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ABSTRACT

Farmer-maintained rice landraces hold much of the variation that breeders and gene banks

hope to use, and simple sequence repeat (SSR) markers have been the workhorse for

describing it for almost two decades. This narrative review asks what an SSR survey of

indigenous rice landraces can and cannot tell a reader. It draws on published work on rice

domestication and population structure, on the discovery and behaviour of microsatellites, on

the statistics used to summarise allelic data, and on the practical problems of sampling and

scoring, and it reports no new data. SSR markers are co-dominant, multi-allelic and cheap to

run, which makes them well suited to comparing many accessions at modest cost; they are

also prone to scoring differences between laboratories, null alleles and size homoplasy, and a

limited set of loci may say little about genes of agronomic value. Rice is largely

self-pollinating, so landrace accessions are mostly homozygous and the usual

heterozygosity-based summaries must be read with care. Common weaknesses in published

surveys include unclear definitions of what counts as a landrace, small or uneven samples,

unreported scoring rules and over-interpretation of clusters. The review concludes that SSR

surveys remain a sound first step for describing and conserving landrace diversity, provided

that sampling, scoring and analysis are reported openly, and it sets out a short list of reporting

practices.
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1. Introduction

Rice feeds more people than any other

crop, and much of the variation within it

sits in the fields of farmers who have kept

and exchanged their own seed for

generations (1, 2). These

farmer-maintained varieties, usually called

landraces, were shaped by local climate,
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soil and cooking preference. They are also

the raw material that breeders and gene

banks hope to draw on when conditions

change (3, 4). Describing how much

variation they hold, and how it is arranged,

is a practical question.

For almost two decades the usual way of

asking that question has been to genotype a

set of accessions with simple sequence

repeat (SSR) markers, also called

microsatellites, and to summarise the

allelic data (5, 6, 7). The method is

inexpensive, which is why many surveys

of indigenous rice have used it (8, 9). It is

also easy to apply carelessly.

This review sets out what is known about

rice diversity and landraces, what SSR

markers measure, how the data are

summarised and how much weight a

survey can carry. The article is a narrative

review. It reports no new data and

describes no collection, locality or

laboratory work of the authors, and where

it refers to a typical survey it means a

pattern in the published literature and not

any single study. The aim is to be plain

about what such a survey can support.

2. Literature Review

2.1 Rice Diversity and the Landrace
Concept

Asian cultivated rice is not one uniform

group (Figure 1 lists some milestones in

how that was learned). Isozyme work

separated the varieties into several clusters

long ago (10), and later work with

microsatellites resolved a small number of

groups that correspond broadly to indica,

aus, aromatic and the two kinds of japonica

(11). How those groups arose is still

argued, with analyses favouring either

more than one domestication or a single

origin followed by gene flow (12, 13, 14,

15).

The word landrace is less settled than it

looks. Reviews of the term describe a

locally adapted population with a local

name, internal genetic variation and no

formal breeding history (16, 17). In

practice a name can cover several distinct

lines, and two names can cover the same

one. Surveys of farmer-maintained

varieties show that the number of named

varieties and their evenness in the field

both matter (1). A study that does not say

how its landraces were identified leaves

the reader unable to judge what the

diversity figure refers to. This is why one

landrace can look distinct in one paper and

ordinary in the next.

Figure 1. Selected milestones in the literature on

rice diversity and markers (schematic timeline, not

to scale).

2.2 What SSR Markers Are

A microsatellite is a short motif,

commonly two to six bases, repeated in

tandem. Rice carries many of them over its

twelve chromosomes, and their frequency

and length variation have been catalogued

in detail (18, 19). Loci differ in repeat

number between plants, so one PCR with

flanking primers yields alleles told apart

by length. Large public sets of mapped

primer pairs (6, 7) explain much of why

the method spread.

Compared with older marker systems,

SSRs are co-dominant and multi-allelic,

and they transfer easily between

laboratories that share primer sequences

(20, 21). Table 1 and Figure 2 set them
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beside the systems that came before and

after. Their strength is the information in

each locus; their weakness is that mutation

by slippage is fast and not always orderly

(22, 23).

Table 1. Marker systems used to describe rice
diversity.

Marker Strength Main weakness

Isozymes
Cheap; early view

of rice groups (10)

Few loci; protein

level

RFLP
Co-dominant;

stable

Slow; needs much

DNA (21)

RAPD

and

AFLP

Many bands

without prior

sequence

Dominant;

repeatability (21)

SSR

Co-dominant,

multi-allelic,

PCR-based (19, 20)

Scoring drift; null

alleles (24)

SNP

Abundant;

automated calls

(25)

Needs prior

discovery; fewer

alleles (26)

Note: Qualitative comparison drawn from the cited

methodological literature; no figures are given

because they depend on species, panel and laboratory.

Figure 2. Qualitative comparison of marker

systems (schematic matrix, not data).

2.3 Scoring, Errors and Comparability

Scoring is where many problems begin.

Stutter bands, null alleles and different

sizing between runs all produce

genotyping errors that bias distance and

structure estimates (24). Reviews of

microsatellite genotyping stress reference

samples, repeated genotypes and clear

scoring rules (27, 28). Such artefacts are

small in any one run, but they add up

across a panel.

2.4 From Alleles to Statements About
Diversity

Several summaries are standard. Allele

number and richness describe variants

present, and they rise with sample size

unless corrected (29). Gene diversity

describes the chance that two randomly

chosen alleles differ (30). Differentiation

between groups is expressed with a

fixation index (31) or with partitioning of

variance (32), and relatedness is drawn as a

distance tree (33, 34). Model-based

clustering infers ancestry groups from the

genotypes (35), and a separate step is

needed to choose how many groups to

report (36). Free programs calculate most

of these (37, 38, 39). Table 2 lists them

with the main caution for each.

Table 2. Summaries commonly reported in SSR
surveys of landraces.

Summary
What it

describes
Caution

Allele

number and

richness

How many

variants are

present

Depends on

sample size (29)

Gene

diversity

Chance two

alleles differ (30)

Heterozygote

counts mislead in

selfers

Fixation

index

Differentiation

between groups

(31)

Not a true

measure of

differentiation

(40)

Molecular

variance

Split between and

within groups

(32)

Groups must be

defined first

Distance tree

Relatedness of

accessions (33,

34)

Branches may not

be reliable

Model-based

clusters

Inferred ancestry

groups (35, 36)

Cluster number

can be unstable

Note: The last column gives the authors� reading of

the main caution for each summary.

Rice complicates two of these. It is mostly

self-pollinating, so plants within a landrace
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are largely homozygous for biological

reasons, not because diversity has been

lost, and heterozygosity-based quantities

tell less than they would for an outcrossing

crop. Differentiation measures also have

mathematical limits when loci have many

alleles (40). Seen this way, a low diversity

value in a small sample is not evidence of a

narrow gene pool.

2.5 SSRs, SNPs and Genome-Scale Data

Single nucleotide polymorphisms are now

the main rival. They are abundant, can be

called automatically, and have been used

to relate landraces to modern varieties and

to map traits (25, 41, 42). A maize

comparison found that SSRs carry more

information per locus, but that many SNPs

can match a small SSR set for relatedness

and structure (26). SSRs remain practical

for laboratories without sequencing

facilities and for gene bank work such as

defining core subsets (43, 44).

3. Materials and Methods

3.1 Scope and Question

The review asks one question in two parts:

what does an SSR survey of indigenous

rice landraces measure, and how far can its

results be generalised? The question was

broken into the steps a survey follows

(Figure 3): choosing and naming

accessions, typing and scoring DNA,

summarising data, and interpreting

clusters. None of this is exotic, but each

step is easy to skip.

3.2 Literature Assembly

The review draws on peer-reviewed work

in four areas: rice domestication and

population structure; the discovery and

behaviour of microsatellites; the statistics

used to summarise marker data; and the

conservation of crop diversity. Sources

were chosen for relevance and clarity of

method; work on other regions and crops is

used only for method.

Figure 3. Workflow of an SSR diversity survey and

the point at which each common error enters

(schematic, not data).

We did not run a formal systematic search

and we do not claim one. This is a

narrative synthesis, and the choice of

sources reflects the authors� judgement.

The review is therefore a better guide to

how a survey should be designed and read

than to the size of any diversity value.

3.3 Appraisal Framework

To judge a survey we used four short

questions. Is the landrace concept defined

and the source of each accession recorded

(1, 16)? Is scoring described well enough

to be repeated, with errors and missing

data reported (24, 27)? Is the choice of

summary suited to a self-pollinating crop

(30, 40)? And are clusters presented with

the method used to choose their number

(36)? We applied the questions

qualitatively, as a reading guide, and did

not give any survey a score. Table 3 turns

them into reporting points.

4. Results

4.1 What SSR Surveys of Landraces
Typically Show

Where SSR surveys of traditional rice have

been published, the broad pattern is

consistent. Landrace panels usually

separate into a few groups that echo the
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major groups of cultivated rice (11, 45),

and regional collections often hold groups

that are partly distinct from those of

improved varieties (8, 9). Differences in

marker panels and sample design make

direct comparison between surveys hard,

so the shared pattern is a qualitative one.

Table 3. Reporting points for an SSR survey of
landraces.

Point Why it matters Practice

Landrace

definition

Names and types

vary (16, 17)

State the working

definition

Collection

record

Source decides

what is sampled

(1)

Give place, date

and source

Allele

scoring

Sizes shift

between runs (27)

Use reference

samples and rules

Missing

data and

errors

Bias distance and

structure (24)

Report rates and

repeats

Marker

choice

Locus choice

shapes results

(28)

List loci and

positions

Cluster

number

Software output is

not proof (36)
Compare methods

Note: Points are drawn from the cited literature on

microsatellite genotyping and on landrace definition;

they are not a formal standard.

4.2 Sampling and Scoring Decisions

The conclusion of a survey depends on

decisions made before the first gel or run.

Sampling one plant per accession hides

variation within the landrace, while

sampling several raises cost and, in a

selfing crop, may show near-identical lines

(16). Loci spread over all twelve

chromosomes give a better view than a

handful from one region (7, 28).

Scoring decisions matter just as much.

Rules for doubtful peaks, repeated samples

and a record of missing data all reduce the

chance that the result describes the

instrument rather than the rice (24, 27). A

survey that reports none of these has not

necessarily been done badly, but the reader

cannot tell.

4.3 Reading Clusters and Distances

Clusters are the most quotable result and

the easiest to over-read. A model-based

program returns a partition for whatever

number of groups it is asked for, and the

best-looking number may not make

biological sense (35, 36). Trees can show

tidy branches that are poorly supported,

and a distance depends on the coefficient

chosen (33, 34). Analysis of variance

among groups needs the groups to be

defined in advance (32). A cluster that

disappears when the method is changed

was probably never a stable feature of the

material.

Put plainly, the literature supports a

measured statement. SSR surveys are a

sound way of sorting landraces into broad

groups and of showing where diversity is

concentrated; they are a weaker guide to

the finer arrangement of variation, to

within-landrace diversity, or to the genes

that matter for adaptation. A survey that

makes only the first kind of claim is on

firm ground. It is a modest conclusion, and

it is the one the literature will bear.

5. Discussion

5.1 Interpretation and Practical
Reading

The main finding of this review is

conditional. SSR data are most informative

when the landrace concept is defined, the

sample is balanced and the scoring is

controlled, and they are least informative

when none of these is true. The question

for a reader is not whether SSRs work but

whether a given survey did what makes

them work (27, 28). Nothing here argues

against SSR work; it argues for reporting

what was done.

Two findings would change this reading:

close agreement between SSR and SNP

groupings on the same panel, and evidence

that landrace names track genetic identity

within a region (17).
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5.2 Limitations

This is a narrative review and shares the

weaknesses of that form. The selection of

sources reflects judgement, no formal

search or quality scoring was done, and no

numerical results from individual surveys

are quoted. A reader who needs a diversity

value for a specific region should go to the

original studies. Work on other crops, such

as the maize comparison (26), is an

imperfect proxy for rice landraces.

5.3 Directions for Future Work

Three needs stand out. First, shared

reference samples and open scoring files.

Second, surveys that sample several plants

per landrace and keep the collection record

(1, 16). Third, wider use of SNP panels on

the same accessions, so that SSR-based

groupings can be checked against

genome-scale data (15, 25). It is a habit

worth keeping even when the answer

seems obvious.

6. Conclusion

SSR markers remain a practical and

informative way to describe the diversity

of indigenous rice landraces, and a first

look at a collection is still sensibly made

with them. What a survey can claim

depends on how the landraces were

defined and sampled, how the alleles were

scored and how the groups were chosen.

For the practitioner the message is

encouraging rather than discouraging. A

careful, openly reported SSR survey can

guide collection and conservation at low

cost.
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