Karyomorphological studies of six species of Lachenalia (Asparagaceae)*
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Summary

Chromosome studies in six species of Lachenalia were made. The chromosome numbers of 2n=14, 18 or 28
were counted. Chromosome number of L. angelica (2n=14) was reported here for the first time, and of L.
attenuata (2n=18) and L. youngii (2n=18) were different from the numbers of previous reports.
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Introduction

Lachenalia is an ornamentally meritorious genus in the family Asparagaceae. This genus consists of 133
species (139 taxa), and is endemic to South Africa and Namibia (Duncan 2012). In Lachenalia, chromosome
studies have been done in 94 species (Duncan 2012), and demonstrated their chromosome numbers of 2n=10,
12, 14, 15, 16, 17, 18, 20, 21, 22, 23, 24, 26, 27, 28, 29, 30, 32, 36, 40, 42, 44, 49 and 56 (e.g. Mofett 1936, de
Wet 1957, Fernandes and Neves 1962, Crosby 1986, Johnson and Brandham 1997, Hamatani et al. 1998, 2004,
2007, Spies et al. 2000, 2002, 2008, 2009, Spies 2004 and Hamatani 2011). Based on the previous information
of their chromosome numbers, the basic chromosome number of this genus have been concluded (Spies et al.
2011), and detail karyomorphological studies were held on some reports (e.g. Mofett 1936, Hamatani et al.
1998, 2004, 2007, 2009, 2010, Spies 2004 and Hamatani 2011). However, many of the previous information
were remitted only their chromosome number, therefore there are still remaining the necessities for detail
observations about the chromosome character of Lachenalia species.

In this study, we made cytogenetical observations on six species of Lachenalia for the first time.

Material and Methods

Plant species observed in this study are listed in Table 1. The material plants were cultivated in the
Hiroshima Botanical Garden.

For the chromosome observation, root tips were harvested and pretreated in 2mM 8-hydroxyquinoline at
20C for two hours, before they were fixed and stored in the 3:1 ethanol and acetic acid below freezing
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Table 1. Chromosome numbers of six species of Lachenalia studied

Chromosome number (2n)

Species Segion Present count Previous count WEISERIcE

“ ¥ Barker ox G. D, Duncan e 1 ) (ew Comm)
L@@;%ﬁﬁﬁe&ugfz D. Duncan Oblongae 18 1 PSSR
L‘g%’g’f“gjﬂiﬁ?”a Urceolatae 28 28 Spies et al. 2008
Lci;‘:;zelz:r.u]zgl;cikngnima Oblongae 18 18 Spies et al. 2008

et ox W T, Barker . 1 o spies et al. 2008 |
ch«‘fﬁ:ralia youngi Oblongae 18 16 Spies et al. 2008

* Referred from Duncan 2012

Fig. 1. Flowers of Lachenalia studied. A: L. angelica, B: L. attenuata, C: L. cernua, D: L. minima, E: L. ventricosa, F: L. youngii.
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temperature for a few days. Then, they were macerated in the 1:1 mixture of 45% acetic acid and IN
hydrochloric acid at ca 60°C for 1.5 min, and squashed with 2% aceto-orcein solution. After the observation of
their meristematic tissues, the mitotic metaphase chromosomes were characterized by centromeric position
followed Lavan et al. (1964). The karyotype formulas were based on the positions of centromeres and
chromosome length according to Tanaka (1980).

Results and Discussion

Flowers of the material plants are shown in Figure 1. The section followed Duncan (2012), and chromosome
numbers (2n) observed in this study and previous counts are described in Table 1. Chromosome numbers of
2n=14, 18 and 28 were counted in this study (Table 1). Among the six species, L. angelica was observed
karyomorphologically and revealed to have 2n=14 chromosomes for the first time. Chromosome numbers of L.
cernua (2n=28), L. minima (2n=28) and L. ventricosa (2n=14) were reconfirmed the previous data described by
Spies et al. (2008). Present count of 2n=18 in L. attenuata and L. youngii were different from the previous report
(Spies et al. 2008, 2009). 3

The mitotic metaphase and the karyotype are shown in Figure 2 and Figure 3, respectively. Karyotypes of
six species studied are described in Table 2.

Lachenalia angelica showed bi-modal karyotype in length which had two relatively long chromosomes and
12 relatively short chromosomes. The two long chromosomes were subtelocentric (st) and short 12
chromosomes were submetacentric (sm) or metacentric (m), then it showed symmetric karyotype in arm ratio. It
was suggested that this species was diploid and the basic chromosome number was x=7, because its paired
chromosomes showed high similarity on their length and arm ratio.

L. attenuata showed mono-modal karyotype showing gradual decrease in length. All chromosomes were
“sm” or “m’, and showed symmetric karyotype in arm ratio. It was suggested that this species was diploid and
the basic chromosome number was x=9, because its paired chromosomes showed high similarity on their length
and arm ratio.

L. cernua showed mono-modal karyotype showing gradual decrease in length. Satellite was observed on the
short arm of one chromosome (No.3). The chromosome set consisted of one “st” chromosome (No.7), 11 “sm”
and 16 “m” chromosomes, then it showed symmetric karyotype in arm ratio. It was not be able to decide that this
species was diploid or tetraploid in this result. And the basic chromosome number was suggested x=14 or 7.

L. minima showed mono-modal karyotype showing gradual decrease in length. All chromosomes were “sm”
or “‘m’, and then it showed symmetric karyotype in arm ratio. It was suggested that this species was diploid and
the basic chromosome number was x=9, because its paired chromosomes showed high similarity on their length
and arm ratio.

L. ventricosa showed mono-modal karyotype showed gradual decrease in length. One chromosome was “st’,
11 chromosomes were “sm” and two chromosomes were “m’, then showed symmetric karyotype in arm ratio. It
was suggested that this species was diploid and the basic chromosome number was x=7, because its paired
chromosomes showed high similarity on their length and arm ratio.

L. youngii showed mono-modal karyotype showed gradual decrease in length. All chromosomes were “sm”
or “‘m’, and showed symmetric karyotype in arm ratio. It was suggested that this species was diploid and the
basic chromosome number was x=9, because its paired chromipsomes showed high similarity on their length and
arm raf1o.

In the genus Lachenalia, basic chromosome number of x=5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 21,
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Table 2. The results of karyomorphological studies of Lachenalia

Information of mitotic metaphase

Basic
Species Chromosome  Expression Expression from  polyploidy chromosome
number from chromosome number (x)
(2n) arm ratio* length*
Lachenalia angelica symmetric .
W. F. Barker ex G. D. Duncan 14 (6m+6sm+2st) bi-modal 2x 7
Lachenalia attenuata 18 symmetric mono-modal 2% 9
W. F. Barker ex G. D. Duncan (10m+8sm}) (gradual)
Lachenalia cernua symmetric mono-modal
G. D. Duncan 28 (16m+11sm+1st)  (gradual) 2x or 4x ldor7
Lachenalia minima 18 symmetric mono-modal 2% 9
W. F. Barker (12m+6sm) (gradual)
Lachenalia ventricosa 14 symmetric mono-modal 7% 7
Schitr. ex W. F. Barker (2m+11sm+1st) (gradual)
. .. symmetric mono-modal
Lachenalia youngii Baker 18 (13m-+5sm) (gradual) 2x 9

* The mitotic metaphase chromosomes were characterized by centromeric position followed Levan et al. (1964).
Symbols show regions of centromeres. m: median region, sm: submedian region, st: subterminal region. The
karyotype formulas based on the positions of centromeres and chromosome length according to Tanaka (1980).
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Fig. 2. Somatic chromosomes at mitotic metaphase in Lachenalia studied. A: L. angelica, B: L. attenuata, C: L. cernua, D: L.
minima, E: L. ventricosa, F: L. youngii. Bar = 10pm.
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22 and 28 were already shown, and it was suggested that primary basic chromosome numbers were x=7, 8, 9
and 11 (Spies et al. 2011, Kleynhans et al. 2012).

Authors already observed 48 taxa (including 41 species, four varieties and three cultivars) of Lachenalia and
confirmed their chromosome numbers of 2n=14, 15, 16, 17, 18, 22, 23, 24, 26, 28, 42 (Hamatani 2011, Hamatani
et al. 2012). It was shown by the karyomorphological observation using aceto-orcein staining and molecular
cytogenetical observations using 4-6-diamidino-2-phenylindole (DAPI) staining and fluorescent in situ
hybridization (FISH) with 5S and 18S rDNA probes; that 19 taxa of 2n=14 and one taxon of 2n=15 were x=7 (2x
or 2x+1), ten taxa of 2n=16 and two taxa of 2n=17 were x=8 (2x or 2x+1), one taxon of 2n=18 was x=9 (2x),
three taxa of 2n=22, one taxon of 2n=23 and one taxon of 2n=24 were x=11 (2%, 2x+1 or 2x+2), two taxa of
2n=24 were x=12 (2x), two taxa of 2n=26 were x=13 (2x), two taxa of 2n=28 were x=14 (2x), three taxa of
2n=28 were x=7 (4x) and one taxon of 2n=42 was x=7 (6x) (Hamatani 2011, Hamatani ef al. 2012). It was often
shown aneuploids and polyploids on the observation for the chromosome of Lachenalia. Spies et al. (2011) and
Kleynhans et al. (2012) showed various basic chromosome numbers (x=5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
18, 20, 21, 22 and 28), but this variety of basic chromosome numbers might be clearer by more detail
karyomorphological and molecular cytogenetical observations.

Hamatani (2011) reported that ten species which had basic chromosome number of x=8 made one clear
clade by the molecular phylogenetical analysis, and they showed strong similarity to each other in
karyomorphology and molecular cytogenetics with DAPI staining and FISH method. Also it was suggested that
the molecular cytogenetical observation was valid to clarify similarity among 14 species with x=7 chromosomes
which were hardy elucidated karyomorphologically, although made a large and uncertain clade by the molecular
phylogenetical analysis. In this study, we confirmed two species of Lachenalia (L. angelica, L. ventricosa)
having basic chromosome number of x=7. After this, we wish to obtain detail information by molecular
cytogenetic methods.

On the other hand, the relationships among the species with x=9, 11, 12 or 14 were not enough examined
because the number of observed samples were few (Hamatani 2011, Hamatani et al. 2012). In this study, we
confirmed three species (L. attenuata, L. minima and L. youngii) with x=9. And, L. cernua with 2n=28 was not
decided its ploidy and it was leaved a problem.

Therefore, the species with 2n=14, 2n=18, 2n=28, have to been valuable for the future studies on the
relationship and speciation of whole of genus Lachenalia.

Acknowledgements

We thank Mr. Graham Duncan, Curator of the Bulbous Plants Living Collection and a specialist
horticulturist at the South African Biodiversity Institute, Kirstenbosch Botanical gardens for identifying species
of Lachenalia, and Dr. Tetsuya Sera, Director of the Hiroshima Botanical Garden for his advices to the
chromosome analysis.

=

) 7 & (Lachenalia) 6 FEIZD u\fff%fz%q—ém%ﬂ%%ﬁo 72, BRI 2n=14, 18, 28 DR & /2. L
angelica D 20=14 ZH DFET, L. attenuata O 2n=18, L. youngu D 20=18 ITBE DG L R HHEMHHT
Hoiz.



6 HAMATANI AND TAGASHIRA

» [Nissensssusnsl

7 10 11 12

B .llll!lillllOOOCOOI

10 11 12 13 14 15 16 17

C l'tll!llllaolccnaoocl

7 8 10 11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28

D ll..llcoccnoost.n.

3 4 5 6 10 11 12 13 14 15 16 17 18

E "l‘l‘!ltlltosl

F "“l‘."lll.illlsl
17 18

10 11 12 13 15 16

Fig. 3. Karyotypes in the six species of Lachenalia studied. A: L. angelica, B: L. attenuata, C: L. cernua, D: L. minima, E: L.
ventricosa, F: L. youngii. Arrow shows satellite. Bars indicate 5 um.
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Appendix : Measurements of somatic chromosomes of Lachenalia at mitotic metaphase

Table 3. L. angelica, 2n = 14 Table 6. L.minima, 2n=18
Chromosome ~ Length (¢m)  Relative length (%) Arm ratio Form Chromosome Length(xm) Relative length ~ Armratio Form
1 1.01+3.25=4.26 12.24 3.22 st 1 0.70+1.98=2.68 7.89 2.83 sm
2 1.01+3.19=4.20 12.07 3.16 st 2 0.88+1.66=2.54 7.48 1.89 sm
3 1.05+1.83=2.88 8.27 1.74 sm 3 1.00+1.18=2.18 6.42 1.18 m
4 0.88+1.79=2.67 7.67 2.03 sm 4 0.96+1.12=2.08 6.12 1.17 m
5 1.09+1.50=2.59 7.44 1.38 m 5 0.73+1.26=1.99 5.86 1.73 sm
6 1.07+1.30=2.37 6.81 1.21 m 6 0.80+1.16=1.96 5.77 1.45 m
7 0.78+1.46=2.24 6.43 1.87 sm 7 0.9341.02=1.95 5.74 1.10 m
8 0.76+1.40=2.16 6.21 1.84 sm 8 0.76+1.10=1.86 5.48 145 m
9 0.91+1.21=2.12 6.09 1.33 m 9 0.76+1.09=1.85 545 1.43 m
10 0.88+1.21=2.09 6.00 1.38 m 10 0.73+1.12=1.85 5.45 1.53 m
11 0.84+1.17=2.01 5.77 1.39 m 11 0.77+1.06=1.83 5.39 1.38 m
12 0.76+1.13=1.89 543 1.49 m 12 0.55+1.26=1.81 5.33 2.29 sm
13 0.66+1.17=1.83 5.26 1.77 sm 13 0.80+0.99=1.79 5.27 1.24 m
14 0.43+1.07=1.50 4.31 2.49 sm 14 0.66+1.02=1.68 4.95 1.55 m
15 0.66+0.99=1.65 4.86 1.50 m
Table 4. L. atienuata, 2n = 18 16 0.47+1.03=1.50 442 219 sm
Chromosome ~ Length (um)  Relative length (%) Arm ratio Form 17 0.47+0.99=1.46 4.30 2.11 sm
1 0.85+1.81=2.66 7.38 2.13 sm 18 0.57+0.73=1.30 3.83 1.28 m
D ooanTae B0 0% M T Loenricosa e s
4 0.91+1.40=2.31 6.41 1.54 m Chromosome Length(um) Relative length (%) Armratio Form
5 0.67+1.60=2.27 6.30 2.39 sm
6 0.70+1.49=2.19 6.07 2.13 sm ! 0.77+3.88=4.65 12.30 504 .
7 0.85+1.29=2.14 5.04 1.52 m 2 1.17+3.18=4.35 11.50 2.72 sm
8 0.51+1.43=1.94 5.38 280  sm . = ) ' B
9 0.78+1.15=1.93 5.35 1.47 m 4 1.08+2.11=3.19 8.43 1.95 sm
10 0.67+1.16=1.83 5.08 173 sm g SN LS i s B
11 0.79+1.02=181 5.02 129 m : P =t e 55 Em
12 0.77+1.04=181 5.02 135 m Y R R g i 192 sm
13 0.74+1.05=1.79 497 1.42 m . (i le0o 40 o5 e e
14 0.76+1.01=1.77 491 133 m J (OIRSIRcS ok Fd S m
15 0.79+0.90=1.69 4.69 L4 m b o g e o=
16 0.60+1.05=1.65 4.58 1.75 - 11 0.72+1.28=2.00 5.29 1.78 sm
17 0.70+0.90=1.60 4.44 129 m g 82;:} 'ggj'gé i'g; ég? -
18 06240235135 4.30 130 T 14 0.64+1.13=1.77 4.68 177 sm

Table 5. L. cernua, 2n =28 ..
Table 8. L.youngii, 2n = 18

Chromosome Length (zm) Relative length (%) Arm ratio Form

1 12142.03=3 24 6.00 168 N Chromosome Length(xm) Relative length  Arm ratio Form
2 1.05+2.12=3.17 5.87 202 sm 1 1.47+2.59=4.06 8.42 1.76  sm
3 0.39+0.81+1.46=2.66 4.93 1.22 m 2 1.38+2.61=3.99 8.28 1.89  sm
4 0.89+1.70=2.59 4.80 191  sm 3 1.38+2.05=3.43 7.12 1.49 m
5 0.81+1.75=2.56 4.74 2.16 sm 4 1.40+1.97=3.37 7.00 1.41 m
6 0.66+1.85=2.51 4.65 280  sm 5 0.98+1.97=2.95 6.12 2.01 sm
7 0.60+1.88=2.48 459 3.13 st 6 1.05+1.60=2.65 5.50 1.52 m
8 g i 213 sm 7 1.05+1.60=2.65 5.50 152  m
g (GeIs L _ ES 8 0.98+1.67=2.65  5.50 170 sm
. g g 126 m 9 0.99+1.60=2.59 537 162 m
1 (EJRL o h I 10 0.99+1.60=2.59 537 162 m
12 0.66+1.16=1.82 337 176  sm B

3 0.E1 11 e N o 1 0.86+1.44=2.30 4.77 1.67 m
i e A o o 12 0.72+1.59=2.30 4.77 224 sm
15 04441 27=171 317 oy R — 13 0.86+1.43=2.29 475 1.66 m
17 0.75+0.89=1.64 3.04 1.19 m 15 0.92+1.24=2.16 448 1.35 m
18 0.59+1.04=1.63 3.02 1.76 sm 16 1.02+1.12=2.14 4.44 1.10 m
19 0.60+0.99=1.59 2.95 1.65 m 17 0.86+1.14=2.00 4,15 1.33 m
20 0.45+1.10=1.55 2.87 244 sm 18 0.86+1.05=1.91 3.96 1.22 m
21 0.63+0.90=1.53 2.83 1.43 m

22 0.57+0.93=1.50 278 1.63 m

23 0.62+0.86=1.48 2.74 1.39 m

24 0.59+0.86=1.45 2.69 1.46 m

25 0.63+0.77=1.40 2.59 1.22 m

26 0.60+0.80=1.40 2.59 133 m

27 0.62+0.75=1.37 2.54 121 m

28 0.57+0.80=1.37 2.54 1.40 m




