Ad  Fuphytica 112: 275-284, 2000.
"i‘ © 2000Kluwer Academic Publishers. Printed in the Netherlands. 275

Effectiveness of different classes of molecular marker for classifying and
revealing variation in rice (Oryza sativa germplasm

P.S. Virk, J. Zht#, H.J. Newbury, G.J. Bryad, M.T. Jacksof & B.V. Ford-Lloyd!

1School of Biosciences, University of Birmingham, Edgbaston, Birmingham B15 2TT20bKn Innes Centre,
Norwich Research Park, Colney, Norwich NR4 7UH, U3Sgottish Crops Research Institute, Invergowrie, Dun-
dee DD2 5DA, U.K.”Genetic Resources Center, International Rice Research Institute, MCPO Box 3127, 1271
Makati City, Philippines

Received 11 May 1999; accepted 21 September 1999

Key words:AFLP, isozyme, ISSR, molecular marker, RAPD, rice

Summary

We have examined the effectiveness of similar numbers of markers from four molecular marker systems (AFLP,
isozymes, ISSR and RAPD) for revealing genetic diversity and discriminating between infraspecific groups of
Oryza sativagermplasm. Each marker system classifies the germplasm into three major groups (most effectively
with isozymes and AFLPs), but with differences (primarily with ISSR) between the precise classifications gen-
erated. However, at the highest levels of genetic similarity there was only partial agreement as to relationships
between individual accessions when different markers were used. When variance was partitioned among and within
the three subspecific groups, although the differences were not significant, greater variation was found among than
within groups using AFLP and isozymes, with the reverse for RAPD and ISSR. Measurement of polymorph-
ism using average heterozygosity and effective number of alleles gave similar results for each marker system.
These results are discussed in relation to various genetic resources conservation activities, and the advisability of
extrapolating to other sets of germplasm particularly of other crop species.

Introduction effective using RAPD (Williams et al., 1990) mark-
ers (Martin et al., 1996). Historically in Asian rice
The accurate identification of plant material in a gene (Oryza sativg, intraspecific classification into varying
bank is essential for effective germplasm character- numbers of groups has been achieved using combina-
isation: without such information breeders have no tions of morphological, serological and hybrid fertility
means of selecting appropriate material for entry into information (Kato et al., 1928), intervarietal hybrid
breeding programmes. While such identification may sterility (Terao & Mizushima, 1942), and morpho-
be undertaken using traditional field characters, in geographical (Matsuo, 1952; Morinaga, 1954; Oka,
rice for example, this is not always possible or in- 1958) data. Subsequently, the indica, japonica and
deed accurate. The structure of the genetic diversity javanica terminology for subgroups has been used ex-
is also important when considering the development tensively by plant breeders (Chang, 1976), and this has
of ‘core collections’ (Jackson et al., 1998) in a ge- Mmost recently been followed by the very successful
netic resources context. Further, without determining adoption of six isozyme groups to describe in a bio-
diversity reliably it would not be possible to identify ~logically meaningful and robust way, the bulk of the
molecular marker/quantitative trait associations which primary gene pool of Asian rice (Glaszmann, 1987).
have been shown to be useful in the process of ger- It is of particular importance to breeders that unam-
mplasm evaluation (Virk et al., 1996). biguous identification of indica (group I) and japonica
We have previously shown that identification of (group VI) rices can be achieved, as these are currently
conserved rice germplasm at the species level can bethe focus of plant breeders’ attention for crossing and
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for the development of the ‘new plant type’ (Khush, Whereas the reliability of any marker system can
1995; Peng et al., 1994), despite the fact that effect- be effectively assessed using segregating populations
ing hybridization and genetic recombination between to determine band heritability, when studying diversity
these two types may not be easy. in germplasm there is often no baseline or control with
Breeders attempting to utilize the considerable which a comparison of techniques can be made. Nev-
variation represented by these groups face increas-ertheless, there are three kinds of method that are often
ing difficulty in classifying germplasm because of the employed to address various questions pertaining to
inefficiency involved in the use of morphological char- the assessment of variation. Firstly the degree of re-
acters. For example, the lines Azucena and PR 304 latedness is commonly studied by one or more cluster-
have been classified as indica using morphological ing strategies (dendrograms generated from similarity
characters, whereas they behave as japonica types iror genetic distance matrices) to obtain an overall pat-
crossing studies (Gurdev Khush, personal communic- tern of variation as well as the degree of relatedness
ation). Because of this breeders have regularly usedamong accessions. Pairwise values of similarity con-
isozymes to help make the necessary identifications stituting the genetic similarity matrix however, can
(Glaszmann, 1987, 1988). give a more detailed picture of the degree of rela-
Recently, a range of DNA-based markers have tionship. Secondly, the overall level of polymorphism
been employed for the study of plant diversity (New- amongst accessions is generally estimated from the
bury & Ford-Lloyd, 1997) and each method has its following statistics: mean heterozygosity (Hav), the
own benefits and constraints. This applies to rice, sum of effective number of alleles (SENA), and aver-
where the infraspecifi©. sativagroups can now be  age gene diversity. Thirdly, where a set of accessions
identified using RAPD (Virk et al., 1995), as well can be further subdivided into small groups on a pre-
as other molecular marker strategies including RFLP determined criterion, analysis of molecular variance
(Wang & Tanksley, 1989; Zhang et al., 1992; Zheng et (AMOVA) is used to test and quantify between and
al., 1994), ISSR (Parsons et al., 1997; Zietkiewicz; et within group variation.
al., 1994), AFLP (Vos et al., 1994; Zhu et al., 1998) Given that in rice there is now a biologically
and microsatellites (Wu & Tanksley, 1993). RFLP- meaningful, robust infraspecific classification which is
based markers are often considered more reliable thanderived using a range of independent criteria, namely
those based on the use of arbitrary PCR primers. crossability, morphological and isozyme data, this
For example, RAPD is often criticised for unreliab- provides a sound base with which comparisons of mo-
ility, particularly in terms of lack of reproducibility  lecular techniques applied to the above assessments
and transferability. Additionally, with fingerprinting can be made. Similar studies have previously often
strategies such as RAPD and AFLP, reliability could focused on the practical issues of choosing marker
be affected by a lack of allelism between co-migrating types (cost, technical and safety issues etc). Very little
bands since no information on sequence homology attention has been given to experimental comparison
or marker inheritance is available. However, valu- of estimates of genetic variation and diversity. Where
able studies such as those of Rouppe van der Voortthey have, such investigations have suffered from an
et al. (1997) have indicated that the vast majority important fundamental limitation: the estimates made
of co-migrating AFLP markers from different potato have been based upon a variable humber of marker
genotypes represent alleles at the same locus. This wadoci and hence their efficiency could not be the same
shown localizing 89% of the markers to similar map (Lu et al., 1996; Milbourne et al., 1997; Powell et al.,
locations. Where markers did not appear to map to 1996; Russell et al., 1997). This in turn has made their
similar locations, close re-examination of the autora- comparison biased towards those estimates which are
diograms showed subtle mobility differences for half computed from greater numbers of markers.
of the apparently non-allelic markers (presumably due In this paper we have set out to determine the
to differences in base composition of amplified frag- relative effectiveness of very similar numbers of mark-
ments). The authors suggest that at least some of theers generated from four different molecular marker
other apparently non-allelic markers may be explained systems for the identification of, and discrimination
by structural chromosome differences between potato between, three of the infraspecific groupsofsativa
genotypes. Similar conclusions are drawn for rice by drawn from a wide range of rice diversity. Addi-
Nandi et al. (1997). tionally, we have assessed their ability to reveal ‘ge-
netic diversity’ within the group of accessions under
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consideration, and discuss their relative values for RAPD
germplasm conservation management. This has been
undertaken in the context of the need for effective pna was extracted from 20 mg fresh leaf mater-
infraspecific taxonomic identification in the work of 5| taken from 10 randomly selected 2-3 week old
gene banks, with particular reference to the collection seedlings (Virk et al., 1995). For the RAPD analysis,
of more.than 194,000 germplasm samples held in the (e total reaction volume was 28 containing 5 ng
International Rice Genebank at IRRI. DNA, 200 uM of each dNTP, 0.4uM decanucleotide
primer, 1 UTaq polymerase, 2.25 mM Mggland
1 x PCR buffer. The amplification was performedin a
Materials and methods thermocycler (Hybaid-Omnigene) programmed as fol-
lows: cycle 1, 2 min at 98C; cycles 2-3, 30 sec at
Forty two accessions previously characterised as 95°C, 1 min at 37C and 2 min at 72C; cycles 4-5,
groups I, Il and VI, were obtained from the Interna- 30 sec at 94C, 1 min at 37°C and 2 min at 72C;
tional Rice Genebank at IRRI. Four molecular marker cycles 6-46, 30 sec at €, 1 min at 35°C and 2
strategies were employed in order to give, in each min at 72°C; cycle 47, 5 min at 72C. Tenul of the
case approximately the same number of markers (37—amplified products were subjected to electrophoresis
41), namely isozymes (37), AFLP (41), RAPD (40) on a 1.4% agarose gel castin 1X TBE and runin 0.5X
and ISSR (inter-simple sequence repeat, 38), and theTBE at 200 V for 2.5-3.0 h. The electronic image of

details for each technique were as follows. the ethidium bromide-stained gel was captured using
a Flowgen IS500 Imaging System and the bands were
Isozymes scored from the image displayed on the monitor. Four

Operon primers used in the RAPD analysis were C-03,
Ten coleoptiles were used for enzyme extraction and C-08, C-10 and C-14. All the reactions were repeated
the isozyme variation was surveyed using 22 loci fol- at least twice to monitor the reproducibility of banding
lowing Glaszmann et al. (1988) namebnp-1, Est-5, patterns.
Got-1, Got-3, Mdh-1, Mdh-2, Mdh-3, Pgi-1, Pgi-2,
Amp-1, Amp-2, Amp-3, Amp-4, Sdh-1, lcd-1, Cat-1,
Est-1, Est-2, Est-9, Adh-1, PgdahdPgd-2 ISSR

AFLP Five primers representing five repeats of trinuc-
leotides, anchored at’ 2nd by dinucleotides were
DNA was isolated from leaf samples pooled from 10 synthesized (Alta Bioscience, University of Birming-
seedlings (Virk et al., 1995; Garland et al., 1999) ham). Their sequence was as follows, (AAGY,
following a modified version of CTAB method of Mur-  (AAG)sTG, (AGCEGG, (AGC)EGA and (GGC3TA.
ray & Thomson (1980). The AFLP procedure was The DNA template used for ISSR-PCR was the same
modified from Vos et al. (1995). The genomic DNA  as that used for RAPD analysis (above). The PCR
was double digested witPst | and Mse | restric- reaction mix was also essentially similar to that of
tion enzymesPst| and Mse| adapters were ligated RAPD analysis with minor modifications (Parsons et
to the restricted fragments. The sequence complexity gl., 1997). The primer concentration and annealing
of the mixture was reduced by selecting biotinylated temperature in the thermal profile varied from primer
DNA fragments using streptavidin coated beads. Non- to primer and are given below:
selective amplification of the fragments was achieved

by using the following primer combination: GAT-  Primer Concentration ~ Annealing
GAGTCCTGAGTAA (M-00) and AGACTGCGTA- temperature®C)
CATGCAG (P-00). Selective amplification was per-

formed using M-00+AG and P-00+GAT (end labelled (AAG)sGC  0.8uM 39°C

with 33P-y ATP) primers. The amplification conditions ~ (AAG)sTG  0.8uM 39°C

and thermal profiles are described in detail elsewhere (AGC)sGG 0.8uM 52°C

(Zhu et al., 1998). The amplified products were separ- (AGC)sGA  0.4uM 52°C

ated on a 5% polyacrylamide gel containing 7 M urea

and visualised by autoradiography. (GGCETA  0.4uM 59°C
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Figure 1. Dendrograms resulting from Cluster Analyses using the Simple Matching Coefficient and UPGMA: 1a — isozymes; 1b — RAPD; 1c
—ISSR; 1d — AFLP.
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Table 1. Comparisons of similarity matrices derived
from different data sets using the Mantel test. Values

. are given for r, the product-moment correlation. Values
For RAPD, ISSR and AFLP, amplification products greater than 0.5 are statistically significant at the 1%

were scored as present (1) or absent (0). This was level
also the case for isozyme loci since virtually all the

Data analysis

material studied was homozygous. Indices of similar- RAPD AFLP ISSR
ity were calculated using simple matching coefficient AFLP 0.77

to estimate relationships between accessions. The un- ISSR 0.22 0.42

weighted pair-group method with arithmetic means ISO 0.57 0.72 0.46

(UPGMA) was used for clustering to produce dendro-
grams. Computation was performed using NTSYS-pc
(Ronhlf, 1992). This procedure was undertaken separ-
ately for each of RAPD, ISSR, AFLP and isozyme

data. o Dendrograms resulting from cluster analysis of
The Mantel test of significance (Mantel, 1967) was isozyme, RAPD, ISSR and AFLP data obtained from
used to compare each pair of similarity matrices pro- 45 accessions of rice are presented in Figure 1. The
duced above. In addition, for each similarity matrix apalysis of the isozyme data, which includes data from
produced, the average similarity was calculated for i which are commonly used to reflect the group
all pairwise comparisons within each of the three in- gt cture iro. sativa(Glaszmann, 1987) shows a clear
fraspecific groups, and for all pairwise comparisons separation of the accessions into the three groups,
between groups. The similarity coefficients follow the \yith the greatest separation of groups one and two
rule of binomial proportions (Ellis et al., 1997) and in  fom group six (Figure 1a). In several cases however,

order to perform a standard analysis of variance and e qata fail to separate accessions within some small
comparison of groups and marker types the data Were groyps.

transformed according to arcsifi(percentage) (Steel The analyses of RAPD, ISSR and AFLP data all

& Torrie, 1981). Student’s t test was performed in or- 510y discrimination between all 42 accessions. Com-

dertp determine the level ofsignifjcance of differences pared to the isozyme analysis (Figure 1a), the RAPD
obtained. Also, the rank correlations were calculated analysis (Figure 1b) leads to the displacement of a

using similarity coefficient comparisons of accessions single group | accession (Acc 36). A second group
within and among groups. _ Il accession (Acc 37) appears to be only distantly re-

Analysis of molecular variance (AMOVA: EX-  |ated to the remaining group Il accessions. As with the
coffier et al., 1992) was undertaken (using Arle- jsozyme classification, the RAPD analysis reveals a

quin) to determine the way that variation was parti- ¢joser similarity between groups | and Il compared to
tioned within and among groups by each molecular group VI.

marker system, and the significance of the differences Analysis of the ISSR data (Figure 1c) misplaces
between the methods was determined ushigquare. one group | accession (Acc 38) compared to the
The same software package was used to calculate thegozyme classification, but otherwise the accessions
average expected heterozygosityfHithe sum ofthe 516 once again separated into the same three groups.
expected number of alleles (SENA) and the average However, in contrast to the other classifications, the
gene diversity (Nei, 1987) for each of the molecular |gsRr analysis indicates that group Il accessions are
marker data sets. more similar to group VI than to group 1.
The AFLP data analysis (Figure 1d) is identical to

the isozyme analysis in terms of assignment of ac-
Results cessions to groups, as well as revealing the closer

association between accessions of groups | and I
Seven isozyme loci namelignp-1, Est-5, Got-1, Got-  compared to VI.
3, Mdh-1, Mdh-2and Mdh-3 showed no variation, The comparisons made so far have centred upon
while the remaining 15 lociRgi-1, Pgi-2 Amp-1, the ability of marker types to provide classification
Amp-2, Amp-3, Amp-4, Sdh-1, Icd-1, Cat-1, Est-1, intothree groups. However, at higher levels of similar-
Est-2, Est-9, Adh-1, Pgd-&nd Pgd-2 revealed 37 ity there is much less agreement among data sets when
alleles among 42 accessions. visual comparisons are made. For instance, while
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Table 2. Significance of rank correlations calculated on Table 3. Average similarities (%) (top figure) calculated using the
pairwise similarities (simple matching coefficient) within simple matching coefficient and arcsifipercentage transformed
and between crossability groups data (lower figure)
AFLP ISO ISSR Group Isozyme RAPD ISSR AFLP
Within group | | 80.5 77.3 70.3 83.7
RAPD NS NS NS 645+ 0.6 61.7204 57.2+-04 66.5+0.4
AFLP NS  * 1l 90.3 80.0 72.7 86.4
ISO NS 73.3+1.0 63.9+0.8 58.8+0.7 68.9+0.7
Within group I Vi 83.3 74.1 79.6 79.9
RAPD * * NS 66.7+0.7 59.7+20.5 63.9+0.7 64.1+0.7
AFLP NS NS 1 &Il 65.8 72.4 54.5 66.4
ISO NS 543+ 04 584+0.3 47.6:03 54.7+0.2
Within group VI 1& VI 58.1 55.5 62.3 49.3
RAPD * NS * 49.84+£ 0.4 48.2+0.3 52.2+0.3 44.6+£0.2
AFLP NS  * & VI 58.9 54.9 65.0 47.2
1ISO * 50.3+£ 0.4 47.9+0.4 53.8+£0.3 43.4+0.3
Between groups | & I I, &Vl 60.7 60.4 60.7 53.9
RAPD NS NS NS 51.3+£0.2 51.2+0.3 51.3£0.2 47.3+0.2
AFLP NS NS Overall 68.1 65.7 65.1 63.3
ISO NS 56.4+£ 0.3 545+0.3 54.1+£0.2 53.4+04
Between groups | & VI
RAPD * NS NS
AFLP NS NS
ISO NS
Between groups Il & VI ISSR data show a non-significant@.5) correlation
RAPD * NS NS with RAPD, AFLP and isozyme data.
AFLP NS NS A further assessment of relationships at high levels
ISO * of similarity was made by calculating the rank correl-
Between groups I, Il & VI ations of similarity coefficients of pairwise comparis-
RAPD * * * ons within each of the three groups, and then among
AFLP * * members of the different groups (Table 2). If an as-
ISO * sessment is made from Table 2 of rank from all of
e , _ . - thg 42 possible compariso_ns_ of techniques and groups
Significant difference in rank; NS — not significant. (within and among), then it is found that 16 are sig-

nificantly different. More specifically, the rank orders

using both AFLP and RAPD are significantly different
accession 37 is the most atypical group Il accession ac-in 9 cases, 8 cases for ISSR and 6 for isozymes. Fur-
cording to both AFLP and RAPD, with ISSR itis more ther, RAPD and AFLP rank orders differ significantly
than 90% similar to accession 35, and with isozymes in 5 cases, whereas AFLP and isozymes only differ
it is indistinguishable from two other accessions. significantly in 1 case.

A more objective comparison of patterns of sim- The overall average similarity was calculated us-
ilarity generated using the different data sets was ing the similarity matrix for each data set, together
provided by the use of the Mantel test to compare with that for each of the groups, and all pairwise
each pair of similarity matrices derived from the data comparisons between each pair of groups. The res-
sets. The test gives an indication of how any pair of ults are shown in Table 3. An analysis of variance
similarity matrices correspond to each other in terms (data not shown) of the arcsigypercentage trans-
of the order of their individual elements. The product- formed similarity coefficient data (Table 3) showed
moment correlations (Mantel, 1967) are given for each that most marker types and isozyme groups differed
comparison in Table 1. From this analysis it can be among themselves, and their interaction was also stat-
seen that the AFLP and RAPD data have a very close istically significant. Sixteen accessions belonging to
relationship, and to a lesser extent (but still signific- isozyme group | showed the maximum diversity (Sl
ant) the AFLP and RAPD with the isozyme data. The = 77.96%) while 11 group Il accessions revealed the
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Table 4. Partitioning of variance within and between cross-
ability groups derived from the Analysis of Molecular
Variance (AMOVA), for data derived from different markers

RAPD AFLP ISO ISSR
Percent variance:
among 41.66 63.32 59.67 34.53
within 58.34 36.68 40.33 65.47
Total variance: 7.93 9.47 7.32 7.47

Table 5. Polymorphism revealed in the four data sets, using
average heterozygosity f) and effective number of alleles
(SENA)

Polymorphism Isozymes RAPD ISSR AFLP

0.31(0.18) 0.33(0.13) 0.34 (0.16) 0.36 (0.15)
20.00 22.33 22.52 25.82

Hay
SENA

minimum diversity (SI = 82.38%). In general, ISSR
marker types unveiled the maximum molecular vari-
ation (S| = 74.28%) while on the other hand isozyme
and AFLP marker types fared worse for diversity es-
timates (S| = 83.49 and 82.83 respectively). It is also
noteworthy that RAPD markers revealed maximum
molecular variation among japonica types while the
overall trend favours ISSR (Table 3).

The analysis of molecular variation (AMOVA) re-
vealed apparent differences in the partitioning of the
variation within and among groups accomplished by
the different marker systems (Table 4). However, a chi

square analysis revealed the effects of the large vari-

(Table 6). The results presented show that there are
generally no differences among marker types. This
is particularly the case with gene diversity where the

standard deviations are particularly large.

Discussion

In this study, we have focused upon the relative effi-
ciencies with which marker data sets, produced using
four different techniques, can be used to define genetic
relationships within a very diverse set of 42 acces-
sions ofOryza sativa Other workers have compared
the effectiveness of different marker systems for re-
vealing patterns of relationships with varying results.
A study on winter wheat cultivars could not reveal
a common pattern of relationships using three dif-
ferent marker systems (Bohn et al., 1999); similar
patterns of relationships were revealed by three out
of four marker systems when applied to maize inbred
lines (Pejic et al., 1998); in barley, classification pat-
terns were similar when using RFLP and AFLP but
not SSR (Russell et al., 1997); for soybean genetic
relationships were similar when using four different
marker systems, but only when including both wild
and cultivated germplasm, and not when restricting
the study to cultivated only (Powell et al., 1996). In
our study, we have found that each of the marker tech-
nigues tested can more or less effectively discriminate
between the accepted intraspecific sativagroups.
This is clear from the dendrograms resulting from the
cluster analyses, and the subsequent similarity matrix
comparisons. There are however, differences between
the marker techniques in terms of classification. AFLP

ances involved, and critically demonstrated that the and isozyme markers classify all accessions accord-

apparent differences were in fact not significant.
The mean expected heterozygosity¢ and the
sum of effective number of alleles (SENA) as estim-

ing to their original designation, but ISSR and RAPD
‘misclassify’ either one or two accessions respectively.
With the exception of ISSR each marker technique

ates of polymorphism were calculated for each data is able to illustrate the generally accepted situation
set (Table 5) together with the average gene diversity (Glaszmann, 1987) that groups | and Il are more

Table 6. Average gene diversity (Nei) calculated for each crossab-
ility group using different molecular markers (standard deviation
in brackets)

Group RAPD AFLP ISO ISSR

| 0.23(0.12) 0.16(0.09) 0.19(0.11) 0.30(0.16)
[ 0.20(0.11) 0.14(0.08) 0.10(0.06) 0.27 (0.15)
v 0.26 (0.14) 0.20(0.11) 0.17(0.09) 0.20(0.11)

closely related to each other than they are to group
VI. This probably accounts for the fact that the Man-
tel test indicates a lower correlation between the ISSR
and each of the other markers. The seemingly anomal-
ous ISSR classification of groups has been identified
previously (Parsons et al., 1997), and is related to
an increased number of centromeric markers which
heavily influence the classification.

At the highest levels of similarity, there is only
partial agreement with regard to the relationships of
accessions defined by the different markers. This lack
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of agreement is emphasised when the rank correla-sions about some of the pairwise relationships. Other
tions are examined and raises a note of caution in than the fact that isozymes are least able to discrimin-
terms of some of the possible applications of marker ate all accessions, it would not be possible to say that
technology, particularly with regard to identification one technique or other is more effective in this respect.
of duplicate or very similar accessions. A specific caution must be, not in the reliance on one
The second approach to the discrimination marker technique or other, butin drawing conclusions
between groups by the different markers involved the about how the variation in the system is partitioned us-
calculation of average genetic similarity (Powell etal., ing AMOVA, and whether apparent differences are, or
1996; Bowcock et al., 1994). High levels of average are not significant. While from our study it is possible
similarity within groups, and lower averages whentwo to draw conclusions about the effectiveness of differ-
groups are combined can give an idea of the marker’s ent marker systems for analysing diversity and genetic
ability to discriminate between groups. This discrim- relationships in rice, it would not be appropriate to
ination was most effective with isozymes and AFLPs, extrapolate directly to other crops.
with AFLPs being most effective at discriminating alll
groups. However, while RAPD might appear least
effective in this discrimination, this is primarily due
to RAPD revealing a fairly high level of similarity
between groups | and Il. This result is not surprising in

that groups | and Il are genera"y thought to be closely Bohn, M., H.F. Utz & A.E. Melchinger, 1999. Genetic similarities
related among winter wheat cultivars determined on the basis of RFLPs,

. . L AFLPs and SSRs and their use for predicting progeny variance.
The patrtitioning of the variance among and within Crop Sci 39: 228-237.

the three crossa_bility groups using AMOVA gave the Bowpock, AM, A R'uiz-Linares, J. To'mfohrde, E Minch, J.R.

indication that for AFLP and isozyme data there was ~ Kidd & L.L. Cavalli-Sforza, 1994. High resolution of human
. L evolutionary trees with polymorphic microsatellites. Nature 368:

greater variation among than within groups, and that 455 457,

the reverse was true for both RAPD and ISSR data. chang, T.T., 1976. The origin, evolution, cultivation, dissemina-

This situation supports the previous conclusion that tion, and diversification of Asian and African rices. Euphytica
; T : . 25:425-441.

AFL.P and isozymes are both more eﬁI.CIent at dIS.CI'II”r.] Ellis, R.P., J.W. McNicol, E. Baird, A. Booth, P. Lawrence, B.

inating between groups. However, this conclusion is  Thomas & W. Powell, 1997. The use of AFLPs to examine

tenuous given that the differences in the partitioning  genetic relatedness in barley. Mol Breed 3: 359-369.

of the variance were found not to be significant. Excoffier, L., P. Smouse & J. Quattro, 1992. Analysis of molecular

. . _ variance inferred from metric distances among DNA haplo-
Given that the measurement of polymorphism us types: Application to human mitochondrial DNA restriction data.

ing the average heterozygosity and sum of effective  Genetics 131: 479-491.
number of alleles indicates there is essentially no dif- Garland, S.H., L. Lewin, M. Abedinia, R. Henry & A. Blakeney,
ference between the marker techniques used, what 1999. The use of microsatellite polymorphisms for the identi-

. oy fication of Australian breeding lines of ric©(fyza satival.).
overall conclusions can be drawn from the different Euphytica 108: 53-63
comparisons of the marker techniques used to study Glaszmann, J.C., 1987. Isozymes and classification of ancient rice
molecular variation in rice? Clearly, estimates of di- varieties. Theor Appl Genet 74: 21-30. o
versity based upon allele frequencies can be ObtainedGIaszmann, J.C., 1988. Geographic patterns of variation among an-

ith ble d f fid . f cient native cultivars@ryza sativa..) based on 15 isozyme loci.
with a reasonaple degree o1 confiaence using any o Genome 30: 782-792.

the techniques applied. Discrimination of groups at Jackson, M.T., J.L. Pham, H.J. Newbury, B.V. Ford-Lloyd & P.S.
the subspecific level using cluster analysis can also  Virk, 1998. A core collection of rice: needs, opportunities, and
; ; ; ; _ constraints. Symposium on Core Collections, Annual Meeting of
b.e achieved quite effe_ctlvely_ with any Of.the tech the Crop Science Society of America, October 1998.
niques, but more eﬁeCt'Ve_ly with AFLP and_ IS0zymes. Kato, S., H. Kosaka & S. Hara, 1928. On the affinity of rice varieties
There needs to be caution over the choice of tech-  as shown by the fertility of rice plants. Centr Agric Inst. Kyushu
nique in determining the relationships between these Imp Univ 2: 241-276. , , _ _
groups using cluster analysis however; RAPD, AFLP thg?g)G?zg_]éQgQZS Breaking the yield frontier of rice. Geojournal
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tionships between groups, but ISSR does not. Also, at  1996. Comparative analysis of genetic diversity in pea assessed
the highest levels of similarity, relationships between tl’llloi':'l-lplimd PCR based methods. Theor Appl Genet 93(7):
individual accessions vary depending on the technique N

X g A X Mantel, N.A., 1967. The detection of disease clustering and a
used, and further caution is needed in drawing conclu-  generalized regression approach. Cancer Res 27: 209-220.
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