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SUMMARY 

Pea beans (Pisum sativum), dry, hydrated, or germinated-cotyledons were 

evaluated as sources for RNA extraction, RNA that will be used in further gene 

cloning and expression experiments. The quantity and quality of RNA extracted 

was evaluated by 1% agarose gel electrophoresis and spectrophotometrically 

using a nanodrop measuring system. Our results show that pea cotyledons are a 

much better source of RNA extraction than dry or hydrated beans. This 

difference is reflected in the level of extraction yield and also in that of RNA 

quality expressed as A260/A280 ratio. In the case of cotyledons as starting 

material we have a 25 times higher extraction yield than in the case of using dry 

or hydrated beans. In these conditions we recommend the cotyledons as starting 

material for RNA extraction for Pisum sativum L. 
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INTRODUCTION 

Molecular markers have allowed the study of diversity through DNA 

sequence variation, thus facilitating (1) the understanding of crop species 

domestification (White and Doebley 1998), (2) the deciphering of elite cultivar 

breeding history (Dubreuil and Charcosset 1995, Narvel et al. 2000, Russel et 

al. 2000), (3) the asesment of genetic diversity within germplasm and/or 

cultivated types for various species (Liu et al. 2002, Métais et al.2002, Steiger et 

al. 2002) and (4) the identification of cultivars (Prasad et al. 2000, Rongwen et 

al. 1995, Russel et al. 1997). 

Field pea (Pisum sativum L.) is an annual cool-season legume crop that is 

grown around the world on over 25 million acres.  
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Field pea or "dry pea" is marketed as a dry, shelled product for either 

human food as "split peas" or as a livestock feed. Field pea contributes 

significant amounts of protein, carbohydrates, and amino acids to all species but 

is increasingly considered an excellent ingredient in beef, dairy, swine and 

poultry rations due to their nutrient density.  

Field pea may also be grown as a forage crop, where it is typically planted 

as a mixture with cereal grains to enhance the protein concentration of the 

forage. Field pea in such mixtures will increase digestibility, protein, and energy 

content of the forage. The amount of improvement depends on proportion of 

peas in the forage, maturity at harvest, and variety. Most growers want equal 

plant populations from cereal and peas requiring approximately 70% peas and 

30% cereal grains by weight as a seed mix. Growing peas with cereal grains 

will commonly increase protein content of the forage from 2 to 4 percentage 

points. The mixed forage can be harvested as hay or silage, with potential for 

double cropping if adequate moisture is available.  

RNA analysis is the starting point for many molecular biology procedures 

like genetic modification of seed proteins (Habben and Larkins, 1995). A 

collection of 148 Pisum accessions, mostly from Western Europe, and including 

both primitive germplasm and cultivated types, was structured using 121 

protein- and PCR-based markers. This molecular marker-based classification 

allowed us to trace back major lineages of pea breeding in Western Europe over 

the last decades, and to follow the main breeding objectives: increase of seed 

weight, introduction of the afila foliage type and white flowers, and 

improvement of frost tolerance for winter-sown peas. The classification was 

largely consistent with the available pedigree data, and clearly resolved the 

different main varietal types according to their end-uses (fodder, food and feed 

peas) from exotic types and wild forms. Fodder types were further separated 

into two sub-groups. Feed peas, corresponding to either spring-sown or winter-

sown types, were also separated, with two apparently different gene pools for 

winter-sown peas. The garden pea group was the most difficult to structure, 

probably due to a continuum in breeding of feed peas from garden types. The 

classification also stressed the paradox between the narrowness of the genetic 

basis of recent cultivars and the very large diversity available within P. sativum. 

A sub-collection of 43 accessions representing 96% of the whole allelic 

variability is proposed as a starting point for the construction of a core 

collection (Baranger et al, 2004). 

Our experiment had as goal the evaluation of pea beans, dry, hydrated, or 

germinated-cotyledons, for RNA extraction used in further gene cloning and 

expression experiments. 
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MATERIAL AND METHODS 

Plant material 

Pea beans Pisum sativum var.Wunder Kelvedon ST were purchased from 

S.C. Agrosem S.R.L. Cluj-Napoca, Romania.  

 

RNA extraction 

Dry and hydrated beans, kept for 14 hrs in water, were used for RNA 

extraction. The seeds germination was induced in laboratory conditions, at 

22ºC, semi dark, using a moist cotton layer for 2 days. Before inducing the 

germination the beans were hydrated. 100 mg pea beans or 10 mg cotyledons 

were frozen in liquid nitrogen, grounded thoroughly with a mortar and pestle. 

The extraction was done according to the manufacturer's protocol using RNeasy 

mini kit from Qiagen Inc, Canada. 

 

RNA electrophoresis 

RNA extracted from the pea beans was verified by electrophoresis using a 

BioRad orizontal migration system  and a 1% agarose gel. Ethidium Bromide 

(Promega) was added in the gel for band visualisation.  

The samples were loaded in the gel at equal volumes and run at 100 V. The 

gel was visualised under UV light using a BioRad transilluminator and 

processed with the GelDoc software (BioRad).  

 

RNA quantification 

The RNA quantification was done using the nanodrop measurements on a 

spectrophotometer BioPhotometer Eppendorf, Cluj-Napoca, Romania. The 

apparatus measures the RNA amount and the results are reported in  ng/µl or 

µg/ml and also its purity was also evaluated by calculating the ration between 

the optic density at λ=260 and λ=280 (OD260/280). 1.5-2 µl RNA sample were 

taken for measurements. 
 

 

RESULTS AND DISCUSSION 

Figure 1 represents the agarose gel electrophoresis result for the RNA 

extracted from cotyledons and from dry seeds.  

As the separation indicates, the intensity of the band for cotyledons is 

higher in comparison to that of dry beans RNA. This indicates that the 

cotyledons are a better starting material for RNA extraction than the dry beans. 

In order to validate this result we quantified and also verify the quality of the 

RNA by spectrophotometry. 
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Figure 1. Electrophoresis in 1% agarose gel, for pea RNA samples extracted from dry 

beans and from cotyledons. 

 

Nucleic acids are traditionally quantified by UV absorption using a 

spectrophotometer. In its simplest form the absorbance is measured at 260 and 

280 nm. The concentration of nucleic acid can be determined using the Beer-

Lambert law, which predicts a linear change in absorbance with 

concentration.An A260 reading of 1.0 is equivalent to about 40 µg/ml of RNA 

and the OD at 260 nm is used to determine the RNA concentration in a solution. 

RNA has its absorption maximum at 260 nm and the ratio of the absorbance at 

260 and 280 nm is used to assess the RNA purity of an RNA preparation. Pure 

RNA has an A260/A280 of 2.1. In many protocols a value of 1.8-2.0 indicates that 

the RNA is pure. This depends, however, on how the measurement was 

performed and the source of putative contaminations. Ideally, scanning 

spectrophotometry should be used as this makes it possible to also identify 

possible sources of contamination. One of the problems using conventional 

spectrophotometers is that the cuvettes are large, making it difficult to measure 

low concentrations of RNA without losing an unacceptable fraction of the 

sometimes precious and valuable RNA sample. 

The NanoDrop UV-Vis Spectrophotometer enables highly accurate 

analyses of extremely small samples with remarkable reproducibility. The 

sample retention system eliminates the need for cuvettes and capillaries, which 

decreases the amount of sample required for the measurement. 

The ratio of absorbance at 260 nm and 280 nm is used to assess the purity 

of DNA and RNA.  A ratio of ~1.8 is generally accepted as “pure” for DNA; a 

ratio of ~2.0 is generally accepted as “pure” for RNA.  If the ratio is appreciably 

lower in either case, it may indicate the presence of protein, phenol or other 

contaminants that absorb strongly at or near 280 nm. 
 

Table 1. Quantity and quality indicated as the ratio A260/A280 of the total RNA 

extracted form pea, dry and hydrated seeds and also from cotyledons 

Sample RNA quantity (ng/ul) Purity (260/280) 

Dry beans 35±1.7 1.75 

Hydrated beans 69±3.2 1.53 

Cotyledons 237±19.8 1.90 
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As Table 1 indicates from cotyledons was extracted the highest amount of 

RNA having the best quality, followed by hydrated beans and dry ones. From 

the purity point of view the RNA extracted from dry seeds is better than the one 

from hydrated beans. It seems that hydrating the dry beans impurifies more the 

RNA by the fact that other molecules, like starch, become more available for 

extraction also.  
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Figure 2. Efficacy of RNA extraction expressed as the ratio of extraction material‟s 

weight and the extracted RNA‟s amount 

 

If we plot the values of the ratio extraction sample‟s weight and the 

extracted RNA‟s amount (Fig.2) we observe that in the case of cotyledons as 

starting material we have a 25 times higher extraction yield than in the case of 

using dry or hydrated beans. The amount of starting material was 10 times less 

for cotyledons than for the other two experimental variants; also the extracted 

RNA was more and of better quality. 

This is due to changes in RNA synthesis in cotyledons of Pisum sativum L. 

during seed development. After being imbibed for 4 hours, the genes should just 

begin to turn on and RNA necessary for germination should be high and  at day 

2, the cotyledons have just come out of the seed coat and also higher amounts of 

RNA was synthesised (Eastmond and Graham, 2001). 

 
 

CONCLUSIONS 

Our results show that pea cotyledons are a much better source of RNA 

extraction than dry or hydrated beans. This difference is reflected in the level of 

extraction yield and also in that of RNA quality expressed as A260/A280 ratio. In 

these conditions we recommend the cotyledons as starting material for RNA 

extraction for Pisum sativum L. 
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