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Summary. L o t u s  corniculatus  L. is a widely cultivated, 
outbreeding, leguminous forage crop. Seventy-one 
plants, most of which were tetraploid, were regenerated 
from calli derived from a single protoplast. Their mor- 
phological and agronomic traits were evaluated and 
compared with those of the seed-produced population. 
The variances of most of the traits in the protoplast- 
derived (protoclonal) population were smaller than those 
of the seed-produced population. Mean values of all the 
traits of the protoclonal population shifted significantly 
towards lower values. However, new phenotypic variants 
with higher values than those of the plant initially used 
for protoplast isolation were also observed. Plants with 
less hydrocyanic acid (which has a toxic effect on cattle) 
than the initial plant were obtained in the protoclones. 
Generally, the pollen fertility of protoclones was signifi- 
cantly low compared with the seed-produced plants. This 
seems to be partly due to the occurrence of abnormalities 
in chromosome structure during protoplast and/or callus 
culture, as suggested by the formation of univalents, 
lagging, and fragment chromosomes and bridges at 
metaphase I and anaphase I and II of the regenerants. 
The changes in chromosome structure, however, did not 
induce any malformed morphologies. 
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Introduction 

Plants regenerated from tissue or cell culture are consid- 
ered to be the clones of the tissue or cell donor. General- 
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ly, variation is observed among the clones in one or more 
traits, which was termed somaclonal variation by Larkin 
and Scowcroft (1981). Somaclonal variation has been 
found in forage legumes regenerated from cell cultures 
(Groose and Bingham 1984; Johnson et al. 1984; Bing- 
ham and McCoy 1986). This variation may be used in 
breeding programs because the variants often occur at 
higher frequencies than from chemical mutagenesis 
(Gavazzi et al. 1987). L o t u s  corniculatus  L. (birdsfoot 
trefoil, 2n = 4 x --24) is an outbreeding leguminous for- 
age crop. Its regenerants have proved to be suitable for 
the evaluation of somaclonal variation in morphological 
and agronomic traits, and for comparison with those of 
a seed-produced population (Damiani et al. 1985). 

The purpose of this work is to evaluate morphologi- 
cal and agronomic traits found in the protoplast-derived 
regenerant population, in which preexisting variation in 
explants was excluded by initially using a single proto- 
plast. The variation was also compared with that of a 
seed-produced population. In addition, the abnormality 
of chromosome structure in the regenerants was studied. 

Materials and methods 

Lotus corniculatus seeds from a natural population ofcv 'Viking' 
were germinated on the medium of Nitsch and Nitsch (1969) 
without growth regulators. The ealli were induced from 
hypocotyls of 10-day-old seedlings using the same medium and 
method of Niizeki and Saito (1986). The same seedlings, from 
which hypocotyls were partly cut, were placed again on the 
medium of Nitsch and Nitsch (1969) without growth regulators, 
to induce roots, and then transferred to pots. A solution con- 
taining 4% Cellulase Onozuka RS, 1% Macerozyme R-10, 
0.2% Pectolyase Y-23, and 0.7 M mannitol (pH 5.8) was used 
for the protoplast isolation. The calli cultured for 2 months were 
used in this experiment. The enzyme-callus mixture was incubat- 
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ed at 28~ for 3~4 h in a shaker bath (60 shakes/rain). The 
protoplasts were separated from undigested cell clumps by filter- 
ing through eight layers of cheesecloth. The enzyme was re- 
moved by four successive washings with 0.7 M mannitol (pH 
5.8) with centrifugation at 80 x g for 4 min each. The isolated 
protoplasts (1 x 104/ml) were cultured in a thin layer of a mod- 
ified 8p medium (Kao and Michayluk 1975), containing 0.5 mg/1 
BA instead of zeatin, and without coconut water. The medium 
was solidified with 0.6% agar. The culture dishes were kept at 
25~ under light. Less than 0.1% of the protoplasts initiated 
division within 7 days. Divided, single protoplasts grew to form 
cell clusters consisting of 20 ~ 30 cells. After 1 month they devel- 
oped into globular colonies. We could detect the colonies 
derived from single protoplasts by continuous observation using 
an inverted microscope. The colonies were transplanted into the 
medium that was used for the initial callus induction. The in- 
duced callus lines, all of which were derived from single proto- 
plasts, were transplanted to MS medium (Murashige and Skoog 
1962) with 1.5 rag/1 indole-3-acetic acid (IAA) and 1.5 rag/1 
6-benzyladenine (BA). One of the callus lines that produced 
numerous shoots was used in this experiment, and their shoots 
were transplanted to the medium of Nitsch and Nitsch (1969), 
without growth regulators, for the formation of complete 
plantlets. The plantlets were transferred to 15 x 13 cm pots. 
Thus, a protoclonal population was obtained from a single pro- 
toplast. To count the number of chromosomes, root tips were 
pretreated with 0.002 M hydroxyquinoline for 4 h, then fixed in 
an ethanol-acetic acid mixture (3:1 v/v). The determination of 
chromosome numbers was carried out by squashing root tips 
that were stained with alcoholic hydrochloric acid-carmine 
(Snow 1963). In each plant, at least four root tips were examined 
to determine its chromosome numbers. 

At the time of the protoclone acclimation, a natural popula- 
tion from seed-derived plants was raised by planting seeds in 
pots. The protoclonal plants were transplanted to pots about 2 
weeks later than the seedlings in order to synchronize their 
growth with that of the seed-derived plants. 

At the first flowering in the 2nd year, the following charac- 
ters were evaluated for 60 plants selected randomly from each 
seed- and protoplast-derived population: (1) plant height, (2) 
length of the longest internode, (3) diameter of the longest stem, 
(4) length and width of the leaflet, (5) dry matter yield, (6) 
pollen fertility, and (7) hydrocyanic acid (HCN) content. HCN 
content was analyzed according to the procedure of Grant and 
Sidhu (1967). 

Flower buds were collected for meiotic analyses. They were 
fixed in an ethanol-acetic acid mixture (3:1 v/v) for 24 h and 
stored in 70% alcohol until use. Anthers were smeared in a drop 
of aceto-carmine. Meiotic analysis was carried out with pollen 
mother cells (PMCs) of 16 protoclonal plants and two seed- 
derived plants. 
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Fig. 1. Variation on seven traits of seed-derived ( - - )  and single 
protoplast-derived (---) populations. Fo-q and Fzx-t, mean val- 
ue and standard deviation of seed- and protoplast-derived pop- 
ulations, respectively, n, the value of the plant initially used for 
protoplast isolation 

R e s u l t s  

The regenerated plants of Lotus corniculatus originated 
from a single protoplast mostly showing 24 chromo- 
somes, indicative of their tetraploid nature. Among  7l 
regenerated plants, there was only one octoploid and one 
mixoploid plant, which had cells with 24 (tetraploid) and 
48 (octoploid) chromosomes. No aneuploids were ob- 
served and chromosome structural changes were not  de- 
tected under  a light microscope. 

Figure I shows the frequency and distribution of each 
trait. The octoploid and mixoploid plants were excluded. 

Table 1. Number of plants having HCN, graded into five con- 
centrations from -(minimum) to + + + + (maximum) 

Grade of HCN Seed-derived Single 
concentration population protoplast-derived 

population 

- 8 (13 .3%) 0 (0%) 
+ 11(18.3%) 1 (1.7%) 
+ +  13 (21.7%) 5 (8.3%) 
+ + + 18 (30.0%) 19 (31.7%) 
+ + + + 10 (16.6%) 35 (58.3%) 

Total 60 60 
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Fig. 2a-h.  Mitosis and meiosis in the protoclonal plants, a Somatic chromosomes at metaphase of a protoclone in which no 
chromosome structural changes could be detected, although irregular chromosome configurations were observed in meiosis, b Two 
univalents at diakinesis (indicated by arrows), e Two univalents at metaphase I. d Two lagging chromosomes at anaphase I. e A bridge 
and an acentric fragment chromosome at anaphase 1. f A bridge and an undivided, lagging bivalent at anaphase I. g A lagging 
chromosome at anaphase lI. h A bridge at anaphase II. Bar represents 10 gm 

The distribution of  each character of  the protoclonal 
population is shifted towards lower values than that of  
the seed-derived population. Mean values of  all traits of  
the protoclonal population were smaller than those of  
the seed-derived population. The standard deviations of  
the protoclonal population were also generally smaller 
than those of  the seed-derived population. Protoplast- 
derived variants with higher values than the highest value 
of  the seed-derived population were not found for any of  
the traits. However, in all traits except pollen fertility, 
there were a considerable number of  plants with values 

exceeding those of  the initial plant that provided callus 
for the protoplast isolation. With regard to pollen fertil- 
ity, the protoclonal population was extremely low and no 
plant had higher pollen fertility than the plant initially 
used for protoplast isolation. 

The distribution of  H C N  content in the seed-derived 
population ranged from maximum to minimum (Table 1). 
On the other hand, in the protoclonal population, which 
was derived from a plant with the maximum H C N  con- 
tent, the distribution was narrow, although some vari- 
ants with low H C N  content were observed. 



Table 2. Meiotic configurations a and pollen fertility of seed- and protoplast-derived plants 
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Plants Metaphase I Anaphase I Anaphase II 

No. of A B No. of A C D E No. of 
cells cells cells 
examined examined examined 

A C D E 

Pollen 
fertility 
(%) 

Seed-derived plant 
$10 97 98 2 50 100 28 100 98.7 
$59 50 100 63 97 3 20 100 93.3 

Protoplast-derived plant 
P85 60 100 71 93 4 3 41 95 5 83.6 
P293 67 100 94 97 2 1 60 100 78.2 
P277 32 97 3 29 100 56 100 77.8 
P303 119 63 37 34 79 21 104 77 23 72.5 
P285 24 67 33 31 84 16 27 74 25 77.3 
P32 24 58 42 51 77 23 32 63 38 76.8 
P298 34 65 35 57 82 18 49 76 25 76.0 
P308 67 60 40 100 74 19 4 3 74 68 19 10 4 72.0 
P316 49 57 43 38 47 42 8 3 43 54 35 7 5 64.1 
P306 36 39 61 47 30 64 6 28 7 72 14 7 58.2 
P296 54 91 9 39 82 10 5 3 53 85 15 70.9 
P241 61 77 23 67 70 25 5 45 71 29 53.5 
P312 36 56 44 23 61 35 4 36 11 89 68.1 
P297 83 68 32 67 69 27 4 33 70 30 69.8 
P318 60 42 58 57 58 37 5 27 44 44 4 7 70.6 
P299 57 77 23 69 8J 15 4 44 80 16 5 69.7 

a Percentages of the cells of normal (A), or with univalent (B), fragment or lagging chromosome (C), bridge (D), and bridge and 
fragment or lagging chromosome (E) 

In meiosis of  the seed-derived plants, a very small 
number  of  PMCs  showed abnormali t ies  such as the uni- 
valent at metaphase I and lagging chromosomes at 
anaphase  I (Table 2). Mos t  of  the protoclones,  on the 
other hand,  showed a high frequency of  meiotic abnor-  
malities, a l though we could not  detect abnormal  somatic 
chromosomes under a light microscope (Fig. 2). The ab- 
normal  chromosome set that  appeared  most  frequently 
at metaphase I generally contained one or two univa- 
lents. At  diakinesis, asynaptic  chromosomes were also 
occasionally observed. These may  have occurred due to 
deletions or translocations.  

In anaphase I and II, bridges and fragments were 
frequently observed. These may  have arisen from a 
crossover within the inversion. The frequencies of  
bridges and fragments varied among the protoclones.  
Besides these chromosome alterations,  lagging chromo- 
somes were frequently observed at anaphase I and II. 
Occurrence of  these abnormal  chromosome configura- 
tions at meiosis seemed to be one of  the causes of  the 
decrease in pollen fertility. Indeed, higher frequencies of  
chromosome abnormali t ies  tended to relate to lower pol- 
len fertility (Table 2). 

Discussion 

The cultivar 'Viking'  of  Lotus corniculatus produces calli 
from protoplasts  with high potent ial  for regeneration 
through adventi t ious buds (Niizeki and Saito 1986). 
Therefore, an investigation on somaclonal  variat ion in a 
large protoplas t -der ived popula t ion  could be carried out  
to determine the stabili ty of  such a populat ion.  

The ploidy level of  the regenerated plants was sub- 
stantially stable, which suggests that  the morphogenet ic  
abili ty of  cells with altered chromosome numbers might 
be very low. The absence of  aneuploids among regenerat-  
ed plants  supports  this assumption.  The presence of  a 
mixoploid  plant  could result f rom endoredupl icat ion 
during the format ion of  adventi t ious buds. 

In an extensive study of  Lotus corniculatus, Damiani  
et al. (1985) indicated that  somaclonal  var ia t ion took 
place in callus-derived plants. In  agreement with this, our 
results showed somaclonal  var ia t ion among regenerated 
plants. Mos t  traits of  the plant  used for pro toplas t  isola- 
t ion were near the means of  the seed-derived populat ion.  
However,  the presence of  regenerant  plants showing bet- 
ter performance of  the traits than the initial p lant  sug- 
gests that  tissue culture can produce useful variants,  
which may be useful for breeding programs of  this crop. 

In regenerated oat  plants  from cultured tissues, the 
most  common cytogenetic al terat ion was chromosome 
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breakage, followed by loss of  a chromosome segment in 
somatic chromosomes (McCoy et al. 1982). In cultured 
cells of  Haplopappus gracilis, whole or partial chromo- 
some loss in the form of lagging chromosomes, micronu- 
clei, ring and fragment chromosomes in mitosis is report- 
ed (Ashmore and Shapcott 1989). In wheat x rye hybrid 
deletions, translocations and amplifications of  hete- 
rochromatin in rye chromosomes are confirmed by C- 
banding analysis (Lapitan et al. 1984). Nishibayashi and 
Kaeriyama (1986) reported that the number and struc- 
ture of  somatic chromosomes in rice plants regenerated 
from cultured cells were stable under a light microscope, 
even when the plants showed morphological variation. 
Gill et al. (1987) observed inversions and chromosomal 
translocations in the analysis of  pachytene, metaphase I, 
and anaphase I and II in mesophyll protoplast-derived, 
tetraploid potatoes. The meiotic analysis in the present 
study also gave evidence for the existence of  small struc- 
tural alterations in the chromosomes of  many proto- 
clones. Thus, the presence of  somaclonal variants with 
undetected chromosome structural changes is suspected 
in the protoclones of  Lotus corniculatus as well. 

In the present material, the observed chromosomal 
alterations are not accompanied by any drastic pheno- 
typic changes such as teratogenic morphology. A similar 
case is reported in potato by Secor and Shepard (1981). 
The quantitative alteration of  various characters ob- 
served in these studies is probably caused by polygenic 
changes as well as minor structural alterations in somatic 
chromosomes. By using a single protoplast-derived pop- 
ulation, the present investigation demonstrated that 
chromosome structural alterations and polygenic 
changes have occurred during the course of  protoplast 
and callus culture. 

Acknowledgements. We thank Dr. W. E Grant, Professor of 
Plant Science, Macdonald College of McGill University, for his 
critical reading of the manuscript. 

References 

Ashmore SE, Shapcott AS (1989) Cytogenetic studies of Haplo- 
pappus gracilis in both callus and suspension cell cultures. 
Theor Appl Genet 78:249-259 

Bingham ET, McCoy TJ (1986) Somaclonal variation in alfalfa. 
In: Janick J (ed) Plant breeding reviews, vol 8. AVI, West- 
port, Conneticut pp 123-152 

Damiani F, Mariotti D, Pezzotti M, Arcioni S (1985) Variation 
among plants regenerated from tissue culture of Lotus cor- 
niculatus L. Z Pflanzenzuecht 94:332-339 

Gavazzi G, Tonelli C, Todesco G, Arreghini E, Raffaldi F, Vec- 
chio F, Barbuzzi G, Biasini MG, Sala F (1987) Somaclonal 
variation versus chemically induced mutagenesis in tomato 
(Lycopersicon esculentum L.). Theor Appl Genet 74:733- 
738 

Gill BS, Kam-Morgan LNW, Shepard JF (1987) Cytogenetic 
and phenotypic variation in mesophyll cell-derived te- 
traploid potatoes. J Hered 78:15-20 

Grant WF, Sidhu BS (1967) Basic chromosome number, cyano- 
genetic glucoside variation, and geographic distribution of 
Lotus species. Can J Bot 45:639 647 

Groose RW, Bingham ET (1984) Variation in plants regenerated 
from tissue culture of tetraploid alfalfa heterozygous for 
several traits. Crop Sci 24:655-658 

Johnson LB, Stuteville DL, Schlarbaum SE, Skinner DZ (1984) 
Variation in phenotype and chromosome number in alfalfa 
protoclones regenerated from nonmutagenized calli. Crop 
Sci 24:948-952 

Kao KN, Michayluk MR (1975) Nutritional requirements for 
growth of Vicia hajastana cells and protoplasts at a very low 
population density in liquid media. Planta 126:t05 110 

Lapitan NLV, Sears RG, Gill BS (1984) Translocations and 
other karyotypic structural changes in wheat x rye hybrids 
regenerated from tissue culture. Theor Appl Genet 68:547 
554 

Larkin PI, Scowcroft WR (1981) S omaclonal variation - a novel 
source of variability from cell cultures for plant improve- 
ment. Theor Appl Genet 60:197-214 

McCoy TJ, Phillips RL, Rhines HW (1982) Cytogenetic analysis 
of plants regenerated from oat (Arena sativa) tissue cultures: 
high frequency of partial chromosome loss. Can J Genet 
Cytol 24:37-50 

Murashige T, Skoog R (1962) A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. Physiol 
Plant 15:473 497 

Niizeki M, Saito K (1986) Plant regeneration from protoplasts 
of birdsfoot trefoil, Lotus corniculatus L. Jpn J Breed 
36:177 180 

Nishibayashi S, Kaeriyama J (1986) Structural stability of chro- 
mosomes in rice (Oryza sativa L.) plants regenerated from 
somatic tissue culture. Plant Tiss Cult Lett 3:31-34 

Nitsch JP, Nitsch C (1969) Haploid plants from pollen grains. 
Science 163:85 87 

Secor GA, Shepard JF (1981) Variability of protoplast-derived 
potato clones. Crop Sci 21:102-105 

Snow R (1963) Alcoholic hydrochloric acid-carmine as a stain 
for chromosomes in squash preparations. Stain Technol 
38:9-13 


