspect of the case is extremely 

tangible. In this regard, gene isolation and identification are conceivable approaches 

towards fortification of the potential gene transformation programs.  
 

CHS is a member of the polyketide synthase gene family, and F3H belongs to the 2-

oxoglutarate-dependent dioxygenases (2-ODDs) gene family. Nevertheless, both genes 

are native to endoplasmic reticulum (ER) (Lepiniec et al., 2001). CHS is a cardinal 

enzyme of a biosynthetic pathway that leads to the production of different types of 
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flavonoids (de Meaux et al., 2005). This enzyme catalyzes the first step of flavonoid 

biosynthesis that catalyzes three molecules of malonyl-CoA and 4-coumaroyl-CoA, 

and produces 4, 2′, 4′, 6′-tetrahydroxy chalcone (She et al., 2013). F3H is a key branch-

point enzyme necessary for the synthesis of 3-hydroxylated flavonoids including 

dihydroflavonols, flavonols, anthocyanins, flavon-3-ols, and proanthocyanidins (Shih et 

al., 2008). 

 

The calyx of the roselle plant has long been recognized as a source of anthocyanin, but 

flavonoid biosynthesis pathway and its genetic mechanism, as well as the genes 

involved with the pathway have not been investigated in roselle.  

 
To fill a part of the aforementioned lacunae in roselle, two anthocyanin genes namely 

HsCHS and HsF3H of the Hibiscus sabdariffa var. UMKL were investigated here. This 

variety is one of the most commonly planted varieties in Malaysia for its potential as a 

great source of natural antioxidants.   

 

The objectives of this study were to: 

1) Isolate the CHS and F3H transcripts from young calyx tissue of roselle 

2) Analyze the CHS and F3H transcript sequences using in silico appro
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Mohamed Z.M. Salem, J. Olivares-Pérez, A. Z. M. S. (2014). Studies on biological 

activities and phytochemicals composition of. Life Science Journal, 11(5), 1–8. 

Mohd-Esa, N., Hern, F. S., Ismail, A., & Yee, C. L. (2010). Antioxidant activity in 

different parts of roselle (Hibiscus sabdariffa L.) extracts and potential 

exploitation of the seeds. Food Chemistry, 122(4), 1055–1060.  

Moore, B. S., Hertweck, C., Hopke, J. N., Izumikawa, M., Kalaitzis, J. A., Nilsen, G., 

… Noel, J. P. (2002). Plant-like biosynthetic pathways in bacteria: from benzoic 

acid to chalcone. Journal of Natural Products, 65(12), 1956–62.  

Nakatsuka, A., Mizuta, D., Kii, Y., Miyajima, I., & Kobayashi, N. (2008). Isolation and 

expression analysis of flavonoid biosynthesis genes in evergreen azalea. Scientia 

Horticulturae, 118(4), 314–320.  

Odigie, I. P., Ettarh, R. R., & Adigun, S. A. (2003). Chronic administration of aqueous 

extract of Hibiscus sabdariffa attenuates hypertension and reverses cardiac 

hypertrophy in 2K-1C hypertensive rats. Journal of Ethnopharmacology, 86(2–

3), 181–185.  

Oluwafemi, A., & Sotannde, O. A. (2007). The Relationship Between Fibre 

Characteristics and Pulp-sheet Properties of Leucaena leucocephala ( Lam .) De 

Wit. Middle-East Journal of Scientific Research, 2(2), 63–68. 

Owens, D. K., Crosby, K. C., Runac, J., Howard, B. A., & Winkel, B. S. J. (2008). 

Biochemical and genetic characterization of Arabidopsis flavanone 3 b-

hydroxylase. Plant Physiology and Biochemistry, 46, 833–843.  

Park, J.-S., Kim, J.-B., Hahn, B.-S., Kim, K.-H., Ha, S.-H., Kim, J.-B., & Kim, Y.-H. 

(2004). EST analysis of genes involved in secondary metabolism in Camellia 

sinensis (tea), using suppression subtractive hybridization. Plant Science, 166(4), 

953–961. 

Polashock, J. J., Griesbach, R. J., Sullivan, R. F., & Vorsa, N. (2002). Cloning of a 

cDNA encoding the cranberry dihydroflavonol-4-reductase (DFR) and 

expression in transgenic tobacco. Plant Science, 163(2), 241–251.  

Prasongwatana, V., Woottisin, S., Sriboonlue, P., & Kukongviriyapan, V. (2008). 

Uricosuric effect of Roselle (Hibiscus sabdariffa) in normal and renal-stone 

former subjects. Journal of Ethnopharmacology, 117(3), 491–495.  



© C
OPYRIG

HT U
PM

67 
 

Prenesti, E., Berto, S., Daniele, P. G., & Toso, S. (2007). Antioxidant power 

quantification of decoction and cold infusions of Hibiscus sabdariffa flowers. 

Food Chemistry, 100(2), 433–438.  

Qo, Y., Chin, K. L., Malekian, F., Berhane, M., & Gager, J. (2005). Biological 

Characteristics , Nutritional and Medicinal Value of Roselle, Hibiscus 

Sabdariffa. CIRCULAR–Urban Forestry Natural Resources and Environment, 

604. 

Roach, P. L., Clifton, I. J., Fulop, V., Harlos, K., Barton, G. J., Hajdu, J., Andersson, I, 

S. Christopher, J & Baldwin, J. E. (1995). Crystal structure of isopenicillin N 

synthase is the first from a new structural family of enzymes. Nature, 

375(6533), 700–704.  

Ryder, T. B., Hedrick, S. A., Bell, J. N., Liang, X. W., Clouse, S. D., & Lamb, C. J. 
(1987). Organization and differential activation of a gene family encoding the 

plant defense enzyme chalcone synthase in Phaseolus vulgaris. Molecular & 

General Genetics : MGG, 210(2), 219–33.  

Sandhar, H., Kumar, B., Prasher, S., & Tiwari, P. (2011). A review of phytochemistry 

and pharmacology of flavonoids. Internationale Pharmaceutica sciencia, 1(1), 

25–41.  

Scalbert, A., & Williamson, G. (2000). Chocolate : Modern Science Investigates an 
Ancient Medicine Dietary Intake and Bioavailability of Polyphenols. American 

Society for Nutritional Sciences, 2073–2085. 

Schijlen, E. G. W. M., Ric de Vos, C. H., van Tunen, A. J., & Bovy, A. G. (2004). 
Modification of flavonoid biosynthesis in crop plants. Phytochemistry, 65(19), 

2631–2648.  

Schröder, J. (1997). A family of plant-specific polyketide synthases: facts and 

predictions. Trends in Plant Science, 2(10), 373–378.  

Schulze-lefert, P., Becker-andre, M., Schulz, W., Hahlbrock, K., & Dangl, J. L. (1989). 

Functional Architecture of the Light-Responsive Chalcone Synthase Promoter 

from Parsley. The Plant Cell, 1, 707–714. 

Sderman, E., Mattsson, J., Svenson, M., Borkird, C., & Engstrm, P. (1994). Expression 

patterns of novel genes encoding homeodomain leucine-zipper proteins in 

Arabidopsis thaliana. Plant Molecular Biology, 26, 145–154. 

She H, He S, Zhou Z, Zhang Q. (2013). Molecular Cloning and Sequences Analysis of 

Chalcone Synthase Gene from Fagopyrum Tataricum. In: Guo X, Wu Z, Du W. 

(Eds.) Informatics and Management Science I. pp. 649–656: Springer, London.   



© C
OPYRIG

HT U
PM

68 
 

Shen, G., Pang, Æ. Y., Wu, Æ. W., Sun, X., & Tang, Æ. K. (2006). Cloning and 

characterization of a flavanone 3-hydroxylase gene from Ginkgo biloba. Biosci 

Rep, 26, 19–29.  

Shih, C. H., Chu, H., Tang, L. K., Sakamoto, W., Maekawa, M., Chu, I. K., … Lo, C. 

(2008). Functional characterization of key structural genes in rice flavonoid 

biosynthesis. Planta, 228, 1043–1054.  

Sisa, M., Bonnet, S. L., Ferreira, D., & Van der Westhuizen, J. H. (2010). 

Photochemistry of flavonoids. Molecules, 15(8), 5196–5245.  

Staiger, D., Kaulen, H., & Schell, J. (1989). A CACGTG motif of the Antirrhinum 

majus chalcone synthase promoter is recognized by an evolutionarily conserved 

nuclear protein. Proceedings of the National Academy of Sciences of the United 

States of America, 86(18), 6930–4.  

Suh, D. Y., Fukuma, K., Kagami, J., Yamazaki, Y., Shibuya, M., Ebizuka, Y., & 

Sankawa, U. (2000). Identification of amino acid residues important in the 

cyclization reactions of chalcone and stilbene synthases. Biochemical Journal, 

350(Pt 1), 229–235.  

Tahara, S. (2007). A Journey of Twenty-Five Years through the Ecological 

Biochemistry of Flavonoids. Bioscience, Biotechnology, and Biochemistry, 71(6), 

1387–1404. 

Tanwar, B., & Modgil, R. (2012). Flavonoids: Dietary Occurrence and Health Benefits. 

Spatula DD - Peer Reviewed Journal on Complementary Medicine and Drug 

Discovery, 2(1), 59.  

Tropf, S., Kärcher, B., Schröder, G., & Schröder, J. (1995). Reaction mechanisms of 

homodimeric plant polyketide synthase (stilbenes and chalcone synthase). A 

single active site for the condensing reaction is sufficient for synthesis of 

stilbenes, chalcones, and 6’-deoxychalcones. The Journal of Biological 

Chemistry, 270(14), 7922–8.  

Ueyama, Y., Katsumoto, Y., Fukui, Y., Fukuchi-Mizutani, M., Ohkawa, H., Kusumi, 

T., … Tanaka, Y. (2006). Molecular characterization of the flavonoid 

biosynthetic pathway and flower color modification of Nierembergia sp. Plant 

Biotechnology, 23(1), 19–24.  

Wanibuchi, K., Zhang, P., Abe, T., Morita, H., Kohno, T., Chen, G., … Abe, I. (2007). 

An acridone-producing novel multifunctional type III polyketide synthase from 

Huperzia serrata. The FEBS Journal, 274(4), 1073–1082.  

Wilson, F. D., & Menzel, M. . . (1964). Kenaf (Hibiscus cannabinus), roselle (Hibiscus 

sabdariffa). Economic Botany, 18(1), 80–91.  



© C
OPYRIG

HT U
PM

69 
 

Wingender, R., Röhrig, H., Höricke, C., Wing, D., & Schell, J. (1989). Differential 

regulation of soybean chalcone synthase genes in plant defence, symbiosis and 

upon environmental stimuli. Molecular and General Genetics MGG, 218(2), 

315–322. 

Winkel-Shirley, B. (2001). Flavonoid Biosynthesis. A Colorful Model for Genetics, 

Biochemistry, Cell Biology, and Biotechnology. Plant Physiology, 126(2), 485–

493. 

Wiriyaampaiwong, P., Thanonkeo, S., & Thanonkeo, P. (2012). Cloning and 

characterization of chalcone synthase gene from Pueraria candollei var . mirifica. 

Journal of Medicinal Plants Research, 6(42), 5469–5479.  

Wong, S. K., Lim, Y. Y., & Chan, E. W. C. (2010). Evaluation of Antioxidant, Anti-
tyrosinase and Antibacterial Activities of Selected Hibiscus Species. 

Ethnobotanical Leaflets, 14, 781–796. 

Wrolstad, R. E. (2004). Anthocyanin Pigments — Bioactivity and Coloring Properties. 

Journal of Food Science, 69(5), 419–421. 

Yang, L., Gou, Y., Zhao, T., Zhao, J., Li, F., Zhang, B., & Wu, X. (2012). Antioxidant 

capacity of extracts from calyx fruits of roselle (Hibiscus sabdariffa L.). African 

Journal of Biotechnology, 11(17), 4063–4068.  

 Zhou, L., Wang, Y., & Peng, Z. (2013). Molecular characterization and expression 

analysis of chalcone synthase gene during flower development in tree peony 

(Paeonia suffruticosa). African Journal of Biotechnology, 10(8), 1275–1284. 

 

 

 
 
 
 
 
 
 
 
 
 


	ISOLATION AND IN SILICO CHARACTERIZATION OF TWO ANTHOCYANIN TRANSCRIPTS CHS AND F3H FROM CALYX OF Hibiscus sabdariffa L. VAR. UMKL
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



