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Protein synthesis during cold shock in barley tissues

Comparison of two genotypes with winter and spring growth habit
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Summary. In barley (Hordeum vulgare L.) seedlings, a
temperature step-down from 24 °C to 6 °C (cold shock)
determined a reduction in the incorporation of labeled
aminoacids and modified the electrophoretic pattern of
total proteins. At 6 °C some new proteins appeared and
others were intensified (cold shock-induced proteins=
CSPs); meantime, few proteins disappeared or were
curtailed (cold-repressed proteins=CRPs). The ma-
jority of the proteins of the seedlings were labeled at
about the same rate both at 6 °C and 24 °C, whereas at
0°C only the cold shock proteins and a few others were
detectable. The cold shock-induced variations of the
protein profile differed in roots and in seed remnants
which showed only some of the CSPs detected in roots.
Total protein synthesis of barley genotypes ‘Onice’ and
‘Georgie’, which have respectively a winter and spring
growth habit, were similarly inhibited by a temperature
drop. The two genotypes, however, showed some dif-
ferences in the CSPs and CRPs pattern. Because ‘Onice’
and ‘Georgie’ have also a different thermotolerance, the
hypothesis can be made that in barley specific CSPs are
involved in conferring various degrees of cold resis-
tance.
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Introduction

In plants, the shift from 20°C-25°C to 40 °C—45°C in-
duces new synthesis of proteins. In fact, under these
high temperature treatments some stress proteins are
synthesized (for a review, see Mascarenhas 1984).
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A role or an involvement of these heat-shock proteins in
thermoprotection and acclimation has been suggested (Key
etal. 1982; Lin et al. 1984). Variations in the total proteins and
in the synthesis of specific proteins have also been associated
with an exposure of plants to cold. The amount of soluble
proteins increases in cold-hardened plants (Cloutier and Simi-
novitch 1982; Siminovitch and Cloutier 1982) and changes in
specific protein synthesis have been detected by electro-
phoresis (Briggs and Siminovitch 1949; Coleman et al. 1966;
Craker etal. 1969; Brown and Bixby 1975; Rochat and
Therrien 1975; Faw and Jung 1976; Kacperska-Palacz et al.
1977; Cloutier 1983). Studies devoted to correlate cold-
induced proteins with specific enzymes indicated modifica-
tions of the catalase and peroxidase electrophoretic profiles
after hardening in alfalfa roots (Gerloff etal. 1976) and of
peroxidase isozymes in winter hardened wheat (Roberts 1967;
McCown et al. 1969a, 1969 b). The presently available extrac-
tion and separation techniques, coupled to in vivo protein
labeling, offer new opportunities for approaching the study of
cold as an inducer of the synthesis of specific proteins.

Using barley seedlings we have studied the varia-
tion in the synthesis of individual proteins during a
rapid temperature shift from 24 °C to temperatures as
low as 0°C. Extracts from different parts of the plants
of two barley genotypes with different growth habits

and thermotolerances were compared.

Materials and methods

Plant material and growth conditions

Barley seeds (Hordeum vulgare L. cv. ‘Onice’ and cv. ‘Georgie’,
a six-rowed winter type and two-rowed spring type, respec-
tively) were washed, surface sterilized and germinated asepti-
cally on two layers of Whatman no. 1 filter paper wetted with
5ml H,O in Petri dishes for 72h at 24°C in the dark.
Seedlings with 1cm long coleoptiles were removed and em-
ployed for the experiments described below.

Evaluation of incorporation level of radioactivity into proteins

Samples of five seedlings with the embryonic axis protruding
about 1 cm were incubated at 24°C, 18°C, 12°C, 6°C and



0°C for 4h in scintillation vials containing 750 ul of a 2%
(w/v) sterile sucrose solution in 10 mM K-phosphate buffer
pH6.5. L-3-5°H-tyrosine 100 pCi (spec. act. 52 Ci/mmol,
1.85 TBq/mmol) was added in the last 3 h. Incorporation of
35S-methionine (spec. act. 1500 Ci/mmol, > 30 TBq/mmol)
was also determined at the same temperatures. Incorporation
was arrested by an excess of cold tyrosine followed by rapid
freezing. The different organs (root, coleoptile and the rem-
nant of the seed after germination) were separated, homo-
genized by cold mortar and pestle using 10% cold TCA, heated
at 90°C for 15 min, cooled and filtered through Whatman
GF/C. The radioactivity incorporated was processed by
standard procedure as described by Marmiroli and Lodi
(1984).

Preparation of labeled protein extracts

Protein extracts were obtained by pre-incubating samples of
10 seedlings at the various temperatures in 3 ml of a solution
consisting of 2% sucrose in 10 mM K-phosphate buffer, pH 6.5.
After 1h, 300 uCi of **S-methionine were added and the
seedlings were incubated for an additional 3 h. Protein extrac-
tion from root, coleoptile and the remnant of the seed,
obtained by cutting out at the edge of the germinated seed
both roots and the embryonic axis, was done according to
Baszczynsky et al. (1982) and was followed by dialysis against
2 changes of 51 of a 1/5 strength extraction buffer containing
1 mM EDTA, 0.1% 2-mercaptoethanol and 25 pg/ml of the
protease inhibitor phenylmethylsulfonylfluoride (PMSF). The
extracts were lyophylized, freeze-dried and stored at —20°C.

Gel electrophoresis

Proteins were solubilized in about 200ul of 2% SDS, 2% 2-mer-
captoethanol and 9mM Tris (pH8.3), treated with DNasel (10pl
of a solution 2mg/ml in 0.01M Tris HCl buffer, SmM MgClL,,
pH7.8) and RNase A (10pl of a solution 2mg/m} in 0.1M Tris
HCI buffer, pH6.8) and activated for electrophoresis by heating
at 90°C for 2min. Protein concentration was determined accord-
ing to Lowry etal. (1951); *3S-methionine incorporation was
measured as described previously. Gel electrophoresis was per-
formed in a 10% non-gradient discontinuous polyacrylamide
SDS gel prepared according to Laemmli (1970), with the
modifications described by Marmiroli and Lodi (1984). The
gels were prepared for fluorography as described by Bonner
and Laskey (1974).

Results

Protein synthesis activity after step-down
in the temperature range 24°C—-0°C

Activities of the protein synthesizing system of plantlets
grown at 24 °C and exposed to temperature step-down
in the interval 24 °C—0 °C are shown in Fig. 1. The two
genotypes had a similar behaviour in this temperature
interval. The data related with incorporation in seed
remnants were purposefully omitted from Fig. 1 since
the various temperature shift downs had a similar effect
in roots and seeds in both genotypes.

Similar results were found with 3°S-methionine
incorporation (data not shown).
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Fig. 1. Incorporation of *H-tyrosine into proteins extracted
from the whole plants (—0—, —®-), roots (~A—, —a-) and coleop-
tiles (-0O—, —m-), determined after heating at 90°C for 15 min
and following filtration on a Whatman GF/C filter. Open and
close symbols refer to cv. ‘Onice’ and cv. ‘Georgie’, respective-
ly. Proteins were extracted by 10% cold TCA and a 100 ul
sample from each temperature was precipitated, washed with
ethanol, dried and resuspended in 100pl of 10 mM
K-phosphate buffer pH 6.5 and processed for determination of
protein concentration according to Lowry et al. (1951)

Electrophoretic pattern of proteins synthesized in roots
and in seed remnants of labeled ‘Onice’ and ‘Georgie’
plantlets, after a temperature step-down

in the interval 24°C-6°C

‘Onice’. The proteins synthesized in roots and in seeds
of this genotype under normal and cold shock condi-
tions were compared by labeling plantlets at 24 °C and
after a 4 hour shift to 18°C, 12°C and 6°C (Fig. 2 A,
B). The electrofluorogram of Fig.2A depicts the
pattern of protein synthesis in seeds after incubation at
the various temperatures. In this organ the labeling
associated with the proteins of MW 61 Kd and 67 Kd
was particularly increased at 6 °C, compared to 24 °C.
Extracts from roots run on the same gel (Fig. 2B)
gave also two cold shock proteins (CSPs) of MW 67 and
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Fig. 2 A-D. Electrophoresis and fluorography of proteins extracted from seeds and roots of cv. ‘Onice’ and cv. ‘Georgie’ Plantlets
were grown at 24°C and then transferred to 24°C, 18°C, 12°C, and 6 °C, five plantlets for each temperature, in phosphate buffer
(pH 6.5). After 1h of adaptation, 300 pCi/ml of **S-methionine was added and incubation carried out for 3 additional h at the
scheduled temperatures. Gel electrophoresis was performed in a discontinuous non-gradient gel (stacking gel 4.5%; running gel
10%). A well, loaded with a mixture of: lysozyme (MW 14,400), soybean trypsin inhibitor (MW 21,500), carbonic anhydrase (MW
31,000), ovalbumin (MW 45,000), bovine serum albumin (MW 66,200) and phosphorylase B (MW 92,500), was alternated every 5
wells in each gel. Each 10 pl extract loaded into the gel contained about 100,000 cpm. After electrophoresis, usually 3 h at 400 V and
30 mA (for a 300 um thick gel, at 5°C), the gel was fixed, Coomassie-stained and treated for fluorography according to Bonner and
Laskey (1970). After 7 days of exposure at —70 °C to Kodak X-Omat film, the electrofluorograms were scanned with a densitometer
Mod. 1650 (BioRad) for determination of band intensity. Arrows indicate the bands which undergo major variations; molecular
weights (standard plot of log;, MW versus rf) in Kilodaltons (Kd) have been printed on the sideboards. A, B Coelectrophoresis of
extracts from seeds (A) and roots (B) of the cv. ‘Onice’; C, D coelectrophoresis of extracts from seeds (C) and roots (D) of cv. ‘Geor-

gie’

61 Kd, which were induced at low temperatures, both
at 12°C and more intensely at 6 °C. Two proteins of
MW 77 and 52 Kd were found as CSPs only in roots.

In roots, a reduced labeling at 6°C of the 58 Kd
protein occurred after its enhancement at 18 °C. Mean-
time, a lower molecular weight component (MW=
56 Kd) faded quickly at 6°C (Fig. 2B). The 56 Kd

protein in seeds behaved as a cold repressed protein
(CRP): it faded by reducing the temperature of
labeling. A similar pattern of CRPs could also be found
by labeling the plantlets 6 and 8 hours after the transfer
at low temperature (data not shown).

The differences and the similarities in CSPs and
CRPs were confirmed by running on the same lane a
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Fig. 3. Coelectrophoresis and fluorography of protein extracts from roots of (A) cv. “Onice’ and (B) cv. ‘Georgie’. Labeling con-
ditions were those reported previously; the protein pattern incorporated at 0°C is also shown. The radioactivity content in each 10 pl
sample loaded into the gel was around 300,000 cpm with the exception of the tracks corresponding to 0°C which was about

30,000 cpm. Exposure was for 1 week at—70°C

mixture of extracts from the two organs and the results
are summarized in Table 1.

‘Georgie’. Figure 2 C shows that in plantlets labeled at
6°C the seeds of this genotype accumulated three
CSPs (MW=55, 61 and 67Kd). Two other CSPs
(MW=100 and 87 Kd) were induced only in roots
(Fig. 2D). Therefore, five CSPs (with MW of about 100,
87, 77, 67 and 61 Kd) could be identified by the
coelectrophoresis of extracts from both roots and seeds.
A particular case was presented by the 100 Kd protein
classified as CSP in roots, which in seeds was enhanced
at 18°C and 12°C (see also Fig. 3A, B), but not at
6°C.

Comparison of the electrophoretic patterns of proteins
synthesized by ‘Onice’ and ‘Georgie’ after a temperature
step-down in the interval 24°C-0°C

Extracts prepared from roots and seeds of the two
genotypes were comigrated on the same gel to resolve
differences and similarities.

Roots. Figure 3 shows the comparison between protein
synthesis in roots of ‘Onice’ (Fig.3A) and ‘Georgie’
(Fig. 3B), 4 h after the step-down from 24 °C to: 18 °C,
12°C,6°C, and 0°C. At 6 °C, three CSPs (MW =77, 67,
and 61 Kd) were evident both in ‘Onice’ and ‘Georgie’,
one CSP (MW=52 Kd) was induced in ‘Onice’ roots
only, and two CSPs were typical of ‘Georgie’ roots
(MW=100 and 87 Kd). A protein of MW 56 Kd
appeared at 18 °C and disappeared at 12 °C in ‘Onice’,

but not in ‘Georgie’. The intensity of a 32 Kd protein
was reduced at low temperatures in ‘Georgie’. Only a
few of the normal proteins, together with the CSPs,
were labeled at 0 °C.

Seeds. Co-migration of ‘Onice’ and ‘Georgie’ seeds
showed two CSPs of MW 67 and 61 Kd in both the
genotypes, whereas the 77 Kd protein showed an in-
creased intensity in ‘Georgie’ (and no variation in
‘Onice’) (Fig. 4A, B). The intensity of the 87 Kd
protein, which increased in ‘Georgie’ roots, decreased at
low temperature in seeds of both ‘Georgie’ and ‘Onice’.
The two cultivars also showed differences in the CRPs:
a 56 Kd protein in ‘Onice’, a 56 Kd and a 32 Kd protein
in ‘Georgie’.

Comparison of proteins synthesized by individual
seedlings of ‘Onice’ and ‘Georgie’: summary
of major variations

The differences in the protein patterns found after a
shift to 6°C and 0°C depended upon the genetic
background of the two genotypes. This was shown by
labeling five intact seedlings at 24°C, 6°C and 0°C,
and by separating roots and seeds from each individual
plantlet. The electrophoretic characterization of the
extracts obtained from these individual organs is
reported in Table 1.

In ‘Onice’ roots, the shift to 6°C determined the
appearance of two polypeptides (MW 77 and 52 Kd)
and the augmentation of a 67 and 61 Kd polypeptides.
In ‘Georgie’ roots, five CSPs were noted with MW 100,
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Fig. 4. Coelectrophoresis and fluorography of protein extracts from seeds of (A) cv. ‘Onice’ and (B) cv. ‘Georgie’: the protein pat-
tern of seeds incorporated at 0°C is also shown. The radioactivity of each 10 ul sample was around 100,000 cpm (cv. ‘Onice’) and
50,000 cpm (cv. ‘Georgie’). The extract of the 0 °C treatment had 20,000 cpm. Exposure was for two weeks at - 70°C

Table 1. Major variations observed in protein synthesis after a
temperature shift from 24 °C to 6 °C in individual plantlets of
‘Onice’ and ‘Georgie’

MWwee Roots® Seeds®
‘Onice’ ‘Georgie’ ‘Onice’ ‘Georgie’
100+5 o +++ o) o
87+t1 o +++ - -
7743 +++ ++ o ++ +
6712 ++ ++ ++ + ++
61t1 + ++ +++ ++
56+2 -—-- - - - S
52+2 +++ o] o o
32+1 0 - o __

* Molecular weights were calculated on proteins denaturated
by heating in the presence of SDS and 2-mercaptoethanol. A
standard plot of log;, polypeptides molecular weight versus
relative mobility was obtained by electrophoresing each time
the following marker polypeptides on the same gel: Lysozyme
(14,400); Soybean Trypsin Inhibitor (21,500); Carbonic An-
hydrase (31,000); Ovalbumin (45,000); Bovine Serum Albumin
(BSA) (66,200); Phosphorylase B (92,500)

® Obtained from the integration of the densitometric tracing.
The area of each peak corresponding to a band in the film was
determined and utilized to quantify the variations observed.
The symbols indicate: (+, -)= two-fold increase/decrease in the
intensity of an electrophoretic band following the shift from
24°C to 6°C; (+ +, ——)=three to five fold increase/decrease;
(+ + +, — — -)=the electrophoretic band was detectable only
at 6°C (+ + +) or at 24°C (- — -); (0)=no corresponding
band in one of the genotypes or no variation observed

¢ Though bands with identical MW are present in the two
genotypes, they may not be encoded for by the same gene(s).
On the contrary, the identification of their genetic de-
terminants may reveal that bands with different MW in the two
genotypes are encoded by homologous genes

87, 77, 67 and 61 Kd. Cold-shock induced the dis-
appearance of a 56 Kd protein in ‘Onice’ roots, whereas
in ‘Georgie’ roots proteins of MW 56 and 32 Kd were
curtailed. In ‘Onice’ seeds, cold shock induced synthesis
of proteins with MW 67 and 61 Kd, whereas at the
same temperature in ‘Georgie’ seeds three proteins of
MW 77, 67 and 61 were induced. Proteins which were
curtailed or which disappeared in the seeds were of
MW 56 Kd in both genotypes, and of MW 32 Kd in
‘Georgie’.

The major draw-back of the in vivo labeling system
of barley plantlets we have utilized was the poor
incorporation into the coleoptiles. However, we had
evidence suggesting the existence of two major CSPs of
MW 67 and 61 Kd both in ‘Georgie’ and ‘Onice’. The
two CSPs were detectable both at 6 °C and at 0 °C.

Discussion

Previous studies on the effect of cold upon protein synthesis
showed the occurrence of modifications in the protein patterns
of plants during winter hardening, in relation also with their
genetic constitution. In this context, differences were reported
between the soluble protein fractions in genotypes of Medi-
cago sativa (Coleman etal. 1966) and in three clones of
Dianthus (McCown et al. 1969 b) and between the activities of
10 isoenzymes separated from leaf and stem of the same
cultivars of Dianthus grown under winter and summer condi-
tions (McCown et al. 1969 a).

Remarkably for some enzymes, the differences were found
not only between genotypes but also between tissues
(McCown et al. 1969 a). More recent studies in wheat and rye



(Cloutier 1983) and in alfalfa (Faw and Jung 1972; Faw et al.
1976) showed, in response to hardening, increases in soluble
proteins with no major change in the electrophoretic pattern.
Differences between cultivars grown in different environments
were mainly quantitative even though two polypeptide band
changes were related with increased freezing tolerance in
wheat and rye (Cloutier 1983).

These studies considered only those proteins which were
accumulated in relatively large amounts and upon a consider-
able period of time after transfer to the low temperature. By
the use of radioactive amino acids with high specific activities,
we have accumulated evidence that a temperature step-down
triggers a response in barley which has been termed cold-
shock since it could lead to rapid modifications of protein
synthesis similar to those reported during heat shock in the
same species (Marmiroli etal. 1984, 1986). Upon a shift to
6°C, most of the normal proteins are synthesized together
with cold-shock proteins (CSPs), whereas upon a shift to 0°C
the CSPs and only few normal proteins are present. The
resemblance with what was observed at 40°C, in which there
is the simultaneous presence of heat shock proteins (HSPs)
and most of the normal proteins, and at 42°C, in which only
HSPs and very few normal proteins are detectable (Marmiroli
et al. 1986), is striking.

Focusing the attention on the proteins which are
induced by cold and particularly to the differences
detected between ‘Onice’ and ‘Georgie’, it is tempting
to assume that peculiar CSPs have a role in conferring
different cold resistance. In fact, by considering CSP
synthesis in roots it appeared that a) both ‘Onice’ and
‘Georgie’ had CSPs additional to the three which they
have in common, and b) the less cold-resistant geno-
type ‘Georgie’ synthesized five CSPs whereas the more
cold-resistant genotype ‘Onice’ synthesized only four
CSPs.

Preliminary experiments with barley plantlets of
both genotypes indicated that the accumulation of
CSPs could effectively confer protection to cold (data
not shown). Our suggestion is that the cold shock
proteins, as the heat shock proteins (Kimpel and Key
1985), are involved in modulating and protecting some
cell functions when the temperature undergoes a
sudden change and this could be consistent with the
existence of a block of CSPs which are common to
genotypes with different thermotolerances. On this
basis, both varieties could acquire a certain degree of
protection against very low temperatures if they are
preventively exposed for few hours to 6 °C in order to
induce synthesis of CSPs.

How the CSPs are linked with thermotolerance and
with cold acclimation proteins recently detected by
Cloutier (1983) in other cereals remains to be estab-
lished. However, particularly interesting for their pos-
sible role are those CSPs which we found variable in
the two genotypes. In order to establish the genetic
basis of the cold shock response in barley, the synthesis
of cold shock proteins and the disappearance of cold
repressed proteins following cold shock in the progeny
of ‘Onice’ X ‘Georgie’ cross is under investigation.

195

Acknowledgements. Research work -supported by the Italian
Ministry of Agriculture, Progetto finalizzato “Tecnologie
Avanzate”.

References

Baszczynsky CL, Walden DB, Atkinson BG (1982) Regulation
of gene expression in corn (Zea mays L.) by heat shock.
Can J Biochem 60:569-579

Bonner WM, Laskey RA (1974) A film detection method for
trittum labeled proteins and nucleic acids in polyacryl-
amide gels. Eur J Biochem 46:83-88

Briggs DR, Siminovitch D (1949) The chemistry of living bark
of the black locust tree in relation to frost hardiness. 2.
Seasons variations in the electrophoretic patterns of the
water soluble protein of the bark. Arch Biochem 2:18-28

Brown GN, Bixby JA (1975) Soluble and insoluble protein
patterns during induction of freezing tolerance in black
locust seedlings. Physiol Plant 34: 187191

Cloutier Y (1983) Changes in the electrophoretic patterns of
the soluble proteins of winter wheat and rye following cold
acclimation and desiccation stress. Plant Physiol 71:
400-403

Cloutier Y, Siminovitch D (1982) Augmentation of protoplasm
in drought and cold-hardened winter wheat. Can J Bot
60:674—680

Coleman EA, Bula RJ, Davis RL (1966) Electrophoretic and
immunological comparison of soluble root proteins of
Medicago sativa L. genotypes in the cold hardened and
non-hardened condition. Plant Physiol 41: 1681-1685

Craker LE, Gusta LV, Weiser CJ (1969) Soluble proteins and
cold hardiness of two woody species. Can J Plant Sci
49:279-286

Faw WF, Jung GA (1972) Electrophoretic protein patterns in
relation to low temperature tolerance and growth regula-
tion of alfalfa. Cryobiology 9:548-555

Faw WF, Shih SC, Jung GA (1976) Extractant influence on the
relationship between extractable proteins and cold toler-
ance of alfalfa. Plant Physiol 57:720-723

Gerloff ED, Stanman MA, Smith D (1967) Soluble proteins in
alfalfa roots as related to cold hardiness. Plant Physiol
42:895-899

Kacperska-Palacz A, Jasinska M, Sobezyk EA, Wcislinska B
(1977) Physiological mechanisms of frost tolerance sub-
cellular localization and some physical-chemical properties
of protein fractions accumulated under cold treatment.
Biol Plant 19: 18-26

Key JL, Lin CY, Ceglarz E, Schoffl F (1982) The heat-shock
response in plants: physiological considerations. In: Schle-
singer MJ, Ashburner M, Tissiéres A (eds) Heat shock,
from bacieria to man. Cold Spring Harbor Laboratory,
Cold Spring Harbor, pp 329-336

Kimpel JA, Key JL (1985) Heat shock in plants. TIBS Sept
1985, pp 353-357

Laemmli UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227:
680-685

Lin CY, Roberts JK, Key JL (1984) Acquisition of thermo-
tolerance in soybean seedlings. Synthesis and accumulation
of heat shock proteins and their cellular localization. Plant
Physiol 74:152—160

Lowry OH, Rosebrough MJ, Farr AL, Randall RJ (1951)
Protein measurement with the Folin phenol reagent. J Biol
Chem 193:265-275



196

Marmiroli N, Lodi T (1984) Effect of erythromycin upon the
protein pattern of heat shocked S. cerevisiae. Identification
of new classes of heat-shock and heat-stroke products.
Curr Genet 8:428-436

Marmiroli N, Odoardi Stanca M, Giovanelli B, Terzi V, Tassi
F, Restivo FM, Lorenzoni C (1984) Regulation of protein
synthesis by heat shock in barley (H. vulgare L.). Barley
Genet Newslett 14:17-19

Marmiroli N, Restivo FM, Odoardi Stanca M, Terzi V,
Giovanelli B, Tassi F, Lorenzoni C (1986) Patterns of
individual proteins during heat shock in barley (Hordeum
vulgare L.) tissues and their relevance in acclimation of
barley seedlings. Genet Agrar40:9-25

Mascarenhas JP (1984) Molecular mechanisms of heat stress
tolerance. In: Collins GB, Petolino JG (eds) Advances in
agricultural  biotechnology. Applications of genetic
engineering to crop improvement. Martinus Nijhoff-W
Junk, The Hague, pp 391-425

McCown BH, Hall TC, Beck GE (1969 a) Plant leaf and stem
proteins. 2. Isozymes and environmental change. Plant
Physiol 44:210-216

McCown BH, Beck GE, Hall TC (1969b) The hardening
response of three clones of Dianthus and the corresponding
complement of peroxidase isoenzymes. J Am Soc Hortic
Sci 94:691-693

Roberts DWA (1967) Peroxidase isozymes in wheat leaves
grown at 6° and 20 °C. Plant Physiol 42:916

Rochat E, Therrien HP (1975) Etude des protéines des blés
résistant Kharkov, et sensible, Selkirk, au cours de
I’endurcissement au froid. 1. Protéines solubles. Can J Bot
53:2411-2416

Siminovitch D, Cloutier Y (1982) Twenty-four-hour induction
of freezing and drought tolerance in plumules of winter rye
seedlings by desiccation stress at room temperature in the
dark. Plant Physiol 69:250-255



