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The aims of this study were to develop in vitro regeneration system and 

to confirm the transient expression of HSP101 gene via protein 

analysis in strawberry cv. Camarosa. 

 

In the in vitro study, two types of explants which were shoot tips 

derived from runner tips and leaves were used. Different types of 

cytokinins such as BAP, TDZ and zeatin at different concentrations 

were assessed for shoot induction, while the auxins IBA and NAA also 

at different concentration were used in the root induction experiment. 

The experiments were conducted in a Randomized Complete Block 

Design (RCBD).   

 

In the shoot induction experiment using shoot tips cultured on different 

concentrations and combinations of TDZ and BAP, MS medium 
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supplemented with 4 µM BAP in combination with 2 µM TDZ was 

optimum for strawberry shoot proliferation. In the shoot induction 

experiment from shoot tips using zeatin, the highest percentage of 

explant producing shoots and number of shoots formed per explant 

were obtained on MS medium containing 4 µM zeatin. High frequency 

of shoot regeneration from strawberry leaves using different 

concentrations and combinations of BAP and TDZ was achieved on 

MS medium containing 4 µM TDZ, without BAP. In the rooting study, 

MS medium containing 1 µM NAA, MS medium containing 1 µM IBA 

and MS medium without auxins, were most suitable in inducing the 

highest number of roots per explant, highest percentage of root 

formation and the longest  root, respectively.    

 

Biolistic method of gene transfer has the advantage of allowing a fast 

and rapid analysis, and was therefore selected for transient expression 

of HSP101 gene in strawberry via protein analysis. In this study, in vitro 

leaf explants of strawberry were used. Transient gene expression 

assays of the AtHSP101 gene showed that this gene can be transiently 

expressed in strawberry plants. An additional faint protein band of 

approximately 100 kD was observed on SDS polyacrylamide gel 

electrophoresis after bombardment of the leaf explant with plasmid, 

which most probably corresponded to the HSP101 encoded product. In 

the study on total protein assay using Bradford method, the amount of 

total protein after bombardment of leaf explant with plasmid containing 
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HSP101 gene increased in comparison with bombardment without 

plasmid and with non bombarded explants. This result also confirmed 

that this gene can be transiently expressed in strawberry plants. 

Therefore by using the regeneration protocol obtained in this study and 

HSP101 gene which can be transiently expressed, genetic engineering 

of strawberry cv. Camarosa for heat tolerance can be achieved.  
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Tujuan kajian ini adalah untuk membangunkan sistem regenerasi 

secara in vitro dan untuk memastikan pengekspresan transien gen 

HSP101 melalui analisa protein pada strawberi cv. Camarosa. 

 

Dalam kajian in vitro, dua jenis eksplan iaitu tunas hujung daripada 

hujung 'runner' dan daun digunakan. Jenis sitokinin yang berbeza 

seperti BAP, TDZ dan zeatin pada kepekatan yang berbeza telah diuji 

untuk induksi tunas, manakala auksin IBA dan NAA juga pada 

kepekatan yang berbeza digunakan untuk kajian induksi akar. 

Eksperimen dilaksanakan dalam Rekabentuk Blok Berawak Penuh 

(RCBD). 
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Dalam kajian induksi tunas menggunakan tunas hujung yang dikultur 

pada kepekatan dan kombinasi TDZ dan BAP yang berbeza, medium 

MS yang ditambahkan dengan 4 µM BAP dengan kombinasi 2 µM TDZ 

adalah optima untuk penggandaan tunas strawberi. Dalam kajian 

induksi tunas daripada tunas hujung menggunakan zeatin, peratus 

eksplan yang mengeluarkan tunas dan bilangan tunas terbentuk per 

eksplan yang paling tinggi diperoleh pade medium MS yang 

mengandungi 4 µM zeatin. Frekuensi regenerasi tunas yang tinggi 

daripada daun strawberi diperoleh pada medium MS yang 

mengandungi 4 µM TDZ tanpa BAP. Dalam kajian pengakaran, 

medium MS yang mengandungi 1 µM NAA, medium MS yang 

mengandungi 1 µM IBA dan medium MS tanpa auksin, masing-masing 

adalah sangat sesuai untuk induksi bilangan akar per eksplan paling 

tinggi, peratusan pembentukan akar paling tinggi dan akar yang 

terpanjang. 

 

Pemindahan gen melalui kaedah biolistik mempunyai kelebihan ke 

arah analisis yang cepat dan segera, maka dipilih untuk 

pengekspresan transien gen HSP101 di dalam strawberi melalui 

analisis protein. Dalam kajian ini, eksplan daun in vitro strawberi telah 

digunakan. Esei pengekspresan gen transien bagi gen AtHSP 101 

menunjukkan bahawa gen ini dapat diekspresikan dalam tumbuhan 

strawberi. Tambahan jalur protein saiz 100 kD yang samar dilihat pada 

elektroforesis gel poliakrilamid selepas pembedilan eksplan daun, yang 
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berkemungkinan besar produk pengkodan HSP101. Dalam kajian esei 

protein total menggunakan kaedah Bradford, kandungan protein total 

selepas pembedilan eksplan daun dengan plasmid yang mengandungi 

gen HSP101 meningkat berbanding dengan pembedilan tanpa plasmid 

dan dengan eksplan tanpa pembedilan. Hasil ini juga memastikan 

bahawa gen ini dapat diekspresikan secara transien di dalam 

tumbuhan strawberi. Oleh itu, dengan menggunakan protokol 

regenerasi yang telah diperoleh dan gen HSP101 yang boleh 

diekspresi, kejuruteraan genetik strawberi cv. Camarosa untuk 

toleransi terhadap haba boleh dicapai. 
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CHAPTER 1 

 

INTRODUCTION 

 

The strawberry belongs to the Rosaceae family as the third 

economically important cultivated crop (Oosumi et al., 2006). The 

family also includes raspberry and blackberry. Strawberries are of the 

genus Fragaria. There are more than 20 named species and 600 

strawberry cultivars found today and they stem from five or six original 

wild species. The most common type of strawberries grown 

commercially are cultivars of the Garden strawberry (Fragaria × 

ananassa). The strawberry fruits are rich in bioactive phytochemicals, 

especially phenolic compounds with high antioxidant capacity, and can 

be beneficial to human health when they are consumed as part of the 

daily diet (Hannum, 2004). 

 

Yearly strawberry production varies from 500,000 in Asian countries to 

1 million tons in European countries (Gruchala et al., 2004). At present 

71 countries in the world are producing strawberry on 506,000 acres 

(Sakila et al., 2007). The production of this valued fruit is mainly 

concentrated in North America. The United States is the largest 

producer of strawberries, accounting for over a quarter of total world 

production and the second largest total harvested area after Poland 

(FAOSTAT, 2007).  

http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Garden_strawberry
http://en.wikipedia.org/wiki/Garden_Strawberry
http://en.wikipedia.org/wiki/Garden_Strawberry
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4RGFD07-1&_user=5652992&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000012478&_version=1&_urlVersion=0&_userid=5652992&md5=6b157bfaa0099d941edeffcf465abcc0#bib37#bib37

