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Abst rac t  The level of polymorphism using genomic and 
cDNA probes with a number of restriction enzymes and 
the inheritance of the RFLP loci was investigated in E. nit- 
ens. The polymorphism detected with 366 genomic and 
cDNA probes and three to six restriction enzymes was an- 
alysed in three-generation outbred pedigrees. No differ- 
ence in the level of polymorphism detected with genomic 
versus cDNA probes was observed. There was a difference 
in the efficiency of detection of polymorphism with six dif- 
ferent restriction enzymes, with three of the enzymes 
(BglII, DraI and EcoRI) showing substantially more poly- 
morphism than the others. There was no significant corre- 
lation between the size of the DNA fragments generated 
by the enzymes and the detection of polymorphism. Sev- 
eral cases of restriction-site mutations resulting in a poly- 
morphism were observed. The inheritance of 69 loci was 
analysed in two pedigrees resulting from interpopulational 
crosses. The majority of the loci segregated according to 
expected ratios with distortion observed in only 3 % of loci. 
Probes from the cDNA library detected a greater propor- 
tion ofloci  with more than two alleles than did probes from 
the genomic library. The high polymorphism, large num- 
ber of alleles, and ease of interpretation of RFLPs in E. nit- 
ens means that they will be useful in a range of applica- 
tions such as genetic linkage maps and paternity analysis. 
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Introduction 

Eucalypts are an important source of timber and fibre for 
pulp and paper manufacture. As for other forest trees, long 
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generation times mean that gains in traditional breeding 
programs are slow to achieve. Marker-aided selection has 
the potential to increase the efficiency of selection in breed- 
ing programs, but requires the availability of a large num- 
ber of markers that are reasonably polymorphic. The num- 
ber of markers available with isozyme loci is limited, al- 
though some of these loci are highly polymorphic (Moran 
and Bell 1983). Some analysis of linkage has been carried 
out for isozyme loci in Eucalyptus regnans. The loci 
Lap-2 and Pgi-2 are known to be linked whilst combina- 
tions of seven other loci have been shown to segregate in- 
dependently (Moran and Bell 1983). 

The use of restriction fragment length polymorphisms 
(RFLPs) has provided an almost unlimited set of genetic 
markers in many species. The level of polymorphism de- 
tected with RFLPs within species can be highly variable, 
e.g., high levels of variation were detected in maize (He- 
lentjaris et al. 1985) and alfalfa (Brummer et al. 1991) but 
only low levels in tomato (Helentjaris et al. 1985), lentil 
(Havey and Muehlbauer 1989) and soybean (Apuya et al. 
1988). Analysis of RFLPs in a number of species have 
shown that the source of probes and the choice of restric- 
tion enzymes affect the level of polymorphism detected. 
Some studies have found that probes originating from 
cDNA libraries detect substantially more polymorphism 
than probes from genomic libraries (Landry et al. 1987b; 
Havey and Muehlbauer 1989; Miller and Tanksley 1990). 
Several studies have also found a correlation between the 
size of the fragments generated by a restriction enzyme and 
the polymorphism detected (Landry et al. 1987b; McCouch 
et al. 1988; Wang and Tanksley 1989; Miller and Tanksley 
1990). Since the construction of genetic linkage maps is 
time consuming and expensive the optimization of detec- 
tion of polymorphism using RFLPs is an important con- 
sideration. 

The level of polymorphism observed with genomic and 
cDNA probes in combination with a number of restriction 
enzymes, and the inheritance of the RFLP loci detected, 
have been investigated in E. nitens prior to the construc- 
tion of a genetic linkage map in this species. E. nitens is a 
commercially important species particularly in Australia, 
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Fig. 1 The two pedigrees used 
to analyse RFLPs in E. nitens. 
The first generation trees come 
from four different populations: 
SN, southern New South Wales; 
TO, Torongo; MA, Macalister; 
NN, northern New South Wales 

First 
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South Af r ica  and Chile.  This  species  has less total  genet ic  
d ivers i ty  for i sozyme  loci  than other species  with s imilar  
dis t r ibut ions ,  but  does  show high levels  of  genet ic  diffe-  
rent ia t ion be tween  regions  (Moran 1992). The genet ic  l ink- 
age map  deve loped  in E. nitens may  have appl ica t ions  in 
other euca lyp t  species  and wil l  p rov ide  a basis  for a com-  
par i son  of  genome  organiza t ion  be tween  species  of  this 
large genus.  

Materials and methods 

Pedigree materials 

Two three-generation outbred pedigrees have been developed for 
linkage mapping in E. nitens (Fig. 1). Both these pedigrees involve 
the same four first-generation trees which originated from different 
natural populations of the species (see Byrne and Moran 1994 for 
species distribution). The second generation of the pedigrees was de- 
veloped by North Forest Products and the third generation was de- 
veloped by the CSIRO Division of Forestry. The first- and second- 
generation individuals were sampled in the field. The third-genera- 
tion individuals were collected as seed, then cold/moist stratified for 
3 weeks and germinated in sand under mist. Seedlings were trans- 
planted to 5-inch pots in non-soil medium and grown in the glass- 
house at 24~ day temperature and 16~ night temperature. Seed- 
lings were sampled for DNA extraction at 3 months of age. All first- 
and second-generation plants were evaluated for RFLP variation. 
Plants from the third generation of the pedigrees were evaluated for 
allelic segregation at RFLP loci. 

Source of probes 

Probes used to identify RFLPs originated from either a genomic li- 
brary or a cDNA library. The genomic library was prepared from the 
DNA of E. nitens seedlings. DNA extraction was as described in 
Byrne et al. (1993). The DNA was digested with PstI, treated with 
Gene Clean (Bresatec) then ligated into PstI-digested pUC 19. Plas- 
raids were transformed into bacterial strain JPA101 by electropora- 
tion. Clones containing recombinant plasmids were selected using 
IPTG/Xgal screening and maintained as glycerol stocks at -80~ 
The cDNA library was prepared in X Zap II (Stratagene) by S. South- 
erton, CSIRO Division of Plant Industry, from RNA isolated from 
pre-anthesis buds of E. globulus. 

The genomic and cDNA clones were given identifiers, e.g., 
pEng001 or pEglc001, where p denotes plasmid, En or Egl indicates 
whether the clone originated from E. nitens or E. globulus material, 
g or c denotes whether the clone is of genomic or cDNA origin and 
001 is the identification number. 

DNAprocedures 

Genomic DNA was extracted from adult leaves of the first- and sec- 
ond-generation trees and from seedling leaves of the third genera- 
tion as described in Byrne ct al. (1993). Restriction of DNA and hy- 
bridization conditions were as previously described (Byrne et al. 
1993), except that filters of third-generation individuals were capil- 
lary blotted in 0.4 M NaOH overnight rather than vacuum blotted, 
and post-hybridization washes were in 2xSSC, 0.1% SDS. Probes 
were prepared for use in hybridizations either by excision of DNA 
inserts with PstI or PCR amplification of inserts and, following gel 
electrophoresis in low-melting-point agarose, the insert DNA was 
cut out, the agarose melted in the presence of 20 mM Tris/1 mM 
EDTA, organically extracted with phenol then phenol/chloroform 
and the DNA precipitated with ethanol. Probes were labelled with 
32p-dCTP to high specific activity using the random priming meth- 
od (Feinberg and Vogelstein 1983). 

Initially six restriction enzymes (BglII, BamHI, DraI, EcoRI, 
EcoRV or HindIII) were used to evaluate polymorphism in the first 
and second generations of all pedigrees, but after analysis with 43 
probes only three restriction enzymes were subsequently used (BglII, 
DraI, EcoRI). Polymorphism in the third generation was evaluated 
with only one restriction enzyme per probe. 

Results 

Ini t ia l  screening o f  probes  

Probes  f rom the genomic  l ibrary  were  pre -sc reened  for 
h igh -copy  sequences  by  hybr id iza t ion  o f  slot blots  with to- 
tal  genomic  DNA.  Inserts  wi th  h igh -copy  sequences were  
ident i f ied  in 86 out of  401 (21%) p lasmids .  The level  of  
var ia t ion  de tec ted  in D N A  diges ted  with the ini t ial  six en- 
zymes  was evaluated.  Table  1 detai ls  the number  of  probes  
which  de tec ted  p o l y m o r p h i s m  and the size of  the f ragments  
genera ted  for each enzyme.  An  analysis  of  the re la t ionship  
be tween  the degree  of  p o l y m o r p h i s m  detec table  wi th  each 
enzyme  and the size of  the f ragments  genera ted  showed no 
s ignif icant  corre la t ion  (r2=0.13). P o l y m o r p h i s m  was de- 
tected with the enzymes  BglII, DraI, and EcoRI t w o - t h r e e  
t imes more  often than with BamHI, EcoRV and HindIII 
and therefore  subsequent  probe  eva lua t ion  was carr ied out  
using BglII, DraI, and EcoRI only. 

One-hundred-and-n ine ty - seven  genomic  D N A  probes  
and 169 c D N A  probes  were  screened for  R F L P  var ia t ion 
in the first  and second generat ions.  Of  these, 22 genomic  



DNA and 15 cDNA probes showed a high copy or very 
complex banding patterns, and 42 genomic DNA and 44 
cDNA probes were monomorphic in all first generation in- 
dividuals. Not all probes that identified polymorphisms 
were easily interpreted. RFLP patterns that could be hypo- 
thetically interpreted in terms of alleles and loci in the first 
and second generations were detected with 95 genomic and 
75 cDNA probes. Table 2 summarizes the polymorphism 
observed with the probes. 

Apparent maternal inheritance of bands was observed 
with one genomic DNA and one cDNA probe. Detection 
of the same RFLP pattern was observed with six pairs of 
cDNA probes but not with any genomic probes. 
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Table 1 The average size of fragments (in kilobases) generated by 
six restriction enzymes and the number of probes that detected poly- 
morphic RFLP patterns for each enzyme 

Enzyme No. of polymorphic Av. fragment size (kb) 
probes (%) 

BamHI 7 (16) 7.10 
BglII 19 (44) 5.72 
DraI 25 (58) 5.22 
EcoRI 21 (50) 5.42 
EcoRV 9 (21) 6.00 
HindlII 9 (21) 4.48 

Segregation of RFLP loci in the third generation 

Segregation of RFLP loci was assessed in two pedigrees 
resulting from the original first- and second-generation in- 
dividuals (Fig. 1). Selection of probe-enzyme combina- 
tions was made on the basis of RFLP pattern in the first 
and second generations. Between 117 and 132 third-gen- 
eration individuals of  Cross one were analysed for RFLP 
variation with 29 genomic and 33 cDNA probes. Between 
33 and 39 individuals from Cross two were also analysed 
for RFLP variation with 19 of the genomic probes and 21 
of the cDNA probes that were analysed for Cross one. Not 
all of  the probes analysed in Cross one could be analysed 
in Cross two since some loci that segregated in Cross one 
did not segregate in Cross two, e.g., if  they were mono- 
morphic or the second-generation individuals in Cross two 
were alternate homozygotes for some loci and therefore 
their progeny were all heterozygotes. 

Segregation of two alleles at the locus pEng248 is 
shown in Fig. 2. The progeny segregate in a 1:2:1 ratio as 
expected for the Mendelian inheritance of two alleles when 
the parents are both heterozygous. The segregation pat- 
terns in the third generation for 30 of the 69 loci detected 
are detailed in Table 3. The goodness of fit to expected seg- 
regation ratios based on the Mendelian inheritance of al- 
leles was calculated for all loci. Some loci showed an al- 
most perfect fit to expected segregation ratios whilst oth- 
ers showed some departure from a perfect fit. Two loci 
showed segregation patterns that were significantly differ- 
ent from expected at the 5% significance level in Cross 
one. One of these loci was analysed in Cross two and did 
not show any distorted segregation. One locus that fitted 
expected segregation ratios in Cross one showed a devia- 
tion from expected in Cross two. 

The 29 genomic probes analysed detected 34 loci with 
an average of 2.5 alleles per locus. The 33 cDNA probes 
detected 35 loci with 2.7 alleles per locus on average. The 
genomic probes detected loci with up to six alleles present 
in the first-generation individuals whilst the cDNA probes 
detected loci with up to five alleles. The distribution of al- 
leles at all loci is shown in Table 4. Although the genomic 
probes detected more alleles in total, the majority of  loci 
showed only two alleles. In contrast, the cDNA probes de- 
tected fewer alleles in total but showed a higher propor- 

Table 2 Summary of RFLP variation observed between first- and 
second-generation individuals using genomic and cDNA sequences 
as probes 

Probe type No. No. (%) No, (%) No. (%) 
probes high copy polymorphic interpretable 

Genomic DNA 197 22 (11) 133 (68) 95 (48) 
cDNA 169 15 (9) 110 (65) 75 (44) 

Total 366 37 (10) 243 (66) 170 (46) 

Fig. 2 The RFLP pattern for probe pEng248 hybridized to BglII- 
digested DNA of Cross one. Lanes I -4  are first-generation individ- 
uals, lanes 5 and 6 are the second-generation individuals, and lanes 
7-25 are third-generation individuals 

Fig. 3 The RFLP pattern for probe pEglc008 hybridized to BgllI- 
digested DNA of Cross one showing a polymorphism due to a re- 
striction-site mutation. Sizes of fragments (in kilobases) are given at 
the left 
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Table 3 Segregation and chi-square goodness of fit of 30 RFLP loci in two crosses; * indicates significant deviation from expected at the 
0.05 level 

Locus Cross one Cross two 

Segregation Expected ;(2 P r o b a b i l i t y  Seg rega t ion  Expected )~2 Probability 

pEglc007 31:59:27 1:2:1 0 . 2 8  0.7-0,9 18:21 1:1 0.23 0.5-0.7 
pEglc069 58:60 1:1 0 .03  0.7-0,9 
pEglc083A 30:28:31:29 1:1:1:1 0,16 >0.95 19:15 1:1 0.47 0.3-0.5 
pEglc092 58:60 1:1 0 . 0 3  0.7-0.9 21 : 18 1:1 0.23 0.5-0.7 
pEglcl04 57:59 1:1 0 .03  0.7-0.9 
pEglc115 57:75 1:1 2 .45  0,1-0.2 16:18 1:1 0.11 0.7- 0.9 
pEglc136 59:55 1:1 0 . 1 4  0.7-0.9 15:24 1:1 2.07 0.1-0.2 
pEglc137 20:8:41:49 1:1:1:1 36.l <0.001" 9:11:9:5 1:1:1:1 2.23 0.5-0.7 
pEglc158 31:30:28:29 l : l : l : l  0.16 >0.95 14:20 1:1 1.05 0.3-0.5 
pEglc176 34:25:24:35 1:1:1:1 3 . 4 2  0.3-0.5 17:16 1:1 0.03 0.7-0.9 
pEglc198 59 : 59 1:1 0 1.0 
pEglc238 61:57 1:1 0 .13  0.7-0.9 8:31 1:1 13.56 <0.001" 
pEglc333 52:66 1:1 1 .66  0.1-0.2 21:18 1:1 0.23 0.7-0.9 
pEglc373 56:62 1:1 0.3 0.5-0.7 9:13:9:8 1:1:1:1 1.51 0.5-0.7 
pEglc395 52:66 1:1 1 .66  0.1-0.2 
pEng003 56:62 1:1 0.3 0.5-0.7 19:20 1:1 0.02 0.7-0.9 
pEng010 22:71:25 1:2:1 5 .03  0.05-0.1 
pEng067 58:60 1:1 0 .03  0.7-0.9 18:21 1:1 0.23 0,5-0.7 
pEng092B 62:56 1:1 0.3 0.5-0.7 22:17 1:1 0.64 0.3-0.5 
pEng149 64:67 1:1 0 . 0 6  0.7-0.9 10:8:9:6 1:1:1:1 1.06 0.7-0.9 
pEng156B 66:66 1:1 0 1.0 
pEng195 50:68 1:1 2 . 7 4  0.05-0.1 19:20 1:1 0.02 0.7-0.9 
pEng198A 61:57 1:1 0 . 1 3  0.7-0.9 
pEng221 25 : 74:33 1: 2:1 2.9 0.2-0.3 
pEng250 63:69 1:1 0 . 2 7  0.5-0.7 
pEng257A 63:68 1:1 0 . 1 9  0.5-0.7 
pEng258A 28:60:29 1:2:1 0.1 0.95 11:22:6 1:2:1 1.92 0.3-0.5 
pEng297 64:53 1:1 1 .03  0.3-0.5 
pEng417 21:34:30:31 1:1:1:1 3 . 2 4  0.3-0.5 16:23 1:1 1.25 0.2-0.3 
pEng482 24:34:30:30 1:1:1:1 1 .72  0.5-0.7 5:12:13:7 1:1:1:1 4.83 0.1-0.2 

Table 4 Distribution of the number of alleles in the first-generation 
individuals for 69 loci analysed for segregation 

Locus type No. loci (%) 

2 alleles 3 alleles 4 alleles 5 alleles 6 alleles 

Genomic DNA 24 (70) 5 (15) 3 (9) 1 (3) 1 (3) 
cDNA 19 (54) 10 (29) 5 (14) 1 (3) 0 

Total 43 (62) 15 22) 8 (12) 2 (3) 1 (1) 

tion of loci with more than two alleles. In three of the loci 
two-banded alleles were present and the size of the paired 
fragments was equal to the size of the fragment represent- 
ing the other allele (Fig. 3). The polymorphism in these 
loci can be attributed to an additional restriction site in the 
larger fragment. 

Discussion 

Construction of a genomic library with the methylation- 
sensitive enzyme PstI produced a library enriched for low- 
copy sequences. This library contained 79% low-copy se- 
quences which is similar to the levels of low-copy se- 
quences identified in libraries of other species made in this 

way (Figdore et al. 1988; Helentjaris et al. 1988; Devey et 
al. 1991). PstI does not cut efficiently in E. nitens (data not 
presented) and the presence of a large proportion of low- 
copy sequences in a PstI library suggests that repeated se- 
quences in eucalypt DNA are highly methylated. This is 
similar to other species (e.g., maize, Burr et al. 1988; to- 
mato, Miller and Tanksley 1990) but is in contrast to rice 
where the DNA appears to be less methylated than in other 
species (McCouch et al. 1988). Both the genomic library 
and the cDNA library showed similar levels of efficiency 
in terms of the number of repeated-sequence clones and 
the number of clones that were polymorphic and interpret- 
able as alleles and loci. Studies in lettuce (Landry et al. 
1987b), lentil (Havey and Muehlbauer 1989), and tomato 
(Miller and Tanksley 1990) have presented evidence that 
cDNA libraries detect more polymorphism than genomic 
libraries whilst no such difference in the efficiency of dif- 
ferent libraries has been found in other species. There was 
no difference in the efficiency of detection of polymor- 
phism between probes from the cDNA and genomic librar- 
ies in E. nitens. Havey and Muehlbauer (1989) suggested 
that the increased efficiency of detection of polymorphism 
with cDNA libraries may be related to the relatively large 
genome size of lentil and lettuce. The lack of difference 
between the two libraries in E. nitens is consistent with this 
suggestion since eucalypts have a small genome (Gratta- 
paglia and Bradshaw 1994). The presence of gene families 



and large stretches of repeated DNA in plants with large 
genomes may reduce the efficiency of probes from ge- 
nomic libraries in the detection of polymorphism in these 
species. The lack of extensive gene families in E. nitens 
was also indicated by the majority of the probes detecting 
only one locus. Although no difference in the efficiency of 
detection of polymorphism between the two libraries was 
evident, there was a difference in the number of alleles de- 
tected per locus. Probes from the genomic library detected 
loci with more alleles in the four first-generation individ- 
uals than did the cDNA library; however, a greater propor- 
tion of the loci detected by the cDNA probes had more than 
two alleles. Thus the cDNA probes were more efficient in 
detecting loci with more than two alleles. For mapping pur- 
poses there is no significant advantage in the presence of 
more than four alleles at a locus since this is the maximum 
number of alleles that can segregate in any one cross. How- 
ever, probes detecting highly variable sequences are more 
likely to be polymorphic in other pedigrees, thus making 
the map more transportable between pedigrees. Probes de- 
tecting sequences with a high number of alleles will be very 
useful for other applications such as fingerprinting and in- 
dividual identification, paternity analysis, and the deter- 
ruination of levels of gene flow. 

Chloroplast (cp) and mitochondrial (mr) sequences have 
been detected in libraries in other species (Figdore et al. 
1988). The genomic and cDNA libraries were not screened 
directly for cpDNA or mtDNA sequences; however, two 
probes, one from each library, showed maternal inheritance 
of restriction fragments indicating that these clones con- 
tained sequences originating from the cp or mt genomes. 
Extensive duplication of sequences have been reported in 
genomic libraries of lettuce (Landry et al. 1987b) and len- 
til (Havey and Muehlbauer 1989), and to a lesser extent in 
a cDNA library of loblolly pine (Devey et al. 1991). Some 
redundancy in the eucalypt cDNA library was also evident 
since 2% of the clones were identical. No evidence of re- 
dundancy was detected in the genomic library ofE. nitens. 

Many investigations using RFLPs have found that some 
restriction enzymes are better at detecting polymorphism 
than others. The level of polymorphism detected appears 
to be correlated with the frequency of cutting and the size 
of the fragments that are generated (Landry et al. 1987b; 
McCouch et al. 1988; Wang and Tanksley 1989; Miller and 
Tanksley 1990). The larger the fragments generated by an 
enzyme the greater the probability that polymorphism will 
be detected with that enzyme. This would be expected if 
insertions/deletions were the primary cause of the poly- 
morphisms. In E. n#ens, however, whilst there was a range 
in the average size of the fragments generated by the en- 
zymes there was a clear separation of the enzymes into two 
groups in terms of the level of polymorphism, and there 
was no significant correlation between fragment size and 
the level of polymorphism. This suggests that insertions 
and deletions may not be the main cause of polymorphism 
in E. nitens. Variation with more than one restriction en- 
zyme has frequently been observed in other species (Apuya 
et al. 1988; McCouch et al. 1988; Wang and Tanksley 1989) 
and also indicates that the cause of the variation is primar- 
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ily insertions and deletions. Polymorphism was often de- 
tected with more than one enzyme in E. nitens, although 
the fragment pattern was not necessarily consistent with 
the same polymorphic event for each enzyme. Polymor- 
phism due to restriction-site mutations will not usually be 
discernible, since the size of the probe is generally smaller 
than the size of the fragments detected; yet restriction-site 
mutations causing polymorphism were clearly observed in 
three loci in E. nitens. The frequency of restriction-site mu- 
tations resulting in polymorphism may be higher in E. nit- 
ens than in other species. 

A majority of the loci segregated as expected accord- 
ing to Mendelian principles. The loci that showed some 
segregation distortion did not have any consistent pattern 
of distortion from one parent or the other. Segregation dis- 
tortion has been observed in loci in other species (Landry 
et al. 1987a; Gebhardt et al. 1989; Havey and Muehlbauer 
1989; Gebhardt et al. 1991; Song et al. 1991; Kianian and 
Quiros 1992; Liu and Furnier 1993). The proportion ofloci 
showing distortion is related to the type of cross in which 
the segregation is analysed. Interspecific crosses tend to 
show large proportions of segregation distortion (19-59%; 
Landry et al. 1987a; Gebhardt et al. 1989; Havey and 
Muehlbauer 1989; Gebhardt et al. 1991; Kianian and Qui- 
ros 1992) whilst intraspecific crosses show a small num- 
ber of loci with distorted ratios (2-8%; Song et al. 1991; 
Kianian and Quiros 1992, Liu and Furnier 1993). The low 
level of distorted ratios in E. nitens (3%) is acceptable for 
these intraspecific crosses since they are between individ- 
uals from widely-separated regions. 

The number of probes detecting polymorphism was rel- 
atively high for an intraspecific cross and the number of 
alleles present per locus was also high. The pedigrees used 
for analysis of RFLPs in E. nitens were chosen to max- 
imize the variation detected. The species has a large range, 
with populations distributed in widely-separated regions. 
Genetic differentiation between regions has been observed 
in studies using isozyme (Moran, unpublished data) and 
cpDNA markers (Byrne and Moran 1994). The pedigrees 
developed result from wide interpopulational crosses 
where the four first-generation individuals originated from 
different natural populations. The level of polymorphism 
detected between these four individuals is similar to the 
levels of polymorphism detected between cultivars of rice 
(McCouch et al. 1988; Wang and Tanksley 1989) and po- 
tato (Gebhardt et al. 1989) and between nine trees of Pop- 
ulus tremuloides (Liu and Furnier 1993). This suggests that 
there is a high level of variation for random nuclear se- 
quences in these species. The loci detected in E. nitens are 
not only highly polymorphic but are also readily inter- 
preted. Whilst some probes detected complex RFLP pat- 
terns resulting from several loci with overlapping allele 
positions, a majority detected a small number of bands 
which could easily be resolved into alleles representing one 
or two loci. This ease of interpretation greatly simplifies 
the scoring of RFLP loci. High polymorphism, a large num- 
ber of alleles, and the ease of interpretation of loci in E. 
nitens mean that RFLPs are well suited for the construc- 
tion of genetic linkage maps. The high level of polymor- 
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phism and the large number  of  alleles suggests that a large 
number  of  markers in a linkage map created in one pedi- 
gree will also be polymorphic  in other pedigrees in the spe- 
cies, which will be important  for the use of  markers corre- 
lated with QTLs in selection programs. These characteris- 
tics of  RFLP loci in this species also mean that they will 
be useful in other applications such as fingerprinting, pa- 
ternity analysis, measurement  of  gene flow in seed or- 
chards and in natural populations, and the estimation of  ge- 
netic diversity parameters. 
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