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Abstract

Synthesis of linamarase by approximately half the + - progeny of the cross A/13xCf27
was observed by exposing them to winter conditions in the field or in controlled environments sug-
gesting that there was temperature-sensitive regulation of enzyme biosynthesis in these progeny.
The appearance of linamarase-producing progeny in some of the crosses was justified because linama-
rase was detected in their parents under field conditions. The cyanoglucoside-producing progeny in
some other crosses, however, could not be explained because none of the parents involved were
observed to produce cyanoglucoside in the field, in the glasshouse or under any other conditions
to which they were subjected. Genotype x environmesnt interaction was shown lo determine the
phenotypic expression of individual plants of L. cornieulaius, Low fluctuating temperature was
believed 1o be one of the possible factors in the environment.

Introduction

Armstrong et al. (1912, 1913} were the first to investigate cyanogenesis in Lofus
corniclarus L. (bird’s foot trefoil). Cyanogenesis in this plant is the release of free
HCN that occurs when two cyanoglucosides. linamarin and lotaustralin are hydrolysed
by the corresponding enzyme, linamarase (a f-glucosidase) in the damaged leaves of the
plant. They found that the plants of this species varied in their HCN concentration.
They attempted to correlate the variability of cyanoglucosides and enzyme content
with temperature and soil conditions. Neither were found to be an adequate explana-
tion for the variation and they suggested subsequently (Armstrong et al 1913} that
there could be other factors concerned with the production of cyanoglucosides and
enzyme. Dawson (1941) revealed that leaf cyanoglucoside production in L. corniculatus
was determined by a dominant allele de inherited tetrasomically and Bansal (1966)
showed that the production of linamarase is controlled by a dominant allele Li with
some form of tetrasomic inheritance.

* Part of the Ph.D. Thesis of the senior author submitted at the University of Hull, Hull England
in 1979,

¥ Present address: Department of Botany, Sind University Shah Abdul Latif campus, Khairpur,
Sind Pakistan.
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Ellis et af. (1977} noted a considerable variation in the expression of cyanogenic
phenotype in individual plants of L. corniculatus from an Anglesey (Wales) population
grown under glasshouse conditions. They attributed this phenotypic variation to the
temperature, because regression of the proportion of cyanoglucosidic plants against
mean monthly minimum temperature and the percentage expression of the linamarase
containing plants against mean monthly maximum temperature were both significant.
In other words, at low temperatures some plants reduce cyanoglucoside content and at
high temperature more plants gain enzyme activity. The present study was undertaken
1o measure the phenotypic stability in response to low temperature both of the parent
plants used by the senior author in a breeding programme (Ramnani, 1979) and of
their hybrid progenies.

Materials and Methods

The materials used for the breeding programme were plants Af6, A/8, A/13,
AJl6, AJ36, AJ38, C/23, C/27, C[32, D/8, and E/6, all obtained by Ellis ef al (1977)
from Porthdafarch Anglesey. These were chosen because they were found (o be con-
sistantly stable or unstable in theilr phenotypic expression under all the conditions to
which they had been subjected previously (Ellis er al. 1977). To examine them further
for phenotypic stability or instability all the plants involved in the crosses accomplished
in the summer of 1977 and 1978, together with those used for selfing, were regularly
tested for cyanogenesis. These tests were carried out at one-monthly intervals, from
the date of the establishment of the plants in the experimental field until December
each vear. The methods of testing leaves for cyanogenesis have been given in detail
elsewhere (Jones, 1966).

A very useful characteristic of L. corniculaius is the ecase with which the plant
can be propagated from stem cutlings to give any number of ramets. Not only does
this permit the same genotype to be subjected (o an array of experimental treatments,
but also enables replication of genotypes in each treatment.

The effect of femperature can be assessed by measuring seasonai variation in the
expression of cyanogenic phenotypes of parent plants and their hybrid progenies growing
in the field, in the glasshouse, and by growing the same in controlled environments.

Field testing
All the parent plants involved in the crosses made in 1977 and 1978 were allowed

to remain in the experimental field until December each year and were tested monthly
for cyanogenesis throughout that period.
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Glasshouse resting

To determine whether the instability in phenotypic expression, observed in
the parent plants, was due to the low temperature, or to boron deficient soil, replicate
clones were removed from the experimental field, one replicate being potted in the
soil in which it had been growing and the other in John Innes compost No. 2. These
plants were placed in the warm glasshouse (minimum temperature 15°C). After 30
days they were tested for cyanogenesis.

Testing in controlled envirowments

Cutiings of plants A/6, A/8, AJI3, AJ36, A/3R, C/23, €/27, C/32, /8, and
E/6 were propagated in the rooting medium of peat and sand (1:1 ratio) and-were potted
in (7.6 cr} pots after 6 weeks. They were then grown under MBFR/U lights (day length
16 hours) in a warm glasshouse for a further period of 4 weeks and were {inally hardened
off in a cooler glasshouse before being transferred to the controlled environment cabi-
net. The plants were arranged randomly Various day-alr, night-air md soil temperatures
and day length regimes were used. The detalls are shown in Table 3. Relative humidity
was held constant at 80 per cent and the phowon flux density mma fluorescent lamps
was 150-250u moles M5t “ﬁ"m@ plants were tested for cyanogenesis after different
time periods as shown in Table

Assessment of phenotypic stability of the hybrid progenies

Phenotypic stability of the progenies of the crosses, A/38 x A/8, AJ38 x C/23
and C/27 x A/13 was assessed by testing the plants in the cooler half of the glasshouse
{minimum temperature 7°C). The progenies of the crosses A/38 x F/f6, C/27 x A/36,
C/27 x AJ6 and AJ13 x C/27 were assessed by testing them in the cold frames and in
addition by growing the progeny of the cross A/13 x C/27 in controlled environment.

Results

Almost all ramets belonging fo the clones A/8, Af36, C/23 and C/32 were obser-
ved to be stable for the phenotypes expressad vader warm glasshouse conditions through-
out the period they remained in the experimental field, whereas the ramets belonging
1o the clones A/6, A/13, A/16, A/38, C/27, D/8 and E/6 synthesized linamarase and
were hence regarded as unstable (Table 1).

One hundred per cent phenotypic instabilily was seen in the ramets belonging
to the clones A/13, Afi16 and Ef6 while the instability percentage amongst the ramets
belonging 1o the clones A/6, A/38, C/27 and D/8 was 41.66, 5641, 19.0 and 68.75
respectively {Table 1).
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Table 1. Effect of different environmental conditions on the phenotypic
expression within the clones used as parent plants.

Clone No.  No. of ramets Phenotypein Phenotypein Nos. of each Percentage

used warm glass- in the field phenotype  of unstable
house ramets

Af6 24 b - 14 41.66
—+ 10

Af8 17 4 ++ 17 00.00

AJ13 17 t— - 17 100.00

Al16 5 — —t 5 100.00

AJ36 17 4 ++ 17 00.00

AJ38 39 e — 17 56.41
—+ 22

C/23 17 +t ++ 17 00.00

c/27 37 —_ —— 30 190"
—+ 7

C/32 17 —+ —+ 17 00.00

D/8 16 - +— 5 68.75
++ i1

E/6 16 +— ++ 16 100.00

Because the instability was not detected until November in each year it appeared
that a fall in temperature was probably one of the factors in the environment influenc-
ing this phenotypic expression. On the other hand Maevskaya, Troitskaya and Yakovleva
(1976) have evidence that f-glucosidase synthesis can be stimulated in leguminous plants
when they are grown in boron-deficient soils. There is independent evidence that boron
deficiency can have serious deleterious effects on the physiology of L. corniculatus
(MacQuarrie er al. 1983). To check on the possible effect of boron the following experi-
ment was performed.

Two ramets per clone were removed from the experimental field, one replicate
being potted in the soil in which it had been growing and the other in John Innes No. 2
compost. These ramets were placed in the warm glasshouse (minimum temperature
15°C). After 30 days linamarase was detected in none of the ramets. The plants were
then returned to their former position in the field while still in pots. Daily testing for
linamarase revealed that the enzyme was detectable after 3 days. It is clear therefore
that the soil was having no observable effect on the synthesis of linamarase and so an
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ther circumsiantial evidence that terperature is influencing the synthesis of the lina-
marase, because the mean temperature in the glasshouse was 12°C higher than that
of the experimental field. The results of this experiment are shown in Table 2.

Table 2. Effect of soil on the phenotypic expression of the
clones used as parent plants.

Phenotype in warm glasshouse

Clone No.  Phenotype in Phenotype in Field soil John Innes No. 2
warm glass- the field compost
house

A6 P 4 +o

AlL3 e F -

Al1S S— o — —_—

A[38 —_— + — —

(j/Z? i . -

/8 + RS o -

B/6 o o o b

Controlled environment exp s

Hxperiments were devised to delermine whether changes in temperature would
affect the synthesis of Unamarase. Plants were propagated from the clones of the parent
plants and were grown in the controlled environment cabinet. The ramets were tested
for cvanogenesis after prescribed time periods, The various day-alr, night-air and soil-
temperatures used. together with different day-engths and the duration of the experi-
ments are shown in Table 3, The various day lengths and temperatures used in these
experiments correspond to those prevailing during Movember to February 1977-78 and
1978-79 at the Botanic Gardens at Hull {England). Because within clone variation in
stability had been detected amongst the parent plants in the experimental field all the
ramets involved in these experiments were given serial numbers so that a particular
ramet showing phenotypic stability or instability could be identified.

Bllis {personal communication, 1976) found that her plants showed the symp-
toms of physiological drought rather than of frosting when subjected to a temperature
lower than —3%¢ and she concluded that the waler availability to the plants is reduced
ai that temperature. For this reason under-soil heating was used for some of the experi-

ments described below, although it was considered unnecessary when temperatures
higher than 0°C were used.
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Ramets of clones D/8 and E/6 were not found to show phenotypic instability
at temperatures between 0°C and 5°C (Table 3), whereas 2 out of 7 ramets of clone
D/8 and 4 out of 7 ramets of clone E/6 respectively were observed to show instability
in phenotypic expression at temperatures —5°C to 5°C. Temperatures of —5°C to
59C had no effect on the phenotypic expression of the ramets of the clones C/27 and
AJ38 whereas at temperatures as high as 2.5°C to 10.5°C and 2.5°C 1o 13°C ramets of
clones A6, A/38, and C[27 were observed to be unstable. Clearly not all the unstable
clones nor all the ramets of the same clone express their phenotypic instability at the
same temperature. In other words different unstable clones express their phenotypic
instability at different temperatures. However, when the temperature is lowered there
is general tendency for these plants to synthesize linamarase, On the other hand, clones
Af8, Af36, CJ23 and C/32 and A/13 were observed to be stable in their phenotypic

Table 3. Effect of temperature on phenotypic expression within clones in the controlled environment experiment

Temperature
Clong  No.of Serial No. Phenotype Day  Night Soil Day Duration of Phenotype Nos. of each

No. ramets of ramets  in warm air air length  experiment after treat- phenotype
used glasshouse ment
D/8 7 1,2.3,6.13, - 59 0°C 5°C  8hms.  5days o all
14, 17.
E/6 7 13,579, o e all
10,31
D/8 7 58,1115, Hom 50C  -5°C 59C  8hs.  5days - 5
18,19,20 ++ 2(5,8)
E/6 7 2,406,812, e - 3
13,14 ++ 4(4,6,8,12)
D/8 5 368,1923 +— 59¢ ~59C 2°C  9ms.  8days - all
A/38 2 13.19 e —
/27 2 4,7 - —
D/8 5 79,10,12,16  +— 50¢ -50C 5°C 9hrs.  6days e all
/27 4 17,192022  —— —— all
AJ38 4 13,18,20.21 e —— all
A/8 4 I1,12,t7,20  +- + all
C/23 4 2,10,14.18 e ++ all
A/36 4 12,14,1620  ++ ++ all
/27 4 14,1517,18  —— 7.5%C 2.5°C - 9 hrs. 8 days — all
A/13 5 1,23.,5.,6, o - all
c/27 2 17,20 — 10.5°C  2.59C - 7 hrs 7 days —_— !
—+ 117y
A/13 1 3 o 4
AJ6 1 5 +— —
/32 1 1 b -t
Al6 1 8 — 13.0°C 2.5°C - 7hrs. 7 days —t
C/32 1 1 —+ o+
D/8 1 14 - ++
/27 1 20 — —r
AJ38 1 13 — —t
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expression at all the temperatures used in these experiments {(Table 3). It will be noted
that only a small number of ramets were used for the last two experiments. The reason
for this is that these experiments were primarily designed to study the effect of tempera-
ture on the plants of hybrid progenies and the parent plants were included only for
comparison. Anticipating the results of the experiments on the progenies, the conclusion
is that the phenotypic instability is not related to absolute temperature as such, but
rather to a fluctuating low temperature, in this case between 2.5C to 10.5°C and 2.5°C
to 139C.

To estimate the effects of physiological drought on the phenotypic expression,
the ramets of the clones A/38, C/27 and D/8 were divided into two groups, each consist-
ing of 6 ramets (one ramet of clone Af38, one ramet of C/27 and 4 ramets of clone
D/8). Each ramet was in a separate pot. One group of these ramets was placed on the
surface of the soil with no under-soil heat whereas the other was put into the soil (with
the soil surface level with the top of the pot) with under-soil heating applied. Testing
the ramets of both groups after a period of 7 days in controlled environments, where
day-air, night-air, and soil-temperatures, day length and relative humidity were set at
59C, ~59¢C, 29C, 9 hours and 80% respectively, showed that the phenotypes were the
same as those expressed under warm glasshouse conditions. These ramets were subjected
to 15 hours a day f{rosting for a continuous period of 7 days and showed no change
in their phenotypic expression. It clearly suggests that physiological drought bas no
influence on the phenotypic expression of the plants used in this experiment.

Assessment of phenotypic stability of the hybrid progenies
i VI 54 ) prog

The variation in phenotypic expression observed within the clones of the parent
plants A/6, A/38, C/27, D/8 and E/6 under experimental field conditions and in cont-
rolled environments seems to suggest that the phenotypic expression is determined by
genotype x environment interaction, probably stimulated by low fluctuating temperature,

To test this hypothesis 133 plants from the progenies of the crosses A/38 x A/8,
A/38 x C/23 and C/27 x A/13 were moved at the beginning of February 1978 from the
warmer half (minimum temperature 15°C) into the cooler half of the glasshouse in
which the mean minimum temperature during February, March and April 1978 was
7.59C, 8°C and 9.5°C respectively. These plants consisted of 28 containing the cyano-
glucosides and linamarase (++), 40 plants containing only the cyanoglucosides (+—),
30 plants with linamarase (—+) and 35 plants negative for both cyanoglucoside and
linamarase (—-—). Testing these plants after 3 months (at the end of April 1978) showed
that all the plants belonging to the ++ and —- phenotypic classes remained stable for
the phenotypes expressed under warm glasshouse conditions (Table 4 whereas an average
of 49.7 per cent of the plants of the +— and —+ phenotypic classes showed instability
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Table 4. Eifect of temperatire on the phenotypic expression in the hybrid progenies in the
conler half of the glasshouse

Cross No. of Phenotype in Neos. of each Phenotype in Nos. of each Percentage of
progeny warm haif of phenotype cooler half of phenotype ungtable
glasshouse glasshouse progeny
A[38 x A8 45 ++ 16 A 16 46.6
- 10 e 1
o 2
7
1 12 12
...... 7 7
A38xC[23 59 -+ 12 4 12 54.23
N 16 o 5
Fee l
o 7
....... &
18 4 !
17
13 13
C/27 % AJ13 29 14 14 48.27
15 15

of their phenotypic expression, probably in response to low temperature. In general,
there was loss of ability to produce either the cyanoglucosides or linamarase in the
cooler glasshouse,

Another 30 plants positive for both the cyanoglucosides and Hnamarase (),
85 plants positive for only the cyanoglucoside {(+-), 18 planis positive for only the
linamarase {-+} and 99 plants negative for both the cyanoplucoside and the linamarase
(—~} frow the progenies of the crosses A/38 x B/6, C/27 x AJ36, C/27 2 AJ6 and AJ13 x
C/27, were moved from a warmer glasshouse minimuro temperature 15°C) into cold
frames at different times during January, February, March and April 1979, The recorded
mean temperature oulside the frames during Jamuary, February, March and April 1979
was —~29C, 0.5°C and 1.5°C respectively. Testing these plants after different periods of
time (Table 5) showed that again almost all plants of the ++ phenotypic class and 96 per
cent of the —— phenotypic class remained stable (Table §5) for the phenotypes expressed
under the warm glasshouse conditions, whereas instability of phenotypic expression was
observed in the plants of the +— and —+ phenotypes. The percentage of the plants show-
ing unstable phenotypes in each progeny is shown In Table 5. As high a proportion as
39.72 per cent of unstable plants was recorded in the progeny of the cross A/13 x C/27;
the majority of these unstable plants belonged to the +- phenotypic class and they
synthesized linamarase and lost the cvanoglucoside.
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Table 5. Effect of temperature on the phenotypic expression in the hybrid
progenies in cold frames

{ross Mo of Pheenotype  Mos. of each  Phenotype  Nos, of Each Period Percentage
progeny in waenm phenotype in cold phenatype cold frames of ynstable
plasstiouse frames progeny
Al3Bx Eje 79 =] 20 R 20 14 days 11.25
{21 Feb - 7 Mar
1978)
- 11 = 7
-t 7
2
—t 3 t 2
A (
o 45 o 49
' 3
27 % Af36 40 i & E 8 27 days 17.5
(23 Mar - 27 Apr
{978)
1 12 ke 9
= {
k t
i
+ 13 + 9
4
. 7
C1a7 % Ao 40 il p A 2 23 days 7.5
(26 Feb - 23 Mar
1978}
1 22 T 21
ot I
+ 2 -t 2
e 4 14
AJ3 0 C2T T3 ko 40 b 12 23 days 3972
{124 Jan 1979}
-t 25
3
33 32
e i
MN.B. Most of the 33 - progeny of A/13 x C/27 were very small, and after the original test for cyanogenesis in the
glasshouse there was insufficlent material lefr with which to carry oul satisfactory further tests for cyanogenesis.

These data are included in the table, however because there was one plapt in which a phenotypic change was

detected.

In addition, 32 plants positive for only the cvanoglucoside (+—) including those
which had been observed to synthesize linamarase under ¢old {rame conditions, and 30
plants negative for both the cyanoglucoeside and the f-glucosidase (—-} from the progeny
of the cross A/I3 x C/27 were grown at different times in controlled environments
{Table 6% Not one of the 25 —- plants showed instability in their phenotypic expression
when subjected to an enviromment in which day-air, night-alr and soil-temperature, day
length and the duration of the experiment were 59¢, —5YC, 2°C, 9 hours and 7 days
respectively {Table 6); bui 2 of these were found to be unsiable when day-air, night-
air temperature, day-length and duration of the experiment were set at mc, 2.5(’, 9
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Table 6. Effect of temperature on the phenotypic expression of the progeny of the cross of
Af13 x C/27 under controlled environmental conditions
Temperature
No.of  Serial nos. of Phenotype Day Night  Soil  Day Duration  Phenotype Nos. of each
progeny progeny in warm air air length of experi-  after phenotype
glasshouse ment treatment
25 23,7,10,11,12,13, —— 50¢ =500 2°C 9 s 7 days all
16,18,27.30,41 42,
43,46 48,58,60,66,
67,69,71,72,73,75.
59¢ 0°¢ - 9 hrs. 8 days
12. 44,45 49,53,54,56, +- 4 all
61,62,63,64,65,68
7.5%C 2.5%C - 9 hrs. 8 days
7 44,45 54,62,63,64, t- e all
68
2 41,73 —_—
109¢  2.59¢ - 9 hrs. 8 days
12 42,4346 48,5860, —— 10
66,67.69,71,72,75 . 2(43.60)
23 8,17,20,21,25,26, te +-- 22
28.29,31,33.36 .44, t+ {49}
454749,52.53.62.
63.64,68,70,77
139¢  2.5° - 9 hrs 8 days
16 1541424348,  — - 9
58,65,67,69.71,
72,7375, 1-3(2) k 6 (43.48.67.
T-3(4), T-3 €7) 69.T-3 (2),
T-3 (7).
+-- 1015}
28 8,17,20,21,25,26, T + il
282931333637,
44,49,55.54.56 61, ++ 17 {8,17,20.
62,63,64,68,70,77, 25.26,33 .63,
T-3 (1), T-3 (3), 44,49 .53 .56,
T-3(9), T-3 (10) 62,64 1-3(1)
T3 3,
T--3 (9),
T-3 (10).
hours and 8 days respectively. Furthermore, 6 out of 16 plants of —— phenotypic class

were observed to gain linamarase and one gained the cyanoglucoside when day-air tem-
perature was raised as high as 13°C, while the rest of the conditions were not changed.
Under these latter environmental conditions 17 out of 28 plants of +- phenotypic class
were observed to synthesize linamarase and these were the same plants which had been
observed to synthesize the linamarase under cold frame conditions during the month
of January 1979. It was seen thal different individuals of the same phenotypic class
reveal their instability under different environmental conditions and it therefore suggests
that the phenotypic expression is determined by genotype x environment interaction,
the environmental effect probably being the fluctuating low temperature.
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Discussion

The clones used in the breeding programme were chosen because they had stat
phenotypes under all the conditions to which they had been subjected previously
ed
prudent 1o test all the replicates of the clones used in the breeding programme through-

or showed a pattern of instability thar was repeatable. Nevertheless i was consis

out the period they remained in the field beginning from April. As a result of this regular
testing for cyanogenesis it was discovered that some of the original stable clones remained
thesize
linamarase was first discovered in November 1977, Because g change in phenotypic
expression in these clones was not detected vntil fate avtumn it is believed that a fall
in temperature was one of the principal {actors in the environment influencing the
phenotypic expression. It appears that a new type of phenotypic Hexibility in L. co
culgiis has now been described where plants can gain the ability o synthesize linamarase

stable whereas others did not. That these unstable clones gained the ability to syn

i

andfor cyanoglucosides when the temperature is lowered rather than losing this abi
Adjustment in the rate of synthesis of cyanoglucosides at different stages of the life-
cycle has also been reported in some other cyanogenic plants, e.g, Sorghum sudanese
{(Piper) Stapl (Hogg and Ahllgren, 1943), Zeg mays 1. (Nass, 1972), Trifolium repens 1.
{de Waal, 1942, Till | 1983}, Linon usitarissimuemn L. (Trione, 1960), Tinanrie erecto
Schiecht, Bambusa bambos (L.) Voss., Dendrocalamus fatiflorus Munre {Tion Sie Fat,

1978a, b}, Trochodendron wralivides Sieb. and Zucc. (van Valen, 1978), Tetragonolobus
purpurens Moench, T. requienii (Maurl ex Sanguinettl) Sanguinetti, Ornithopus compres
sus L. O roseus Dufour (van Valen, 1979), Juncus articulous L., J. acuriflorus B
J. alpino-articulerus Chaix ex Vill, s.L., J subnodulous Schrank (Zandee, 1976, Molinia
caerulea (L.) Moench (Tjon Sie Fat and van Valen, 1978), Daciyiorenium raduions P
Beauv., Campanula rotundifolia L., Glveeria fluitans (1.} R.Dr. (Tjon Sie Fat, 1977a,b),
Ranuncwdus repens L. (Tjon Sie Fat, 1979, Sorghastrum nutans (1) Mash and S pellitum
Parodi (Maskins ef gl 1979). The HCN concentration in 5. musens and S, pellinm was
shown to vary when the same plant was tested for cyanogenesis at different times of the

same day. HCN-content in cyanogenic species of Lofus has also been reported to wary
with developmental stage and season (Borsos, 1977} Ellis er ol (1977) began a similar
kind of study on L. corniculatus.

Increased enzyme activity has also been found in other leguminous plants. Kras-
nuk er al (1978) demonstrated that activities of amylases and leucine-amino peptidases
were greater under simulated winter conditions than under summer conditions in both
the cold-tolerant variety ‘Vermal’ and the cold sensitive variety ‘Sonora’ of alfalis
(Medicago sativa). They also detected new esterase formsg and greater quammwv mf &
heat-stable amylase in both varieties onder winter conditions. Nicholas er al {1976
found an increased activity of nitrate reductase in the leaves of field grown soybeans
(Glycine max (L) Merr) under cooler night temperatures {16°C). Rose (1967) be
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that in an ducible enzyme system temperature can influence enzyme synthesis by
changing the effective conceniration of a specific repressor. Synthesis of linamarase in
the progeny of the cross A/Y3 x C/27 at low temperature suggests that It may be possible
that the product of the regulatory gene synthesized at low temperature may act as an
inducer of linamarase. As far as we know an increase in the activity of linamarase at
loow temperature has not been reported prior to this study.

The variation in phenotypic expression observed between the clones of the
parent plants in the field and in the controlled environments suggested that the pheno-
typic expression of L, cormfculomus from Porthdafarch is fﬂmemmﬂm by genotype x
environment interactic pm bably stirnulated by low fluctuating temperature. In our
experiments the whmwbﬂ ¢ instability was detected only when temperature {Tuctuated
between 2.5°C and 10°C and hmwww 2.59C and 13°C.

As a consequence of this variation in the synthesis of linamarase and oyanoglu-
oside cyanogenesis in L. cornicufatus is influenced by fuctuation in temperature, but
also Hogg and Ablgren (1943) reported a2 highly sig

temperature and the hydrogencyanide content of Sorghum sudanase. In contrast, Gora-

nificant positive correlation between

shi (1977} reported higher hydrogen-cvanide concentration in this species at lower

temperatures. The work with Loms cornicuiatus shows that temperature also influences
eyvanogenesis in both directions,

There is also another possibilily that lUoamarase in L. corniculatus may have
multiple molecular forms with different temperature co-efficients. It may be that at low
temperature, some metabolites essential for synthesis of sub-units are formed which

may account for an increase i the concentration of a linamarase isoenzyme with low
temperature co-efficient. Gerlofl er gl (1967) assoclated an increase in the activity of
soluble oxidative enzyres and the formation of two new Boenzymes with an increase

in the content of soluble proteins in alfaifa roots during hardeni

The ability of some L, cormicularus plants 1o change their cyanogenic pheno-
types under certain temperature conditions must be remembered when estimating the
frequency of the cyanogenic phenotypes in natural populations of L. cormicularus.
Because of this phenotypic plasticity comparison between population of L. cornicu-
lorus sampled at different times of the vear could be very misleading., Moreaver the
variability in the expression of cyanogenesis shows that this character cannot be used
as genetic marker, contrary Lo the sugg {1966) and of Miri and Bubar
{1966), Furthermore any correfalion between cyanogenesis and other (morphological,
physiological and genetical) characteristics in L. cormfculorus should be interpreted
with more than usual caution.

stions of Bansel
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The work of Ellis er al 1977 showed that some L. cornicuiatus plants from
Anglesey tended to lose glucoside and enzyme activity at low temperature. In contrast,
in the present study some orher plants from the same population were found to gain
glucoside andfor linamarase activity under these conditions.

Another possibility worth exploring is that the linamarase produced at low
temperature could be structurally different from the one present in those L. cormicu-
fatus plants which do not seem to be influenced by low temperature. [t would be interest-
ing to purify the enzyme produced at low temperature and elucidate its structure.
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