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Abstract Random genomic probes were used to assess
levels of restriction fragment length polymorphism
(RFLP) in two 2-generation outbred pedigrees of Acacia
mangium Willd. Probes were evaluated for their ability
to detect polymorphic loci in each pedigree and to deter-
mine the relative efficiency of different restriction en-
zymes in revealing polymorphisms. Sixty two percent of
the probes which detected single- or low-copy number
sequences revealed polymorphisms with at least one re-
striction enyzme. Hpall was the most efficient in detect-
ing polymorphism among first-generation individuals.
The recognition sequence of Hpall contains a CpG di-
mer, suggesting that cytosines in the CpG sequence may
be hotspots for mutation in plant genomes, as previously
reported in bacterial and mammalian genomes. Mende-
lian inheritance of 230 loci was demonstrated based on
single-locus segregation in second-generation individu-
als. Less than 5% of loci showed evidence of segregation
distortion. The proportion of fully informative loci
(15%) was lower than previously reported in eucalypts
reflecting the lower level of genetic diversity in A. man-
gium. The RFLP probes are suitable for the construction
of a high-density genetic linkage map in A. mangium.
Cross-hybridisation of the A.mangium RFLPs to DNA
from species representing the three subgenera of the ge-
nus Acacia indicates that these markers could be used in
breeding programs of other diploid acacias, for compara-
tive studies of genome organisation, and for phylogenet-
ic studies.
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Introduction

Acacia mangium Willd. is a diploid (2n=26), predomi-
nantly outcrossing, tree species which is in the early
stages of domestication. Its fast growth rate, high pulp
yields and tolerance of a range of soil types have led to
rapid expansion of its plantation areas in the humid and
subhumid tropics (approximately 600000 ha) (Turnbull
et al. 1998). Breeding programs for the species rely on
recurrent selection and the vegetative propagation of su-
perior clones. To take advantage of the increased effi-
ciencies offered by marker-assisted selection, a high-
density genetic linkage map is being developed which
will be used to locate markers linked to genes controlling
wood quality and disease resistance traits.

Genetic linkage mapping relies on the ability to detect
alldic differences in full-sib pedigrees — a task made more
difficult in species with low genetic diversity. |sozyme vari-
ation in A. mangium is amongst the lowest detected in for-
est trees (Moran et a. 1989) and the species has an unusual
pattern of diversity across a digunct geographic range
(Moran et a. 1989; Butcher et a. 1998). The level of RFLP
variation is significantly higher in populations from New
Guinea and Cape York than populations from other parts of
the species geographic range (Buicher et a. 1998). To
maximise the number of segregating loci in the A. mangium
mapping population, two crosses were made between par-
ents from different populationsin New Guinea.

The probability of detection of restriction site polymor-
phism is affected by the size and composition of the rec-
ognition sequence of restriction enzymes. Restriction en-
zymes with 6-bp in their recognition sequence have been
reported to reveal higher levels of polymorphism than
those with 4-bp (Landry et a. 1987; McCouch et al. 1988;
Liou et al. 1996) and to have a higher probability of de-
tecting insertion/deletion mutations (Devey et al. 1991).
Differences have been reported in the enzymes which pro-
duced the highest proportion of polymorphic loci in differ-
ent plant species (Landry et a. 1987; McCouch et al.
1988; Graner et a 1990; Miller and Tanksley 1990;
Byrne et al. 1994; Liou et a. 1996). In humans, a signifi-



cantly higher proportion of polymorphisms were detected
with enzymes containing the CpG dinucleotide in their
recognition sequence (Barker et a. 1984), although simi-
lar findings have not been reported in any plant species.
Evidence has also been presented suggesting that the level
of polymorphism may be related to the size of fragments
generated and whether polymorphisms are due to base
substitutions or rearrangements (Landry et a. 1987;
McCouch et al. 1988; Liou et al. 1996; Paterson 1996).

The utility of RFLP markers depends, in part, on
whether polymorphism can be detected in other mapping
populations and in other species. Acacia is a large pan-
tropical genus which includes over 1200 species. As
pects of the taxonomy of the genus remain unresolved
(Maslin and Stirton 1997) and markers that could be
used across the genus would provide a useful tool for
comparative studies of genome organisation and phylo-
genetic studies. To develop a generic map that can be
used in other commercial acacia species, it is also impor-
tant that loci can be assayed and are orthologous across
as wide a group of species as possible. RFLPs have
proved superior for this purpose to most other markers
(Ahuja et a. 1994; Cheung and Landry 1996; Nelson et
al. 1996; Devey et al. 1999).

In the present study RFLPs from a genomic library
were used to evaluate the efficiency of different restric-
tion enzymes in revealing polymorphism in A. mangium.
The Mendelian inheritance of loci was assessed and their
homology to species representing the three subgenera of
Acacia was investigated.

Materials and methods

Genetic material

Two 2-generation pedigrees were used to determine the segregation
ratios of RFLP loci in outbred F; progeny. Interprovenance crosses
were made using parents from four populationsin New Guinea, cross
A from Bura (CSIRO seedlot 16587) x Benshach (CSIRO 16548)
and cross B from Boite (CSIRO 16586) x Bimadebun (CSIRO
16990). Crosses were made in a seed orchard at Cardwell, northern
Queendand, in April-May 1995 following procedures outlined in
Sedgley et ad. (1992) and pods were collected in November 1995.
Seeds were germinated and grown in the glasshouse in Canberra and
leaves collected from 5-7 month-old plants for DNA extraction.

Library construction

A random genomic library was constructed from A. mangium total
DNA (cross B mother) using standard methods (Sambrook et al.
1989). Pstl-restricted DNA fragments ranging from 0.5 to 2.3 kb
were ligated into de-phosphorylated pUC19 and transformed into
Escherichia coli. Transformant colonies were selected for the
presence of recombinant plasmids using IPTG and Xgal and hy-
bridised with labelled genomic DNA to detect plasmids containing
highly repetitive DNA. Dilutions of overnight cultures of individ-
ual bacterial colonies (1:50 in d H,0) were denatured and stored at
—20°C. Probes were prepared by PCR-amplification of inserts, pu-
rified using spin columns (Qiagen Qiaquick PCR Purification Kit)
and insert sizes were determined relative to Hindlll-digested A
DNA on 0.8% agarose gels. Random genomic probes were given
consecutive numbers (g1-920) and letter suffixes were added
when more than one locus was detected by the same probe.
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DNA procedures

Total genomic DNA was extracted from 5 to 10 g of leaves from
parents and progeny using a modified CTAB procedure as de-
scribed in Butcher et al. (1998). Four pg of DNA from each parent
were digested with each of 5-12 restriction enzymes and frag-
ments separated by electrophoresis on 0.8% agarose gels for 6-bp
enzymes and 1.2% agarose for 4-bp enzymes. DNA was trans-
ferred to nylon membranes (Amersham Hybond-N+) by capillary
blotting. Probes, varying from 200 to 2300 bp in size, were la-
belled with 32P-dCTP using the random priming method (Feinberg
and Vogelstein 1983). Filters were pre-hybridized for severa
hours at 65°C in 2 x SSPE, 1% SDS, 100 pg/ml of herring sperm
DNA, and 5 x Denhardt’s. Pre-hybridization solution was replaced
with hybridization solution with the same ingredients plus 10%
dextran sulphate and denatured labelled probe. Filters were hy-
bridized overnight at 65°C, rinsed and washed twice at 65°C for
15 min in 2 x SSC, 0.1% SDS, exposed to Cronex film for 3-6
days at —-80°C with intensifying screens. Filters were stripped for
re-usein 1% SDS.

Survey of restriction enzymes

To determine the relative efficiency of different restriction en-
zymes in detecting polymorphism, 30 random genomic probes
were hybridised to filters containing DNA from the two sets of
parents digested with 12 restriction enzymes. These included six
enzymes recognising 4-bp sequences (Hpall, Alul, Haelll, Rsal,
Sau3Al, Msel) and six enzymes recognising 6-bp sequences
(Dral, EcoRI, Hindlll, Bglll, EcoRV, Bcll). The sizes of the re-
striction fragments revealed by the probes were estimated by com-
parison with A DNA cut with Hindlll and the relationship between
average fragment size and polymorphism was investigated. A fur-
ther 250 probes were screened using the 6-base cutters and Hpall,
and 300 probes using EcoRlI, EcoRV, Hindlll, Bcll and Hpall.

Segregation of RFLP loci

Probe/enzyme combinations for mapping were selected to maxi-
mise the number of potentially segregating alleles based on RFLP
patterns in the four parents. Segregation ratios were calculated for
265 RFLP loci, using 108 progeny in cross A and 123 progeny in
cross B, and compared with expected Mendelian ratios by x2 anal-
ysis.

Homology of loci across species

To determine the potential for using A. mangium RFLP probes in
studies of related species, 20 randomly selected genomic probes
were hybridised to Hindll1- and Bcll-digested DNA samples from
each of the species listed in Table 6. These included 38 acacia spe-
cies representing three subgenera and eight sections of the genus.
Individuals from the genera Faidherbia, Archidendron and Parar-
chidendron were included to determine whether the RFLP markers
hybridise to other Mimosaceae. The hybridisation procedures and
stringency conditions were the same as those listed above for A.
mangium.

Results
Efficiency of restriction enzymes

Screening the first 30 probes revealed that, as expected,
the average size of restriction fragments hybridising to
clones was significantly greater for enzymes recognising
6-bp sequences (6.8 kb) than those recognising 4-bp se-
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Table 1 Average fragment size and number of polymorphisms detected between four unrelated mapping parents using 30 probes and re-

striction enzymes recognising 4-bp and 6-bp sequences

Enzyme Dral EcoRl Hindlll Bglll EcoRV Bcll Hpall Alul Haelll Rsal Sau3Al  Msel

Average fragment 3.2 8.8 4.2 8.6 10.4 61 55 05 18 20 0.9 0.4
size (kbp)

Variableloci 5 7 4 4 5 7 13 1 4 5 4 3
(%) 1m 2 13 13 @ 23 @ 6 @ 1 13 (10)

Table 2 Number of clones screened with each of 12 restriction enzymes and the proportion showing variation between mapping parents

from two unrelated pedigrees

Probe Dral EcoRI Hindlll Bglll EcoRV Bcll Hpall Alul Haelll Rsal Sau3Al  Msel

Total screened 290 583 583 290 583 583 531 32 32 32 32 32

% Loci variable 9 18 17 15 19 14 37 0 7 4 15 7
inA

% Loci variable 13 18 17 13 20 18 40 4 15 19 7 7
inB

% Loci variable 17 27 25 21 26 23 51 4 22 19 15 11
in A or B cross

% Unique2 15 13 7 10 13 7 51 0 0 0 0 0
polymorphisms

apPolymorphisms that were only detected with one enzyme

Table 3 Distribution of the .

number of alleles at 344 loci Number of loci (%)

calculated from four first-gen-

eration individuals g 2 dleles 3aleles 4 aleles 5alleles 6 aleles 7 dleles

248 (72%) 63 (18%) 17 (5%) 11 (3%) 3 (1%) 2 (0.5%)

guences (1.8 kb) (P < 0.01 determined by a one-way
ANOVA). However, the average fragment length for
DNA digested with Hpall was five-times larger than the
average of other 4-bp cutters (Table 1).

Differences among the 6-bp enzymes in the size of
fragments detected by the 30 probes were also signifi-
cant (P < 0.01). There was no evidence that enzymes
which tended to produce larger restriction fragments de-
tected higher levels of polymorphism. Regression of the
number of polymorphic loci and the average length of
restriction fragments detected using 6-bp enzymes was
not significant. A positive correlation would be expected
if the majority of polymorphisms were caused by inser-
tion deletions rather than base substitutions (M cCouch et
al. 1988). For enzymes recognising 4-bp sequences the
regression was significant (P < 0.01), but this reflected
the larger fragment size and higher level of polymor-
phism detected using Hpall. When Hpall was omitted
from the analysis the regression was not significant.

It is noteworthy that approximately half of the probes
that were polymorphic with Hpall were not polymorphic
with other enzymes. In contrast, no probes were uniquely
polymorphic with any of the other 4-bp enzymes where-
as from 7 to 15% of probes were uniquely polymorphic
with a 6-bp enzyme (Table 2).

Comparison of restriction enzymes, based on the
30 probes, revealed that a higher proportion of RFLPs

were detected using enzymes which recognise 4-bp se-
guences (52%) than enzymes which recognised 6-bp se-
guences (30%). This difference was also attributable to
Hpall. Forty three percent of probes detected polymor-
phism between DNA from the mapping parents cut with
Hpall compared with 30% for all the remaining enzymes
recognising 4-bp sequences. While 4-bp cutters may be
expected to reveal a larger number of base-pair change
variants because of the larger number of restriction sites
detected per probe, the fragments were often too small
(< 200 bp) to be detected on Southerns.

Library characterisation

No high-copy number clones were identified in the prelim-
inary screening with labelled genomic DNA. Of the 580
genomic probes surveyed for copy number and polymor-
phism 86% were classified as single copy, 10% as multiple
copy (3-10 bands per lane) and 4% repetitive (> 10 bands
or a smear of undifferentiated DNA). Fifty two percent of
probes showed aléelic differences between the first-genera-
tion individuals of the mapping pedigrees with at least one
enzyme, 28% were invariant and 6% were redundant, pro-
ducing the same banding patterns as other probes.

The number of alleles was recorded for each locus
(Table 3) and enzymes were selected for each probe
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Table4 The number of loci

with expected segregation ra- Segregation 11 1:2:1 1111 Loci with distorted
tios and distorted segregation ratio segregation ratios (%)
ratios (P < 0.05) from atotal of
265 RFLP loci (percentagesin ~ Cross A B A B A B A B
parentheses) Hpall 37 38 5 4 19 24 2(33) 5(7.6)
Bcll 18 24 3 1 4 3 1(4) 1(3.6)
EcoRl 18 21 1 1 2 2 0 0
EcoRV 20 22 4 6 0 2 1(42) 1(33)
Hindlll 18 18 1 2 2 3 2(95 287

Table 5 Segregation (S) of RFLP loci in second-generation A. mangium individuals from two pedigrees (crosses A and B), showing all
loci with distorted segregation ratios. Probabilities (P) determined from x2 analysis

Locus Enzyme Observed Scross A Sratio P Observed S cross B Sratio P
gl9a Hpall 44 66 11 0.036 32 27 39 24 11101 0.238
g50a Hpall 30 56 25 1.2:1 0.928 50 75 11 0.025
g251 Bcll 58 52 11 0.567 73 51 11 0.048
g285 Hpall 44 67 11 0.029 35 35 28 26 1:1:1:1 0.546
g350 Hindl!l 46 79 11 0.003
g371 EcoRV 66 45 11 0.046

g374 Hpall 34 26 21 30 1:1:1:1 0.342 43 33 21 27 1:1:1:1 0.036
gd4bda Hindlll 45 66 11 0.046 50 75 11 0.025
g551 EcoRV 49 75 11 0.020
g630 Hpall 26 31 34 20 1:1:11 0.255 43 17 19 35 1111 0.001
g732 Hpall 49 76 11 0.016
g733a Bcll 20 38 35 17 1:1:1:1 0.007 31 24 42 28 1:1:1:1 0.126
g870 Hindlll 44 67 11 0.029 68 57 11 0.325
9877 Hpall 57 54 11 0.776 78 47 11 0.006

which maximised the number of allelesin the first gener-
ation individuals. Fully informative loci are more useful
in framework mapping and are also more likely to be
variable in other families. In A. mangium the proportion
of fully informative RFLP loci was relatively low with
only 12 and 15% of the variable loci in crosses A and B
respectively having 3 or 4 segregating alleles. Three
guarters of these were detected using Hpall.

Segregation of RFLP loci in the second generation

Segregation of RFLPs was assessed at 230 loci for the
two pedigrees using 108 second-generation individuals
from cross A and 123 second-generation individuals
from cross B. The highest proportion of loci with distort-
ed segregation ratios were detected using Hindlll (Table
4). Of the 230 loci (62 loci variable in cross A only, 78
loci variable in cross B only, and 91 loci variable in both
crosses) nine loci in cross B (5.3%) and six loci in cross
A (3.9%) had distorted segregation ratios (see Table 5);
within the 5% probability expected due to chance alone.
Nine loci fitted expected segregation ratios in one cross
but not the other, four were only variable in one cross,
and only one locus showed segregation that was signifi-
cantly different from expected in both pedigrees.

Approximately the same number of loci were segre-
gating on the male and the female side. In both pedigrees
49% of loci segregrated on the female side and 51% on
the male side.

Homology of probes across species

Twenty RFLP probes were hybdridised to DNA from 42
species representing the three subgenera of Acacia, the
closely related genus Faidherbia (formerly included in
the subgenus Acacia, see Madlin and Stirton 1997) and
the genera Archidendron and Pararchidendron. RFLP lo-
ci were highly conserved across the subgenus Phyllodin-
eae and in Faidherbia and Archidendron (Table 6). All
A. mangium probes cross-hybridised under |ow-stringen-
cy conditions to species tested in the section Juliflorae
with the exception of A. aneura. At least 85% of probes
hybridised to species in other sections of the subgenus
Phyllodineae. Eighty percent of probes hybridised to the
two sub-species tested in the subgenus Aculeiferum. Hy-
bridisation in the subgenus Acacia was more variable
with from 45 to 85% of probes hybridising to DNA from
different species. This group contains the highest propor-
tion of polypoid species. The polyploid species display
more complex RFLP banding patterns which are more
difficult to interpret genetically.

Discussion

The proportion of high-copy clones in the Pstl library
developed from A. mangium (14%) was lower than re-
corded in other trees including Eucalyptus nitens (11%
after screening to remove 21% of plasmids with high-
copy sequences) (Byrne et a. 1994), Pinus taeda (22%)
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Table 6 Number of loci which hybridised to species representing three subgenera and seven sections of Acacia using 20 random ge-

nomic probes from A. mangium (ploidy level2 in parentheses; x = 13)

Genus Acacia Number of Genus Acacia Number of
subgenus Phyllodineae loci hybridised subgenus Aculeiferum loci hybridised
Section Juliflorae Section Aculeiferum

Acacia mangium (2x) 20 Acacia senegal ssp. senegal (2x) 17
Acacia neurocarpa (2x) 20 Acacia senegal ssp. leiorhachus (2x) 16
Acacia holosericea (4x) 20

Acacia cowleana (6x) 20

Acacia elachantha (4x) 20 Genus Acacia subgenus Acacia

Acacia thomsonii (4x) 20

Acacia colei (6x) 20 Acacia erioloba (2x) 17
Acacia ‘peregrina’ ms (2x) 20 Acaciatortilis ssp. raddiana (8x) 16
Acacia crassicarpa (2x) 20 Acacia tortilis ssp. spirocarpa (8x) 15
Acacia auriculiformis (2x) 20 Acacia tortilis ssp. heteracantha (4x) 15
Acacia spirorbis (2x) 20 Acacia karroo (4x) 15
Acacia aneura (4x) 18 Acacia nilotica (4x) Australian landrace 15
Section Plurinerves Acacia nilotica ssp. indica (4x) 15
Acacia simsii (2x) 18 Acacia nilotica ssp. adstringens (8x) 12
Acacia flavescens (2x) 19 Acacia nilotica ssp. tomentosa (4x) 11
Acacia melanoxylon (2x) 20 Acacia nilotica ssp. kraussiana (4x) 10
Acacia simplex (2x) 20 Acacia nilotica ssp. subalata (4x) 9
Acacia brassii (2x) 19 Acacia bidwillii (2x) 14
Section Botrycephalae Acacia boliviana (2x) introduced 14
Acacia dealbata (2x) 20

Acacia mearnsii (2x) 19

Section Phyllodineae Other genera

Acacia spinescens (2x) 18 Faidherbia

Acacia falciformis (2x) 18 Faidherbia albida (2x) 17
Acacia victoriae (2x) 17 Archidendron

Section Alatae Archidendron lucji (2x) 18
Acacia alata (2x) 19 Archidendron ramiflorum (2x) 18
Section Lycopodiifoliae Pararchidendron pruinosum (2x) 18
Acacia lycopodiifoliae (2x) 18

apPloidy levelsfrom Hamant et al. (1975); Pedley (1987); Maslin and

(Devey et a. 1991), Pseudotsuga menziesii (> 50%)
(Jermstad et al. 1994) and citrus (27%) (Liou et al.
1996). This suggests either a lower amount of repetitive
DNA in the A. mangium genome or else that a higher
proportion of high-copy sequences are methylated and
therefore excluded from the Pstl library.

Efficiency of restriction enzymes

Comparison of restriction enzymes revealed that Hpall
was the most efficient in detecting RFLPs in A. man-
gium. To-date, 4-bp enzymes have not been used in the
mapping of forest trees based on findings in crop species
that they displayed RFLPs less frequently than 6-bp en-
zymes (Landry et al. 1987; McCouch et a. 1988). It has
also been reported that the majority of polymorphismsin
plant genomes result from localized rearrangements in
DNA (Paterson 1996) which are more likely to be de-
tected in the larger fragments generated by 6-bp en-
zymes. Rearrangements will usually be detected by more
than one restriction enzyme, while a base substitution
detected by one restriction enzyme will not be detected
by other enzymes unless their recognition sites overlap.
Findings of significant positive correlations between the
average size of restriction fragments and the amount of

McDonald (1996); and Bukhari (1997)

polymorphism detected in rice (McCouch et a. 1988),
lettuce (Landry et al. 1987) and tomato (Miller and
Tanksley 1990) suggest that the majority of polymor-
phisms in these species were caused by rearrangements.
These findings were supported in rice and citrus by posi-
tive correlations between the probability of detecting
polymorphism with one enzyme and the number of other
enzymes with which polymorphisms were detected
(McCouch et al. 1988; Liou et a. 1996).

In A. mangium there was no correlation between the
fragment size detected using 6-bp enzymes and the level
of polymorphism. Similar results were reported for E. ni-
tens (Byrne et al. 1994), suggesting that rearrangements
are not the main cause of polymorphism in these species.
In A. mangium, 43% of polymorphisms in cross A and
46% of polymorphisms in cross B appear to be due to
single-base changes or small deletions as they were de-
tected using only one enzyme.

The proportion of polymorphic probes in A. mangium
was similar to that in E. nitens (48%), a species with
high levels of genetic diversity (Byrne et al. 1994). How-
ever the proportion of fully informative markers (3 or 4
aleles) was low (13-15%) compared with E. nitens
(40%). A. mangium is generally regarded as a species
with low levels of genetic diversity (Moran et al.1989)
and even the more-diverse populations from New Guin-



Fig. 1 DNA of parents (lanes 1
and 2) and progeny of cross B
digested with Hpall (A) and
EcoRV (B) and hybridised with
probe g492 (A Hindlll size
marker in middle lane)
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ea have approximately half the level of RFLP variation
(Hg = 0.21) (Butcher et al. 1998) recorded in E. nitens
(mean Hz= 0.37) (Byrne et al. 1998).

The relatively high proportion of polymorphic probes
in A. mangium can be attributed to the number of poly-
morphisms detected using Hpall. Of the polymorphic
probes, approximately 70% detected polymorphism us-
ing Hpall and three quarters of the fully informative loci
were detected using this enzyme. The high proportion of
probes that were polymorphic only with Hpall (51%)
compared to other enzymes (0—15%) suggests a high lev-
el of base substitution within the recognition sequence of
this enzyme. Hpall was the only enzyme surveyed with a
CG dinucleotide in its recognition sequence (CCGG). In
humans, restriction enzymes containing CpG dimers re-
vealed more polymorphism, possibly because methylated
cytosine at this position has a high mutation rate (Barker
et a. 1984). Cytosine in DNA may spontaneously de-
aminate to form uracil, which, if not repaired, can result
in a cytosine to thymine transition mutation at the next
round of replication (Coulondre et al. 1978; Duncan and
Miller 1980). Higher levels of polymorphism in sequenc-
es with CpG dimers have also been reported in procaryo-
tes (Duncan and Miller 1980) but have not previously
been reported in plants (Helentjaris et al. 1985; Landry
et a. 1987; McCouch et al. 1988).

The average size of restriction fragments produced
using Hpall was larger than for other 4-bp enzymes. If
all base pairs occur randomly and in equal frequency
throughout the genome, all enzymes recognising 4-bp se-
guences would cleave more often and generate smaller
fragments than 6-bp enzymes. However the CG dinucle-
otide has been shown to be under-represented in the ge-
nome of dicot plants (but not monocots) (Karlin and
Burge 1995). It is also relatively rare in the human ge-
nome (Barker et al. 1984), and occurs at about one-fifth
of the expected frequency in vertebrates (Swartz et al.
1962). Enzymes with CG in their recognition sequence,
including Hpall, would therefore cleave less often and
produce larger fragments.

The larger than expected fragment sizes produced
with Hpall may also be associated with the relatively

high content of methylated cytosine in plant DNA
(Gruenbaum et al. 1981). If either of the cytosinesin the
recognition sequence of Hpall (CCGG) are methylated,
it will not cleave. With Hpall there is a risk that coseg-
regation analysis may be confounded by polymorphism
among the progeny or parents due to methylation. Such
artefacts can appear as non-parental bands in the proge-
ny or may result in segregation distortion. However, in
this study, apparent artefacts due to methylation were
only observed at one locus. In locus g492 in cross B an
allele detected in the male parent was replaced by a dif-
ferent allele in the progeny (Fig. 1). It appears that a
Hpall site is methylated in this allele whenever it occurs
in the progeny, resulting in the observed larger restric-
tion fragment. The juvenile state of the second-genera-
tion plants suggests that the genomic region detected by
the probe may be involved in maturation-related phase
change. When the same probe was used on DNA cut
with EcoRV, the same segregation pattern was observed
in the progeny but there was no difference between al-
leles in the male parent and the progeny (Fig. 1). There
was no evidence of other polymorphisms being caused
by methylation — non-parental bands were not observed
at other loci. In addition, segregation distortion was not
observed more frequently using Hpall than with other
enzymes.

Homology of probes across species

The ability to use A. mangium RFLP probes across the
genus provides opportunities for genetic studies involv-
ing other Acacia species. Studies of comparative genome
organisation, phylogenetics, population genetics and
synteny mapping are all possible. The genus includes
more than 1200 species which are currently classified
under three subgenera (Maslin and Stirton 1997). A.
mangium is in the subgenus Phyllodineae which has
more than 900 species and is largely confined to Austra-
lia. This group includes the main timber and pulp-
producing species which are most likely to be of interest
for comparative mapping. The subgenera Acacia and
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Aculeiferum are pantropical and include 120-130 spe-
cies and 180-190 species respectively with major centres
of distribution of Acacia in Asia, Central and Southern
America and for Aculeiferum, North and South America
and Africa. The higher proportion of probes hybridising
in the subgenera Phyllodineae and Aculeiferum supports
current taxonomic views that the subgenus Acacia could
be treated as a distinct genus and that Aculeiferum and
Phyllodineae are closely related to one another (Pedley
1986; Chappill and Maslin 1995; Brain and Maslin
1996).

The higher proportion of RFLPs hybridising to
Faidherbia and Archidendron compared with species in
the subgenus Acacia suggests that ploidy level may also
be an important factor affecting the homology of RFLP
loci. In the section Juliflorae, all RFLPs hybridised to
polyploids which were closely related to A. mangium
while two loci failed to hybridise to the more-distantly
related A. aneura. In the subgenus Acacia, fewer RFLPs
hybridised to the polyploid species. This may reflect rap-
id genomic change which has been reported to accompa-
ny polyploidisation (Song et al. 1995). Lagercrantz
(1998) suggested that allopolyploidisation is likely to re-
sult in an increase in aberrant meiotic pairing and trans-
locations among homoeol ogous chromosomes.

The level of RFLP variation in A. mangium is suffi-
cient to develop a framework map, despite the species
relatively low genetic diversity. The ability to cross-
hybridise A. mangium RFLP probes to other species in
the genus Acacia opens opportunities for comparative
studies of genome organisation and for the development
of a generic map. The construction of a map will enable
the characterisation of genes controlling important traits
and provide opportunities to improve the efficiency of
breeding programs using marker-assisted selection.
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