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ABSTRACT

Rice loses yield quickly when water runs short, and the genes that respond to drought are

often studied by quantitative real-time PCR (qPCR) in genotypes chosen because they behave

differently in the field. This narrative review asks what such an expression analysis can and

cannot tell a reader, and what separates a convincing comparison of contrasting rice

genotypes from a fragile one. It draws on published work on the signalling and regulatory

networks that respond to water deficit, on transcript profiling in tolerant and sensitive rice,

and on the methodology of qPCR, and it reports no new expression data. Regulators of the

DREB, bZIP and NAC families, protective proteins and osmolyte pathways recur across the

literature, but the direction and size of a change depend on tissue, developmental stage,

severity and speed of stress, and the genotype pair. The review argues that normalisation to a

reference gene that was never tested under the stress in question is the commonest and least

visible source of error, followed by uneven RNA quality, unexamined amplification

efficiency and treatment of technical wells as independent samples. Differential expression

between genotypes is also an association, not proof that a gene causes tolerance. The review

closes with a short checklist of design, reporting and interpretation points for studies of this

type.

Keywords: Rice; Drought stress; Gene expression; Quantitative real-time PCR; Reference

genes; Genotypes; Narrative review

Citation: Vesely, Rousselot and Novotny [2014]. Expression Analysis of Drought-Responsive Genes in

Contrasting Rice Genotypes Using Quantitative Real-Time PCR. Indo-Am. J. Life Sci. Biotechnol.

11(1):1-10. DOI: 10.62644/iajlb.2014.v11.i1.pp1-10

Article Class: Narrative Review

1. Introduction

Rice feeds a very large part of humanity,

and it is also one of the most water-hungry

cereals. Much of it is grown flooded,

which makes a shortage of rain or

irrigation water unusually costly, and

breeders have long looked for genotypes

that hold their yield when water becomes

scarce (1, 2). Some of the differences

between tolerant and sensitive lines are
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anatomical or physiological, for example

in rooting and in the way stomata respond.

Others lie in how genes are switched on

and off, and that is where expression

analysis enters.

Quantitative real-time PCR, usually

shortened to qPCR, is the workhorse for

measuring the abundance of a chosen

transcript in a chosen sample (3, 4). A

typical study grows two or more

contrasting rice genotypes, withholds

water, collects leaves or roots at intervals,

and reports how a panel of candidate genes

changes relative to the well-watered

control. The method is sensitive and fast. It

is also unforgiving of small errors in

handling, because the quantity reported is a

ratio of two noisy measurements. The aim

here is a fair account of what the method

can show and what it only appears to

show.

The title of this article describes exactly

that kind of experiment. This review does

not report one. No plants were grown, no

RNA was extracted and no expression

values are presented here; the aim is to

describe, from published work, what

drought-responsive gene expression in rice

is known to look like, how qPCR is meant

to be applied to it, and which design

choices decide whether a comparison

between genotypes can be trusted. Readers

looking for numbers from a particular

study will not find them in these pages.

2. Literature Review

2.1 Drought Signalling and Gene
Networks in Plants

Plants sense water deficit through changes

in cell turgor, in membrane properties and

in the hormone abscisic acid, and these

cues are converted into changes in gene

expression through several partly

overlapping routes (5). Some routes

depend on abscisic acid and some do not.

The picture that emerged around the turn

of the century, and which later reviews

refined, is of regulatory networks in which

a small number of transcription factors

control large sets of downstream genes (6,

7). Expression studies in rice generally try

to read these networks at one or two

points.

The downstream genes are a mixed group.

Some encode protective proteins and

enzymes that detoxify reactive oxygen

species, some encode enzymes of sugar

and osmolyte metabolism, and others

encode transporters and water channels.

Older but still useful accounts organise the

response around adaptation at the level of

the cell, arguing that survival under stress

and productivity under stress are not the

same trait (8, 9). A plant that has been

stressed slowly behaves differently from

one that has been stressed abruptly.

2.2 Regulators and Effectors Studied in
Rice

In rice, members of the DREB family were

among the first regulators shown to

respond to drought, high salt and cold,

with different members preferring different

stresses (10). Basic leucine zipper factors

such as OsbZIP23 link abscisic acid

sensitivity to drought and salinity

tolerance, and overexpressing it improved

tolerance in transgenic plants (11). A

NAC-type factor, when overexpressed,

increased drought resistance and salt

tolerance in rice (12). Table 1 lists the

main groups and the kind of role each is

expected to play.

Effector genes have been tested in a more

applied way. A late embryogenesis

abundant protein gene from barley, HVA1,

conferred tolerance to water deficit and

salt stress when expressed in transgenic

rice (13), and plants engineered to

accumulate trehalose showed higher

tolerance to several abiotic stresses (14).

General reviews of rice stress biology

bring these examples together and stress

DOI: https://doi.org/10.62644/iajlb.2014.v11.i1.pp1-10 Indo-Am. J. of Life Sc & Bt  |  Vol. 11, Issue 1, 2014  |  pp 1-10

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2014.v11.i1.pp1-10
https://doi.org/10.62644/iajlb.2014.v11.i1.pp1-10


Indo-Am. J. of Life Sc & Bt. 2014 ISSN 2347-2243  iajlb.org

Vol.11, Issue 1, 2014

3Vesely, Rousselot and Novotny, 2014 | 10.62644/iajlb.2014.v11.i1.pp1-10

that tolerance is built from many small

contributions rather than from a single

switch (16). Such differences are small one

at a time, but they accumulate across a

whole panel of genes.

Table 1. Groups of drought-responsive genes in
rice that expression studies commonly target.

Group Examples Usual role

Transcription

factors

DREB, bZIP

and NAC

members (10,

11, 12)

Switch on sets of

stress genes

Protective

proteins

LEA proteins

such as HVA1

(13)

Shield

membranes and

enzymes

Osmolyte

pathways

Trehalose and

sugar

metabolism

(14)

Adjust cell water

balance

Signalling

components

Kinases and

ABA-linked

factors (5, 7)

Relay the stress

signal

Photosynthesis

and growth

genes

Changes often

reported (15)

Growth traded

against survival

Note: Qualitative summary. Membership of a group

does not predict the direction of change in a given

tissue or genotype.

2.3 Transcript Profiling in Contrasting
Rice Genotypes

Microarray and related profiling studies

made it possible to ask which genes

respond to drought across the whole

genome. Early work on cold, drought, high

salinity and abscisic acid identified

overlapping sets of rice genes that

responded to more than one treatment (17),

and work on the initial phase of salt stress

showed how quickly the transcript profile

of rice can shift (18). For drought itself,

several groups compared cultivars that

differ in tolerance. One study profiled rice

cultivars exposed to long-term drought

(15), another compared indica genotypes

with contrasting tolerance (19), and a third

followed temporal and spatial patterns

across tissues (20).

These studies agree on the broad outline:

many genes change, a core set is shared

between genotypes, and tolerant lines often

differ from sensitive ones in timing or in

the strength of the response rather than in

an on-off pattern. They disagree, and this

matters, about particular genes. A

transcript that rises in one tissue may fall

in another, and a gene that separates two

genotypes at one stage may not separate

them at the next. This is why the same

gene can look decisive in one report and

unremarkable in the next.

2.4 Principles of Quantitative Real-Time
PCR

The principle is simple. Fluorescence from

a reporter rises as a target is copied, and

the cycle at which it crosses a threshold

falls earlier when more starting template is

present. In practice the measurement is a

chain: RNA extraction, reverse

transcription to complementary DNA,

amplification, detection and calculation

(21, 22). Each link can bias the result.

Extraction methods based on guanidinium

and phenol remain standard (23), but the

integrity of the RNA that comes out affects

the performance of the assay and should be

checked rather than assumed (24).

Relative quantification then compares a

target with a reference. The widely used

comparative threshold approach assumes

that the target and the reference amplify

with the same, near-ideal efficiency (25,

26). When efficiencies differ, a model that

corrects for them gives a more honest ratio

(27), and efficiency can be estimated from

the amplification curves themselves rather

than from a separate dilution series (28,

29). Figure 1 sketches the full chain and

the point at which each safeguard belongs.

2.5 Normalisation and Reference Genes

Normalisation corrects for differences in

the amount and quality of material put into

each reaction. The usual device is a
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reference gene thought to be expressed at a

constant level. The difficulty is that no

gene is constant under every condition, and

a gene that was stable across tissues may

not be stable under stress (30, 31). Plant

studies make the point repeatedly: stability

has to be shown for the species, the tissue

and the treatment actually used (32, 33).

Figure 1. From stressed plant to interpretable

expression value, with the checks that surround

each step (schematic, not data).

For rice, validation work found that several

commonly used housekeeping genes were

less steady than others, and that the best

choice depended on tissue and stress (34,

35). Later work mined transcriptome

datasets for rice genes that are stable

across organs, developmental stages and

stress treatments (36), an approach that had

already proved useful in Arabidopsis (37)

and that has parallels in potato under stress

(38). Software that ranks candidates,

including geNorm, NormFinder,

BestKeeper and qBase, helps choose

among them (39, 40, 41, 42). Table 2 sets

these strategies side by side. A short pilot

run on the actual samples is cheap

insurance against drift once leaves lose

water.

Table 2. Normalisation strategies used with
qPCR and their main weakness.

Strategy What it offers Main weakness

Single

classical

reference

gene

Simple and

cheap (35)

May itself change

under stress (34)

Several

validated

genes

Averaged signal

is steadier (39)

Needs a pilot

experiment

Model-based

ranking

Weighs

variation within

and between

groups (40)

Assumes the set is

not co-regulated

Pair-wise

correlation

tools

Quick screen of

candidates (41)

Sensitive to

outlying samples

Reference

genes from

transcriptome

data

Candidates

chosen on

stability (36,

37)

Still needs

checking in your

own samples (32)

Note: Strengths and weaknesses are those discussed in

the cited methodological papers.

3. Materials and Methods

3.1 Scope and Question

This is a narrative review. Its question is

narrow: how should an expression analysis

of drought-responsive genes in contrasting

rice genotypes by qPCR be designed, read

and reported so that its conclusions are not

larger than its evidence? The review is

concerned with the logic of such studies

and not with any particular dataset, and it

contains no experimental work of its own.

3.2 Literature Assembly

The sources are papers the authors already

knew or located through ordinary reading

and citation tracing. There was no formal

systematic search, no protocol registered in

advance and no screening in duplicate, so

the review may have missed relevant work,

and the selection reflects the judgement of

the authors. Only publications that

appeared in or before 2014 are cited.

Preference was given to primary studies of

rice, to widely used methodological papers
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and to reviews that organise the field.

Reviews of this kind are more useful when

they say where the evidence stops than

when they smooth it over.

3.3 Appraisal Framework

Each source was read for four things: how

the stress was imposed and monitored,

how genotypes were chosen and

compared, how expression was

normalised, and how far the stated

conclusion went beyond the

measurements. Methodological sources

were read against the published reporting

guidance for qPCR experiments (43, 44).

No scoring system or numerical weighting

was applied. The appraisal is qualitative

and is presented in the tables and figures

that follow.

4. Results

4.1 What Drought-Responsive
Expression Looks Like in Rice

Across the sources, a handful of patterns

recur. Regulatory genes of the DREB,

bZIP and NAC types tend to respond early,

while genes for protective proteins and

metabolic enzymes follow, which gives the

layered picture shown in Figure 2 (6, 7).

Genes tied to photosynthesis and growth

are frequently reported to change as the

plant shifts from growth towards

maintenance (9, 15). The direction of a

change is not fixed, and a given gene can

rise in roots while falling in leaves (20).

Tolerance in a genotype pair is rarely

explained by a single gene. Comparisons

of contrasting indica lines point to

differences in the number of responsive

genes, in the timing of induction, and in

baseline levels before stress begins (15,

19). A higher baseline can be misread as a

stronger response if only the stressed

samples are compared, which is one reason

well-watered controls for each genotype

are indispensable.

Figure 2. Layered view of a drought response,

from signal to phenotype, and what an expression

study samples (schematic, not data).

4.2 How the Genotype Contrast Is Built

The word contrasting hides a good deal.

Two genotypes may differ in rooting

depth, in stomatal behaviour, in leaf rolling

or in flowering time, and the physiological

basis of their tolerance may differ from the

genes being measured (1, 2). Genotypes

also differ in how quickly the soil dries

around them and how fast the leaves lose

water, so the same number of days without

watering does not impose the same stress.

Sampling at matched leaf water status

rather than matched days removes one

source of confusion (9). A reader of an

expression paper is entitled to ask a plain

question: would this result survive a repeat

with new plants?

Related to this, the expression difference

between a tolerant and a sensitive line is an

association. It may reflect a cause of

tolerance, a consequence of it, or simply

the fact that the sensitive plant is more

stressed at the moment of sampling.

Transgenic studies, in which a regulator or

effector gene is introduced and the plant

becomes more tolerant, give stronger

evidence of causation (12, 13, 14), though

even those are mostly judged under
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controlled conditions and not in farmers�

fields.

4.3 Technical Sources of Error

The technical literature identifies a short

list of recurring problems, collected in

Table 3. RNA of poor or uneven quality

changes apparent expression in a way that

is not corrected by dividing by a reference

gene (24). Reverse transcription is itself

variable, and including controls without

the enzyme shows whether genomic DNA

is contributing a signal (21). Assays for

different genes amplify with different

efficiency, so a single assumed value is

rarely safe (27, 29). None of these steps is

difficult, but each one is easy to skip when

a deadline is near.

Table 3. Where a genotype comparison by qPCR
can go wrong, and how to guard against it.

Step Risk Safeguard

Sampling

Genotypes

differ in water

status at the

same time point

(9)

Match by stress

level, not clock

time

RNA

extraction

Degraded or

impure RNA

(23, 24)

Check integrity;

same method for

all

Reverse

transcription

Uneven priming

and yield (21)

Include

no-enzyme

controls

Amplification

Efficiency

differs between

assays (27, 29)

Measure

efficiency per

assay

Normalisation

Unstable

reference gene

(31)

Validate under the

stress used

Statistics

Technical wells

counted as

replicates

Biological

replicates as the

unit

Note: Compiled from the cited methodological

literature; it is not a reanalysis of any study.

Replication is the other weak point.

Technical replicates, meaning repeated

wells from the same cDNA, reduce

pipetting noise but say nothing about

variation between plants. The unit that

supports a claim about a genotype is the

independent biological sample, and each

such sample should be handled separately

from stress treatment onwards (33, 44).

Treating wells as if they were plants gives

confidence intervals that are far too

narrow.

4.4 The Normalisation Problem in
Practice

Perhaps the most consequential finding of

the methodological literature is how often

normalisation goes unexamined. Reviews

of plant qPCR papers have repeatedly

noted that reference genes are chosen by

habit and not validated for the conditions

used (31, 32). In a drought experiment this

is a serious matter, because water deficit

can alter the expression of genes that were

taken to be constant, and the effect on the

reported fold change can be large enough

to reverse its apparent direction (34).

Using more than one reference gene and

checking their agreement across all

treatment and genotype groups is the usual

remedy (30, 39). If the chosen genes

disagree, the disagreement is itself

informative. Figure 3 shows, in conceptual

form, how a transcript difference should be

read according to whether the

normalisation has been checked and

whether the genotype pair was matched for

stress. A fold change that vanishes when

the reference gene is swapped is not a

finding a colleague could build on.

5. Discussion

5.1 Interpretation and Practical
Reading

Read as a whole, the literature supports a

measured position. Drought-responsive

expression in rice is real, reproducible in

outline, and informative about the biology

of tolerance. But the specific numbers in

any single qPCR comparison between two

genotypes depend heavily on choices that

are often invisible in the abstract: the
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reference gene, the stress protocol, the

tissue and the time point. That is a modest

claim, and it is the one the literature will

currently bear. The point is not that a study

is poor, only that its headline travels less

far than its abstract suggests.

Figure 3. How the reading of a transcript difference

changes with the normalisation check and the

genotype pair (conceptual matrix, not data).

For a reader, the practical consequence is

to ask a few questions of any paper in this

area. Was the stress measured, or only

imposed? Were reference genes validated

under that stress? Were biological

replicates independent? Were

amplification efficiencies reported? Do the

conclusions refer to genes measured, or do

they slip into claims about tolerance in the

field? Table 3 can serve as a checklist for

these questions. It is a habit worth keeping

even when the result looks exactly as

expected.

5.2 Limitations

The review has limits that readers should

keep in mind. It is narrative and not

systematic, and its selection of papers

cannot be called exhaustive. It is restricted

to work published up to 2014, so later

developments in high-throughput

sequencing of transcripts and in new

analysis tools are not covered. Many of the

studies cited examine single cultivars or

small sets, and their findings may not

extend to other genetic backgrounds or

growing conditions. Because drought

experiments differ in severity, duration and

soil, results from pots, hydroponic systems

and fields are not interchangeable. Read

this way, the absence of a difference in a

small experiment is not evidence that no

difference exists.

There is also a limit built into the topic. A

review of methods cannot say what the

expression pattern of any particular

genotype pair will be. Statements here

about direction and timing of expression

are general tendencies drawn from

published work and should not be applied

to a specific line without measurement.

5.3 Directions for Future Work

Three needs stand out. First,

reference-gene validation should be treated

as part of the experiment and reported as

such, ideally with the data that led to the

choice. Second, genotype comparisons

would be more informative if stress were

matched on physiological status and if

sampling covered several time points,

because a single time point confounds the

size of the response with its timing. Third,

expression findings would carry more

weight if paired with measurements at the

protein or phenotype level, since transcript

abundance is not the same as function.

Finally, wider adoption of reporting

guidance would help readers judge studies

and repeat them (43, 44). Full reporting

costs a few extra lines in a methods section

and spares others the work of guessing.

These points apply with equal force to any

stress and any crop, not only to rice under

drought.

6. Conclusion

Expression analysis of drought-responsive

genes by qPCR is a powerful way to study

how contrasting rice genotypes cope with

water deficit, provided its limitations are

respected. The regulators and effectors
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most often examined are well described,

but their behaviour depends on tissue,

timing and the genotype pair, and so a

single comparison seldom settles a

question. The most common threats to a

sound conclusion are an untested reference

gene, uneven RNA quality, unexamined

amplification efficiency, technical wells

treated as replicates and the reading of

association as cause. A study that

addresses these openly, and that reports its

methods fully, gives other researchers

something they can use. Nothing in this

reading argues against qPCR; it argues for

using it with the care it was designed to

receive.
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