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In Malaysia, bacterial wilt has been identified as one of the main constraints for
banana production. Blood Disease Bacterium (BDB) is a gram negative bacteria that
caused Banana Blood Disease (BBD) which identified as one of the most
important pathogen of banana (Musa sp.) which could infect almost all cultivated
banana varieties. On the other hand, BDB is grouped into Phylotype IV which
placed in a subgroup of the R. solanacearum species complex. BDB was reported to
be pathogenic to a single host, banana. Hence, the first objectives of this study is to
determine the host range and symptomatology study of BDB on selected hosts.
Results from this study showed that BDB only pathogenic to banana not to other
tested hosts such as tomato (Solanum lycopersicum) and heliconia (Heliconia sp.)
and confirmed to be virulence and able to infect banana. The disease symptoms were
wilting of leaves, discoloration of vascular tissues and eventually leads to plant death.
The second objectives of this study is to identify and quantify effector protein(s) of
BDB in selected media. From this study, findings indicated that 17 potential virulent
proteins were obtained from virulence inducing media (M63). Prediction of
virulence characteristics shows that the only five proteins were found to be effector
proteins of BDB. The proteins were Signal peptidase, Lipoprotein, Uncharacterized
protein, Membrane protein and Serine protease. In conclusion, BDB was confirmed
to be a single host-pathogen to banana (Musa sp.) plant, and confirmed to be
virulence for the proteomics study and based on proteomics analysis revealed five
virulent proteins, namely Signal peptidase, Lipoprotein, Uncharacterized protein,
Membrane protein and Serine protease associated with the virulence of BDB.
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Di Malaysia, penyakit layu bakteria telah dikenal pasti sebagai salah satu kekangan
utama untuk pengeluaran pisang di Malaysia. Bakteria Penyakit Darah (BPD) ialah
bakteria gram-negatif yang menyebabkan Penyakit Darah Pisang (PBP) dikenalpasti
sebagai salah satu patogen yang penting bagi pisang (Musa sp.) yang menjangkiti
hampir semua jenis pisang yang ditanam. Selain itu, BPD dikumpulankan dalam
filotip IV dan diletakkan di dalam subkelompok kompleks spesies R. solanacearum.
BDB dilaporkan sebagai patogen kepada perumah tunggal, pisang. Oleh itu, objektif
pertama kajian ini adalah untuk menentukan jangkauan perumah dan kajian
simptomologi BDB pada perumah terpilih. Keputusan dari kajian ini menunjukkan
bahawa BDB hanya patogenik kepada pisang sahaja dan tidak kepada perumah lain
yang diuji seperti tomato (Solanum lycopersicum) dan heliconia (Heliconia sp.) dan
disahkan virulen dan berkebolehan menjangkiti pisang. Gejala penyakit ini ialah
merosakkan daun, perubahan warna pada tisu vaskular dan akhirnya menyebabkan
kematian kepada tumbuhan. Objektif kedua kajian ini ialah untuk mengenalpasti dan
mengetahui kuantiti protein efektor BPD di dalam media terpilih. Hasil kajian
menunjukkan 17 protein berpotensi virulen diperoleh daripada media perangsang
virulen (M63). Ramalan terhadap ciri-ciri protein virulen menemukan hanya lima
sahaja yang didapati sebagai protein efektor BPD. Protein virulen tersebut adalah
protein isyarat peptidase, lipoprotein, protein yang belum dikenalpasti, protein
membran dan protein serine. Kesimpulannya, BDB telah disahkan sebagai satu
patogen patogen tunggal untuk tumbuhan pisang (Musa sp.) dan berasaskan analisis
proteomik mendedahkan lima protein virulensi iaitu protein isyarat peptidase,
lipoprotein, protein yang belum dikenalpasti, protein membran dan protein serine
dikaitkan dengan virulensi BDB.
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CHAPTER 1

INTRODUCTION

Banana is one of the in-demand fruit in the world and possess among the top ten fruit
commodities in Southeast Asia, Africa and Latin America (FAOSTAT, 2013).
Bananas belong to Musaceae family under the genus Musa and categorised as
perennial herbaceous monocots (Darvari et al., 2010). As reported by Sharrock and
Frison,(1998) and INIBAP, (2002) shows that this fruit is the crucial staple foods
due to the contribution in food security for over 100 million people in sub-Saharan
Africa.

In Malaysia, banana (Musa spp.) is an economically important fruit and ranks one of
the major planted fruit crops with 26,000 ha and 530,000 tonnes production per year
(FAOSTAT, 2014). Banana was listed as the sixth high-value non-seasonal tropical
fruits crop alongside papaya, pineapple, rock melon, star fruit and jackfruit under the
Entry Point Project (EPP) of the National Key Economic Area (NKEA) for premium
fruit production (Ministry of Agriculture, 2015). As stated by FAOSTAT, (2005)
bananas placed as fourth vital fruit crops as banana provides food to millions of
people in South East Asia. Malaysia is one of the origin country of banana which has
a great variety of banana species, around 50 types including the commercial varieties
such as Berangan, Rastali, Nangka and Abu Nipah which belong to three genome
types in Musa (AAA, AAB, and ABB) (Darvavi et al., 2010). Notably, cash crops
industry including fruits and vegetables contributed to about 27% of Malaysia Gross
National Income (GNI). Banana is also considered as a super food rich in minerals,
energy and nutrients. Reported by USDA, (2004) approximately 100 g of raw
banana flesh contain 122 Kcal of energy, which provides 1.30 g of proteins, 0.37 g
of fat, 0.6 mg of iron, 0.14 mg of zinc and 457 pg of B-carotene. As with any other
crops, banana is infected with many diseases which eventually leads to the reduction
of yield and quality of the fruit produces worldwide.

In Malaysia, bacterial wilt disease is caused by several phytopathogens which have a
broad range of hosts. One of the most important diseases in bananas is banana blood
disease (BBD). It is the destructive disease of bananas in Malaysia. This disease is
caused by bacteria pathogen that causes quality and yield decline in banana
production. Report from FAOSTAT, (2014), showed that in 2007 the yield of
banana production decrease to about 100,000 tonnes per year. Recent survey carried
out by the Department of Agriculture (DOA) in state of Johor, stipulated that 61% of
the banana plants in the surveyed areas (3200 ha) were affected by the BBD. The
causative pathogen is Blood Disease Bacterium (BDB).

According to Fegan and Prior, (2005) BDB is belongs to the phylotype IV of the
Ralstonia solanacearum species complex. The disease symptoms includes wilting of
leaves, discoloration of vascular tissues, fruits and eventually leads to plant death.



To date there is no resistant commercial banana plant to the pathogen was reported.
Of now, the details of epidemiology, pathogenesis and host-pathogen interaction of
the pathogen are not very well understood.

This study is emphasising on the host range of the BDB as this pathogen was
reported to be a single host pathogen to only infect banana species but do not infect
other species of plants (Remenant et al., 2011). The pathogenicity assay is the only
non-molecular test that help to differentiate between Moko disease and BBD.
However, both diseases produce almost identical disease symptoms, which were
yellowing and wilting of leaves and eventually leads to plant death.

To further understand the biology of the pathogen, research was carried out to
discover the effector proteins associated with virulency of BDB. Effector proteins is
a secreted proteins that are responsible in pathogenesis and virulency of a pathogen
(Green & Mecsas, 2016). In this study, computational prediction using
bioinformatics tools were also carried out to discover and explore bioinformatics of
BDB via examining in silico data of the proteins function. This data is very
important fundamental information for the development of disease resistant variety
of banana.

The aim of this study were to determine the hosts range and symptomatology of
BDB and its virulent protein(s) that associated with the pathogenicity of BDB,
therefore the specific objectives of this work were:

i.  To determine the hosts range and symptomatology of BBD.
ii. To identify and quantify potential effector protein(s) of BDB in selected media.



REFERENCES

Abd Shukor, A. R., Jamaluddin, S. H., Nik Masdek, N. H., Zabedah, M., & Abdullah,
H. (2001). Malaysian banana industry-prospects and challenges. In
International Workshop on the Banana Fusarium Wilt Disease, Pahang,
Malaysia: Genting Highlands Resort Malaysia. Retreived from
http://agris.fao.org/agris-search/search.do?recordID=PH2001101389

Adkins, J. N., Mottaz, H. M., Norbeck, A. D., Gustin, J. K., Rue, J., Clauss, T. R., ...
& Smith, R. D. (2006). Analysis of the Salmonella typhimurium proteome

through environmental response toward infectious conditions. Molecular &
Cellular Proteomics, 5(8), 1450-1461.

Afroz, A., Zahur, M., Zeeshan, N., & Komatsu, S. (2013). Plant-bacterium
interactions analyzed by proteomics. Frontiers in plant science, 4.

Alain, K., & Querellou, J. (2009). Cultivating the uncultured: limits, advances and
future challenges. Extremophiles, 13(4), 583-594.

Altelaar, A. M., Munoz, J., & Heck, A. J. (2013). Next-generation proteomics:
towards an integrative view of proteome dynamics. Nature Reviews
Genetics, 14(1), 35.

Ashburner, M., Ball, C. A., Blake, J. A., Botstein, D., Butler, H., Cherry, J. M., ... &
Harris, M. A. (2000). Gene Ontology: tool for the unification of
biology. Nature genetics, 25(1), 25.

Auclair, S. M., Bhanu, M. K., & Kendall, D. A. (2012). Signal peptidase I: Cleaving
the way to mature proteins. Protein Science, 21(1), 13-25.

Barker, W. G., & Steward, F. C. (1962). Growth and Development of the Banana
Plant: II. The Transition from the Vegetative to the Floral Shoot in Musa
acuminata cv. Gros Michel. Annals of Botany, 26(3), 413-423.

Bantscheff, M., Schirle, M., Sweetman, G., Rick, J., & Kuster, B. (2007).
Quantitative mass spectrometry in proteomics: a critical review. Analytical
and bioanalytical chemistry, 389(4), 1017-1031.

Barrette-Ng, . H., Ng, K. K. S., Mark, B. L., van Aken, D., Cherney, M. M., Garen,
C., & James, M. N. (2002). Structure of arterivirus nsp4 the smallest
chymotrypsin-like proteinase with an o/ c-terminal extension and alternate

conformations of the oxyanion hole. Journal of  Biological
Chemistry, 277(42), 39960-39966.

Bausch-Fluck, D., Hofmann, A., Bock, T., Frei, A. P., Cerciello, F., Jacobs, A., &
Schiess, R. (2015). A mass spectrometric-derived cell surface protein
atlas. PloS one, 10(4), e0121314.

53



Bertolla, F., Frostegard, A., Brito, B., Nesme, X., & Simonet, P. (1999). During
infection of its host, the plant pathogen Ralstonia solanacearum naturally
develops a state of competence and exchanges genetic material. Molecular
plant-microbe interactions, 12(5), 467-472.

Blobel, G., & Sabatini, D. D. (1971). Ribosome-membrane interaction in eukaryotic
cells. In Biomembranes (pp. 193-195). Springer, Boston: MA.

Block, A., Li, G., Fu, Z. Q., & Alfano, J. R. (2008). Phytopathogen type III effector
weaponry and their plant targets. Current opinion in plant biology, 11(4),
396-403.

Bos, J. I., Kanneganti, T. D., Young, C., Cakir, C., Huitema, E., Win, J., & Kamoun,
S. (2006). The C - terminal half of Phytophthora infestans RXLR effector
AVR3a is sufficient to trigger R3a - mediated hypersensitivity and suppress
INFI - induced cell death in Nicotiana benthamiana. The Plant
Journal, 48(2), 165-176.

Buddenhagen, 1. L., Sequeira, A. and Kelman. (1962). Designation of races in
Pseudomonas solanacearum. Phytopathology, 52, 726.

Buddenhagen, IW. 1993. Whence and whither banana research and development. In
Biotechnology Applications for Banana and Plantain Improvement.
Retrieved from https://www.bioversityinternational.org/

Buddenhagen, I. W. (1992). Whence and whither banana research and development?
Proceedings of the workshop on biotechnology applications for banana and
plantain improvement. San José: CR

Buddenhagen, IW. 2009. Blood bacterial wilt of banana: History, field biology and
solution. Acta Horticulture, 828, 57—68

Burgess, R. R. (2009). Protein precipitation techniques. In Methods in enzymology.
Farmington, Connecticut, U.S.A: Academic Press.

Cash, P. (2011). Investigating pathogen biology at the level of the
proteome. Proteomics, 11(15),3190-3202.

Centre for Agriculture and Biosience International (2016). Banana Blood Disease
datasheet. Retrieved from https://www.cabi.org/isc/datasheet/46702

Cellier, G., & Prior, P. (2010). Deciphering phenotypic diversity of Ralstonia
solanacearum strains pathogenic to potato. Phytopathology, 100(11),
1250-1261.

Chaban, B., & Beeby, M. (2015, October). The flagellum in bacterial pathogens: for
motility and a whole lot more. Proceedings in cell & developmental
biology (pp. 91-103). Farmington, Connecticut, U.S.A: Academic Press.

54



Cho, W. C. (2007). Proteomics technologies and challenges. Genomics, proteomics
&bioinformatics, 5(2), 77-85.

Coburn, B., Sekirov, 1., & Finlay, B. B. (2007). Type III secretion systems and
disease. Clinical microbiology reviews, 20(4), 535-549.

Constantine, D. and Rossel, G. (2001). The Musaceae: An annotated list of the
species of  Ensete, Musa and  Musella.  Retrieved  from
http://www.users.globalnet.co.ik/~ drc/musaceae.htm.

Cornelis, G. R. (2010). The type III secretion injectisome, a complex nanomachine
for intracellular ‘toxin’delivery. Biological chemistry, 391(7), 745-751.

Cornelis, G. R., & Van Gijsegem, F. (2000). Assembly and function of type III
secretory systems. Annual Reviews in Microbiology, 54(1), 735-774.

Cox, J., & Mann, M. (2011). Quantitative, high-resolution proteomics for
data-driven systems biology. Annual review of biochemistry, 80, 273-299.

Darvari, F. M., Sariah, M., Puad, M. P., & Maziah, M. (2010). Micropropagation of
some Malaysian banana and plantain (Musa sp.) cultivars using male flowers.
African Journal of Biotechnology, 9(16), 2360-2366.

Davis, E. L., Hussey, R. S., Mitchum, M. G., & Baum, T. J. (2008). Parasitism
proteins in nematode—plant interactions. Current opinion in plant
biology, 11(4), 360-366.

Davis, R.1., & Liberato, J. R. (2006). Banana blood disease (Blood disecase
bacterium) Retrieved from http://www.padil.gov.au

Di Cera, E. (2008). Serine proteases. International Union of Biochemistry and
Molecular Biology, 61(5), 510-5.

Di Cera, E. (2009). Serine proteases. [UBMB life, 61(5), 510-515.

Eden-Green, S. (1994, June 9-12). Characteristics of Pseudomonas solanacearum
and related bacteria from banana and plaintain in South East Asia. Paper
presented at the 8 International Conference, Versailles France

Eden-Green, S. (2004). Focus on bacterial wilt. How can the advance of banana
Xanthomonas wilt be halted? Infomusa, 13, 3841

Eden- Green, S.J. and Sastraatmadja, H. (1990). Blood Disease present in Java. FAO
Plant Protection Bulletin 38, 49-50.

Edmeadas, S., Smale, M., and Karamura, D. (2006). Biodiversity of bananas on

farms in Uganda. Report No. Brief 24, International Food Policy Research
Institute and the International International Plant Genetic Resources Institute.

55



Emanuelsson, O., Brunak, S., Von Heijne, G., & Nielsen, H. (2007). Locating
proteins in the cell using TargetP, SignalP and related tools. Nature
protocols, 2(4), 953.

Ellis, J. G., Rafigi, M., Gan, P., Chakrabarti, A., & Dodds, P. N. (2009). Recent
progress in discovery and functional analysis of effector proteins of fungal

and oomycete plant pathogens. Current opinion in plant biology, 12(4),
399-405.

Elmi, A., Watson, E., Sandu, P., Gundogdu, O., Mills, D. C., Inglis, N. F., & Smith,
D. G. (2012). Campylobacter jejuni outer membrane vesicles play an
important role in bacterial interactions with human intestinal epithelial
cells. Infection and immunity, 80(12), 4089-4098.

Elphinstone, J. G., Hennessy, J., Wilson, J. K., & Stead, D. E. (1996). Sensitivity of
different methods for the detection of Ralstonia solanacearum in potato tuber

extracts. EPPO Bulletin, 26(3 - 4), 663-678.

Espino, R. R. C., Jamaludin, S. H., Silayoi, B., & Nasution, R. E. (1992). Musa L.
(edible cultivars). Plant resources of south-East Asia, 2, 225-233.

FAOSTAT online database (2005). Retrieved from http://www.fao.org.important/
crop/in/ southest/asia/en.

FAOSTAT online database (2009). Retrieved from
http://www.fao.org.important/crop/in/ southest /asia/en

FAOSTAT online database (2013). Retrieved from http://www.fao.org.banana/
production/in/the/world/en.

FAOSTAT online database. (2014). Retrieved from http://www.fao.org.banana /
production/ per/year/in/malaysia/en.

FAOSTAT online database. (2017). Retrieved from http://www.fao.org.banana/
production/ in/the/world/en.

French, E. R., Gutarra, L., Aley, P., & Elphinstone, J. (1995). Culture media for
Pseudomonas solanacearum isolation, identification and
maintenance. Fitopatologia, 30(3), 126-130.

Gaumann EA. 1921. On a bacterial disease of the banana in the Dutch East Indies.
Meded. Institute Plantenziekten, 48.

Gaumann EA. 1921. Investigations on “the blood disease of bananas in Celebes I.
Meded. Institute Plantenziekten, 50.

Gaumann, E. (1923). Investigations of the blood-disease of bananas in Celebes. II.
Retrieved from https://www.idref.fr/129573159

56



Ghuysen, J.M. and Hackenbeck, R. (1994). Bacterial Cell Wall. New York: Elsevier.

Gillings, M. R., and P. Fahy. (1994). Genomic Fingerprinting: towards a unified
view of the Pseudomonas solanacearum species complex. The disease and its
causative agent, Pseudomonas solanacearum. Australia: International
Commission of Agricultural and Biosystems Engineering.

Green, E. R., & Mecsas, J. (2016). Bacterial secretion systems—an
overview. Microbiology spectrum, 4(1).

Gohre V. & Robatzek S (2008). Breaking the barriers: microbial effector molecules
subvert plant immunity. Annual Review of Phytopathology, 46,189-215.

GPI-SOM Server (2017). Retrieved from: http://gpi.unibe.ch/.

Fegan, M, and Prior, P. (2005). How complex is the Ralstonia Solanacearum species
complex. In Bcterial Wilt: The Disease and the Ralstonia Solanacearum
species complex. Reterived from: file:///C:/Users/user/Downloads/Fegan.pdf

Fegan, M., & Prior, P. (2006). Diverse members of the Ralstonia solanacearum
species complex cause bacterial wilts of banana. Australasian Plant
Pathology, 35(2), 93-101.

Hadiwiyono, Subandiyah, S., Widada, J., Fegan, M., & Taylor, P. (2013). Diversity
of Entophytic Bacteria in Symptomatic and Asymptomatic Infected Bananas
fromEndemic Area of Blood Disease Based on RISA. ARPN Journal of
Science and Technology, 3(4), 2225-7217.

Hakkinen, M., & Sharrock, S. (2001). Diversity in the genus Musa: Focus on
Rhodochlamys. Retrieved from
http.//sphinxsai.com/2014/vol6pt4/2/(2357-2362)Jul-Aug14.pdf

Hahn, M., & Mendgen, K. (2001). Signal and nutrient exchange at biotrophic plant—
fungus interfaces. Current Opinion in Plant Biology, 4(4), 322-327.

Hansson, S. F., Puchades, M., Blennow, K., Sjogren, M., & Davidsson, P. (2004).
Validation of a prefractionation method followed by two-dimensional
electrophoresis—Applied to cerebrospinal fluid proteins from frontotemporal
dementia patients. Proteome science, 2(1), 7.

Hayward, A. C. (1991). Biology and epidemiology of bacterial wilt caused by
Pseudomonas solanacearum. Annual review of phytopathology, 29(1), 65-87.

Hayward A. C. (1994). Systematics and phylogeny of Pseudomonas solanacearum
and related bacteria. In Bcterial Wilt. the disease and its causative agent,
Pseudomonas Solanacearum.Oxfordshire: CABL

He, Ly., L. Sequira and A. Kelman. (1983). Characteristics of strains of
Pseudomonas solanacearum from China. Plant Disease, 67, 1357-1361.

57



Heng SB. (2012). Blood disease, banana: Malaysia. Retrieved from
http://www.promedmail.org/

Hermanto, C., & Emilda, D. (2013). Bunch management of banana to control blood
disease. Australasian Plant Pathology, 42(6), 653-658.

Horgan, R. P., & Kenny, L. C. (2011). ‘Omic’technologies: genomics,
transcriptomics, proteomics and metabolomics. The Obstetrician &
Gynaecologist, 13(3),189-195

Horger, A. C., & Van der Hoorn, R. A. (2013). The structural basis of specific
protease—inhibitor interactions at the plant—pathogen interface. Current
opinion in structural biology, 23(6), 842-850

Husain, M. & R. William (2011). Status of Banana Cultivation and Diseases
Incidences in Malaysia. Department of Agriculture Malaysia. Retrieved from
http:// http://www.itfnet.org/Download/Banana_ Workshop2011/1.pdf

INIBAP (2000). Food and wealth. International Network for the improvement of
Banana and Plaintain. Retrieved from http://www.promusa.org/INIBAP

INIBAP (2002). Food and wealth. International Network for the improvement of
Banana and Plaintain, Retrieved from http://www.promusa.org/INIBAP

Inouye, M. (1979). Bacterial outer membranes: Biogenesis and functions. Toronto:
John Wiley & Sons.

Jing, L., Guo, D., Hu, W., & Niu, X. (2017). The prediction of a
pathogenesis-related  secretome  of  Puccinia  helianthi  through
high-throughput transcriptome analysis. BMC bioinformatics, 18(1), 166.

Jones, D. R. (Ed.). (1999). Diseases of banana, abacad, and enset. Wallingford,
UK: CABI.

Jones, J. D.G. & Dangle, J.L. (2006). The plant immune system. Nature, 444,
323-329

Jones, D. R. (2007). Disease and pest constraints to banana production. Proceedings
of the International Symposium on Banana (pp. 21-36).

Jones, D. R. (2013, September). Emerging banana diseases: new threats from old
problems. Proceedings of the XX Internationl Meeting ACORBAT (pp.
79-90). Fortaleza.

Kamoun, S. (2007). Groovy times: filamentous pathogen effectors revealed. Current
opinion in plant biology, 10(4), 358-365.

Kelman, A. (1954). The relationship of pathogenicity of Pseudomonas solanacearum
to colony appearance in a tetrazolium medium. Phytopathology, 44(12).

58



Kubiriba, J., Karamura, E.B., Jogo, W., Tushemereirwe, W.K., and Tinzaara, W.
(2012). Community mobilization: a key to effective control of banana
Xanthomonas wilt. Journal of Development and Agricultural Economics,

4(5), 125-131.
Lescort, T. (2015). Genetic diversity of the banana, Fruitrop, 231, pp. 98-102.

Macho, A. P., & Zipfel, C. (2015). Targeting of plant pattern recognition
receptor-triggered immunity by bacterial type-III secretion system
effectors. Current opinion in microbiology, 23, 14-22.

Mary, A. D., & Homme, W. H. 2004. Perisplasmic binding proteins: a versatile
superfamily for protein engineering. Current opinion in structural
biology, 14(4), 495-504.

Margaret, A. A., & Yoji S. (1998). Adhesion molecules. Encyclopedia of
immunology, 26-23.

Madden, L. V., Hughes, G., & Bosch, F. (2007). The study of plant disease
epidemics. Ohio: American Phytopathological Society (APS Press).

Marchler-Bauer, A., Bo, Y., Han, L., He, J., Lanczycki, C. J., Lu, S., & Gwadz, M.
(2016). CDD/SPARCLE: functional classification of proteins via subfamily
domain architectures. Nucleic acids research, 45(D1), D200-D203.

Meng, F. (2013). The virulence factors of the bacterial wilt pathogen Ralstonia
solanacearum. J Plant Pathol Microbiol, 4(168), 10-4172.

Ministry of Agriculture (2016). Chapter 15: Transitioning from Agricuture to
Agribusiness. Retrieved from http://www.moa.gov.my.

Miyagi, M., & Rao, K. C. (2007). Proteolytic 180 - labeling strategies for
quantitative proteomics. Mass spectrometry reviews, 26(1), 121-136

Morton, J. F. (1987). Banana Musa x parasidiaca. Fruits of Warm Climates.
Winterville: Creative Resource System,

Natale, P., Briiser, T., & Driessen, A. J. (2008). Sec-and Tat-mediated protein
secretion across the bacterial cytoplasmic membrane—distinct translocases

and mechanisms. Biochimica et Biophysica Acta
(BBA)-Biomembranes, 1778(9), 1735-1756.

Nejadi, N., Hantoushzadeh, S., Masti, S. M., Sadat, Z., Tavirani, R., &
Golmohammadi, T. (2015). Vitamin D Binding Protein as screening
biomarker candidate for late-onset preeclampsia without intrauterine growth

restriction during 16 week of gestation. Journal of Paramedical Sciences
(JPS) Winter, 6(1), 2008-4978.

59



Nelson, S. C., Ploetz, R. C., & Kepler, A. K. (2006). Species profiles for Pacific
Island agroforestry. Retrieved from http://
https://www.sare.org/content/download/ 1263/9850/ EW02_001.pdf

Neurath, H. (1984). Evolution of proteolytic enzymes. Science, 224(4647), 350-357.

Nikolov, M., Schmidt, C., & Urlaub, H. (2012). Quantitative mass
spectrometry-based proteomics: an overview: Quantitative methods in
proteomics. Totowa, New Jersey: Humana Press.

Ong, S. E., & Mann, M. (2005). Mass spectrometry—based proteomics turns
quantitative. Nature chemical biology, 1(5), 252.

Paetzel, M., Karla, A., Strynadka, N. C., & Dalbey, R. E. (2002). Signal
peptidases. Chemical reviews, 102(12), 4549-4580.

Page, M. J., & Di Cera, E. (2008). Serine peptidases: classification, structure and
function. Cellular and Molecular Life Sciences, 65(7-8), 1220-1236.

Parniske, M. (2000). Intracellular accommodation of microbes by plants: a common
developmental program for symbiosis and disease? Current opinion in plant
biology, 3(4), 320-328.

Pandey, A., & Mann, M. (2000). Proteomics to study genes and
genomes. Nature, 405(6788), 837-846.

Pefia, J. E., Sharp, J. L., & Wysoki, M. (Eds.). (2002). Tropical fruit pests and
pollinators: biology, economic importance, natural enemies, and control.
Florida,USA: CABL

Peshkin, L., Ryazanova, L., & Wuhr, M. (2017). Bayesian Confidence Intervals for
Multiplexed Proteomics Integrate lon-Statistics with Peptide Quantification
Concordance, Princeton, New Jersey: BioRxiv.

Petricoin, E. F., Zoon, K. C., Kohn, E. C., Barrett, J. C., & Liotta, L. A. (2002).
Clinical proteomics: translating benchside promise into bedside
reality. Nature reviews Drug discovery, 1(9), 683.

Pillay, M., Tenkouano, A., Hartman, J. (2002). Bananas and Plaintains: Future
Challenges in Musa Breeding, New York: Food Products Press.

Pillay, M., Tripathi, L. (2007). Genome Mapping and Molecular Breeding in Plants,
Switzerland: Springer Nature.

Ploetz, R. C., & Evans, E. A. (2015). The future of global banana
production. Horticultural Reviews. Hoboken, NJ, USA: John Wiley & Sons.

60



Pollefeys, P., Sharrock, S., Arnaud, E., (2004). Premilinary analysis of the literature
on the distribution of wild Musa species using MGIS and DIVA-GIS.
Rome:International Plant Genetic Resources Institute.

Prior, P. and Fegan, M. (2005). Recent Development in phylogeny and classification
of Ralstonia solanacearum. Acta Horticulture, 695, 127-136.

Pundhir, S., & Kumar, A. (2011). SSPred: A prediction server based on SVM for the
identification and classification of proteins involved in bacterial secretion
systems. Bioinformation, 6(10), 380.

Rapoport, T. A. (1992). Transport of proteins across the endoplasmic reticulum
membrane. Science, 258(5084), 931-936.

Reid, A. J., & Jones, J. T. (2014). Bioinformatic analysis of expression data to
identify effector candidates: In Plant-Pathogen Interactions. Totowa, NI:
Humana Press,

Remenant, B., de Cambiaire, J.C., Cellier, G., Jacobs, J.M., Mangenot, S., Barbe, V.,
Lajus, A., Vallenet, D., Medigue, C., Fegan, M. and Allen, C., (2011).
Ralstonia syzygii, the blood disease bacterium and some Asian R.
solanacearum strains form a single genomic species despite divergent
lifestyles. PLoS One, 6(9), p.e24356

Robinson, J. C., & Sauco, V. G. (2010). Bananas and plantains: South Africa:
CABI.

Rose, K., Simona, M. G., Offord, R. E., Prior, C. P., Otto, B., & Thatcher, D. R.
(1983). A new mass-spectrometric C-terminal sequencing technique finds a
similarity between 1-interferon and 2-interferon and identifies a

proteolytically  clipped -interferon that retains full antiviral activity.
Biochemical Journal, 215(2), 273-277.

Sattelmacher, B. (2001). The apoplast and its significance for plant mineral
nutrition. New Phytologist, 149(2), 167-192.

Schirle, M., Petrella, E. C., Brittain, S. M., Schwalb, D., Harrington, E.,
Cornella-Taracido, 1., & Tallarico, J. A. (2012). Kinase inhibitor profiling
using chemoproteomics. Switzerland

Seevaratnam, R., Patel, B. P., & Hamadeh, M. J. (2009). Comparison of total protein
concentration in skeletal muscle as measured by the Bradford and Lowry
assays. Journal of biochemistry, 145(6), 791-797.

Sharrock, S. (2000). Diversity in the genus Musa. Annual report of the INIBAP.
Retrieved
fromhttps://www.bioversityinternational.org/fileadmin/ migrated/uploads/tx
_news/Musalogue 704.pdf

61



Sharrock, S., & Frison, E. (1998). Musa production around the world-trends,
varieties and regional importance. 7998 annual report of the INIBAP.
Retrieved from http
https://www.bioversityinternational.org/fileadmin/ migrated/uploads/tx new
s/Networking banana and plantain_48.pdf

Signal P 4.1 (2015). Server. Retrieved from: http://www.cbs.dtu.dk/services/SignalP.

Simmonds, N. W., & Weatherup, S. T. C. (1990). Numerical taxonomy of the wild
bananas (Musa). New Phytologist, 115(3), 567-571.

Simpson, D. M., & Beynon, R. J. (2009). Acetone precipitation of proteins and the
modification of peptides. Journal of proteome research, 9(1), 444-450.

Smith, J. J., Jones, D. R., Karamura, E., Blomme, G., & Turyagyenda, F. L. (2008).
An analysis of the risk from Xanthomonas campestris pv. musacearum to
banana cultivation in Eastern, Central and Southern Africa. Bioversity
International, Montpellier, France.

Soon, W. W., Hariharan, M., & Snyder, M. P. (2013). High - throughput sequencing
for biology and medicine. Molecular systems biology, 9(1), 640.

Stefani, E., Giosue, S., & Mazzucchi, U. (2005). Detection of latent infections of
Ralstonia solanacearum biovar 2, race 3 in tomato crops. Journal of Plant
Pathology, 87, 167-171.

Simmonds, N. W. (1959). Bananas. London, United Kingdom: Longmans, Green
and Co

Stover, R. H. (1972). Banana, Plantain and Abaca Diseases. Kew, UK: Commonw.
Mycological Institute

Tapia-Pastrana, G., Chavez-Duenas, L., Lanz-Mendoza, H., Teter, K., &
Navarro-Garcia, F. (2012). VirK is a periplasmic protein required for
efficient secretion of plasmid-encoded toxin from enteroaggregative
Escherichia coli. Infection and immunity, 80(7), 2276-2285.

Teng, S. K., Aziz, N. A. A., Mustafa, M., Laboh, R., Ismail, I. S., Sulaiman, S. R., &
Devi, S. (2016). The occurrence of blood disease of banana in Selangor,
Malaysian International Journal Agriculture Biology, 18, 92-97.

Torto, T. A., Li, S., Styer, A., Huitema, E., Testa, A., Gow, N. A., & Kamoun, S.
(2003). EST mining and functional expression assays identify extracellular

effector proteins from the plant pathogen Phytophthora. Genome
research, 13(7), 1675-1685.

SSPRED Server. Retrieved from
http://www.bioinformatics.org/sspred/html/sspred.html.

62



Supriadi. (2002, February). Present status of Blood Disease in Indonesia. Paper
presented in 3" International Bacterial Wilt Symposium, White River, South
Africa.

Supriadi. (2005). Present status of blood disease in Indonesia. In Allen, P, Prior.and
A. C. Hayward (Eds). Bacterial Wilt Disease  and  the  Ralstonia
solanacearum Species Complex (pp. 395-404). Minnesota, USA.

Taghavi, M., Hayward, C., Sly, L. ., & Fegan, M. (1996). Analysis of the
phylogenetic relationships of strains of Burkholderia solanacearum,
Pseudomonas syzygii, and the blood disease bacterium of banana based on
16S rRNA gene sequences. International Journal of Systematic and
Evolutionary Microbiology, 46(1), 10-15.

Thompson, A., Schifer, J., Kuhn, K., Kienle, S., Schwarz, J., Schmidt, G., & Hamon,
C. (2003). Tandem mass tags: a novel quantification strategy for comparative

analysis of complex protein mixtures by MS/MS. Analytical chemistry, 75(8),
1895-1904.

Target P. Server. Retrieved from http://www.cbs.dtu.dk/services/TargetP
TMHMM 2.0 Server. Retrieved from http://cbs.ctu.dk.services/ TMHMM.

Tiede, A., Bastisch, I., Schubert, J., Orlean, P., & Schmidt, R. E. (1999).
Biosynthesis of glycosylphosphatidylinositols in mammals and unicellular
microbes. Biological chemistry, 380(5), 503-524.

Torufio, T. Y., Stergiopoulos, 1., & Coaker, G. (2016). Plant-pathogen effectors:
cellular probes interfering with plant defenses in spatial and temporal
manners. Annual review of phytopathology, 54, 419-441.

Tripathi, L., Mwangi, M., Abele, S., Aritua, V., Tushemereirwe, W. K., &
Bandyopadhyay, R. (2009). Xanthomonas wilt: a threat to banana production
in East and Central Africa. Plant Disease, 93(5), 440-451.

USDA (2004) National Nutrient database for Standard References. Retrieved from
https://www.ars.usda.gov/ARSUserFiles/oc/np/HistoryofHumanNutritionRes
earch/HistoryofHumanNutritionResearch.pdf

Tyler, B. M. (2009). Entering and breaking: virulence effector proteins of oomycete
plant pathogens. Cellular microbiology, 11(1), 13-20.

Van Asten, P. J. A., Fermont, A. M., & Taulya, G. (2011). Drought is a major yield
loss factor for rainfed East African highland banana. Agricultural water
management, 98(4), 541-552.

Van Hejine G. (1999). Protein targetting signals. Current Opinion Cell Biology, 2(4),
604-8.

63



Vlahou, A., & Fountoulakis, M. (2005). Proteomic approaches in the search for
disease biomarkers. Journal of Chromatography B, 814(1), 11-19.

Wang, C. C., Yim, K. W., Poon, T. C., Choy, K. W, Chu, C. Y., Lui, W. T, ... &
Leung, T. N. (2007). Innate immune response by ficolin binding in apoptotic
placenta is associated with the clinical syndrome of preeclampsia. Clinical
chemistry, 53(1), 42-52.

Wessel, D., & Fliigge, U. 1. (1984). A method for the quantitative recovery of

protein in dilute solution in the presence of detergents and
lipids. Analytical biochemistry, 138(1), 141-143.

Winstead, N. N. and Kelman, A. (1952). Inoculation techniques for evaluating
resistance to Pseudomonas solanacearum. Phytopathology, 42, 628-634.

Wooldridge, K. (2009). Bacterial secreted proteins: secretory mechanisms and role
in pathogenesis. Nottingham, UK: Horizon Scientific Press.

Yabuuchi, E. Y., Kosako, I., Yano, H. Y. and Nishiuchi. (1995). Transfer of two
Burkholderia and Alcaligenes species to Ralstonia gen. Microbiology and
immunology, 39(11), 897-904.

Yang, Y., Hu, M., Yu, K., Zeng, X., & Liu, X. (2015). Mass spectrometry-based
proteomic approaches to study pathogenic bacteria-host interactions. Protein
& cell, 6(4), 265-274.

Zhou, J. M., & Chai, J. (2008). Plant pathogenic bacterial type III effectors subdue
host responses. Current opinion in microbiology, 11(2), 179-185.

Zulperi, D., & Sijam, K. (2014). First report of Ralstonia solanacearum race 2 biovar
1 causing Moko disease of banana in Malaysia. Plant disease, 98(2),
275-275.

64



BIODATA OF STUDENT

Ros Azrinawati Hana Bakar was born on 26™ of November 1990, in Kuantan,
Pahang and she is the youngest among 3 siblings. She received Diploma in Planting
Industry and Management and Bachelor Degree of Planting Industry and
Management from Universiti Teknologi Mara (UiTM Jengka), Pahang in 2014. She
was awarded as Best Students of Diploma and Bachelor Degree of Planting Industry
of Management and Vice Chansellor Award for her excellent in academics. Due to
her passions in research works, she furthered his studies in the Master Degree in
Science (Plant Pathology) with the scholarships from MyMaster by Kementerian
Pelajaran Malaysia (KPM).

81



=

UNIVERSITI PUTRA MALAYSIA
[BERILMY SERSANTL

UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT
ACADEMIC SESSION :

TITLE OF THESIS / PROJECT REPORT :

PATHOGENICITY OF BANANA BLOOD DISEASE BACTERIUM HR2 MARDI AND
CHARACTERIZATION OF ITS VIRULENT PROTEINS

NAME OF STUDENT: ROS AZRINAWATI HANA BINTI BAKAR

I acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be
placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2.The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

J00

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

i

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from
the organization/institution with period and reasons for confidentially or restricted. ]



	CHAPTER 2
	LC
	APPENDICES
	LA



