
Problems in Recovering Total RNA from the Soil

Abbas A*
Department of Plant Pathology, The University of Agriculture Peshawar, Pakistan

Submission: May 17, 2017; Published: June 05, 2017
*Corresponding author: Abbas A, Department of Plant Pathology, The University of Agriculture Peshawar, Pakistan, Email: 

Agri Res & Tech: Open Access J 7(4): ARTOAJ.MS.ID.555717 (2017) 00107

Mini Review
Volume 7 Issue 4 - June 2017
DOI: 10.19080/ARTOAJ.2017.07.555717

Agri Res & Tech: Open Access J
Copyright © All rights are reserved by Abbas A

Abstract

Microbial gene expression provides information about their activities in the soil. The extraction of total RNA from the soil is a key step in 
the detection of those gene expressions. Currently several methods of total RNA extraction have been reported. However to recover total RNA 
from certain soils is still a challenge. In this mini-review we highlight those challenges. 
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Introduction 
The isolation and identification of microorganism from the 

soil is a never ending task. Most of the microorganism cannot 
be isolated by culture methods. Culture based methods are no 
doubt have limitations for the survey of microbial populations in 
soil. Researchers have tried new culture independent procedures 
[1]. Polymerase chain reaction (PCR) was invented in the mid-
1980 to detect genes of microorganism of soil. With the passage 
of time small subunit and large subunit ribosomal RNA genes 
have been detected by PCR. With the development of molecular 
technique such as various types of PCRs it was found that the 
microbial world is genetically and functionally more complex 
[2]. Moreover Hugh diversity is found than on the basis of culture 
based techniques. Moreover using molecular techniques large 
amount of information regarding microorganism was revealed 
and this information was utilized for identifying newly microbial 
species [3]. There are several reports of RNA extraction from 
soil by using kits (Table 1) however until now there is no any 
method which can be used to extract RNA from all types of soil. 
The lack of universal RNA extraction methods hinder the study 
of all microbial expression in the soil [4]. The following are few 
difficulties in recovering RNA from the soil. 

Soil impurities
There may be several impurities along with extraction of 

RNA and these impurities are actually dark-colored, organic 
compounds homogenous in nature. Majority of these impurities 
are humic substances. Their solubility vary with acidic or 
alkaline conditions. The humic substances are divided into three 
categories based on their solubility [5]. 

A. Humic acids

B. Fulvic acids 

C. Humin

Most of humic acids are soluble under alkaline conditions 
whereas fulvic acids are soluble under all pH conditions. However 
humin is insoluble fraction and also it cannot be extraction 
along with RNA. So the predominant compounds which are co-
extracted with RNA are humic and fulvic acids. Fulvic acids at 
higher concentration usually inhibit PCR amplification. Humic 
acids possess more difficulties in biological experiments as well 
as it interferes with the enzymatic reactions as well as various 
PCR techniques [6]. Therefore the removal of humic substances 
from the soil is very important, however the complete removal of 
humic substances is rather difficult.

Soil types
There may be several successful cases of the RNA extraction 

from the Diverse soil however to extract RNA from Andosols seem 
to be more difficult. Andosols is actually volcanic ash soils and 
found in throughout the world. Various kits has been proven to 
extract RNA from anodsols still RNA extraction failed in some of 
andosols. These soils may have severae RNase activities however 
currently there are reports that RNA can survive in the presence 
of RNase in the soil [7]. Even the intact bacterial rRNA can be 
recovered from andosols by using various extraction buffers. The 
failure of RNA extraction from andosols is possibly because of 
RNA adsorption by soil but not because of degradation of RNA 
by RNases. The problem of RNA is that it adsorbs to soil rapidly. 
About half of the adsorbed RNA molecules were absorbed by clay 
within one hour and 85% of the maximum adsorption occurred 
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on the major components in andosols called allophance within 
half an hour. Mononucleotides, nucleosides, bases, phosphate 
and ribose sugars are parts of RNA though having different no 
of phosphate groups still adsorbed by the soil allophone [8]. The 
DNA could also be absorbed by soil however that RNA is more 
difficult to recover from soil. This may be because of ribose of 
RNA having on more OH group than the deoxyribose sugar of 
DNA. The increase in hydroxyl group may cause the stronger 
adsorption of RNA on soil than the DNA [9]. Secondly there are 
some free extra cyclic functional groups are present in the single 
strand structure of RNA and because of these functional group 
base pairing sometime occurs in some regions of RNA molecules. 

Some of these functional groups form hydrogen bonds with 
the soil surface. There is an extraction buffer called skim milk 
amended extraction buffer which can be used to successfully 
recover the DNA from the soil but failed to recover RNA [10]. 
Recently it was found that clay contents found in particular soil 
type significantly affects the RNA yield as well as PCR analysis. 
Clay content also negatively affect all RNA isolation methods. In 
case of andosols still it is unclear whether the clay content are 
playing major role in adsorption of RNA on soil [11]. Therefore 
more research is needed to explore the RNA adsorption by 
andosols. 

Presence of rRNA 

Table 1: Commercially available kits for RNA extraction from the soil [14].

Kit Manufacturer
Soil for Processing

Lysis Purification Principle of Purification

EZNA. Soil RNA Kit Omega Bio-Tek (Norcross, 
GA, USA) 2g Bead beating Single spin column Adsorption

FastRNA Pro Soil- Direct 
Kit

MP-Biomedicals 
(Q-Biogene) (Solon, OH, 

USA)
0.5g Bead beating Binding Matrix Adsorption

ISOIL For RNA NIPPON GENE (Tokyo, 
Japan) 0.5g Bead beating Precipitation Information not Publicly 

available

IT 1-2-3 Platinium PathTM 
sample Purification Kit

Idaho Technology (salt 
lake City, UT, USA) 0.5g Bead beating Magnetic beads Information not Publicly 

available

RNA Power soil Total RNA 
Isolation kit

MO BIO (carisabad, CA, 
USA) 2g Bead beating Single gravity flow coulmn Adsorption

Soil Total RNA Purifiaction 
Kit

Norgen (Thoroid, ON, 
Canada) 0.5g Bead beating Single spin column Adsorption

ZR Soil/Fecal RNA 
MicroPrep

Zymo Research (Orange, 
CA, USA) 0.25g Bead beating Multipe spin Column Adsorption gel filtration

In case of prokaryotes the mRNA does not normally have a 
poly (A) tail which sometime makes the purification of bacterial 
mRNA difficult. Recent research revealed that there are some 
bacteria which mRNA molecules contain a poly (A) tail. Unluckily 
these mRNA is part of whole transcriptome and therefore 
prone to rapid degradation [12]. Therefore to obtain bacterial 
mRNA without the contamination of rRNA is one of the major 
challenge. For PCR analysis (RT and Qrt) the presence of thus, 
obtaining bacterial mRNA without the contamination of rRNA is 
a challenge. For RT-PCR and qRT-PCR, the existence of rRNA in 
an RNA sample is not a problem as specific primers are used. It 
is rather difficult to recover total RNA from the soil and the yield 
of RNA extracted from one gram of soil ranges from nanogram 
to several micrograms. Low yield of RNA may be because of 
several reasons the amount of microorganism, inhibition by 
humic substances or degradation of RNA during purification. For 
RT-PCR and Qrt-PCR analysis, the quantity of RNA in nanogram 
could be sufficient however microarray and high-throughput put 
sequencing analysis needs microgram level of RNA especially for 
the detection of rare sequences. A large amount of RNA as well 
as more purification procedures is essential for the microarray 
or high throughout sequencing analysis [13]. If the soil amount is 

increased for RNA extraction the amount of humic acids increases 
in RNA samples. As a result more purification procedures are 
required (Table 1)[14]. 

Conclusion
Removal of humic substances should be possible without 

loss of total RNA. Secondly the collection of RNA from all the soil 
types is required. It is also essential to simplify the extraction 
protocols as well as to develop new universal extraction protocol 
for all types of soil. 
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