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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
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SPECIES OF GANODERMA  

By

NORASFALIZA BINTI RAHMAD 

May 2017 

Chair: Noor Baity Binti Saidi, PhD 
Faculty: Biotechnology and Biomolecular Sciences  

Basal stem rot (BSR) is a destructive disease of oil palm caused by the basiodiomycete 

fungus known as Ganoderma spp. Basal stem rot disease is considered the most 

serious disease affecting commercial oil palm plantations in South East Asia, 

especially in Malaysia and Indonesia. The disease reduces the productivity and yield of 

infected oil palm by disrupting water and nutrient movement from the roots to the 

other parts of the plant. Until now, there is no protein biomarker available to detect 

BSR disease at early stage of infection due to the insufficient information of 

Ganoderma spp. and most of the analyses related to the interaction between oil palm 

and Ganoderma spp. were conducted using roots tissues which require destructive 

sampling. Therefore, the objective of this study is to search for specific responsive 

protein candidates for early and non-destructive protein-based disease detection 

method by using leaf sample. Proteomic analysis of oil palm leaf was conducted on 

samples collected 72 hours following introduction of oil palm seedlings onto the 

mycelium of G. boninense and G.tornatum in flask. It is hypothesized that specific 

responsive proteins related to defence mechanism will be differently expressed by the 

leaf protein from oil palm seedling inoculated with G. boninese compared to the un-

inoculated control and G.tornatum-inoculated seedlings. 

A total of 82 proteins were resolved by two-dimensional gel electrophoresis with 

significant differences in the spot abundance. From there, 24 differentially expressed 

proteins in response to Ganoderma spp. inoculations were successfully identified by 

mass spectrophotometry (MALDI TOF/TOF). The proteins are mainly involved in 

photosynthesis and energy metabolism, RNA and protein metabolism as well as 

stress/defence mechanism. Proteins related to photosynthesis and energy production 

such as ATP synthase and ribulose bisphosphate carboxylase (Rubisco) were down-

regulated while proteins such as 70kDa heat shock protein and cyclophilin which 



© C
OPYRIG

HT U
PM

ii

 

involves in protein metabolism were up-regulated in comparison to un-inoculated 

sample. Defence related proteins, WAK proteins was up-regulated while 

hyrdroxyproline-rich glycoprotein like protein (HRGP) and mannose-binding lectin 

were down-regulated during the mycelium attachment process. Based on predicted 

cellular function classification, this study managed to identify several specific 

responsive proteins that can be used as possible candidates for biomarker or biological 

indicator for BSR early detection in oil palm which is important to properly manage 

the disease.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk ijazah Sarjana Sains 

ANALISIS PERBEZAAN KE ATAS PROTEOM DAUN ANAK BENIH POKOK 
KELAPA SAWIT  YANG DIINOKULASI DENGAN SPESIS GANODERMA  

PATOGENIK DAN TIDAK PATOGENIK  

Oleh 

NORASFALIZA BINTI RAHMAD 

Mei 2017 

Pengerusi: Noor Baity Binti Saidi, PhD 
Fakulti: Bioteknologi dan Sains Biomolekul 
 
 
Penyakit Reput Pangkal Batang (BSR) merupakan penyakit merosak kelapa sawit yang 

disebabkan oleh kulat yang dikenali sebagai Ganoderma. Penyakit BSR dianggap 

sebagai penyakit yang paling serius yang menjejaskan perladangan kelapa sawit 

komersil di Asia Tenggara, terutamanya di Malaysia dan Indonesia. Penyakit ini 

mengurangkan produktiviti dan hasil kelapa sawit yang dijangkiti dengan mengganggu 

pergerakan air dan nutrien dari akar ke bahagian lain tumbuhan. Sehingga kini, tidak 

ada biomarker protein yang tersedia untuk mengesan penyakit BSR pada peringkat 

awal jangkitan kerana maklumat yang tidak mencukupi tentang Ganoderma spp. dan 

sebahagian besar analisis yang berkaitan dengan interaksi antara kelapa sawit dan 

Ganoderma spp dijalankan menggunakan tisu akar yang memerlukan pensampelan 

yang merosakkan pokok. Oleh itu, objektif kajian ini adalah untuk mencari protein 

responsif yang spesifik bagi kaedah pengesanan awal tanpa merosakkan pokok dengan 

menggunakan sampel daun. Analisis proteomik daun kelapa sawit dilakukan pada 

sampel yang dikumpul setelah 72 jam diinokulasi dengan miselium G. boninense dan 

G.tornatum dalam kelalang. Ia dihipotesiskan bahawa spesifik responsif protein 

berkaitan dengan mekanisme pertahanan akan  dizahirkan secara berbeza oleh daun 

yang diperoleh dari anak benih kelapa sawit yang diinokulasi dengan G. boninense
berbanding dengan daripada anak benih yang tidak diinokulasi dan yang diinokulasi 

dengan miselium G. tornatum.

Sebanyak 82 protein telah diasingkan oleh elektroforesis gel dua dimensi dengan 

perbezaan ketara dalam jumlah yang banyak. Daripada analisa, 24 protein yang 

menunjukkan perbezaan signifikan sebagai tindak balas kepada inokulasi Ganoderma
spp. telah berjaya dikenalpasti oleh spektrofotometri massa (MALDI TOF / TOF). 
Protein terutamanya yang terlibat dalam fotosintesis dan metabolisme tenaga, 

metabolism RNA dan protein serta mekanisme tekanan /pertahanan telah dikenalpasti. 
Protein yang berkaitan dengan fotosintesis dan pengeluaran tenaga seperti ATP 
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synthase dan ribulosa bisphosfat karboksilase (Rubisco) menunjukkan peningkatan di 

dalam pengekspresan protein manakala protein seperti protein kejutan haba 70kDa dan 

cyclophilin yang terlibat di dalam metabolisme protein menunjukkan penurunan 

pengekpresan protein berbanding dengan sampel yang tidak diinokulasi. Protein yang 

berkaitan dengan pertahanan, protein WAK menunjukkan peningkatan di dalam 

pengekspresan protein manakala glycoprotein yang kaya dengan hidroksiproline 

(HRGP) dan mannose-binding lektin menunjukkan penurunan pengekpresan semasa 

proses perlekatan miselia. Berdasarkan klasifikasi fungsi selular yang diramalkan, 

kajian ini dapat mengenal pasti beberapa protein responsif tertentu yang boleh 

digunakan sebagai calon yang mungkin untuk penanda bio atau penunjuk biologi untuk 

pengesanan awal BSR dalam kelapa sawit yang penting untuk mengurus penyakit 

dengan betul. 
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CHAPTER 1 

INTRODUCTION 

Oil palm (Elaeis guineensis) is the most productive and profitable oil-bearing crop that 

produces a substantial percentage of the global vegetable oils (Naher et al., 2013). It is 

widely cultivated in tropical countries such as Brazil, Indonesia, Malaysia and Africa. 

Unfortunately, the oil palm plantations in Southeast Asia, especially Malaysia and 

Indonesia are threatened by a devastating disease known as basal stem rot (BSR) or 

wilt infection.

BSR disease in oil palm causes severe economic losses by reducing the oil yield of the 

infected plants, loss of stands and shortening the cycle to replant the new palms (Ho et 
al., 2016). The disease is caused by a white rot fungus known as Ganoderma spp. and 

the most aggressive species is Ganoderma boninense, which can destroy up to 80% of 

palms over repeated planting cycles (Alizadehet al., 2011). In addition, two other 

species, Ganoderma zonatum and Ganoderma miniatotinctum also have been 

documented as causal agents for BSR in oil palms in Malaysia (Wong et al., 2012; 

Rakib et al., 2014). Despite being classified as a minor pathogen in other parts of the 

world (Pilotti, 2005), Ganoderma tornatum is considered as non-pathogenic locally 

and only infects dead trunk of oil palm (Wong et al., 2012).  

Basic understanding of molecular aspects during the interaction between oil palm and 

Ganoderma spp are important for effective disease control especially in biomarker 

identification for early detection and disease diagnosis. There are several methods for 

disease detection using molecular approaches such as DNA-based detection and 

enzyme-linked immunosorbent assay (ELISA). Basal stem rot are commonly 

diagnosed by detecting the presence of G. boninense via DNA-based molecular 

techniques and ELISA. However, the accuracy and efficiency of those techniques are 

largely hampered by lack of sufficient information about Ganoderma species, leading 

to false positive result (Hushiarian et al. 2013). In this case, proteins or DNA from 

plant that is only expressed in response to G. boninense infection pose as a good 

alternative in diagnosing BSR.  Recently, protein-based biomarker are gaining more 

attention compared to DNA-based biomarker due to the fact that proteins are abundant 

in organism and are more stable than DNA and metabolites (Liu et al., 2014).  

In recent years, many proteomic studies were carried out to gain a better understanding 

on oil palm-Ganoderma interaction (Daim et al., 2015, Al-Obaidi et al., 2014, 

Syahanim et al., 2013, Tony et al., 2013). Proteins such as ATP synthase, ribulose-1,5-

bisphosphate carboxylase/oxygenase, ascorbate peroxidase, beta 1,3-glucanase, heat 

shock protein and cyclophilin are among the commonly affected proteins identified 

during the interaction. In addition, transcriptomics and metabolomics studies also have 

been done, providing more clear and holistic information related to the BSR disease 

development in palm trees (Nusaibah et al., 2016, Ho et al., 2016, Naher et al., 2012). 

However, most of the analyses were conducted using roots tissues which require 
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destructive sampling and the samples were taken at a late stage following the 

appearance of disease symptoms. 

Therefore, this proteomic study was carried out to search for significantly regulated oil 

palm protein(s) in response to G. boninense as potential protein candidates for early 

and non-destructive protein-based disease detection method using leaf sample. 

Changes in oil palm leaf protein profile in response to the pathogenic G. boninense
were compared to the un-inoculated oil palm seedlings and non-pathogenic 

G.tornatum. G. tortanum was included in this study to validate the specificity of the 

identified proteins thus avoiding any false positive during the detection of BSR.  Due 

to the nature of the interaction between both Ganoderma species and oil palm, it is 

hypothesized that specific responsive proteins related to defence mechanism will be 

differently expressed by the leaf protein from oil palm seedling inoculated with G. 
boninese compared to the un-inoculated control and G.tornatum-inoculated seedlings. 

Significantly regulated proteins identified as early as 72 hours post-inoculation can be 

the candidates for protein-based biomarkers in the early detection of BSR disease and 

for monitoring the plant health.  

The specific objectives of this study are as follows: 

1. To identify differently expressed protein inoculated with pathogenic and 

non-pathogenic species of Ganoderma. 

2. To classify the identified proteins based on their predicted cellular 

function.  



© C
OPYRIG

HT U
PM

47

 

 
REFERENCES 

Abdallah, C., Dumas-Gaudot E., Renaut J., and Sergeant K. (2012). Gel-based and gel-

free quantitative proteomics approaches at a glance. International Journal of 
Plant Genomics Volume 2012, Article ID 494572, 17 pages  

Abdullah, R. and Wahid M.B. (2011). World palm oil supply, demand, price and 

prospects: Focus on Malaysian and Indonesian palm oil industry. Oil Palm 
Ind. Econ. J. 11:13-25

Afroz, A., Khan M.R., Ahsan N., and Komatsu S. (2009). Comparative proteomic 

analysis of bacterial wilt susceptible and resistant tomato cultivars. Peptides 
30: 1600-1607. 

Alam, A.S.A.F. and Halima Begum A.C.E.H. (2015). Malaysian oil palm industry: 

Prospect and Problem. Journal of Food, Agriculture & Environment Vol.13 
(2): 143-148.  

Alemu, K. (2015). Detection of Diseases, Identification and Diversity of Viruses: A 

Review. Journal of Biology, Agriculture and Healthcare 5(1) 

Alizadeh, F., Abdullah, S.N.A., Khodavandi, A., Abdullah, F., Yusuf, U.K., Chong, 

P.P. (2011). Differential expression of oil palm pathology genes during 

interactions with Ganoderma boninense and Trichoderma harzianum..
Journal of Plant Physiology 168:1106–1113 

Alizadeh, F., Siti Nor Akmar, A.,Khodavandi, A. and Chong, P.P.(2013). Improvement 

in in vitro growth rates of Ganoderma species with industrial wood waste 

supplements. African Journal of Microbiology Research 7(29):3772-3788. 

Al-Obaidi, J.R., Mohd-Yusuf, Y., Razali, N., Jayapalan, J.J., Tey, C.C., Md-Noh, N., 

Junit, S.M., Othman, R.Y., and Hashim, O.H. (2014). Identification of 

proteins of altered abundance in oil palm infected with Ganoderma boninense.

Int J Mol Sci 15; 5175-5192. 

Al-Obaidi, J.R., Saidi,  N.B.,. Usuldin, S.R.A, Rahmad, N., Zean, Ng.B. and Idris, A.S. 

(2016). Differential proteomic study of oil palm leaves in response to in vitro 

inoculation with pathogenic and non-pathogenic Ganoderma spp. Journal of 
Plant Pathology 98(2): 33-42. 

Al-Obaidi, J.R., Said Hussin, S.N.I., Saidi, N.B., Rahmad, N. and Idris., A.S. (2017). 

Comparative proteomic analysis of Ganoderma species during in vitro
interaction with oil palm root. Physiological and Molecular Plant Pathology 
99: 16-24

Al-Whaibi, M.H. (2011). Plant heat-shock proteins: A mini review. Journal of King 
Saud University - Science Volume 23, Issue 2, April 2011, Pages 139–150 



© C
OPYRIG

HT U
PM

48

 

Arif, M.S., Roslan, A. and Idris, A.S. (2011). Economics of oil palm pests and 

Ganoderma disease and yield losses. Proceeding from Third MPOB-IOPRI 

International Seminar: Integrated Oil Palm Pests and Diseases Management. 

Ariffin, D and Idris, A.S. (1992). The Ganoderma Selective Media (GSM). PORIM 
Information Series. Palm Oil Research Institute Malaysia, Bangi, 

Selangor,Malaysia. 

Arrifin, D, Idris A.S and Singh G. (2000). Status of Ganoderma in oil palm. In Flood J, 

Bridge PD, Holderness M (eds) Ganoderma diseases of perennial crops. 

CABI Publishing: Wallingford, United Kingdom. 

Atkinson, N.J. and Urwin P.E. (2012). The interaction of plant biotic and abiotic 

stresses: from genes to the field. Journal of Experimental Botany 63: 3523-
3543.

Baggerman, G., Vierstraete E., De Loof A. and Schoofs L. (2005). Gel-Based Versus 

Gel-Free Proteomics: A Review .Combinatorial Chemistry & High 
Throughput Screening 8: 669-677.

Baptiste, L.,  Houyoux N., Sabine Matallana-Surget S.M. and Ruddy Wattiez. (2012).  

Gel-Free Proteome Analysis Isotopic Labelling Vs. Label-Free Approaches 

for Quantitative Proteomics. Ed. Hon-Chiu Leung H.C., ISBN: 978-953-51-

0070-6, InTech. 

Barah, P. and Bones A.M. (2014). Multidimensional approaches for studying plant 

defence against insects: from ecology to omics and synthetic biology. Journal 
of Experimental Botany doi:10.1093/jxb/eru489. 

Barcelos, E., Rios S.A., Cunha, R.N.V, Lopes, R., Motoike, S.Y., Babiychuk, E., 

Skirycz, A. and Kushnir, S. (2015) .Oil palm natural diversity and the 

potential for yield improvement. Front. Plant Sci. 6:190. doi: 
10.3389/fpls.2015.00190. 

Barthet, M.M., Moukarzel K., Smith K.N., Jaimin Patel J. and Khidir W. Hilu K.W. 

(2015). Alternative translation initiation codons for the plastid maturase 

MatK: unraveling the pseudogene misconception in the Orchidaceae. BMC 
Evolutionary Biology 15:210. 

Basavaraju, P., Shailasree S., Shetty N.P., Kini R.K., Jorgensen H.J.L., de Neergaard 

E. and Shetty H.S., (2009). Infection induced oxidative cross-linking of 

hydroxyproline-rich glycoproteins HRGPs) is associated with restriction of 

Colletotrichum sublineolum in sorghum. Journal of Plant Interactions4: 179-
186.

Basiron, Y (2007). Palm Oil Production through Sustainable Plantations,   European
Journal Lipid Science Technology 109: 289-295.     

Benhamou, N., Garand, C., and Goulet, A.(2002). Ability of nonpathogenic Fusarium 
oxysporum strain Fo47 to induce resistance against Pythium ultimum infection 

in cucumber. Applied and Environmental Microbiology: 4044-4060. Bezemer, 

T .M and van Dam M.N. (2005). Linking aboveground and belowground 



© C
OPYRIG

HT U
PM

49

 

interactions via induced plant defences. TRENDS in Ecology and Evolution 
Vol.20 No.11 pp 618-623. 

Bilgin, D.D., Zavala J.A., Zhu J.I.N., Clough S.J., Ort D.R. and Delucia E.H., (2010). 

Biotic stress globally downregulates photosynthesis genes. Plant, Cell and 
Environment 33: 1597-1613. 

Boyd, L. A., Ridout, C., O'Sullivan, D. M., Leach, J. E., and Leung, H. (2013). Plant-

pathogen interactions: disease resistance in modern agriculture. Trends Genet. 
29, 233–240.

Bulow, L., Schindlera M., Choib C. and  Hehla R. (2004) Patho Plant: A Database on 

Plant-Pathogen Interactions. In Silico Biology 4 529–536 529 IOS Pres 

Canovas, F.M., Dumas-Gaudot E., Recorbet G., Jorrin J., Mock H.P. and Rossignol M. 

(2004): Plant proteome analysis. Proteomics, 4: 285–298 

Carpentier, S. C., Witters, E., Laukens, K., Deckers, P., Swennen, R., and Panis, B. 

(2005). Preparation of protein extracts from recalcitrant plant tissues: An 

evaluation of different methods for two-dimensional gel electrophoresis 

analysis. Proteomics, 5(10): 2497-2507 

Chawla, H. S. (2002). Introduction to Plant Biotechnology: Science Publishers.Page 26 

Chen, Y., Ye D., Michael A.H. , Cannon M.C.,  Ray T., Saha P., Frye A.N.,  Andrew J. 

M.,  and Marcia J.K. (2015) .Identification of the abundant hydroxyproline-

rich glycoproteins in the root walls of wild-type Arabidopsis, an ext3 mutant 

line, and its phenotypic revertant. Plants 4:85-111

Choi, H.K., da Silva F.G., Lim H.J., Iandolino A., Seo Y.S., Lee S.W. and Cook D. R. 

(2010). Diagnosis of pierce’s disease using biomarkers specific to Xylella 
Fastidiosa rRNA and Vitis Vinifera gene expression. Bacteriology Vol. 100, 
No. 10: 1089- 1099.

Coll, N.S., Epple, P. and Dang, J.L. (2011). Programmed cell death in the plant 

immune system. Cell Death and Differentiation : 1–10

Collins, R.M., Afzal M., Ward D.A., Prescott M.C., Sait S.M., Rees H.H. and Tomsett 

A.B.(2010). Differential proteomic analysis of Arabidopsis thaliana
genotypes exhibiting resistance or susceptibility to the insect herbivore, 

Plutella xylostella. PloS One 5: e10103. 

Colombatti, F., Daniel H. Gonzalez D.H. and Welchen E. (2014). Plant mitochondria 

under pathogen attack: A sigh of relief or a last breath?  Mitochondrion, 
Volume 19, Part B, Pages 238–244

Cooper, R.M., Flood J. and Rees R. (2011). Ganoderma boninense in oil palm 

plantations: current thinking on epidemiology, resistance and pathology. The
Planter 87:515–526



© C
OPYRIG

HT U
PM

50

 

Corley, R.H.V. (1976). The genus Elaeis. In: Corley RHV, Hardon JJ, Wood BJ (eds) 

Oil Palm Research. Elsevier Scientific Publisher, Netherlands 

Daim, L.D.J., Ooi T.E.K.,Ithnin N., Hirzun Mohd Yusof H.M.,Kulaveerasingam H., 

Majid N.A. and Karsani S.A. (2015). Comparative proteomic analysis of oil 

palm leaves infected with Ganoderma boninense revealed changes in proteins 

involved in photosynthesis, carbohydrate metabolism, and immunity and 

defense. Electrophoresis 2015, 36, 1699–1710. 

de León I.P. and Montesano M. (2013). Activation of defense mechanisms against 

pathogens in mosses and flowering plants. International Journal of Molecular 
Sciences 14, 3178-3200. 

De Schutter, K.  and Damme, E.J.M.V. (2015). Protein-Carbohydrate Interactions as 

Part of Plant Defense and Animal Immunity. Molecules 20: 9029-9053; 
doi:10.3390/molecules20059029. 

de Wit J. G. M. (2007). How plants recognize pathogens and defend themselves. P
Cell. Mol. Life Sci. 64 pp 2726 – 2732 

Deepak, S., Shailasree S., Kini R.K., Muck A., Mithöfer A. and  Shetty S.H., (2010). 

Hydroxyproline-rich glycoproteins and plant defence. Journal of 
Phytopathology 158: 585-593. 

Delaunois, B., Jeandet P., Clément C., Fabienne Baillieul F, Dorey S. and Sylvain 

Cordelier S. (2014). Uncovering plant-pathogen crosstalk through apoplastic 

proteomic studies. Front. Plant Sci., 
http://dx.doi.org/10.3389/fpls.2014.00249. 

Dodds, P.N. and Rathjen J.P. (2010). Plant immunity: Towards an integrated view of 

plant–pathogen interactions. Nature Reviews Genetics 11: 539–548.

Ehrhardt, D. W. and Frommer, W. B. (2012). New technologies for 21st century plant 

science. Plant Cell 24: 374−394.

Fang, Y. and  Ramasamy,R.P. (2015). Current and prospective methods for plant 

disease detection. Biosensors 4:537-561

Fu, Z.Q.  and Dong, X. (2013). Systemic Acquired Resistance: Turning Local Infection 

into Global Defense. Annual Review of Plant Biology 64:839-863.  

Ganoderma Lucidum – Morphology, Taxonomy and Life Cycle. Retrieved 20 August 

2005 from http://ganopedia.com/2011/08/ganoderma-lucidum-%E2%80%93-

morphology-taxonomy-and-life-cycle/

Geddes, J., Eudes F., Laroche A. and Selinger L.B. (2008). Differential expression of 

proteins in response to the interaction between the pathogen Fusarium 
graminearum and its host, Hordeum vulgare. Proteomics 8: 545-554.



© C
OPYRIG

HT U
PM

51

 

Gemperline, D.C., Scalf M., Smith L.M. and Vierstra R.D.(2016). Morpheus Spectral 

Counter: A computational tool for label-free quantitative mass spectrometry 

using the Morpheus search engine. Proteomics 16(6):920-4 

Ghag, S.B., Shekhawat U.K.S and Ganapathi T.R. (2012) Petunia Floral Defensins 

with Unique Prodomains as Novel Candidates for Development of Fusarium 

Wilt Resistance in Transgenic Banana Plants. PLoS ONE 7(6): e39557.
doi:10.1371/journal.pone.0039557 

Glass, N.L. , Rasmusen C., Roca M.G. and  Read N.D. (2004). Hyphal homing, fusion 

and mycelial interconnectedness. TRENDS in Microbiology Vol.12 No.3 
March 2004 doi:10.1016/j.tim.2004.01.007. 

Godoy, A.V., Lazzaro A.S., Casalongué C.A. and San Segundo B.,(2000). Expression 

of a Solanum tuberosum cyclophilin gene is regulated by fungal infection and 

abiotic stress conditions. Plant Science 152: 123-134. 

Goh, K.M., Ganeson M. and Supramaniam C.V. (2014). Infection potential of

vegetative incompatible Ganoderma boninense isolated with known 

ligninolytic enzyme production. African Journal of Biotechnology 13(9): 
1056-1066. 

Goh, Y.K.( 2005). Current understandings of basal stem rot infection. AAR News, 4–5.

Gonzalez –Fernandez, R.  and Jorrin-Novo J.V. (2012). Contribution of Proteomics to 

the Study of Plant Pathogenic Fungi. J. Proteome Res 11(1):3–16

Govrin, E. M. and Levin, A.(2000). The hypersensitive response facilitates plant 

infection by the necrotrophic pathogen Botrytis cinerea. Current Biology 
Volume 10(13): 751-757. 

Grennan, A.K. (2006). Plant response to bacterial pathogens. Overlap between innate 

and gene-for-gene defense response. Plant Physiology 142:809-811. 

Guni, O.B., Naga, J. A & Chong, K. P. (2012). The potential of chitosan in suppressing 

Ganoderma boninense infection in oil palm seedlings. Journal of Sustainable 
Science & Management, 7(2), 186-192.

Hasan, Y, Flood J. (2003). Colonization of rubber wood and oil palm blocks by 

monokaryons and dikaryons of Ganoderma boninense-Implications to 

infection in the field. The Planter 79:31–38

Hashiguchi, A., Ahsan N. and  Komatsu S. (2010). Proteomics application of crops in 

the context of climatic changes. Food Res Int. 43:1803–181.

Hayyan, A.,  Alam M.Z., Mirghani M.E.S, Kabbashi N.A. Hakimi, N.I.N.M., Siran 

Y.M. and Tahiruddin S. (2010). Production of Biodiesel from Sludge Palm 

Oil by Esterification Process. Journal of Energy and Power Engineering: 4, 
No.1 (Serial No.26), ISSN 1934-8975, USA.  



© C
OPYRIG

HT U
PM

52

 

Heukeshoven, J., and Dernick, R. (1988). Improved silver staining procedure for fast 

staining in PhastSystem Development Unit. I. Staining of sodium dodecyl 

sulfate gels. Electrophoresis, 9(1):28-32.

Ho, C.L. and. Tan, Y.C. (2015). Molecular defense response of oil palm to Ganoderma
infection. Phytochemistry 114: 68–177. 

Ho, C.L., Tan Y.C., Yeoh K. A., Ghazali A.K., Yee W.Y. and Hoh C.C. (2016). De
novo transcriptome analyses of host-fungal interactions in oil palm (Elaeis 
guineensis Jacq.).BMC Genomics 17:66. 

Hristozova, N., Tompa P., and Kovacs D.(2016). Novel method for assessing the 

chaperone activity of proteins. Plos One 11(8):e0161970 

Hwang, I.S. and Hwang B.K.. (2011). The pepper mannose-binding lectin gene 

CaMBL1 is required to regulate cell death and defense responses to microbial 

pathogens. Plant Physiology 155:447-463. 

Idris, A.S. and Rafidah A.R. (2008). Polyclonal antibody for detection of Ganoderma. 
MPOB Information Series. 1SSN 1511-7871. 

Idris, A.S., Kushairi, D., Ariffin, D., Basri, M.W.(2006). Technique for inoculation of 

oil palm germinated seeds with Ganoderma. Kuala Lumpur, Malaysia: 

Malaysian Palm Oil Board: MPOB TT no. 314. (MPOB Information Series 
321). 

Ishaq, I., Alias, M. S., Kadir, J., Kasawani, I.(2014). Detection of basal stem rot 

disease at oil palm plantations using sonic tomography. Journal of 
Sustainability Science and Management 9:52-57.

Kinge, T.R. and Mih A.F. (2015). Diversity and distribution of Ganoderma in south 

western Cameroon. Journal of Yeast and Fungal Research Vol 6(2) pp 17-24

Kohorn, B.D. and Kohorn S.L.(2012). The cell wall-associated kinases, WAKs, as 

pectin receptors. Frontier in Plant Sciences 3, Article 88. www.frontiersin.org, 
doi: 10.3389/fpls.2012.00088. 

Kok, S.M., Goh, Y.K., Tung, H.J., Goh, K.J., Wong, W.C. and Goh Y.K.(2013). In
vitro growth of Ganoderma boninense isolates on novel palm extract medium 

and virulence on oil palm (Elaeis guineensis) seedlings. Malaysian Journal of 
Microbiology 9, 33–42. 

Kumari, S., Roy S., Singh P., Pareek S. and  Pareek A. (2013). Cyclophilins: Proteins 

in search of function. Plant Signal Behav; 8:e22734; PMID: 23123451; 
http://dx.doi.org10.4161/psb.22734. 

Laluk, K., Mengiste, T. (2010). Necrotroph attacks on plants:  What on destruction or 

covert extortion? Arabidopsis Book 8: e0136.

Lee, J.Y., Lee H.S., Song J.Y., Jung Y.J., Reinbothed S., Park Y.I., Lee S.Y. and Pai 

H.S. (2013). Cell Growth Defect Factor1/Chaperone-Like Protein of POR1 



© C
OPYRIG

HT U
PM

53

 

Plays a Role in Stabilization of Light-Dependent Protochlorophyllide 

Oxidoreductase in Nicotiana benthamiana and Arabidopsis. The Plant Cell 25 
(10): 3944-3960. 

Li, H. and , Zhang, Z.(2016). Systems understanding of plant–pathogen interactions 

through genome-wide protein–protein interaction networks. Front. Agr. Sci. 
Eng. 2016, 3(2):102–112. 

Lim, F.K., Fakharana, I.N., Rasid, O.A., Idris, A.S.,Ho, C.L., Shaharuddin, N.A,  and 

Ahmad Parvezz, G.K. (2016). Molecular cloning and expression analysis of 

Ganoderma boninense cyclophilins at different growth and infection stages.

Physiological and Molecular Plant Pathology 99:31-40

Liu, M.M., Xing, Y.M., Zhang D.W. and Guo S.X. (2015). Transcriptome analysis of 

genes involved in defence response in Polyporus umbellatus with Armillaria 
mellea infection. Scientific Reports 5: 16075. 

Liu, Y., Zhang, Y.X., Song, S.Q., Li, J., Stewart, C.N., Wei, W., Zhou, Y. and Wang, 

W.Q. (2015). A proteomic analysis of seeds from Bt-transgenic Brassica 
napus and hybrids with wild B. juncea. Scientific Reports  5:15480.

Lodha, T.D., Hembram P., Tep N. and Basak J. (2013). Interaction Proteomics: A 

Successful Approach to Understand the Molecular Mechanism of Plant-

Pathogen. American Journal of Plant Sciences 4:1212-1226. 

Major, I. T., Nicole M.C., Duplessis S. and  Seguin A. (2010). Photosynthetic and 

respiratory changes in leaves of poplar elicited by rust infection. Photosynth 
Res 104:41–48. 

Marra, R., Li H., Barbetti M.J., Sivasithamparam  K., Vinale F., Cavallo P. and Lorito 

M. (2010). Proteomic Analysis of the Interaction between Brassica Napus Cv. 

Surpass 400 and Virulent or Avirulent Isolates of Leptosphaeria Maculans.

Journal of Plant Pathology 92 (1):89-101.

Matthias, E., Lenk C., Degenhard J. and Turlings T.C.J. (2009). The underestimated 

role of roots in defense against leaf attackers. Trends in Plant Science 14, 
Issue 12: 653-659.

Maytalman, D., Mert Z.,Baykal A.T.,Inan C., Gulen A. and Hasancebi S. (2013). 

Proteomic analysis of early responsive resistance proteins of wheat (Triticum 
aestivum) to yellow rust (Puccinia striiformis f. sp. tritici) using ProteomeLab 

PF2D. POJ 6(1): 24-35.  

Mehdy, M.C. (1994) Active Oxygen Species in Plant Defense against Pathogens. Plant 
Physiol. 105: 467-472

Mehta, A., Brasileiro A.C.M., Souza D.S.L., Romano E., Campos M.A., Grossi de-Sa 

M.F., Silva M.S., Franco O.L., Fragoso R.R, Bevitori R. and  Rocha T.L. 

(2008).  Plant-Pathogen Interactions: What Is Proteomics Telling Us? FEBS J 
275 (15): 3731-3746. 



© C
OPYRIG

HT U
PM

54

 

Mikel, R. and Timothy, J.G.(2006). Gel-free mass spectrometry-based high throughput 

proteomics: Tools for studying biological response of proteins and proteomes. 

Proteomics 6: 4678–4684.  

Mishra, A.K., Sharma, K. and Misra, R.S. (2012). Elicitor recognition, signal 

transduction and induced resistance in plants. Journal of Plant Interactions,
7:2, 95-120.

Miyakawa, T., Hatano K., Miyauchi, Y., Suwa, Y., Sawano, Y. and Tanokura, M. 

(2014). A secreted protein with plant-specific cysteine-rich motif functions as 

a mannose-binding lectin that exhibits antifungal activity. Plant Physiology 
166 (2): 766-778. 

Mochida, K. and Shinozaki, K. (2011). Advances in omics and bioinformatics tools for 

systems analyses of plant functions. Plant Cell Physiol. 52(12): 2017–2038. 

Morano, K.A., Grant C.M., and Moye-Rowley W.S. (2012). The response to heat 

shock and oxidative stress in Saccharomyces cerevisiae. Genetics. 190(4): 
1157–1195. 

Mourgues, F., Brisset M.B. and Chevreau E. (1998). Strategies to improve plant 

resistance to bacterial diseases through genetic engineering .Trends in 
Biotechnology 16(5):203–210. 

MPOB (2015). Oil palm planted area by state as at December 2015 (Hectares).

Retrieved on 27 September 2015 from 

http://bepi.mpob.gov.my/index.php/en/statistics/area.html

MPOC (2014). Malaysian Palm Oil Industry. N.d. Retrieved on 26 August 2014 from 

http://www.mpoc.org.my/Malaysian_Palm_Oil_Industry.aspx 

MPOC (2014). The oil palm tree. Retrieved on April 2014 from 

http://www.mpoc.org.my/The_Oil_Palm_Tree.asp 

Naher, L., Siddiquee, S., Yusuf,, U.K. and Mondal, M.M.A.(2015). Issue of 

Ganoderma spp. and basal stem rot disease management in oil palm. 

American Journal of Agricultural Science 2 (3):103-107. 

Naher, L., Yusuf, U.K., Ismail, A., Tan, S.G., Mondal, M.M.A. (2013). Ecological 

status of Ganoderma and basal stem rot disease of oil palms (Elaeis 
guineensis Jacq.) Australian Journal of Crop Science 7(11):1723-1727. 

Ngando-Ebongue, G.F., Ajambang, W.N., Koona, P., Lalu Firman, B., and Arondel, V. 

(2012). Oil palm. In technological innovations in major world oil crops, 
Volume 1, Breeding. ed Gupta, S.K, pp 165-199. DOI 10.1007/978-1-4614-
0356-2. Springer. 

Nusaibah, S.A., Siti Nor Akmar, A., Idris, A.S., Sariah, M.,Pauzi, M. Z. (2016). 

Involvement of metabolites in early defense mechanism of oil palm(Elaeis 

guineensis Jacq.) against Ganoderma disease. Plant Physiology and 
Biochemistry 109, 156-165 



© C
OPYRIG

HT U
PM

55

 

Nwugo, C., Lin H., Duan Y. and Civerolo E. (2013). The effect of‘Candidatus 
liberibacter asiaticus’ infection on the proteomic profiles and nutritional 

status of pre-symptomatic and symptomatic grapefruit (Citrus paradisi)
plants. BMC Plant Biology 13:59. 

Osakabe, Y., Osakabe, K., Shinozaki, K. and Lam-Son, P. (2014). Response of plants 

to water stress .Tran Front Plant Sci. 5: 86. 

Otieno, N.E., Dai X., De Barba, D., Bahman, A., Smedbol, E., Rajeb, M. and Jaton, L. 

(2016). Palm oil production in Malaysia: An analytical systems model for 

balancing economic prosperity, forest conservation and social welfare. 

Agricultural Sciences(7):55-69. 

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

Pangesti, N., Pineda A., Pieterse, C.M.J., Marcel, Dicke, M. and,van Loon, J.J.A. 

(2013). Two way plant mediated interactions between root-associated 

microbes and insects: from ecology to mechanisms. Frontier in Plant Science 
Volume 4, Article 414.

Park, C.J., and Young-Su Seo, Y.S., (2015). Heat Shock Proteins: A Review of the 

Molecular Chaperones for Plant Immunity. Plant Pathol J. 31(4) : 323-333.

Parthiban, K., Vanitah, R., Jusoff, K.,Nordiana., A.A.,. Anuar A.R., Wahid O. and 

Hamdan, A.B. (2016).  GIS mapping of basal stem rot disease in relation to 

soil series among oil palm smallholders. American Journal of Agricultural 
and Biological Sciences 11(1):2-12.

Paterson, R.R.M. (2007). Ganoderma disease of oil palm – A white rot perspective 

nesessary for intergrated control. Crop Protection 26:1369-1376. 

Pechanova, O., Pechan T., Williams W.P. and Luthe D.S. (2011). Proteomic analysis 

of the maize rachis: potential roles of constitutive and induced proteins in 

resistance to Aspergillus flavus infection and aflatoxin accumulation. 
Proteomics 11(1):114-27.

Pilotti, C.A. (2005). Stem rots of oil palm caused by Ganoderma boninense: Pathogen 

biology and epidemiology. Mycopathologia 159: 129–137. 

Rakib, M.R.M., Bong, C.F.J., Khairulmazmi, A. and Idris, A.S. (2014). Genetic and 

morphological diversity of Ganoderma species isolated from infected oil 

palms (Elaeis guineensis). Int. J. Agric. Biol.16: 691‒699.

Rees, R.W., Flood, J., Hasan, Y., Cooper, R.M. (2007). Effect of inoculum potential, 

shading and soil temperature on root infection of oil palm seedlings by the 

basal stem rot pathogen Ganoderma boninense. Plant. Pathol. 56, 862–870.



© C
OPYRIG

HT U
PM

56

 

Rees, R.W., Flood, J., Hasan, Y., Potter, U. and Cooper, R.M. (2009). Basal stem root 

of oil palm (Elaeis guineensis); Mode of root infection and lower stem 

invasion by Ganoderma boninense. Plant Pathalogy 58 :982-989.

Rees, R.W., Flood, J., Hasan,, Y., Wills,, M.A. and Cooper, R.M. (2012). Ganoderma 
boninense basidiospores in oil palm plantations: evaluation of their possible 

role in stem rots of Elaeis guineensis. Plant Pathology 61:567–578  

Roslan, A. and Idris, A.S. (2012). Economic impact of Ganoderma incidence on 

Malaysian oil palm plantation- A case study in Johor. Oil Palm Industry 
Economic J., 12: 24-30.

Rossignol, M., Peltier J.B., Mock H.P., Matros A., Maldonado A.M. and Jorrin J.V. 

(2006). Plant proteome analysis: A 2004–2006 update. Proteomics 6:5529–
5548

Rozlianah, F. S., Jualang, A.G. and Chong, K.P. (2015). Fatty acids and phenols 

involved in resistance of oil palm to Ganoderma boninense. Advances in 
Environmental Biology, 9(7):11-16. 

Ryals, J.A., Neuenschwander, U.S., Willits, M.G., Molina, A. , Steiner, H.Y. and Hunt, 

M.D. (1996). Systemic Acquired Resistance. The Plant Cell 8: 1809-1819. 

Sahebi, M., Hanafi, M. M., Wong, M.Y., Idris, A.S.,  Azizi, P., Jahromi, M.F., 

Shokryazdan, P., Abiri, R. and Mohidin, H. (2015). Towards immunity of oil 

palm against Ganoderma fungus infection. Acta Physiol Plant 37:195. 

Sanabria, N.M., Huang, J.C., and Dubery, I.A.( 2010). Self/nonself perception in plants 

in innate immunity and defense. Self/Nonself 1: 40-54.

Santoso, H., Gunawan, T., Jatmiko, R., Darmosarkoro, W. and Minasny, B. (2011). 

Mapping and identifying basal stem rot disease in oil palms in North Sumatra 

with QuickBird imagery. Precision Agriculture 12: 233-248.  

Sariah, M., Hussin, M.Z., Miller, R.N.G. and  Holderness, M. (1994). Pathogenicity of 

Ganoderma boninense tested by inoculation of oil palm seedlings. Plant 
Pathology 43, 507–10. 

Selvaraj, K. and Fofana, B. (2012). An Overview of Plant Photosynthesis Modulation 

by Pathogen Attacks, Advances in Photosynthesis - Fundamental Aspects, Dr 

Mohammad Najafpour (Ed.), ISBN: 978-953-307-928-8.

Sharma, P., Jha, A.B., Dubey, R.S.and Pessarakli, M. (2012). Reactive oxygen species, 

oxidative damage, and antioxidative defense mechanism in plants under 

stressful conditions. Journal of Botany Volume 2012, Article ID 217037, 26 
pages 

Shin, K.H., Mostafa, Kamal A.H., Kun C., Jong-Soon, C., Yu-Jin., Nam-Chon, P., Yin, 

W.L., Jong, K.L., Jong-Chul, P., Heung- Tae ,K., Hwa-Young, H., Sun H.W., 

(2011). Defence proteins are induced in wheat spikes exposed to Fusarium 
graminearum. Plant omics journal 4:270-277. 



© C
OPYRIG

HT U
PM

57

 

Solomon, S.A. (2016). Biotrophic fungi infection and plant defense mechanism. J
Plant Pathol Microbiol  7:9. 

Spagnolo, A., Larignon, P., Magnin-Robert, M., Hovasse, A., Cilindre C., Van 

Dorsselaer A., Clément C., Schaeffer-Reiss C. and Fontaine F. (2014). 

Flowering as the most highly sensitive period of grapevine (Vitis vinifera L. cv 
Mourvèdre) to the botryosphaeria dieback agents Neofusicoccum parvum and 

Diplodia seriata infection. International Journal of Molecular Sciences 15: 
9644-9669. 

Speth, E.B., Lee, Y.N., He, S.Y. (2007). Pathogen virulence factors as molecular 

probes of basic plant cellular functions. Current Opinion in Plant Biology 
10(6):580-586. 

Stahl. E., Bellwon P., Huber. S., Schlaeppi. K., Bernsdorff. F., Michel A.V., Mauch F. 

and Zeier J. (2016). Regulatory and functional aspects of indolic metabolism 

in plant systemic acquired resistance. Molecular Plant 9 : 662–681. 

Sujeeth N., Deepak S., Shailasree S., Kini R.K., Shetty  S.H. and Hille J. (2010). 

Hydroxyproline-rich glycoproteins accumulate in pearl millet after seed 

treatment with elicitors of defense responses against Sclerospora graminicola. 
Physiological and Molecular Plant Pathology 74 : 230-237.

Sun. Y., Yi X., Peng. M., Zeng. H. and Wang. D. (2014). Proteomics of Fusarium 
oxysporum Race 1 and Race 4 reveals enzymes involved in carbohydrate 

metabolism and ion transport that might play important roles in banana 

fusarium wilt. PLoS ONE 9(12): e113818. doi:10.1371/ 
journal.pone.0113818. 

Surico, G. (2013).The concepts of plant pathogenicity, virulence/avirulence and 

effector proteins by a teacher of plant pathology. Phytopathologia 
Mediterranea 52(3): 399−417.

Suzuki, H., Takashima, Y., Ishiguri, F., Yoshizawa, N. and Yokota, S. (2014). 

Proteomic analysis of responsive proteins induced in Japanese birch plantlet 

treated with salicylic acid. Proteomes 2: 323-340. 

Syahanim. S., Abrizah O., Mohamad Arif A.M. , Idris A.S. and Mohd Din A. (2013). 

Identification of differentially expressed protein in oil palm seedlings 

artificially infected with Ganoderma : A proteomic approach. Journal of Oil 
Palm Research 25: 298-304. 

Tan, G., Liu, K., Kang J, Xu, K., Zhang, Y., Hu, L., Zhang, J. and Li, C. (2015) 

Transcriptome analysis of the compatible interaction of tomato with 

Verticillium dahliae using RNA-sequencing. Front. Plant Sci. 6:428 

Tan, Y., Tong, Z., Yang, Q., Sun, Y., Jin, X., Peng, C., Guo, A. and   Wang, X. (2017).  

Proteomic analysis of phytase transgenic and non-transgenic maize seeds.

Scientific Reports  7:9246



© C
OPYRIG

HT U
PM

58

 

Toh, A.S. (2008). A Shattered Dream Daunted by Pests and Incurable Palm Diseases. 

Retrieved July 15, 2010, from http://nakedeyeview.com.my/AShattered 

Dream Chapter3 pg2.htm

Turner, P.D. (1981). Oil palm diseases and disorders. Oxford University Press, UK 

Uranga, C.C.,Ghassemian, M. and Hernández-Martínez, R. (2007) Novel proteins from 

proteomic analysis of the trunk disease fungus Lasiodiplodia theobromae
(Botryosphaeriaceae). Data in Brief 13:124–128. 

Vadivel, A. (2015). Gel-based proteomics in plants: time to move on from the 

tradition. Front. Plant Sci.6:369.  

Validov,  S.Z.,  Faina D. Kamilova, F.D.  and Ben J. J. Lugtenberg, B.J.J. (2011). 

Monitoring of pathogenic and non-pathogenic Fusarium oxysporum strains 

during tomato plant infection. Microbial Biotechnology 4(1):82–88. 

Russell E. Vance, R.E.,1 Ralph R. Isberg, R.R. and 3,4 and Daniel A. Portnoy, D.A. 

(2009). Patterns of pPathogenesis: Discrimination of pathogenic and 

nonpathogenic microbes by the innate immune system. Cell Host & Microbe 
6:10-21.

Vargas, W.A.,Sanz Martin, J.M., Rech, G.E., Rivera, L.P., Benito E.P., Díaz-Mínguez 

J.M., Thon M.R. and Sukno S.A. (2012). Plant defense mechanisms are 

activated during biotrophic and necrotrophic development of Colletotricum 
graminicola in Maize. Plant Physiology 158(3): 1342-1358.  

Voll, L.M., Horst, R.J., Voitsik, A.M., Zajic D., Samans, B., Pons Kuhnemann, J., 

Doehlemann, G., Munch, S., Wahl, R., Molitor, A., Hofmann, J., Schmiedl 

A., Waller, F., Deising, H.B., Kahmann, R., Kamper, J., Kogel, K.H. and  

Sonnewald, U., (2011). Common motifs in the response of cereal primary 

metabolism to fungal pathogens are not based on similar transcriptional 

reprogramming. Frontiers in Plant Science 2: 39. 

Walters, D.R. (2015). Photosynthesis in attacked plants. Oxford: John Wiley & Sons, 

Ltd. 

Wang, Y., Wu, J., Lee, D.Y., Kim, Y.J., Kim, Y.C., Choi, I.S., Kim, B.G., Park, S.R., 

Kim, S.G., Kang, K.Y. and Kim, S.T. (2012). Comparative secretome analysis 

of differentially-induced proteins in rice lesion mimic mutant spotted leaf 11 

(spl11). Plant Omics 5: 567-575. 

Watanabe, N. and Lam E. (2006). The Hypersensitive Response in Plant Disease 

Resistance. In: Tuzun S., Bent E. (eds) Multigenic and Induced Systemic 

Resistance in Plants. Springer, Boston, MA 

Wong, L.C., Bong, C.F.J. and Idris, A.S. (2012). Ganoderma species associated with 

basal stem rot disease of oil palm. American Journal of Applied Sciences 9 
(6): 879-885.



© C
OPYRIG

HT U
PM

59

 

Wu, Y.L., Yi, G.J. and Peng, X.X. (2010) . Rapid screening of Musa species for 

resistance to Fusarium wilt in an in vitro bioassay. European Journal of Plant 
Pathology 128: 409-415

Xiang, Y., Song, M., Wei, Z., Tong, J., Zhang, L., Xiao L., Ma Z. and Wang Y. (2011). 

A jacalin-related lectin-like gene in wheat is component of the plant defence 

system. Journal of Experimental Botany 62(15): 5471-5483 

Xu, L., Yuan, Y., Zhang, L., Wan, L., Zheng, Y., Zhou, P. (2011). Identification and 

characterization of differential gene expression in the mesocarp and kernel of 

oil palm nuts using suppression subtractive hybridization. Tree Genetics and 
Genomes 7(5): 999-1010. 

Yamori, W., Takahashi S., Makino A., Price G.D., Badger M. R. and Caemmerer S. 

(2011). The roles of ATP synthase and the Cytochrome b6/f complexes in 

limiting chloroplast electron transport and determining photosynthetic 

capacity. Plant Physiology 155: 956–962.

Yap, Y.H.T, Abdullah, N.F. and Basri, M. (2011). Biodiesel production via 

transesterification of palm oil using NaOH/Al2O3 catalysts. Sains Malaysiana 
40(6):587–594.

Zhang, C.X., Tian, Y. and Cong, P.H. (2015). Proteome analysis of pathogen-

responsive proteins from apple leaves induced by the Alternaria Blotch 

Alternaria alternata. PLoS ONE 10(6):e0122233. 
doi:10.1371/journal.pone.0122233. 

Zhang, L., Zhi, H., Wei, Z.M., Wei, D., Hai, L.H., Soon, L.W. Wang,C., and Zhang, F. 

(2010). Leaf wilting movement can protect water-stressed cotton (Gossypium 
hirsutum L.) plants against photoinhibition of photosynthesis and maintain 

carbon assimilation in the field. Journal of Plant Biology 53:52-60.

Zhang, X., Fu J., Hiromasa Y., Pan H. and Bai G. (2013). Differentially expressed 

proteins associated with fusarium head blight resistance in wheat. PloS One 8: 
e82079. 

Zhang, Y.T., Zhang Y.L., Chen S.X., Yin G.H., Yang Z.Z., Lee S., Liu C.G., Zhao 

D.D., Ma Y.K., Song F.Q, Bennett, J.W. and Yang F.S. (2015). Proteomics of 

methyl jasmonate induced defense response in maize leaves against Asian 

corn borer. BMC Genomic 16:224 doi;10.1186/s12864-015-1363-1.

Zoschke, R., Ostersetzer, O., Borner, T. and Schmitz Linneweber, C. (2009). Analysis 

of the regulation of MatK gene expression .Endocytobiosis Cell Res. 19:127-
135.

 

 

 


