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Karyotypic Analysis of
C-Banded Chromosomes of
Diploid Alfalfa: Medicago
sativa ssp. caerulea and ssp.
falcata and Their Hybrid

G. R. Bauchan and M. A. Hossain

Chromosomes of two diploid (2n = 2x =
16) subspecies of Medicago sativa ssp.
caerulea and ssp. falcata and their hybrid
were studied by C-banding. This study
was undertaken to improve the C-banding
technigue for altalfa chromosomes, devel-
op a C-banded karyotype of the ssp. cae-
rulea and ssp. falcata, and determine if
the same C-banding technique could be

Briet Commurications 533



used to identify parental chromosomes in
hybrids. The chromosomes of ssp. falcata
have only centromeric bands and thus in-
dividual chromosomes could not be iden-
tified. One accession of ssp. falcata dis-
played an interstitial band in the middle of
the long arm on the satellite chromosome.
However, chromosome-specific  bands
were observed in ssp. caerulea enabling
the identification of each of the eight pairs
of chromosomes and the development of
a idiogram. All chromosomes had centro-
meric bands and a terminal band in the
short arm except the salellite chromosome
{chromosome 8). Interstital bands were
also observed in the short arms, with the
exception of chromosome 7. Chromo-
somes 1, 2, 3, and 8 each had one prom-
inent interstitial band in their long arm. The
satellited chromosome s easy to dentify
because of the presence of the secondary
constriction, two bands located on either
side of the nucleoclar organizer region, and
a large terminal band on its long arm. The
differences in banding patterns between
these subspecies allowed the identifica-
tion of parenlal chromosomes in hybrid
cells.

Cytogenetic research on alfalfa [M. sativa
ssp. sativa (L.) L. & L] and its closely re-
lated species has lagged behind other
crops mainly due to four factors: (1) alfalfa
chromosomes are very small, ranging
from 2-3 pm in length in root tip cells; (2)
the chromosomes are morphologically
very similar; (3) cultivated alfalfa has a rel-
atively high number of chromosomes (2n
= 4x = 32); and (4) alfalfa is an autotetra-
ploid with four nearly identical genomes
complicating genetic analysis. Due to the
autotetraploid nature of alfalfa, several re-
searchers have chosen to study diploids.
The diploid subspecies Medicago sativa
ssp. caerulea (Less. ex Ledeb.) Schmalh.
is considered to be the progenitor of cul-
tivated tetraploid alfalfa. Cultivated alfalfa
evolved from the diploid by sexual poly-
ploidization via unreduced (2x) gametes
which have been shown to occur in the
diploid subspecies (McCoy and Bingham
1988; Pfeiffer and Bingham 1983). Bingham
(1968), Bingham and Saunders (1974), and
McCoy and Bingham (1988) have demon-
strated that it is possible to transfer germ-
plasm across ploidy levels.

M. sativa ssp. falcata (L.) Arcangeli has
both diplold and tetraploid forms. The
diploid subspecies is a small yellow flow-
ered plant with straight to sickle-shaped
pods as opposed to ssp. caerulea which is
a small violet to lavender flowered plant
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with coiled pods. Both diploid subspecies
have been found growing wild in nature in
the same geographical location and natu-
rally occurring hybrids between them
have been observed (Lesins and Lesins
1979; Small and Bauchan 1984). The pri-
mary center of diversity for the genus
Medicago is found in the Caucasus, north-
western [ran, and northeastern Turkey
(lvanov 1977). M. sativa ssp. falcata has
been shown to be a valuable germplasm
source for the improvement of alfalfa be-
cause it has been the genetic source for
extreme winter hardiness, broad crowns,
creeping root habit, and some foliar dis-
ease resistance (Barnes et al. 1977). Rum-
baugh (1991) showed that a single diploid
accession of ssp. falcata exists in the ped-
igree of 30 alfalfa cultivars. Genetic and cy-
togenetic analysis of these two subspecies
and their hybrid have shown that they are
the same biological species (McCoy and
Bingham 1991).

Karyotypic analysis from pachytene
chromosomes of ssp. caerulea and ssp. fal-
cata Arcangeli (2n = 2x = 16) has been
conducted (Gillies 1968, 1970). Karyotypic
analysis of somatic chromosomes of dip-
loid ssp. caerulea has been accomplished
through the use of an image analysis sys-
tem (Bauchan and Campbell 1994). De-
spite these studies the identification of in-
dividual alfalfa chromosomes remains dif-
ficult.

There is only one report of successfully
banding alfalfa chromosomes. Masoud et
al. (1991) reported on the C-banded karyo-
type of M sativa cv. CADL (cultivated al-
falfa at the diploid level). However, they
observed mostly centromeric and telo-
meric bands and only a few interstitial
bands. Five annual Medicago species [M.
lesinsii E. Small, M murex Willd. (Mariani
and Falistocco 1990), M noéana Boiss.
(Falistocco and Falcinelli 1993), M. rugosa
Desr., and M. scutellata (L) Miller (Mariani
and Falistocco 1991)] have been studied
and only centromeric bands were ob-
served, thus providing information of little
value for karyotypic analysis.

The present study was conducted to im-
prove the C-banding technique chromo-
somes of alfalfa, develop a standard
C-banded karyotype of the ssp. caerulea
and ssp. falcata, and determine whether
C-banding could be used to identify paren-
tal chromosomes in hybrids.

Materials and Methods

Six accessions of diploid (2n = 2x = 16)
ssp. caerulea plus cv. CADL and eight ac-

Table |. Medicago sativa ssp. caerulea and ssp.
falcata germplasm used and the country of origin

Accession
Subspecies  number Country of origin
caerulea Pl 206453 Turkey
Pl 212798 Iran
Pl 243225 lran
Pl 2990446 Former Soviet Unjon
Pl 440507 Kazakhistan
Pl 464720 Turkey
ov. CADLE USA
falcatu Pl 115365 Former Soviet Union
Pl 262332 Former Soviet Union
Pl 263154 Former Sowiet Linion
Pl 307398 Former Soviet Union
Pl 405064 LUSA
Pl 464728 Turkey
PLAGTITO Usa
UAG 1808 Canada
The plant introductions (Pl) were obtained from the

.5, Plant Introduction Station in Pullman, Washington

v, CADL provided by Ted Bingham, University of Wis-
consin, Madison, Wisconsin,

“UAG 1806 provided by the Karl Lesins Collection, Uni-

versity of Alberta, Edmonton, Canada.

cessions of ssp. falcata were studied. Refer
to Table 1 for a list of the accessions used
and their country of origin. Accessions Pl
115365 and Pl 263154 contain a mixture of
diploid and tetraploid plants; only the dip-
loid plants in these accessions were used.
Hybrid seed was obtained from the cross
between ssp. falcata (UAG 1806) and ssp.
caerulea (cv. CADL) using vacuum suction
hand emasculation.

Seeds were scarified and germinated on
filter paper in Petri dishes at room tem-
perature. Root tips were oblained 3 days
after germination was initiated, pretreated
in an ice bath for 20 h, and fixed in Farm-
er’s fixative (3:1 v/v, 95% ethanol:glacial
acetic acid) for at least 30 min. A modified
improved C-banding technique (Hossain
1985) was utilized to band the chromo-
somes. A single fixed root tip was placed
in a drop of 45% acetic acid for 2-3 min
on a microscope slide. Dissection of divid-
ing root tip cells was accomplished using
sharpened needles under a dissecting mi-
croscope, Cells were gently warmed and
squashed under a cover slip. The cover
slip was removed after freezing the slide
with liquid nitrogen. The slides were dried
on a hot plate at 55°C-60"C for 10-12 min
and then treated with 6% barium hydrox-
ide for 5.5 min and briefly rinsed in dis-
tilled water. After rinsing, the slides were
incubated in 2= S8SC (0.3 M sodium chlo-
ride plus 0.03 M trisodium citrate) at 60°C
for 20 min. Slides were briefly rinsed in
distilled water and stained in 7.3% Giemsa
stain (Sigma) phosphate buffer (1 M
NaH.PO,) at pH 6.8 for 30 min. The stained
slides were briefly rinsed in distilled water,
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Figure 1.

air dried using a hair dryer for 2 min, and
cover slips affixed using Permount. Twen-
ty cells containing well-spread C-banded
chromosomes were observed from each
accession and the hybrid. Photomicro-
graphs were taken using a Zeiss Axiophot
Microscope using Kodak Technical Pan
2415 flm. Photographs were printed on
Agfa multigrade paper using high-contrast
filters. The chromosomes from each cell
were cut out and homologous pairs were
sorted out to develop an idiogram based
on length, centromere position, and band-
ing pattern.
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C-banded chromosomes of M saftva ssp. falcata. The bar represents | pm.

Results

Medicago sativa ssp. falcata C-banded
chromosomes have bands only at the cen-
tromeric region, with the exception of the
satellited (SAT) chromosome (chromo-
some 8), which also has a large band at
the nucleolar organizer region (NOR) ( Fig-
ure 1). Occasionally an interstitial band
was observed in the middle of the long
arm of the satellited chromosome. With-
out the diagnostic terminal or interstitial
C-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. In addition to the cen-
tromeric bands, which were the broadest
of the C-bands, all of the chromosomes
have telomeric bands in their short arms,
all of the chromosomes except chromo-
some 7 have interstitial bands in their
short arms, and chromosomes |, 2, and 3
each have one prominent interstitial band
in their long arms (Figure 2).

An idiogram of a standard karyotype is
presented in Figure 3. A brief description
of the C-banding pattern is as follows:

Chromosome 1. The largest chromo-
some without an NOR is submetacentric
and has a terminal band and an interstitial
band on the short arm; in addition to the
centromeric band, a large interstitial band
is located near the centromere on the long
arm.

Chromosome 2: A submetacentric chro-
mosome with a large telomeric band on
the short arm and two interstitial bands
located on each arm of the chromosome.

Chromosome 3: A submetacentric chro-
mosome with an interstitial band close to
the terminal band on the short arm; the
interstitial band on the long arm is not as
prominent as the one found on chromo-
some 1.

Chromosome 4: A submetacentric chro-
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Figure 2.
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C-banded chromosomes of M sativa ssp. caerufea and karvolype.
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Figure 3. Idiogram of C-banded chromosomes of M sativa ssp. caerulea
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Figure 4. C-banded cell ol a hybrid between M. sativa ssp. falcata and M saiiva ssp. caeruleq. Arrows indicate
the M sativa ssp caerulea chromosomes. The bar represents 1 pm.
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mosome with an interstitial band midway
between the telomeric band and the cen-
tromeric band, There were no interstitial
bands located on the long arm, but occa-
sionally a tertiary constriction can be
found on the long arm of the chromosome.

Chromosome 5: A metacentric chromo-
some with an interstitial band closer to
the centromeric band than the telomeric
band on the short arm of the chromo-
some,

Chromosome 6: A short metacentric
chromosome with a small terminal band
and a prominent interstitial band on the
short arm.

Chromosome 7: Another short metacen-
tric chromosome with only centromeric
bands and a telomeric band on the short
arm of the chromosome, with no intersti-
tial bands.

Chromosome 8: The SAT chromosome
that is submetacentric with two bands
flanked by the NOR and the centromere. A
large terminal band is located on the long
arm of the chromosome as well as an in-
terstitial band.

Due the distinctive differences in the
banding pattern of the two subspecies,
ssp. caerulea having multiple bands and
ssp. falcata having only centromeric
bands, it was possible to identify the chro-
mosomes of ssp. caerufea in the hybrid be-
tween the two subspecies (Figure 4).

Discussion

The karyotype of ssp. caerulea presented
here varies [rom the C-banded karyotype
described by Masoud et al. (1991). We
found that all the chromosomes had cen-
tromeric bands and a terminal band in the
short arm of all the chromosomes with the
exception of chromosome 8, whereas their
karyotype of cv. CADL (Masoud et al
1991) has two chromosomes without telo-
meric bands. We also observed one inter-
stitial band in the short arm of each chro-
mosome except chromosomes 7 and 8,
and chromosomes 1,2, 3, and 8 each have
a prominent interstitial band on their long
arm that was not observed by Masoud et
al. (1991).

The NOR is attached to the short arm
of chromosome 8, which is in agreement
with other karyotypes (Bauchan and
Campbell 1994; Schlarbaum et al. 1988;).
However, the karyotype developed by Ma-
soud et al. (1991) shows the NOR on the
long arm. We found that the pretreatment
time of the root tips in the ice bath was
critical for obtaining less contracted chro-
mosomes for banding alfalfa chromo-



somes with interstitial bands. In chromo-
somes with excessive contraction the
bands fuse together and only a few bands
are actually detected. The SAT chromo-
some is easy to identify because of the
presence of the secondary constriction
and also because of the large terminal
band on the long arm of the chromosome.
The distinctive C-banding pattern of
ssp. caerulea chromosomes enabled us to
develop a standard karyotype that may be
helpful in studying cytogenetic and evo-
lutionary relationships among species of
Medicago, The differences we observed in
the banding patterns of these two subspe-
cies makes it possible to identify parental
chromosomes in the hybrid.

From the USDA-ARS, Plant Sciences Institute. Soybean
and Alfalia Research Laboratory, Beltsville, MDD 20705
2350 Mention of a trademark or proprietary product
does not constitute a guarantee or warranty by the
LSDA and does not imply its approval to the exclusion
of other products that may also be suitable. The au-
thors thank Prem lauhar, USDA-ARS, Fargo, North Da-
kota, for his critical review of this manuscript

The Journal of Heredity 1997:85(6)

References

Barnes DK, Bingham ET, Murphy RF, Hunt (J, Beard
DF, Skrdla WH, and Tueber LR, 1977 Alfalfa germplasm
in the United States: genetic vulnerabilny, use, im-
provement, and maintenance. Technical Bulletin 1571
Washington, D.C.: U5, Department of Agriculture.

Bauchan GR and Campbell TA, 1994 Use of an image
analysis system to karyotype diploid alfalia (Medicago
sativa 1.). ] Hered 85:18-22,

Bingham ET 1968, Transfer of diploid Medicago ssp
germplasm to tetraploid M sativa L. m Ax-2x crosses,
Crop Sci 8:760-T62.

Bingham ET and Saunders IW 1974, Chromusome ma-
nipulations in alfalfa: scaling the cultivated tetraploid
to seven ploidy levels, Crop Sci 14474477,

Fallstoceo E and Faleinelli M, 1993 Karyotype and
C-banding in Medicago noeana Boiss.. Leguminosae.
Cytologia 58:151-154

Gillies CB, 1968, The pachytene chromosomes of a dip-
loid Medicago sativa. Can | Genet Cytol 10:788-793.

Gillles CB, 1970, Alfalla chromosomes. ). Pachytene
karyvotype of a diploid Medicago falcaia L. and its re-
lationship to M sariva. Crop Sci 10, 168-171.

Hossain MA, 1985 An improved Giemsa C-banding
techmique. Bangladesh J Bot 14:37-40.

Ivanov Al, 1977. History, origin and evolution of the ge-
nus Medicago, subgenus Fafcago. Bull Appl Bot Genet
Select 59:3-40.

Lesins KA and Lesins |, 1979 Genus Medicago { Legu-
minosae): a taxonomic study. The Hague, Netherlands:
Dr. W, Junk Publishers; 228,

Mariani A and Falistocco E, 1990, Chromosome studies
in 2n = 14 and 2n = 16 types of Medicago murex. Ge-
nome 33:159-163,

Mariant A and Falistocco, E, 1991, Cvtogenetic analysis
of Medicago rugosa and Medicago scutellata, ) Genet
Breed 45:111-116.

Masoud SA, Gill BS, and Johnson LB, 1991, C-banding
and alfalfa chromusomes: standard karyotvpe and anal-
vsis of a somaclonal variant. J Hered 82:335-338.

McCoy TJ and Bingham ET, 1988. Cyvtology and cyto-

genetics of alfalfa. In: Alfalfa and alfalfa improvement
(Hanson AA. Barnes DK, and Hill RR, eds). Monograph
249, Madison, Wisconsin: American Society ol Agrono-
my: T37-T76

McCay T and Bingham ET. 1991 Alfalfa cytogenetics.
In® Chromosome engineering in plants, Part B (Gupta
PK and Tsuchiva T, eds). New York. Elsevier, 3994158

Pleiffer TW and Bingham ET, 14983, Abnormal meiosis
in altalta, Medicago sufiva: cytology of 2n ege and 4n
pollen tormation, Can J Genet Cytol 25:107-112,

Rumbaugh MD, 1991 Plant introductions: the founda-
tion ol North American lorage legume cultivar devel
opment. In: Use of plant introductions in cultivar de-
velopment. Part | (Shands HL and Wiesner LE, eds)
Madison, Wisconsin, American Soclety ol Agronomy.
103-114.

Schlarbaum SE, Johnson LB, and Stuteville DL, 1988
Characterization ol somatic chromosome morphology
inallalla, Medicago sefiea Lo companson of donor plant
with regenerated protoclone, Cytologia 53:494-507.

Small E and Bauchan GR 1984, Chromosome numbers
ol the Medicago sativa complex in Turkey. Can | Bot 62
T40-752

Received October 20, 1995
Accepted November 19, 1996

Corresponding Editor: Prem P Jauhar

Briet Communications 537



