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DSTBT PROJECT REPORT (2ND YEAR) 

 

 

Title of the project: Cultivation of Disease Free Fragaria vesca Through Plant Tissue 

Culture and Study of Its Bioactive Compounds. 

 

Project memo no: 679/(Sanc.)/BT/ST/P/S&T/2G-30/2017 dated on 04/01/2021 

 

Principal investigator: Dr. Indrani Chandra. 

 

Implementing institution: Department of Biotechnology, The University of Burdwan, 

Burdwan- 713104. 

 

Date of Project Commencement (2nd Year): 06/09/2019. 

 

Project Objective (2nd year):  

 Acclimatization of in vitro raised Fragaria vesca L. plantlets.  

 Establishment of genetic homogeneity between in vivo germinated plants and in 

vitro raised plantlets using different DNA markers (RAPD and ISSR markers). 

 

 

 

 

 

 



Abstract: This is the 2nd year project report granted by DSTBT(Govt. of West Bengal) is mainly  

aiming towards a successful and cost effective acclimatization protocol for in vitro regenerated 

Fragaria vesca L. plantlets through plant tissue culture. Preliminarily a suitable potting mixture, (i.e- 

sand:soil=3:1 ) with a plastic supporting material to the stem was selected among 5 different soil 

mixtures. In search for an ideal light source and intensity for hardening of plantlets we observed that 

50% shade provides 98% of survival percentage of in vitro plantlets in in vivo condition. There are 

experiments which provide evidences in support of the new protocol of hardening. Here leftover plastic 

bottles, jars and bowls are used as pots for plantlets which made this process cost effective. There are 

experiments which provide evidences in support of the new protocol of hardening. Use of RAPD and 

ISSR DNA markers confirmed genetic uniformity and stability of in vitro raised Fragaria vesca L. 

Thus, the newly established protocol can be applied for large scale propagation.   

 

 

   

Introduction: Vegetative parts of Fragaria vesca L. is a rich source of different commercially 

important bioactive compounds. i.e- Phenolic acids, Tannins, Anthrocyanins etc(Buendia et al.,2010). 

Some of these bioactive compounds or secondary metabolites having antioxidant activity are used as 

therapeutic agents in drug industry.  

Campus of Burdwan University is located in a climate which is transitional between CWg3 and AW1, 

where ‘C’ stands for warm temperate rainy climates with mild winter, ‘W’ for dry winter not 

compensated for by total rain in the rest for the year, ‘g3’ for eastern Ganges type of temperature trend 

and AW1 for tropical savanna climates. This environmental condition is completely different from 

alpine region, which is native place for Fragaria vesca L. (Alpine or woodland strawberry). So, 

survival of Alpine strawberry in Indian climatic condition is a tough task.  

Acclamation of tissue culture regenerated plants requires many precautionary measures. There are 

several issues (Excess transpiration, microbial infection, inability to use soil nutrient directly etc.) 

which must be countered to obtain a hardened plant. Initially higher moisture and low light intensity is 

required for new transplanted plantlets to avoid extra transpiration and to maintain water content inside 

plant system. Then microbial infection is another threat for hardening. Even a mild infection can cause 

death of not only a single plant but can kill most of the plants nearby. To prevent that kind of disaster, 

fungicides are used. Even after taking these measures sometime acclamation percentage in lower than 

expectation. There is some other protocol which allows in vitro regenerated plantlets to harden directly 

in modified natural environments to shorten the time period of hardening. But after all of those higher 

expenses is serious issue for plant tissue culture and hardening.  

On the other hand, long term in vitro propagation may induce somaclonal variation due to different 

concentrations of plant growth regulators and other environmental factors. So it is important to ensure 

genetic homogeneity by using various genetic markers like-RAPD, ISSR, AFLP etc.(Amiri et al., 2020; 

Butiuc-Keul et al., 2016). 

 

 

 

 

 

 

 

 

 

 



Materials and Methods: 
Hardening: Acclimatization of in vitro grown plantlets were done in two step process, where primarily 

plantlet were hardened in 5 different potting mixtures divided in two experimental sets, one with plastic 

material support and another without plastic material support to the stem system. Here newly 

regenerated plants were kept under low light intensity and covered with ventilated plastic bags for 

3days. Then they were transferred to natural environmental conditions and plastic cover was removed 

after 10 days. This kind of acclimatization can be called conventional type hardening method. 

After obtaining best potting mixture from the aforesaid experiment, further study of acclimatization 

was done under different light intensities. These are :(A) natural environment with 100% light intensity 

and (B) natural environment with 50% light intensity using UV stabilized shade net.  

DNA extraction and RAPD analysis: The genomic DNA was extracted by the cetyl trimethyl 

ammonium bromide (CTAB) method(Coen et al., 1990) from fresh leaves of conventionally 

acclimatized Fragaria vesca L., new method oriented acclimatized Fragaria vesca and of the mother 

plant. The quality and concentration of DNA were measured by NanoDrop spectrophotometer (Nano 

Drop 1000, Termo Scientifc, USA). For RAPD analysis, a total of 18 arbitrary primers were used. 

DNA amplification for RAPD and ISSR maker analysis was performed according to pre established 

method (Cui et al., 2019). The size of the amplification products were estimated by 1.5Kbp DNA 

ladder. The gels were photographed using the gel documentation system (Bio-Rad, USA), only clear 

and scorable DNA bands were considered. 

 

 

 

 

 

 
 

 

 

Results and Discussion:  
 Acclimatization of in vitro grown plantlets: The whole experiment for acclamation of in vitro 

regenerated plantlets was conducted in between November to March, 2019 and 2020. At that time, 

temperature was at its lower side. In a two step acclamation process, primarily a suitable potting 

mixture was selected from 5 different combinations. During acclimatization process several problems 

were observed like- Fungal infection, rotting of stem, wrinkling of leaves etc. it was necessary to avoid 

the contact between stem and the soil mixture. So here, a plastic support material was introduced for 

that purpose. Mostly potting mixture or soil mixture containing cocopeat showed least survival support 

to these newly grown plantlets. Potting mixtures containing cocopeat caused higher water retention. 

Extra moisture is harmful for roots but suitable for plant pathogen. On the other hand higher volume 

soil compared to sand also unable to provide sufficient rate of hardening. Whereas, sand: soil= 3:1 with 

plastic material support showed highest survival rate (68%) with best morphological responses 

(Table1). So, excess amount of sand is required to encounter these particular issues.  
The table below is showing the survival capacity of in vitro regenerated plantlets in different potting 

mixture with plastic material support to stem system and without plastic material support to stem 

system. All the data were taken after 21 days of transplantation.  



Table1: In vitro acclamation of Fragaria vesca L. using different potting mixtures with(S) and 

without material(WS) support to the stem system 

Potting mixture  Survival(%) No. of 

leaf 

Response 

Sand:Soil=1:1 WS 22% 6±0.01 Expaned small size leaf, mild 

fungal infection 

S 46% 9±0.32              ** 

Sand:Soil=3:1 WS 52% 9±0.22 Expaned large size leaf, mild 

fungal infection 

S 68% 13±0.0

1 

 No fungal infection 

Sand:Soil=1:3 WS 14% 5±0.01 Expaned small size leaf, mild 

fungal infection. 

S 48% 5±0.50               **  

Soil:Sand:Cocopeat=2:

1:1 

WS 5% 4±0.32 Fungal infection, wrinkled 

yellowish leaf 

S 18% 5±0.32               ** 

Soil:Sand:Cocopeat=1:

2:1 

WS 14% 4±0.01 Fungal infection, wrinkled 

yellowish leaf 

S 36% 4±0.01               ** 

 

Even after selecting an ideal potting mixture for hardening the survival rate was not satisfactory in 

terms of expenses. Here other environmental factors like- light source and intensity can be a key factor 

for successful hardening(Ali et al., 2005; Faisal & Anis, 2010). In the next step, plantlets with 

optimized potting mixture were allowed to acclimatize under different light intensities. Among them 

100% exposure to sunlight caused excess transpiration from leaf and drying of plantlets. On the other 

hand in laboratory condition light intensity in good for photosynthesis but plants were died due to mild 

infection and other environmental related issues. 50% shade under open air became ideal environment 

for hardening where puckering of leaf was initially a problem due to excess transpiration. But adequate 

irrigation could revive plant condition within 7 days of transplantation. After 30 days of experiment 

50% shaded condition showed least number of plant death which was nearly 2% (Table2, 

Figure:1A,1C). After standardizing a protocol of hardening we used leftover plastic bottles, jar and 

bowls as a pot to acclimatize in vitro grown Fragaria vesca L.(Fig:1E & 1F) and satisfactorily the 

results were same as the main experimental sets. 

After obtaining an ideal potting mixture another experiment was performed. Here plantlets were 

submitted to different light intensities and the data were given below in consequent two tables- 

 

 

 

 



Table4: Acclimatization of Fragaria vesca L. plantlets submitted to different light intensities 

Light source Surviv

al rate 

No. of 

leaf 

Leaf 

morpholo

gy 

Length of 

shoot(cm) 

Length 

of root 

Freah 

weight(

g) 

Dry 

weight(

g) 

100% sun 

light 

0% 0 ----- 0 0 0 0 

50% shade 

net 

98 17±0.2

5 

Dark green 

and 

expanded 

12.55±0.9

9 

9.20±0.6

6 

8.75±0.

25 

2.02±0.

50 

Green 

house(2200l

ux with 

16/8h 

photoperiod) 

68 13±0.0

1 

Green and 

expanded 

10.61±1.2

5 

6.95±0.2

5 

6.20±0.

25 

1.25±0.

25 
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Assessment of genetic stability: Long term in vitro culture and environmental factors during 

acclimatization may cause genetic variability. As Fragaria vesca is diploid in nature, it is a suitable 

choice for genomic study (Dyduch-siemi & Gawro, 2018). 10 different Random Amplified 

Polymorphic DNA (RAPD) were used to test genetic uniformity. Here total 120 bands were generated, 

ranging from 250 to 2500bp with an average of 12 bands per primer. The number of bands generated 

by a single RAPD primer varied from 8 to 17. That RAPD analysis detected no polymorphic bands 

between mother plant and regenerated plants.  

 

Figure1- A&C: Hardened under 50% shade net; B: Hardened under lab; Condition; D: Hardened 

under 100% sunlight; E&F: Hardening of Fragaria vesca L. Using leftover pots, water bottles 

and softdrink bottles.   G: Flowering in acclimatized Fragaria vesca L. plant; H: Fruiting in 

acclimatized Fragaria vesca L. plant;  



Table3: List of RAPD primers and banding pattern 

 

Primer code 

Primer sequence(5’-3’) No. of scorable 

bands 

Approximate range of 

amplification(bp) 

OPV-14 AGATCCCGCC 8 450-1800 

OPD-16 AGGGCGTAAG 14 280-2000 

OPP-13 GGAGTGCCTC 11 250-1500 

OPL-12 GGGCGGTACT 11 320-1600 

OPA-15 TGCCGAGCTA 17 280-1900 

OPC-5 GATGACCGCC 10 320-1600 

OPAB-04 GGCACGCGTT 11 400-1600 

OPV-5 TCCGAGAGGG 12 350-2500 

OPD-1 ACCGCGAAGG 12 320-1800 

OPD-3 GTCGCCGTCA 14 400-1600 

               Total number of scorable bands= 120 

 

Another 5 Inter simple sequence repeat (ISSR) DNA markers generated 47 scorable bands ranging 

from 150-1250bp with an average of 9.4bands/marker. UBC819 produced highest number of bands 

(12). All the ISSR markers showed no polymorphic bands with 100% genetic stability. Both RAPD and 

ISSR markers both are denoted as Dominant DNA markers and they are easy to handle(Butiuc-Keul et 

al., 2016; Jena & Chand, 2021; Rathore et al., 2014). Fragaria vesca acclimatized both in conventional 

way and by newly established protocol showed genetic uniformity and stability. There are many reports 

of genetic homogeneity assessment of other species of Fragaria sp. Submitted to different 

environmental conditions(Biolo, 2002; Gustavo et al., 2011; Naing et al., 2019).  

 

 

Table4:List of ISSR primers and banding pattern 

Primer code Primer sequence(5’-3’) No. of scorable 

bands 

Approximate range of 

amplification(bp) 

UBC-829 TGTGTGTGTGTGTGTGC 6 190-1250 

UBC-813 CTCTCTCTCTCTCTCTT 9 250-1250 

UBC-836 AGAGAGAGAGAGAGAGTA 11 210-1000 

UBC-819 GTGTGTGTGTGTGTGTA 12 150-1100 

UBC-847 CACACACACACACACATC 

 

9 150-780 

               Total number of scorable bands= 47 

 

 
 

 

 

 

 

 

 



Marker Used- UBC 829 (ISSR Marker) 

Primer Seq:TGTGTGTGTGTGTGTGC 

 

Report: Banding pattern of ISSR primer UBC 829 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 rep 

resent acclimatization through  newly generated protocol, the band sizes observed  

1250,970,480,350,330,190 bp. 

 

 

 
Marker Used- UBC 813(ISSR Marker) 

Primer Seq:CTCTCTCTCTCTCTCTT 

 

Report: Banding pattern of ISSR UBC 813 primer for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through  newly generated protocol, the band sizes observed  1500, 1050, 850, 810, 700, 

550,400,350,250bp. 
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Marker Used- UBC 836(ISSR Marker) 

Primer Seq:AGAGAGAGAGAGAGAGYA 

 

Report: Banding pattern of ISSR primer UBC 836 for Fragaria vesca lines.  Lane 1 represents mother 

plant, Lane 2 represents acclimatization through conventional method, Lane 3 represents 

acclimatization through  newly generated protocol,  the band sizes observed 1000, 

950,670,600,520,450,390,370,300,250,210 bp. 

 

 
Marker Used- UBC 819(ISSR Marker) 

Primer Seq:GTGTGTGTGTGTGTGTA 

 

Report: Banding pattern of ISSR primer UBC 819 for Fragaria vesca lines.  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through  newly generated protocol, the bandsizesobserved1100,750, 730, 600, 

580,500,480,350,270,250,200,150 bp. 
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Marker Used- UBC 847(ISSR Marker) 

Primer Seq:CACACACACACACACARC 

 

Report: Banding pattern of ISSR primer UBC 847 for Fragaria vesca L.,  Lane 1 represents mother 

plant, Lane 2 represents acclimatization through conventional method, Lane 3 represents 

acclimatization through newly generated protocol, the band sizes observed 780,   600, 500, 450, 350, 

270,250,200,150bp. 

 

 

 

 

Marker Used- OPV14 (RAPD Marker) 

Primer Seq: AGATCCCGCC 

 

Report: Banding pattern of RAPD primer OPV14 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed 1800, 1700, 1400, 1100, 1150, 850, 750, 

450bp. 
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Marker Used- OPD16 (RAPD Marker) 

Primer Seq:AGGGCGTAAG 

 
Report: Banding pattern of RAPD primer OPD16 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed 2000, 1900, 1500, 1300, 1200, 1000, 950, 

850,800,620,480,450,350,280 bp. 

 

 

 

Marker Used- OPP 13(RAPD Marker) 

Primer Seq: GGAGTGCCTC 

 
Report: Banding pattern of RAPD primer for OPP 13 Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed 1500, 1200, 1100, 880, 850, 650, 600, 520, 

450,380,250bp. 
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Marker Used- OPL12 (RAPD Marker) 

Primer Seq: GGGCGGTACT 

 
Report: Banding pattern of RAPD primer OPL 12 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed 1600, 1500, 1300, 850, 770, 680, 650, 520, 

450,400,320 bp. 

 
 
 
 

Marker Used- OPA15(RAPD Marker) 

Primer Seq:TGCCGAGCTA 

 
Report: Banding pattern of RAPD primer OPA15for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed1900, 1600, 1500, 1300, 1200, 1150, 1100, 

1000,950,780,750,650,600,550,450,400,280bp. 
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Marker Used- OPC 5(RAPD Marker) 

Primer Seq:GATGACCGCC 

 
Report: Banding pattern of RAPD primer OPC 5 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed1600, 1500, 1400, 1050, 880, 780, 550, 450, 

400,320,bp. 

 
 
 
 
Marker Used- OPAB04 (RAPD Marker) 

Primer Seq:GGCACGCGTT 

 
Report: Banding pattern of RAPD primer OPAB04 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed1600, 1300, 1200, 1100, 1000, 780, 750, 

720,600,520,400 bp. 
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Marker Used- OPV5(RAPD Marker) 

Primer Seq:TCCGAGAGGG 

 
Report: Banding pattern of RAPD primer OPV5 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed 2500, 2000, 1800, 1470, 1300, 1200, 1150, 

1000,980,600,450,350 bp. 

 
 
 
 

 

 

Marker Used- OPD-1(RAPD Marker) 

Primer Seq:ACCGCGAAGG 

 
Report: Banding pattern of RAPD primer OPD1 for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed1800, 1300, 1100, 1050, 980, 800, 700, 600, 

480,400,370,320 bp. 
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Marker Used- OPD 3(RAPD Marker) 

Primer Seq:GTCGCCGTCA 

 
 Report: Banding pattern of RAPD primer OPD 3for Fragaria vesca L.,  Lane 1 represent mother 

plant, Lane 2 represent acclimatization through conventional method, Lane 3 represent acclimatization 

through newly generated protocol, the band sizes observed2000, 1600, 1530, 1300, 1050, 1000, 950, 

800,750,700,600,500,450,400 bp. 
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Conclusion:  Complete Micropropagation process upto hardening is expensive, laborious and risky. 

But here a least expensive protocol is established by not using any controlled environment and 

chemical fungicides. Leftover plastic materials were used here as pots for plants and applied only sand-

soil for potting mixture. The only expense of that experiment was a shadenet. If the cost of shadenet 

kept aside then we can call this protocol as “zero budget in vivo acclamation process of in vitro 

regenerated Fragaria vesca”.  
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Miscellaneous: 
Apart from Fragaria Vesca L. , partial gene sequence of Fragaria×ananassa was submitted to NCBI 

database. 

 
 

 

 

 



Proposed Research Work For 3rd Year of this Project: 

1. Spectrophotometric determination of phenolic content and antioxidant activity 

2. LC-MS and HPLC of phenolic acids. 

3. In vitro and in vivo determination of Antidiabetic activity. 

4.  Antimicrobial activity. 
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