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1- Low- to mid-plex techniques

5- Fluorescence in situ hybridization
polymerase chain reaction
11- Differential display

2- Reporter gene
6- Slot and dot blotting

8- Nuclease protection assays
12- Serial analysis of gene expression

3- Northern blot 4-Western blot

7- Semiquantitative and quantitative reverse transcriptase

10 Subtractive hybridization
14- RNA sequencing

9-Higher-plex techniques
13- Microarray hybridization
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1- RNA arbitrarily primered PCR

3- Amplified restriction fragment length polymorphism
6- Quantitative or real time PCR
9- Differential screening

12- Complementry DNA

14- Massively parallel signature sequencing

10- DNA microarray

2- Restriction endonucleolytic analysis of differentially expressed sequences
4- Total gene expression analysis
7- High density cDNA filter hybridization

5- Reverse transcription PCR
8- Suppression subtractive hybridization
11- Representational difference analysis

13- Complementry DNA amplified fragment length polymorphism
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advantages include comparing several samples and identifying genes by decreasing and increasing ex3pressi0n.
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Figure 11. Serial analysis of gene expression (SAGE) (58)
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Table 1. Advantages, critical points and inherent limitations of differential expression analysis methodologies

Application in the field of plants
OlS a3 pl8

Disadvantages
Colre

Advantages
by je

Method
)

Evaluation of changes in the expression of
housekeeping genes in the interaction of wheat with
the pathogen; Mycosphaerella graminicola,
investigation of changes in the expression of genes
encoding heat shock proteins Hsp 71 and Hsp91 in
response to infection with M. graminicola, and also
investigation of changes in the expression of protein
encoding Ethylene 3 insensitive gene in response to
infection with M. graminicola (21).
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s « Mycosphaerella graminicola ,3)la. b piiS’
Sl Sed aoBsn O ey o) oo s
5 M. graminicola 4 (34l &) gewly ;>Hsp91 gHsp 71
O 088 0y 05 Ol Sl o izmen
M. & (gl 4 Fwly ) Ethylene 3 insensitive
.(21) graminicola

Expression analysis of the isopropyl malate synthase
(IPMS) gene family in Arabidopsis thaliana (34).

Analysisng a gene in one reaction
requires a large amount of RNA and a
probe.

e @ 5l (1STly S 3 0F Sy 4

(w9) SLolis s RNASL;

Relatively difficult and time-
consuming, lack of information on
transcript size, perfect matching of

antisense with template RNA to protect
digestion by endonucleases

Relative simplicity, cost-effectiveness and the
possibility of providing valuable information about
the type, size and abundance of RNA, detecting
different forms of RNA splicing

Gl el 9 (392 0 & (9 e (o (Solw
RNA Jlghyd g 03lail g g5 550 3 diaud)l cleMbl
RNA K Mool cilizen JIS| aseis

High specificity and sensitivity, quantification of
the mRNA level of genes with a high de?ree of
sequence similarity, the possibility of performing
multi-probe assays and ma;ﬂaing of transcription
start sites and intron and exon junctions.

Northern blot

s Yo g moil o5 odlgls by o g o0 2 OleMbl 3008 (e g Cun liws MRNA o ¢S 5 Y Cplus g Cunolaid] RPA
(34) Arabidopsis thaliana ,> (IPMS) Sl JolS” cagaliio auigigy 031l 5590 pbol el gy alias 1 Vb 4o b bagyj
5 cdadlbre g SIIRNA L i colo 5l )b pasis o Kisgls win slo iz
13LlS 539l Lawgs e 0951 9 oyl SYLal g pmagis) £
Dependent on existing knowledge, low
dynamic range for detecting transcripts,
difficult comparison between
. . . . experiments, inability to detect new o . o .
Comparison of the expression of genes involved in transcripts, need for validation Speed, flexibility and high ability in biological
’the SAR pathway in Arabi ‘0p5|s (47). i Suoliy 0394500 g9 Lisl> &) diasly an?ly5|s of se.ve“ral genes s'lml{ltane095 y Microarray
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SN
Identification of 4 pathogenicity genes of F. : :
graminearum in wheat (22), differential expression Syougﬁgg tfgris%rllgtreks?r?vﬂegt%gn%g t()r}estrgg%clglz%td
of 24 genes in the interaction between F. e(;]uipments and analysgis such as indugtrial kits
graminearum and wheat (37). Usable only for pairing comparisons Lol ¢ P 1] LE ) U
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Need for a large amount of template
Evaluation of non-host response of Polymyxa RNA, use of different restriction
graminis (51), identification of genes with different enzymes, importance of replication
expression from Xanthomonas axonopodis pv. Citri cycles |n_fc%bta|n|ng sequences with
(52).  different expression. ) Identification of rare transcripts by amplification
(51) Polymyxa graminis b yé el o)l oozl oSIIRNA 3L; jlada & jls 2S5 L b clacuiggy lulid RDA
Xanthomonas I clize o)lo b (slagy; ololis P9 s ilisee oS 394200 (slagn 5l
(52) axonopodis pv. Citri JIF gl s 4 3 WSS sboes
lite oo b slo
Differential expression of defense genes between Requirement on prior knowledge about Speed and simplicity, sensitivity and specificity
compatible and semi-compatible interactions of gene sequence, possibility of non- and high performance, no need for post-
sunflower and fungus; Phoma macdonaldii (14). specific replication amplification processing gPCR
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Puccinia striiformis (93). the desired genes liall LB cesit D sl cDNA-AFLP
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Need for special equipment,
misidentification of tags, non-
. o . . production of tags by one gene, or Accurate, quantitative and cumulative method, no
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The large volume of data, the effect of
I - Lo the size of transcripts on replication,
Identification of genes with different expression in the need for a next-generation
salinity tolerant sunflower (83), study of sequencing platform, the need to use Finding the relationship between exons and other
transcriptome analysis in two maize genotypes with multiple computer programs for data transcripts, identifying SNPs, sensitive and
different levels of tolerance to salinity stress (56). analysis. F i ? i
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Extended Abstract

Introduction and Objective: Environmental stresses such as drought, salinity, cold and heat
stress as one of the consequences of climate change are the main factors of reduction in
agricultural products. Study of gene expression (transcriptomic studies) plays an essential role
in understanding the mechanism of plants in dealing with environmental stresses. Gene
expression is the process by which information encoded in a gene is produced in the form of a
transcript, which often the transcript itself or its protein product involves in various molecular
processes and mechanisms in the cell and ultimately in the life of the organism. Assessing gene
expression levels is an important step in elucidating gene functions temporally and spatially.
Material and Methods: This review article is a content analysis study that has been performed
by searching Transcriptome analysis, RNA sequencing, suppression subtractive hybridization,
microarray, polymerase chain reaction keywords in related articles on google scholar, science
direct, PubMed and scopus websites.

Results: Decades ago, typical studies were focusing on a few genes individually via techniques
such as northern blot, or RNA blot, western blot, microarray hybridization, subtractive
hybridization (SH), suppression subtractive hybridization (SSH), real-time polymerase chain
reaction (real-time PCR), whereas now researchers are able to examine whole genomes at once
thanks to sequencing based approaches such as RNA sequencing (RNA-seq). The upgrade of
throughput levels aided the introduction of systems biology approaches whereby cell functional
networks can be scrutinized in their entireties to unravel potential functional interacting
components. The birth of systems biology goes hand-in-hand with huge technological
advancements and enables a fairly rapid detection of all transcripts in the studied biological
samples. Even so, earlier technologies that were restricted to probing single genes or a subset of
genes still have their place in the research laboratories.

Conclusion: The objective of this study was to describe the types of methods used in the gene
expression analysis in plant responses to environmental stresses, or, more generally, any other
conditions of interest. The choice of technique or strategy used is determined by the available
technology and equipments along with the costs and limitations of the analysis. In selection of
techniques for a particular study, these limitations should be minimized methodologically or
statistically so that the results are reliable and representative of the situation under study.

Keywords: Microarray, Polymerase chain reaction, RNA sequencing, Suppression subtractive
hybridization, Transcriptome analysis



