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Rapid and reliable identification of rice genomes
by RFLP analysis of PCR-amplified Adh genes

Song Ge, Tao Sang, Bao-rong Lu, and De-yuan Hong

Abstract: The rice genus@ryzal.) consists of 24 species with 10 recognized genome types. With the realization of
many useful genes in species of wild rice, continuous efforts have been made to understand their genomic composition
and relationships. However, the identification of rice genomes has often been difficult owing to complex morphological
variation and formation of allotetraploids. Here we propose a rapid and reliable method for identifying rice genomes
based on the restriction sites of PCR-amplifiddh genes. The experimental procedure was as folloWsaraplify a

portion of Adhland Adh2 genes with the locus-specific PCR primers) ¢ligest PCR products with restriction en

zymes that distinguish different genomes; aiid) fun the digested products on 1.4% agarose gel, and photograph.

Using various combinations of restriction digestion of the tiah genes, all of the rice genomes can be identified.

Key words Adh gene, genome, identificatio@ryzal., PCR-RFLP.

Résumé: Le riz appartient au genr®ryzal., lequel comprend 24 espéces et 10 types génomiques reconnus. Etant
donné I'existence de nombreux génes utiles au sein d’espéces sauvages de riz, des travaux ont été realisés d'une facon
soutenue en vue d’acquérir une meilleure compréhension de la composition génomique de ces divers riz et des rela-
tions entre ceux-ci. Cependant l'identification des génomes du riz s’avere souvent difficile en raison d’une variation
morphologique complexe et de la formation d’allotétraploides. Les auteurs proposent ici une méthode rapide et fiable
pour identifier les génomes du riz en s’appuyant sur I'analyse des sites de restriction présents dans des amplicons issus
des génefdh La procédure expérimentale est la suivanté aMmplifier un segment des génésihl et Adh2a l'aide

d’amorces spécifiques de chaque locug); digérer les amplicons avec des enzymes de restriction qui permettent de
distinguer les différents génomesdii X séparer les produits de digestion sur un gel d’agarose 1,4 % et photographier. En
utilisant diverses combinaisons d’enzymes de restriction sur les deux géihesous les génomes du riz peuvent étre
identifiés.

Mots clés: geneAdh, génome, identificationQryzal., PCR—RFLP.

[Traduit par la Rédaction]

Introduction population (Lu et al. 2000). With the realization of the-po
tential agricultural value of the wild rice species, continuous
efforts have been made to understand the genomic composi
tion and evolutionary relationships within the gendsyza
(Nayar 1973; Jena and Kochert 1991; Cordesse et al. 1992;
Sarkar and Raina 1992; Wang et al. 1992; Aggarwal et al.
1997; Mclintyre and Winberg 1998; Ge et al. 1999). Based
on classical genomic analyses using cytogenetic methods
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The genusOryzal. consists of 2 cultivated and apprexi
mately 22 wild species. The Asian cultivated rice
(O. satival.) is an economically important world crop that
provides staple food for more than one half of the global

10 genome types (A, B, BC, C, CD, E, F, G, HJ, and HK)
on November 7, 2001. were recognized for theDryza species (Vaughan 1994;
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quences (Zhao et al. 1989; De Kochko et al. 1991; Reddy e®ryza species were deposited in the GenBank database under
al. 1993), DNA spacer fragments (Cordesse et al. 1992), andccession numbers AF148568—-AF148635. To establish a system to
seed-protein profile (Sarkar and Raina 1992). Recently, totdfentify all of the rice genomes, we have surveyed the restriction
genomic DNA hybridization and dot hybridization have alsoSites of the twoAdh genes extensively using DNA Strider 1.2
been used to identify rice genomes (Aggarwal et al 1997(Marck 1988). The enzymes that had restriction sites conserved

Mclintyre and Winberg 1998). These methods either failed tognmtoggnz‘r)neecée\fvg\r'ghéﬂoigr'lvfor} %anS;n:ni?fsg:nable among differ

identify the genomes unambiguously or involved relatively = 10 to 5L of PCR products were digested in a iD-reaction
complex experimental procedures. Here we describe a quiCiontaining 2 U of restriction enzymes. Digested PCR products
and reliable method to identify rice genomes, i.e., the rewere electrophoresed on 1.4% TBE agarose gels. The gels were
striction fragment length polymorphism (RFLP) analysis of stained with ethidium bromide, visualized, and photographed under
PCR-amplifiedAdh genes. UV light.

RFLP analysis of PCR-amplified chloroplast DNA
(cpDNA) regions has been used to identify seed parents angesults
estimate phylogenetic relationships in many plant groups
(Arnold et al. 1991; Liston 1992; Badenes and Parfitt 1995 Amplification and characteristics of the target regions
Isshiki et al. 1998). However, the RFLP analysis of PCR-of two Adh genes
amplified nuclear DNA regions has not been widely utilized. Using the specific primers, we amplified a single fragment
According to the phylogenetic study of the rice genus (Ge efor all the species, ranging from 1.8 to 2.0 kb in length for
al. 1999), the amount of sequence variation inAuthgenes  Adhland from 1.8 to 2.4 kb in length fokdh2 This region
seems to be sufficient to allow the development of RFLPspans from intron 2 to 7, and contains five exons and six
markers for the identification of the rice genomes. The pri introns (Fig. 1). In comparison tddhl, Adh2shows length
mary goal of this study, therefore, is to develop an approackariation among rice genomes. Longer length in feh2
of RFLP analysis of low-copy nuclear genes to identify theregion of the F genome (Fig.cRis due to a large insertion
rice genomes quickly and reliably. This would greatly facili in intron 3.
tate the identification of collected wild rice germplasm, and

potentially be applied to effective germplasm collection andstrategy for determining genome-specific sites

identification of other crops. In our phylogenetic analysis, we have verified nine known

genomes and designated a new genome type (HK) (Ge et al.

1999). The allotetraploid species had two distinct types of

sequences corresponding to their respective diploid parents.

Plant materials For instance, two types of sequences of the BBCC species
All of the Oryzaspecies representing the 10 rice genomes werdorm clades with diploid species of the B and C genomes,

sampled for this study. These species are listed in Table 1 wittiespectively. Consequently, for bo&dhland Adh2loci, all

their respective accession numbers, genome constitutions, aref the sequences oOryza species formed monophyletic

origins. Plants were grown from seeds provided by the Internagroups according to their genome types.

tional Rice R_esearch Institute_(IRR_I) in the Philippi_nes except for  Using DNA Strider, we surveyed 170 enzymes for the re

0. SChIeChtem which was prOVIded in the form of dried leaves by Stnc“on Sltes Of the twwdh genes OfOryza Spec|es Of

Materials and methods

IRRI. them, 40 enzymes (25 fohdhl and 24 forAdh2 showed

) o - one to three restriction sites which were conserved across
DNA extraction and amplification of specific Adh species with the same genome types but variable among
regions different genome types. Finally, 19 enzymes have at least

DNA was isolated from fresh or silica-gel-dried leaf material us 5e restriction site that was unique to between one and three

ing the method of Doyle and Doyle (1987). Regions including the ;
Adhl and Adh2 genes were amplified using a universal forward genomes, and thus were chosen for subsequent RFLP analysis.

primer AdhF1 (5CACACCGACGTCTACTTCTG-3, and specific . .

reverse primers, AdhlbR '(BCAGCAAGTACCTAAATTATC-3)  ldentification of rice genomes

for Adhland Adh2RR (5CCACCGTTGGTCATCTCAAT-3 for A total of 22 combinations of the twédh genes and the
Adh2 respectively. The PCRs were carried out on a PTC-200 sys19 enzymes can be used to identify rice genomes (Table 2).
tem (MJ Research Inc., Watertown, Mass.), and included the folThe patterns of restriction fragments can be categorized into
lowing cycles: (1) 70°C for 4 min; (2—-4) 94°C for 1 min, 56°C for two types. The first type involved the combinations that have
30 s, and 72°C for 1.5 min; (5-34) 94°C for 20 s, 55°C for 20 s,no cutting site for the target genome(s), but at least one cut
é}ng 72:9 f0f22i5|_ml_n§t(35) 72:9‘ for 1100m|r,:/.| _Flf?a?_t"colnf \AHlez;ez;:ar ting site for the other genomes (Nos. 1, 12, 19, and 21 in
ried outin a mixture containing U mii 1rs- PF S.2). Table 2). For example, enzyne¢hl11l has no cutting site in
1.5 mM MgCh; 0.2 mM each of dATP, dCTP, dGTP, and dTTP; Adhlin the A genome but one or two cutting sites in the

0.2uM of random primer; 20 ng of genomic DNA; and 1.0 U of . . .

Taq polymerase. The PCR products were examined with 1o4€maining genomes, resulting in only one band for the A

agarose gel in TBE buffer. genome species and two or three bands for the others (No. 1
in Table 2).

Selection of restriction enzymes The second type included most of the combinations that
In our previous phylogenetic study, we have sequenced a portioR@ve at least one cutting site in the target genome but no site
of the transcribed regions of two nuclear gendsli{landAdhg ~ In the remaining genomes. Of those, 10 combinations
and one chloroplast genenétK) for all of the rice species (Ge et (Nos. 4-6, 10, 13, 14, 16, 17, 20, 22) were specific to a sin
al. 1999). The sequences of the twalh genes for all of the 23 gle genome, 6 were specific to two genomes (Nos. 2, 3, 7, 8,
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Table 1. List of species studied, their genomic constitution, accession numbers, and origins.

Species Genome Accession No. Locality
O. barthii AA 104140 Cameroon
O. glaberrima AA 104042 Chad

O. glumaepatula AA 100968 Suriname
O. longistaminata AA 104977 Kenya

O. meridionalis AA 103317 Australia
O. nivara AA 106148 Laos

O. rufipogon AA 105942 Thailand
O. sativa AA Au73030 China

O. punctata BB 104017 Cameroon
0. officinalis CcC 105085 Philippines
O. rhizomatis CcC 105448 Sri Lanka
O. eichingeri CcC 101422 Uganda

O. punctata BBCC 104059 Nigeria

O. minuta BBCC 101082 Philippines
0. alta CCDD 105143 Guyana

0. grandiglumis CCDD 105669 Brazil

O. latifolia CCDD 105141 Costa Rica
O. australiensis EE 105263 Australia
O. brachyantha FF 105151 Sierra Leone
O. ridleyi HHJJ 100877 Malaysia
O. longiglumis HHJJ 105148 Indonesia
O. schlechteri HHKK 82047 Papua New Guinea
O. granulata GG 106469 Vietnam

O. meyeriana GG 104987 Malaysia

11, 15), and 1 was specific to three genomes (No. 9). Irdentification of the genome constitution of tetraploid
most cases where the cutting sites were shared by two @pecies
three genomes, there were basically different restriction Of 10 genomes in the genudryza 4 originated from
profiles for different genomes. For example, although therdetraploid species. An allotetraploid genome should display
was one cutting site in both the A and the F genomes in theestriction patterns of both the diploid genomes that it con-
Adh2+ Sadl combination (No. 2), the two genomes can be tains. Using the combinations in Table 2, tetraploid genomes
easily distinguished from each other by their restriction patcan be distinguished from the closely related diploid
terns. The two bands of the A genome species are 0.82 argenomes, such as B vs. BC (Fign)zand C vs. BC and CD
0.89 kb, whereas the F genome has two bands of 0.83 ar(fig. 2c).
1.53 kb (Fig. a).

According to the combinations listed in Table 2, we could : -
identify each of 10 genomes unambiguously by one of theDISCUSSIOI'I
combinations ofAdh genes and restriction enzymes. To Although the potential use of wild relatives of crop spe
make the identification more practical, we have chosen sixies in plant breeding has been widely appreciated (Tanksley
enzymes that are less expensive and relatively easier-to oand McCouch 1997), the management of the germplasm col
tain. The cutting sites of these enzymes and their approxilections has been difficult because of their sizes and the
mate positions in thédh genes are illustrated in Fig. 1. By problems related to the accurate identification of collected
digesting either of theAdh genes with these enzymes, we materials. Therefore, accurate determination of rice
obtained six combinations (bold faced in Table 2) by whichgermplasm is essential for effective conservation and effi
all of the rice genomes can be easily identified. As shown ircient utilization of genetic resources in the rice gene pool.
Fig. 1, the A and F genomes could be identified by Auh2 For various reasons, the initial designation or field deter
+ Sadl combination, with both of them having two bands mination of rice germplasm accessions stored in gene banks
with different profiles (Fig. 2). CombinationsAdhl+ Sadl, may not always be reliable (Transue et al. 1994; Virk et al.
Adh2+ EcaNl, and Adh1+ Banll identified the B, C, and G  1995). For the genu®ryza there is a large germplasm eol
genomes, respectively, (Fig.b22d). The D(E) and HJ lection (about 100 000 accessions stored at the International
genomes could be identified with the combinatidadhl +  Rice Geneback (IRRI) alone). However, the identification of
Aflll by their different restriction profiles (Fig. €. The rice germplasm is problematic (Virk et al. 1995). In the eom
Adh2 + BsEll combination showed four bands for the HK prehensive study by Wang et al. (1992) on the phylogenetic
genome but one or two bands for the remaining genomeeelationships of 210ryzaspecies using nuclear RFLPs, they
(Fig. 2Z). This identification system worked well for all the found that 12 out of 93 accessions tested were not correctly
species we tested. identified, including species with the A, C, BC, and CD
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Fig. 1. Maps of restriction sites oAdh genes for the five enzymes. The genome(s) with a given restriction site are in parentheses. The
minus sign before the genome letter indicates a genome without a given restriction site that occurs in other genomes. The cutting sites
for Adhlare above the gene, and the sites Aath2 are below the gene. Arrows indicate locations and directions of the PCR primers.
AdhF1 is a universal primer applied to bo#fftdhland Adh2 AdhlbR and Adh2RR are specific primers #Adhland Adh2 respee

tively. Note that some genomes may share identical restriction sites but have different restriction profiles because of length variation
(see Table 2).

Aflll Sacll Banll

AdhF1 (D, HJ) (B) (G)

-

— 2 3

AdhlbR

Sacll EcoNI Adh2RR
(AF) (C)
200bp BstEll BstEIl
(-A) (HK)

Fig. 2. Restriction profiles of the PCR amplification of ttfelh gene regions followed by digestion with restriction enzymep Adh2 +
Sadl; (b) Adhl+ Sadl; (c¢) Adh2+ EcoNl; (d) Adhl+ Banll; (e) Adhl+ Aflll; (f) Adh2+ BstEll. Types of genomes are labeled
above lanes. The species chosen to represent the genomes are as foll@vsufpogon B, O. punctata C, O. officinalis BC,

O. minutg CD, O. altg; E, O. australiensisF, O. brachyanthaG, O. granulata HJ, O. ridleyi; HK, O. schlechteriLane M is the
size marker, and sizes of the fragments (kb) are labeled at the side.
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genomes. Recent studies have also pointed out the misiden®. rufipogon The results suggest that a certain portion of
fication of Oryza species (Martin et al. 1997; Aggarwal et germplasm in gene banks is misidentified.

al. 1999). By using RAPD markers, for example, Martin et Approximately one third ofOryza species are tetraploids
al. (1997) showed that five accessions determined awith different genome constitutions (Khush 1997; Ge et al.
O. meridionalisand 4 out of 22 accessions designated asl999). Their taxonomy and identification are always eom
O. glumaepatula were misidentified and should be plex and confusing, in particular for those species with the
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Table 2. Combinations of twoAdh genes and restriction enzymes, and their utility in identify@yza genomes.

No. Combination Target genome and its identification Other genomes
1 Adhl+ Tthl1l1ll A, one band Two or three bands
2 Adh2 + Sadl A and F, two bands (0.80-0.82, 0.89-0.91 for A; 0.83, 1.53 for F) One band
3 Adhl+ Dral A and B, two bands (0.20-0.21, 1.68-1.69 for A; 0.22, 1.70 for B) One band
4  Adhl + Sadl B, two bands (0.66, 1.25) One band
5 Adhl+ Faul B, two bands (0.66, 1.25) One band
6 Adh2+ Hpal B, two bands (0.42, 1.26) One band
7 Adhl+ Eco01091 B and HJ, two bands (0.73, 1.19 for B; 0.25, 1.49 for HJ) One band
8 Adhl+ PpuMl B and HJ, two bands (0.73, 1.19 for B; 0.25, 1.48 for HJ) One band
9 Adh2+ EcoRl B, C, and G, two bands (0.19, 1.49 for B; 0.62-0.63, 1.06-1.07 for C; 0.17, 1.52 for G) b&nmk

10 Adh2 + EcoNI C, two bands (0.66, 1.04) One band

11  Adhl + Aflll D(E) and HJ, two bands (0.62—-0.69, 1.11-1.14 for D(E); 0.76, 1.04 for HJ) One band

12 Adhl+ Mmd D(E), one band Two or three bands

13 Adhl+ Sap F, two bands (0.63, 1.17) One band

14  Adhl+ HgiAl F, two bands (0.15, 1.65) One band

15 Adh2+ Swd F and HK, two bands (0.37, 1.99 for F; 0.21, 1.72 for HK) One band

16 Adhl + Banll G, two bands (0.56, 1.07) One band

17  Adhl+ Avrll G, two bands (0.37, 1.26) One band

18 Adh2+ BsBI G, one band Two bands

19 Adh2 +Pvul G and HK, one band Two or three bands

20 Adhl +EcoRl HJ, two bands (0.23, 1.57) One band

21  Adhl +Bstll HJ, one band Two or three bands

22  Adh2 + BstEll HK, four bands (0.34, 0.56, 0.79, 1.68) One or two bands

Note: Restriction sites of those combinations with bold face are shown in Fig. 1, and their restriction patterns are shown in Fig. 2. Numbers in
parentheses indicate the reference sizes (kb) of each band.

B, C, BC, and CD genome types (Vaughan 1989). For exprocedures, such as making radioactive probes, and require
ample,O. officinalis (CC) andO. minuta(BBCC) are often  strict control of experimental conditions, such as washing
misidentified with each other, the same being true for thestringency, to allow the results to be repeatable.
diploid O. punctata(BB) and the tetraploidO. punctata In this study, we identified restriction sites that are
(BBCC). The recent finding of a tetraploid form of specific to each genome by comparing sequences of all of
O. officinalis causes even more confusion in the identifica-the Oryzaspecies for eacAdhlocus. Once the identity of a
tion of these species complexes. Wang et al. (1992) foundample needs to be verified, a simple experimental proce-
that one accession with the original name@f officinalis  dure is designed to meet the need. It includes only three
(CC) was actuallyO. latifolia (CCDD). Aggarwal et al. steps: () amplifying a nuclear locus with the specific PCR
(1999) indicated that one accession identified asprimers; (i) digesting PCR products with restriction -en
O. malampuzhanensi@BCC) contained the CD genome, zymes that identify a given genome; anid)(running the di
and two accessions of diploi@. eichingeri(CC) were actu  gested products on an agarose gel and documenting
ally tetraploids with the BC genome. photographically. This technique has a few advantages. First,
Consequently, misidentification poses a serious problenit produces highly reproducible and predictive restriction
to the efficient utilization of the wild rice germplasm for profiles because the sequences of the target genes -are al
breeding and research material. In addition to the traditionateady known. Second, it is a rapid and inexpensive method
cytogenetic methods, recent molecular approaches have begwolving only PCR equipment and common restriction en
used for genome identification. Tandemly repeated sezymes. Finally, this technique does not involve complex ex
guences specific to the A genome have already been isolatgobrimental procedures such as Southern blot hybridization
in rice (Wu and Wu 1987; De Kochko et al. 1991). The sameand thus can be adopted in many laboratories with conven
is true of the C (Zhao et al. 1989; Reddy et al. 1993), E, andional equipment.
F genomes (Cordesse et al. 1992). Reddy et al. (1993) found It is worthwhile to note that the use of only one restriction
a tandemly repeated DNA sequence that was highly specifienzyme and one amplification is sufficient to identify the ge
for the C genome because it did not hybridize to any of thenome(s) of a sample in question. However, using more than
other genomes. This sequence, however, was absent froame combination (Table 2) will further confirm the identifi
some O. officinalis (CC) accessions and from the CCDD cation of this sample. We tested additional species of each
species, and can not be generally used to identify all € gegenome listed in Table 1 to verify the utility of this idertifi
nome species. Similarly, the rDNA units from the C genomecation system and found the genome identification accurate
have apparently been lost in the CCDD species (Cordesse &ir each species.
al. 1992). Recently, total genomic DNA hybridization and One problem that remains to be solved is to distinguish
dot hybridization have been used to identify rice genomedetween the D and E genomes. As shown in Table 2, these
(Aggarwal et al. 1997; Mcintyre and Winberg 1998). How two genomes have similar restriction sites in all of the
ever, both methods involve relatively complex experimentalcombinations. Therefore, we treated the D and E genomes as
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having an equivalent diagnostic value and put the E inU.S.A., (T.S.) and the Chinese Academy of Sciences
parentheses. Based on our previous phylogenetic studKz951-B1-102).
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