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Comparative Analysis of Karyotypes from the Strezelecki Ranges Race
of the Complex Eucalyptus globulus Labill. ssp. globulus (Myrtaceae)
and a Population in Central-Southern Chile

By J. EspEJo CARDEMILY and C. BAEZA PERRY 2"

(Received 12t April 2006)

Summary

This study presents information on karyotypes of the
Strezelecki Ranges race, referred to in previous studies
as Jeerelangs (Victoria, Australia), of the complex Euca-
lyptus globulus. ssp globulus and another from Central-
Southern Chile (Contulmo). The chromosomes counted
(2n = 22) are fairly small-sized and found within the size
ranges reported by other authors. The chromosome mea-
surements, done with the Micromeasure program, indi-
cate that the Strezelecki Ranges lineage has a relatively
large genome (Total Chromosome Length = 8.94%) as
compared to measurements of local lineages (Chile).
This could be explained by genetic recombinations
resulting from the successive hybridizations reported for
this race. The data obtained for both lineages reveal a
set of markedly metacentric chromosomes with a cen-
tromeric index between 0.44 and 0.46.

Key words: Eucalyptus globulus, Myrtaceae, karyotype, chro-
mosomes, land race, Chile, Australia.

Introduction

The study of karyotypes is a valuable tool for compar-
ing species and discriminating between populations
(MATSUMOTO et al., 2000; SCHRADER et al., 2000;
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SCHRADER et al., 2003). STEBBINS (1971) indicated that
the majority of this woody angiosperm’s chromosomes
are very small and that small differences exist between
the species within the genus. The report of the Eucalyp-
tus globulus Labill. chromosome recount done by
BOLKHOVSKIKH et al., (1969) showed that 82% of the
counts done for the species of this genus had a kary-
otype of 2n = 22 chromosomes. In a cytological study,
RYE (1979) reported that up to 90% of the species stud-
ied have the same number of chromosomes. Eucalyptus
has been described as a very large genus, with over 700
species (POKE et al., 2006). In cline variations and
hybridizations are very common and can be verified
within the subgenera (PRYOR, 1976).

The first systematic cytological studies of Eucalyptus
globulus pollen grains began in the 1930s (MCAULAY et
al., 1936; McAuLAY and CRUICKSHANK, 1937); these stud-
ies reported a haploid number for the species of n = 11.
Later, BEDI (1989) and MORA et al., (2005) carried out
new chromosome counts for this species using material
taken from root tips. The latter authors also analyzed
the E. globulus karyotype and found that the chromo-
somes fluctuated between 1.42 + 0.4 um in length.

No karyotype characterization studies have been done
to discriminate between E. globulus sub-species and
races, mostly because of the methodological complexity
of obtaining metaphase plates from the very small chro-
mosomes (< 2 pum) that characterize this species and
genus (ATCHINSON, 1947; RYE, 1979; HAQUE, 1984; HAR-
BARD, 1995, 1996; MATSUMOTO et al., 2000). JORDAN et al.

Silvae Genetica 56, 3—4 (2007)
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Figure 1. — Metaphase chromosomes of Eucalyptus globulus (2n = 22) from Jeerelangs seeds.

Figure 2. — Metaphase chromosomes (2n = 22) from Contulmo seeds; Scale of bar is 5 pm.

(1993) and DutkowskI and PotrTs (1999) indicated that
the Eucalyptus globulus complex (subgenus Symphy-
omyrtus) is made up of 13 races and 20 sub-races. The
Strezelecki Ranges race is one member of the E. globu-
lus complex. Originating in Victoria, Australia, this race
includes individuals integrated through hybridization or
introgression. Trees of the Strezelecki Ranges can be
clearly and precisely distinguished from trees of other
origins using a series of morphological attributes deter-
mined by DUTKOWSKY and POTTS et al., (2004). Because
of their good growth, survival rates, and wood proper-
ties, the Jeerelangs and Jeerelangs North families of the
Strezelecki Ranges race have been used for infusions or
as base populations for some genetic improvement pro-
grams. Thus, it is common to find these families ranked
in the upper quartile (PoTTs and JORDAN, 1993; GRIFFIN,
2001; SANHUEZA et al., 2001; GALLO, 2004).

The present work sets forth a detailed cytological com-
parison of two Eucalyptus globulus populations: Chile

and Australia. The purposes of this work are (1) to
determine the statistical parameters of the chromosome
size and the karyotypes and (2) to identify possible dif-
ferences between the karyotypes studied.

Materials and Methods

Plant material

Two populations of Eucalyptus globulus Labill.
(Myrtaceae) were analyzed. Seeds were collected in
Chile, Region VIII: Contulmo (37° 41’ S; 73° 66" W)
and Australia, Victoria, Jeerelangs (38°19’ S; Longitude
146° 33’ W).

Fifteen seeds were sown from ten trees of each loca-
tion. Eucalyptus seedlings were grown on water-moist-
ened filter paper at 24°C. Once their roots reached 1 to
2 cm long, they were excised and pre-treated with 8-
hydroxyquinoline solution (2 mM aqueous solution at
4°C for 24 h), fixed in a freshly prepared mixture of

Table 1. — Results of measurements of ten metaphasic plates of Eucalyptus globulus, Jeerelangs

(Australia).
Chromosome Long arm (%) Short Arm Total Arm Index Chromosome
(pair) + Sd (%)+Sd Length  Ratio Type
(%) (L/S)
1 203+£0.55 1581029 3.61 1.29 045 m
2 182+049 147+032 329 1.24 0.46 m
3 1.76 £0.41 134+035 3.10 1.31 0.44 m
4 1.71£043 128027 299 1.34 0.44 m
5 1601042 126028 286 1.27 045 m
6 1511036 118021 2.69 1.28 045 m
7 1411032 110£020 251 1.28 0.45 m
8 131+0.31 1.06£0.22 237 1.24 045 m
9 130£0.30 099+0.20 229 1.31 0.44 m
10 1.22+£0.28 096+022 218 1.27 044 m
11 1.13+0.28 0.84+0.13 134 1.34 0.44 m
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Table 2. — Results of measurement of ten metaphasic plates of Eucalyptus globulus, Contulmo

(Antiquina. VIII Region, Chile).

Chromosome Long arm (%) Short Arm Total Arm Index Chromosome
(pair) +Sd (%) +Sd Length Ratio Type
(%) (L/S)
1 1.66+0.12 138+0.18 3.04 1.22 045 m
2 1.50£0.13 117+£0.20 2.67 1.30 044 m
3 140+0.14 1.09+020 249 1.30 043 m
4 132+0.14 1.00+021 232 1.35 043 m
5 125+£0.11 095+0.19 220 133 043 m
6 123+0.16 092+0.10 2.15 131 043 m
7 1.13+£0.10 0.89+0.16 2.02 1.29 044 m
8 1.08+£0.13 0.85+0.17 1,93 1.29 044 m
9 105+0.13 089%+0.16 194 1.29 0.46 m
10 1.03+£0.13  0.73+£0.19 1.76 143 041 m
11 094+0.10 057%£0.13 151 1.65 0.38 m
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Figure 3. — Ideogram of Eucalyptus globulus (Jeerelangs). The values are expressed in per-

centages (%) according to Table 1.

absolute ethanol/glacial acetic acid (3:1) for 24 h, and
stored in 70% ethanol at —20°C. Later, the roots were
treated with hydrochloric acid (0.05 N) for 25 min at
38°C. After rinsing with distilled water, they were
crushed in a drop of acetic orcein (1%).

Microscope Screening and Chromosome Measurements

The metaphase plates were photographed with a Zeiss
Axioskop microscope. The chromosomes were measured
with the help of the computer program “MicroMeasure
3.3” (REEVES, 2001) and classified according to the ratio
of the arms (long arm/short arm; modified from LEVAN et
al., 1964) given the position of the centromere: 1.0-1.7
(metacentric; m), 1.7-3.0 (submetacentric; sm), 3.0-7.0
(subtelocentric; st), and 7.0—x (telocentric; t). The asym-
metry index of the karyotype was determined (AsI %)
for the populations analyzed (10 metaphase plates)
using the formula described by ARANO and SarTo (1980)
and R (longest pair/shortest pair). For a better compari-
son, the length of each chromosome was calculated as a
percentage of the total genomic length of the corre-
sponding set of diploid chromosomes. Corel Draw (ver-
sion 8.0) was used for the graphic representation of the
chromosome set (ideogram) and Paint Shop Pro 7 was
used to analyze the photos.
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We compared specimens from Jeerelangs and Contul-
mo by making direct calculations from the published
ideogram (MORA et al., 2005), R, and the karyotypic
asymmetry index of ARANO and SAITO (AsI %).

Results

Both populations of Eucalyptus globulus studied here-
in had a karyotype of 2n = 22, with 11 metacentric chro-
mosome pairs. The results of the chromosome measure-
ments are summarized in Tables 1 and 2 and Figures 3
and 4 (ideograms).

The radius of the longest pair divided by the radius of
the shortest pair (R) was 2.0 for the Jeerelangs popula-
tion and 1.8 for the Contulmo population. The asymme-
try index of the karyotype (Asl %) was 57.5 for the
Jeerelangs population and 56.2 for the Contulmo popu-
lation (Table 3).

Discussion

Both Jeerelangs and Contulmo populations of E. glob-
ulus have chromosome counts of 2n = 22, and their very
small, clustered chromosomes make counting and mea-
suring difficult. This is the first report on the number of
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Figure 4. — Ideogram of Eucalyptus globulus (Contulmo). The values are expressed in per-

centages (%) according to Table 2.

Table 3. — Comparison of ARANO and SAITO (1980) Index and R for Eucalyptus globulus of

three provenances.

Species Provenance ARANO and R
SAITO Index
(%)
E. globulus Jeerelangs, (Victoria). Australia 57.5 2.0
E. globulus Contulmo, (Antiquina). Chile 56.2 1.8
E. globulus* Caiiete, (Los Hermanos). Chile 542 1.8

* Data from Cafiete was extrapolated from the idiograms of MORA et al. (2005).

chromosomes in these populations. MCAULAY and
CRUICKSHANK (1937) stated that, both in metaphase and
anaphase, the E. globulus chromosomes are very small,
frequently clustered and, in some cases, suspicious
specters are observed due to an excess of stain. This
study was no exception; a very low percentage (< 5%) of
the metaphases studied revealed sufficient information
to characterize each of the chromosomes.

MATSUMOTO et al., (2000) indicated that Eucalyptus
has metacentric chromosomes, except for E. saligna
(Symphyomyrtus), in which chromosomes 10 and 11 are
submetacentric. The chromosomes in both the Jeere-
langs and Contulmo populations were metacentric. This
is further supported by the karyotype assymetry index
of ARANO and SArTo (1980) for Jeerelangs (57.5) and
Contulmo (56.2). MORA et al. (2005) indicated that chro-
mosome 9 is submetacentric for E. globulus from
Canete, Fundo Los Hermanos, a site near Contulmo.
Unfortunately, the authors do not give statistical data
on the measurements of each chromosome and the pho-
tograph included does not clarify their statement.
According to our study, it is highly probable that the
majority of the races in the E. globulus complex have
metacentric chromosomes.

The comparative analysis (Table 3) of E. globulus from
Jeerelangs (Victoria, Australia), Contulmo (Antiquina),
and Canete was done using the relationship between the
longest and shortest chromosome pairs (R) and the
assymetry karyotype index of ARANO and SAITo (1980)
and does not reveal intraspecific differences that allow
discrimination of the Jeerelangs provenance from the
other two.

EAToN and MAFFIOLETI (1995) performed isoenzymatic
studies in an attempt to establish the origin of the
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E. globulus populations introduced in Chile at the begin-
ning of the nineteenth century. These studies suggest
that the Chilean populations originated in southern Tas-
mania. LOPEZ et al., (2001) confirms this in a study that
reported close affinities between the Chilean land race
and native stands in Tasmania.

The total size of the haploid genome (TCL) for Jeere-
langs was 57.65 + 8.59 um and for Contulmo 48.72 +
4.11 pum. Moreover, differences were observed in the rel-
ative size of the chromosomes, with the Jeerelangs chro-
mosomes being larger than those from Contulmo. The
greater quantity of nuclear material could be the prod-
uct of the gene recombinations (“introgressions”) report-
ed for this race (JORDAN et al., 1993; DUTKOWSKY and
Ports, 1999). According to STEBBINS (1971), differences
in chromosome sizes reflect differences in genes or the
synthetic proteins of individuals resulting from gene
duplications. LEVIN (2002) indicated that genome varia-
tion is accompanied by variations in the size of the
introns, which appear not to code inside the plant genes
and vary widely among angiosperms. Given the low per-
centages of good quality metaphase plates, there is still
no ad-hoc protocol that allows working more efficiently
and precisely.

Cytogenetic techniques (FISH and GISH) result in
clearer, more exact information, a basic requirement for
comparative studies related to the evolution of the Euca-
lyptus karyotype.
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