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Callus and Suspension Cultures of Melilotus alba Tissues and Cells’

Tomoaki Taira, F. A. Haskins, and H. J. Gorz?

ABSTRACT

These studies were designed to define conditions for
the satisfactory establishment and maintenance of sweet-
clover (Melilotus alba Desr.) callus and cell suspension
cultures.

Callus was derived from cotyledons and hypocotyls of
germinated sweetclover seeds of various genotypes. Under
the conditions used, 2,4-dichlorophenoxyacetic acid (2,4
D) was effective (optimal concentration ca 1 mg/liter) for
callus induction; other auxins and cytokinins were inef-
fective. Best callus growth occurred at a 2,4-D concentra-
tion of about 2 mg/liter and a sucrose concentration of
29,. Callus growth was improved by casein hydrolysate
(0.9 g/liter). Glutamic acid appeared to be the most
important single amino acid in the hydrolysate.

Suspension cultures failed to survive in the absence of
2,4-D. Highest cell numbers and final/initial cell-count
ratios were observed at a 2,4-D concentration of 0.2 mg/
liter. The callus type that yielded highest cell counts in
suspension culture was friable, but friable growth type on
agar was not always associated with highest cell numbers
in suspension cultures. Inoculum size was important in
determining the performance of suspension cultures, pos-
sibly because of the influence of “conditioned” medium.

Attempts to regenerate intact plants from the cultured
callus tissues were not successful.

Additional index words: Auxin, Cytokinin, Sweetclover,
Tissue culture.

NTEREST in the culture of tissues and cells of

various crop plants has increased greatly in the
past decade. Such cultures offer many advantages for
certain types of genetic, physiological, and biochemi-
cal studies. Also, as discussed in Bottino’s recent re-
view (2), such cultures offer considerable potential
for ‘use in plant breeding programs. Unfortunately,
as Street (17) has stated, many aspects of plant cell
culture remain empirical, and the development of
satisfactory procedures for culturing cells of a par-
ticular kind of plant typically involves a substantial
amount of trial and error.

The experiments reported in this paper were de-
signed to determine the conditions required for the
induction and maintenance of white sweetclover (Me-
lilotus alba Desr.) callus and for the suspension cul-
ture of cells derived from this callus. At the time
these studies were initiated, very few reports of the

1 Contribution from the ARS-USDA, and the Nebraska Agric.
Exp. Stn., Lincoln. Data are from a thesis submitted by the
senior author to the Graduate College, Univ. of Nebraska-Lin-
coln, in partial fulfililment of the requirements for the Ph.D.
degree. Published as Paper No. 5097, Journal Serics, Nebraska
Agric. Exp. Stn. Received 19 Aug. 1976.

2 Postdoctoral fellow, Dep. of Plant Science, Univ. of Manitoba,
Winnipeg; Foundation Professor of Agronomy, Univ. of Ne-
hraska-Lincoln; and research geneticist, ARS-USDA, and pro-
fessor, Lincoln, NE 68583, respectively.

4Mention of a trademark or proprietary product does mnot
constitute a guarantee or warranty of the product by the USDA
nor imply its approval to the exclusion of other products that
may also be suitable.
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culture of sweetclover cells and tissues were found
in the literature. Those reports that were found (11,
18, 14) did not deal extensively with the conditions
required for satisfactory growth. 'Two more recent
reports (3, 4) provide some added information con-
cerning the influence of varying cultural conditions
on the growth callus derived from sweetclover roots,
but these reports and the present study do not overlap
extensively.

MATERIALS AND METHODS

The tissues used for callus initiation were obtained from very
young seedlings of white-flowered sweetclover. Most of the seed-
lings represented four closely related, highly inbred strains of
the CuCuBB, CuCubb, cucuBB, and cucubb genotypes. Com-
pared to CuCu plants, cucu plants arc low in content of gluco-
sidically bound cis- and trans-o-hydroxycinnamic acid (8). Sim-
ilarly, cell-free preparations of bb plants are cxtremely low in
B-glucosidase activity in comparison with preparations of 5B
plants (10). The glucosides of cis- and trans-o-hydroxycinnamic
acid are intermediates in the biosynthesis of coumarin, and the
enzyme, B-glucosidase, catalyzes onc of the steps in the coumarin
pathway (8). Therefore, it was thought that callus and suspen-
sion cultures differing as to the Cu/cu and B/b genes might be
useful in studies of coumarin biosynthesis. Callus also was de-
rived from seedlings of a dwarf strain, genotype dwdw (7). With
respect to the Cu/cu and B/b genes, the dwdw strain was
CuCuBB; with respect to the Dw/dw alleles, the other four
strains were DwDw.

After a considerable amount of preliminary testing, the fol-
lowing procedure was adopted for callus induction. Seeds weve
hand-scarified, immersed in tap water in Erlenmeyer flasks, and
shaken at low speed on a New Brunswick Gyrotory® shaker until
they germinated. The water was changed at least once each day
during this period to reduce microbial growth. Germinated
seeds were washed with several changes of tap water, after which
portions of cotyledons and hypocotyls were excised. These ex-
plants were immersed for 1 min in 709, ethyl alcohol, rinsed
three times with deionized distilled water, immersed for 7 min
in Clorox (sodium hypochlorite; diluted 1:3 with water), and
rinsed seven times with sterile deionized distilled water. The
explants were then transferred to agar slants.

Fox’s medium (5), somewhat modified, was used for mainte-
nance as well as induction of callus. This medium was selected
for routine use because it supported the growth of swectclover
callus somewhat better than the media of Blaydes (1), Gamborg
(6), or Linsmaier and Skoog (I12), or White’s medium as modi-
fied by Street and McGregor (18). Composition of the basal
medium  was as follows (concentrations are in mg/liter):
Na,HPO,-7H,0—50; KH,PO,—250; KNO,—1000; NH,NO;,—1000;
KCl-50; MgS0,-7H,0—300; Ca (NO,),-4H,0—500; MnSO,-H.,0—
10; ZnSO,-7H,0-3; H,BO,-3; KI-0.8; Na,MoO,-2H,0-0.25;
CuS0,-5H,0—-0.025; CoCl,-6H,0—0.025; Na-Fe-EDTA—12.5; thi-
amine-HCl—1; nicotinic acid—0.5; pyridoxine-HCI—0.5; myoinosi-
tol—100; casein hydrolysate—1000 (unless otherwise stated); su-
crose—25000 (unless otherwise stated); and for solid medium,
agar-7500. The salts used in this basal medium were of reagent
grade. Various auxins and cytokinins were added to the medium
as indicated in the subsequent text and tables. For routine use,
the auxin was 24-dichlorophenoxyacctic acid (2,4-D), which was
added to solid media at a concentration of 2 mg/liter and to
liquid media at 0.2 mg/liter. Both agar and liquid media were
adjusted to pH 6.0 with 0.5 N HCI or 0.5 N NaOH. Ten-milli-
liter portions of the agar media were dispensed into test tubes
(20 % 180 mm). For liquid cultures, 30- or 40-ml portions werc
usually used in 125- or 250-ml Erlenmeyer flasks. All media
were autoclaved for 15 min at 115 C.
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Table 1. Influence of 2,4-D with and without kinetin, on the
induction of callus from CuCuBB seedlings. Observations were
made 15 days after cotyledons were excised from seedlings.

M No. of Percentage Condition
2,4-D Kinetin explants callus induction of callust
—— mg/liter—
0 0 18 ] 1]
0.05 0 20 0 0
0.10 0 20 15.0 1.2
0.50 0 18 444 2.3
1.0 0 20 100.0 3.6
5.0 0 20 60.0 2.5
10.0 0 20 25.0 1.8
(] 1.0 18 (] 0
0.05 1.0 20 0 0
0.10 1.0 20 40.0 14
0.50 1.0 20 65.0 3.1
1.0 1.0 20 100.0 3.7
5.0 1.0 20 70.0 29
10.0 1.0 20 30.0 2.1

+ Scored visually on the following scale: 0 = No grgwth; 1 = Poor; 2 = Moderate;
3 = Good; 4 = Excellent.

Table 2. Designation and source of various sweetclover callus
tissues. The MY designation indicates a medium yellow callus
color; W indicates white.

Source of callus

Callus designation Genotype Tissue
CIMY CuCuBB Cotyledon
C2MY CuCubb Cotyledon
C3W-friable cucuBB Cotyledon
C4MY cucubb Cotyledon
H4W-friable cucubb Hypocotyl
C5W-friable dwdw Cotyledon

Cultures on agar were incubated in the dark. Suspension cul-
tures were incubated under subdued fluorescent light on either
a Gyrotory shaker (160 rpm) or a reciprocating shaker (100
cycles/min). All cultures were incubated at room temperature
(25 = 2 Q).

In general, callus growth was expressed as the growth ratio
(final fresh weight/initial fresh weight). Actual weights of the
callus portions used for inoculation (i.e. initial fresh weights)
ranged from about 80 to 100 mg. A haemocytometer was used
for counting cells in the suspension cultures. Most of the data
were subjected to analysis of variance techniques, and Duncan’s
multiple range test was used to compare treatment means at the
597, probability level. Standard errors were calculated for the
mean counts of cells and cell clumps included in Table 7.

RESULTS AND DISCUSSION
Callus Induction on Solid Medium

In preliminary tests, cotyledons of the CuCuBB,
CuCubb, cucuBB, and cucubb genotypes all served
well as sources of callus. The CuCuBB genotype was
used in further tests of the effects of different auxins
and cytokinins on callus induction. Three auxins,
indoleacetic acid (IAA), napthaleneacetic acid (NAA),
and 2,4-D were individually tested at a concentration
of 2 mg/liter; only 2,4-D was found to be effective
at this concentration. The cytokinins, kinetin and
6-benzyladenine, each tested at 1 mg/liter, were in-
effective as callus inducers, as was coconut milk (159,
v/V).

Concentrations of 2,4-D, ranging from ¢ to 10 mg/
liter with and without kinetin (1 mg/liter), were
tested for effectiveness in inducing callus formation
from cotyledonary tissue. Of the concentrations tested,
1 mg/liter was the most effective, both in the absence

Table 3. Influence of 2,4-D concentration on the growth ratio
of C2MY callus (three replications, cultured 30 days). Initial
fresh weights were approximately 100 mg.

2,4-D concentration Growth ratio

mg/liter

8.0 ¢*
T9¢
82¢
82¢
179b
156b
354a
16.0b

Spmo o000
OO~ OO
Ot

* Numbers followed by the same letter are not significantly different at the 5%
probability level.

Table 4. Influence of sucrose concentration on growth ratio of
CIMY callus (10 replications, cultured 25 days). Initial fresh
weights were approximately 80 mg.

Sucrose concentration Growth ratio

%

0.25 8.7 c*
1.0 154b
2.0 183 a
3.0 183 a
4.0 74d
8.0 44e

* Numbers followed by the same letter are not significantly different at the 5%
probability level.

and presence of kinetin (Table 1). Kinetin appeared
to increase induction somewhat, especially at 2,4-D
concentrations of 0.1 and 0.5 mg/liter. The callus
formed in the presence of 2,4-D plus kinetin had a
distinct yellow color in contrast to the medium yellow
color typical of callus induced by 2,4-D alone. Results
obtained with hypocotyl tissue were generally similar
to those with cotyledons. With both types of tissue,
callus induction usually occurred over the entire sur-
face of the explants.

Designations and sources of the callus tissues used
in the remainder of this study are shown in Table 2.

Callus Growth on Solid Medium

Response to Auxins. Strain C2MY callus was cul-
tured for 15 days on 2,4-D-free medium to reduce
the content of residual 2,4-D in the tissue. This callus
was then transferred to solid medium supplemented
with various levels of 2,4-D. Growth of this callus
was best at the 2.0 mg/liter concentration (Table 3).
Moderate growth was achieved at the 0.5, 1.0, and
5.0 mg/liter concentrations, but concentrations helow
0.1 mg/liter failed to stimulate growth beyond that
occurring in the culture without added 2,4-D. With
sweetclover root-derived callus grown on a somewhat
different basal medium, ElHinnawy (4) found that
growth was best at a 2,4-D concentration of 1 mg/
liter.

Kinetin concentrations of 0.5 and 1.0 mg/liter were
tested in combination with 2,4-D concentrations of
0.01 and 2.0 mg/liter for effect on growth of CZMY
callus. When the 2,4-D concentration was 2.0 mg/
liter, kinetin did not affect the growth ratio. How-
cver, at the 0.01 mg/liter level of 2,4-D, kinetin at
0.5 mg/liter resulted in a small but significant increase
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Table 5. Intluence of groups of amino acids on growth ratio of
CIMY and C4MY callus (three replications, cultured 28 days).
Initial fresh weights were approximately 100 mg.

Growth ratio
Amino acid groupt CIMY CaMY

1 7.1 4d* 4.7 d*
2 7.7d 5.1d
3 92¢ 7.0b
4 6.4d 4.0e
5 12.0b 58¢
6 189a 84a
No supplement 6.4d 46d

¥ Within the same strain, numbers followed by the same letter are not significant-
ly different at the 5% probability level. T Composition of amino acid
groups: Group 1—DL-alanine, glycine, DL-valine, L-cysteine, and DL-methionine;
Group 2—L-aspartic acid, DL-threonine, DL-serine, DL-isvleucine, and L-trypto-
phan; Group 3--L-arginine, L-histidine, L-proline, L-glutamic acid, and L-
phenyialanine; Group 4-L-leucine, L-lysine, and L-tyrosine; Group 5--All 18
amino acids; Group 6—Casein hydrolysate. Concentration of each individual
amino acid was 50 mg/liter and that of casein hydrolysate was 900 mg/liter.

in growth ratio, and the 1.0 mg/liter kinetin level
was slightly superior to the 0.5 mg/liter concentration.

In a comparison of IAA, NAA, and 2,4-D at 2 mg/
liter, IAA and NAA failed to stimulate callus growth.
A mixture of kinetin and NAA was similarly ineffec-
tive. Under the conditions used, only 2,4-D was high-
ly effective in stimulating the growth of sweetclover
callus.

Response to Sucrose. Callus of the CIMY strain
was tested for response to sucrose concentrations
ranging from 0.25 to 8.097. The callus used for inocu-
lation was held for 10 days on a medium containing
all usual constituents except sucrose. Highest growth
ratios were achicved at sucrose concentrations of 2
or 3Y,; concentrations both above and bhelow these
levels were significantly less favorable (Table 4). With
callus from sweetclover root tissue, ElHinnawy (4)
found that a sucrose concentration of 29, was supe-
rior to concentrations of 19, or lower or 44, or high-
er. In comparing sucrose with other carbohydrates
at the 29, level, he observed that sucrose was some-
whiat less effective than raffinosc but more effective
than glucose, mannose, or starch.

Response to Amino Acids. Preliminary trials indi-
cated that sweetclover callus grew appreciably better
in i medium containing cascin hydrolysate (CH) at
I g/liter than in a medium containing no organic
nitrogen. In tests to determine whether this enhanced
growth could be attributed to a small group ol amino
acids, growth effects of four groups of amino acids,
totaling 18 amino acids, were compared with the ef-
fects of all 18 amino acids together, and of CH. The
groupings (Table 5) took into account the observation
of Harris (9) that in cultures ol oat embryos, L-phe-
nylalanine and L-tyrosine were antagonistic to each
other, as were L-leucine and DL-valine, DL-isoleucine
and DL-valine, and L-arginine and L-lysine.

As shown in Table 5, hoth callus strains tested grew
best in the medium containing CH. ‘Treatments 5
(all 18 amino acids) and 3 (arginine, histidine, pro-
line, glutamic acid, and phenylalanine) were second
and third best for strain CIMY and third and second
best for C4MY. Amino add groups 1, 2, and 4 were
no better than the control (no added amino acids) for
cither of the callus strains. The growth of strain

Table 6. Influence of aspartic (asp) and glutamic (glu) acids
on growth ratio of CIMY and C4MY callus (five replications,
cultured 28 days). Initial fresh weights were approximately
100 mg.

Growth ratio

Amino acid CiIMY C4MY
Asp (100 mg/liter) 6.6 d* 71c
Glu (100 mgiter) 16.1¢ 105b
Asp and Glu (50 mg of each/liter) 176 b 10.8 ab
Casein hydrolysate (900 mg/liter) 21.2a 11.7a
No supplement 6.0d T1lc¢

* Numbers followed by the same letter are not significantly different at the 5%
probability level.

Table 7. Influence of 2,4-D concentration on counts of single
cells and visible cell clumps in C2MY suspension cultures
(means -+ SE, three replications, cultured 14 days).

2,4-D concentration Single cells Cell clumps (no./culture)

mgliter millions/ml
0 ~f -1
0.2 3.92 £0.07 35.7£1.3
0.8 2.76 +0.07 423 121
2.0 0.37 £0.06 66.0 2.5

+ No survival.

CIMY was better than that of C4MY on all media
included in this experiment.

These results strongly suggested that the effect of
CH could not be attributed wholly to any single
amino acid or small group of amino acids. With to-
bacco callus, on the other hand, Sandstedt and Skoog
(15) reported that the stimulative activity of a com-
plex amino acid mixture was due to its content of
aspartic and glutamic acids. Because these two amino
acids were in separate groups in the foregoing test,
an experiment was done in which aspartic acid and
glutamic acid were tested alone and in combination.
In this experiment, the mixture of the two amino
acids was almost as effective as CH for both CIMY
and C4MY, and for each strain glutamic acid alone
was almost as effective as the mixture of both amino
acids (Table 6). Aspartic acid alone did not appear
to stimulate growth. On the basis of these results it is
rcasonable to conclude that glutamic acid is pri-
marily responsible for the stimulatory effect of amino
acid treatment 3 (Table 5) and that this amino acid
Is probably more important than any other single
amino acid in accounting for the etfect of CH.

Growth of Cells in Suspension Culture

Effects of 24-D Concentration and Shaking Treat-
ment. Partions of C2MY callus of uniform size (about
100 mg fresh weight) were transferred to liquid me-
dium containing various levels of 2,4-D. These sus-
pension cultures were shaken during incubation,
either on a reciprocating shaker at 100 cycles/min or
on a Gyrotory shaker ar 160 rpm. Results for the
cultures incubated on the reciprocating shaker are
shown in Table 7. In the absence of added 24-D,
cells failed to survive in these cultuves. In the 2,4-D
concentration range between 0.2 and 2.0 mg/liter,
counts of single cells decreased and counts of cell
clumps increased with increasing concentration of
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2,4-D. Compared with cultures incubated on the
reciprocating shaker, those incubated in the Gyro-
tory shaker (results not shown) produced somewhat
higher counts of single cells and somewhat lower
counts of cell clumps. However, both shaking treat-
ments appeared satisfactory for the growth of suspen-
sion cultures.

The cultures from the 0.2, 0.8, and 2.0 mg/liter
2,4-D concentrations (foregoing paragraph) were sep-
arately filtered through a stainless steel screen (125
micron mesh) to remove cell clumps. Many single
cells also were removed in this process; thus, cell
counts in the filtrates were substantially reduced from
levels in the unfiltered cultures. Microscopic exam-
ination of the filtrates indicated that each contained
about 90¢/ free cells, with the remaining cells occur-
ring as small clumps of 3 to 10 cells. Spent cell-free
medium of the corresponding type was used to dilute
portions of the filtered cell suspension so that each
contained approximately 4 X 105 cells/ml. Aliquots
(10 ml) of these adjusted suspensions were used to
inoculate 30-ml portions of fresh medium with 2,4-D
concentrations corresponding to those in the inocula.
Thus, initial cell counts in these cultures were ap-
proximately 10° cells/ml. After 14 days with either
of the two shaking treatments, cell counts ranged from
about 2 x 10° cellsyml at 2.0 mg 2,4-D/liter to 108
cells/ml at the 0.2 mg/liter 2,4-1) concentration. El-
Hinnawy (8) observed that chelating agents caused
an increase in numbers of free cells in swectclover sus-
pension cultures. The present study indicates that
a similar effect can be obtained by lowering the con-
centration of 2,4-D in the medium. The medium
used by ElHinnawy contained 24D at 1 mg/liter,
which contrasts with the 0.2 mg/liter level that ap-
peared most favorable for single-cell production in
this study.

Suspension Cultures Derived from Various Callus
Types. It seemed possible that the callus types desig-
nated as friable (Table 2) might give rise to suspen-
sion cultures with comparatively high counts of single
cells. To investigate this possibility, portions (about
100 mg) of C2MY, C3W-friable, H4W-Iriable, and
C5W-friable callus were transferred to liquid medium
containing 0.2 mg/liter of 24-D. The suspensions
were incubated for 15 days on the Gyrotory shaker
(160 rpm), after which cell clumps were tltered out
as previously described.  Each hltrate was sampled
for an initial cell count, and 10-ml aliquots ol cach
were then used to inoculate 30-ml portions of fresh
medium. These cultures were incubated for 15 days
on the reciprocating shaker (100 cycles/min) after
which final cell counts were made. Cell counts for
strain  CHW-friable were approximately double the
values observed for the other three strains. Even
though values for the other two friable strains were
not greatly dillerent from those for C2MY, it is ap-
parent that not all strains exhibiting the friable
growth type on agar yield the highest counts of single
cells when grown in suspension culture.

Effects of Inoculum Size and Duration of Incuba-
tton. Tiltrates containing primarily single cells were
prepared for strains C5W-iriable and H4W-[riable.
Each filtrate contained about 4 % 10° cells/ml. One-

and 10-ml portions of these filtrates were used to
inoculate 39- and 30-ml portions, respectively, of fresh
medium. Thus, dilutions of the filtrates were 1:40
and 1:4, and initial cell densities were about 104
and 10° cells/ml, respectively. Cultures were incu-
bated on the reciprocating shaker (100 cycles/min),
and counts of single cells were made every 5 days over
a 25-day period. In the cultures with the higher in-
itial cell density (HICD), the cell count doubled in
5 days, but in those with the lower initial cell density
(LICD), between 10 and 15 days were required for
the cell count to double. The difference in final/
initial cell-count ratio between HICD and LICD cul-
tures was at least twofold until the 25-day sampling,
at which time the LICD cultures, with a ratio of
about 20, were only slightly below the HICD cultures,
with values of about 22. Street (17) cites a number
of examples of the pronounced effect of “condition-
ed” medium on the growth of suspension cultures.
The differenrces in lag period between LICD and
HICD cultures were probably due, at least in part,
to the larger quantity of conditioned medium in the
latter.

The regeneration of plants from cultured cells and
tissues must be achieved if these cultures are to be
used most cffectively in plant breeding programs.
Various regencrative procedures were tried, includ-
ing among others the methods successfully used by
Saunders and Bingham (16) for the regeneration of
alfalfa  (Medicago sativa L) plants. Abundant root
formation occurred in some of the media, but no com-
plete plants have been obtained thus far. Although
the conditions for regeneration of plants have not
been defined, the present study has provided a def-
inition of conditions required for satisfactory growth
of sweetclover callus and suspension cultures. These
cultures already have been useful in certain biochemi-
cal and cytological experiments, and further use of
such cultures in studies of these and other types
appears promising.
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