Karyotypic Analysis of N-
Banded Chromosomes of
Diploid Alfalfa:

Medicago sativa ssp.
caerulea and ssp. falcata and
Their Hybrid
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Chromosomes of two diploid (2n = 2x =
16) subspecies of Medicago sativa, ssp
caerulea and ssp. falcata, and their hybrid
were studied using an N-banding tech-
nique This study was undertaken to de-
velop an N-banded karyotype of ssp. ca-
erulea and ssp. falcata, and determine if
the same technique could be used to
identify parental chromosomes in hybrids
The chromosomes of ssp. falcata have
only centromeric N bands and thus indi-
vidual chromosomes could not be identi-
fied. However, chromosome-specific bands
were observed in ssp. caerulea enabling
the identification of each of the eight pairs
of chromosomes and the development of
an idiogram All chromosomes have a
centromeric band and a telomeric band in
the short arm. All of the chromosomes, ex-
cept chromosomes 7 and 8, have intersti-
tial bands in their short arms. Chromo-
somes 1, 2, and 3 each have one Iintersti-
tial band in their long arms and chromo-
some 5 has two faint interstitial bands in
its long arm. The satellited chromosome is
easily distinguished due to the secondary
constriction and characteristic band at the
nucleolar organizer region. The differ-
ences in banding patterns between these
subspecies makes it possible to distin-
guish chromosomes from each other In
their hybrids. This is the first report of the
use of N banding to identify the diploid
chromosomes of M. sativa ssp. caerulea
and ssp. falcata.

The location of the nucleolar organizer re-
gion (NOR) in animal and plant chromo-
somes using the Giemsa N-banding tech-
nique was first described by Funaki et al.
(1975). Gerlach (1977) was the first to ap-
ply this technique in wheat, Triticum aes-
tivum L., and related species, Since then
there have been many reports on the ap-
plication of this technique to identify the
chromosomes of wheat (reviewed by Endo
and Gill 1983; Gill et al. 1991) and other
grass species such as Aegilops (Jewell
1979), barley (Hordeum vulgare L.) (Singh
and Tsuchya 1982), Elymus (Morris and
Gill 1987), and rye (Secale cereale L.)

(Schlegel and Gill 1984). However, reports
of N-banding of dicotyledonous plant
chromosomes are scarce. Cestrum pargi, a
wild Solanaceous plant, was cold treated,
and N-banding and karyotypic analysis
was accomplished (Berg and Greilhuber
1992). N-banding in Glyvcine max (L.) Merr.
and its wild relatives was used to identify
the NOR in these species ( Yanagisawa et
al. 1991), however, other bands that were
detected were located at the centromeres
and thus were not helpful in identifying in-
dividual chromosomes.

This study was undertaken to apply the
N-banding technique to the chromosomes
of diploid alfalfa. develop an N-banded
karyotype of ssp. caerutea and ssp. falcata,
and determine if the same technique
could be used to identify parental chro-
mosomes in hybrids.

Materials and Methods

One accession of diploid (2n = 2x = 16)
ssp. caerutea, Pl 212798 (collected in Iran)
and the cultivar CADL (Cultivated Alfalfa
at the Diploid Level) (provided by E. T
Bingham, University of Wisconsin, Madi-
son, Wisconsin), and three accessions of
ssp. falcata, P1 262532 and Pl 263154 (col-
lected in the former Soviet Union); and
UAG 1806 (collected in the Hungary) (pro-
vided by the Karl Lesins Collection, Uni-
versity of Alberta, Edmonton, Canada)
were studied. The plant introductions (PI)
seeds were obtained from the U.S. Plant
Introduction Station in Pullman, Washing-
ton. Hybrid seeds were obtained from the
cross between ssp. falcata (UAG1806) and
ssp. caerulea (CADL) using vacuum suc-
tion hand-emasculation and hand-pollina-
tion.

Seeds were scarified and germinated in
petri dishes at room temperature on filter
paper. Root tips were obtained 3 days af-
ter germination was initiated and pretreat-
ed in an ice bath for 20 h before fixation
in Farmer’s fixative (3:1, v/v, 95% ethanol:
glacial acetic acid) for at least 30 min. The
Giemsa N-banding technique of Endo and
Gill (1984) was modified as follows. A sin-
gle fixed root tip was placed in a drop of
45% acetic acid for 2 to 3 min on a micro-
scope slide. Dissecting out of dividing root
tip cells was performed using needles un-
der a dissecting microscope. Slides were
gently warmed and squashed under a cov-
erslip. The coverslip was removed follow-
ing freezing the slide with liquid nitrogen.
The slides were immersed in 45% acetic
acid at 45°C for 20 to 25 min and rinsed in
distilled water for 1 to 2 min. After rinsing

the slides were dried at room temperature
for 18 h. The dried slides were immersed
in 1 M NaH,PO, for 2.5 to 3 min at 91°C-
92°C. Slides were briefly rinsed in distilled
water and stained in 7.3% Giemsa stain
(Sigma) in pH 6.8 phosphate buffer (1 M
NaH.PO,) for 35 to 40 min. The stained
slides were briefly rinsed in distilled water,
air dried using a hair dryer, and coverslips
affixed using Permount. Twenty cells from
20 different individuals containing well-
spread N-banded chromosomes were ob-
served from each accession, cultivar, and
hybrid. Photomicrographs were taken us-
ing a Zeiss Axiophot Microscope with Ko-
dak Technical Pan 2415 hlm. Photographs
were printed on Agfa multigrade paper us-
ing high-contrast filtering. An idiogram
was developed based on length, position
of the centromere, and banding pattern
using an image analysis system (Bauchan
and Campbell 1994).

Results

Medicago sativa ssp. falcata N-banded
chromosomes have bands only at the cen-
tromeric regions with the exception of the
satellited (SAT) chromosome (chromo-
some 8) which also has a large band at the
NOR (Figure 1A). Occasionally an intersti-
tial band was observed in the middle of
the long arm of the SAT chromosome.
Without diagnostic terminal or interstitial
N-bands it is very difficult to karyotype
the chromosomes of ssp. falcata However,
M sativa ssp. caerulea has several more
bands than ssp. falcata in the accessions
that were observed (Figure 1B). All of the
chromosomes have centromeric bands
and telomeric bands in their short arm. All
of the chromosomes except chromosome
7 have interstitial bands in their short
arms. Chromosomes 1, 2, and 3 each have
an interstitial band in their long arms (Fig-
ure 1B) and chromosome 5 has two inter-
stitial bands in the long arm.

A brief description of each individual
chromosome N-banding pattern is as fol-
lows: Chromosome 1: The largest chro-
mosome without an NOR is submetacen-
tric; has a terminal band and an interstitial
band in its short arm; in addition to the
centromeric band one interstitial band is
located fairly close to the terminal band in
the long arm. Chromosome 2: A submeta-
centric chromosome which is smaller than
chromosome 1 has an interstitial band lo-
cated near the terminal end of the short
arm and one interstitial band located near
the centromere in the long arm. Chromo-
some 3: A submetacentric chromosome
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(A) N-banded chromosomes of M sativa ssp. fafcata. Arrows indicate the SAT chromosomes. The bar represents | pm, (B) N-banded chromosomes of M. sativa

ssp caerulea and karvotype. The bar represents | pm. (C) Karyotype and idiogram of N-banded chromosomes ol M sativa ssp. caerwlea (D) N-banded cell of a hybrid
between M sativa ssp. falcata and ssp. caerulea Arrows indicate the ssp. coerulea chrimosomes. The bar represents | pm

with a terminal band and an interstitial
band in the short arm and a prominent,
much amplified interstitial band in the
middle of the long arm. Chromosome 4: A
submetacentric chromosome with an in-
terstitial band in the short arm and no in-
terstitial band in the long arm. Chromo-
some 5: A metacentric chromosome with
a terminal band and a faint interstitial
band in the short arm of the chromosome
and two very faint staining interstitial
bands located in the long arm. Chromo-
some 6: A short metacentric chromosome
with a small terminal band and an inter-
stitial band in the short arm. There are no
interstitial bands on its long arm. Chro-
mosome 7: The smallest metacentric chro-
mosome in the complement with only a
centromeric band and a telomeric band in
the short arm of the chromosome, no in-
terstitial bands. Chromosome 8: The SAT
chromosome which is submetacentric
with two bands flanked by the NOR and
the centromere; a large terminal band and
an interstitial band is located in the long
arm of the chromosome. Based on the
banding pattern, a karyotype and idi-
ogram is presented in Figure 1C.

Due to the distinctive differences in the
banding pattern of the two subspecies,
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ssp. caerulea having characteristic bands
and ssp. falcata having only centromeric
bands, it was possible to identify the pa-
rental chromosomes of ssp. caerulea from
ssp. falecata chromosomes in the hybrids
(Figure 1D).

Discussion

This is the first report of the use of N-
banding to identify chromosomes in the
genus Medicago. N-bands were only ob-
served at the NOR and the centromeres of
ssp. falcata in the accessions observed,
thus it was impossible to develop a karyo-
type of this subspecies. However, ssp. ca-
erufea chromosomes have unique banding
patterns, thus it is possible to identify the
individual chromosomes. There is some
banding pattern similarity of chromo-
somes 1 and 2, however, chromosome 1 is
a larger chromosome than chromosome 2.

We found that the pretreatment time of
the root tips in the ice bath was critical
for obtaining the suitable size of the chro-
mosomes for banding alfalfa chromo-
somes with interstitial bands. Chromo-
somes that are too contracted will fuse
their bands together and a fewer number
of bands than are actually present will be

detected. The critical step in the N-band-
ing technique is the temperature (91°C-
92°C) for the 1 M NaH,PO, in a water bath.
Our experience in observing N-bands of
Medicago species is that there is little con-
trast between the darkly stained hetero-
chromatin and the lighter stained euchro-
matin and thus the chromosome bands
are clearer when observing them in the
microscope than in the photomicro-
graphs.

The distinctive N-banding pattern of
ssp. caerufea chromosomes enabled us to
develop a standard karyotype which may
be helpful in studying cytogenetic and
evolutionary relationships among species
of Medicago. The differences we observed
in the banding patterns of these two sub-
species makes it possible to identify pa-
rental chromosomes in the hybrids.
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