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Abstract The aim of the present work was to explore
physiological changes provoked by somaclonal variation in
response to salinity. Two parental cultivars (La Candelaria
and Yerua) and their derived somaclones were used as a
source for breeding new rice lines with improved salt tol-
erance. We studied the effect of NaCl salt stress on
chlorophyll fluorescence-related parameters, such as the
maximum quantum yield of primary PSII photochemistry
(F,/F,) and the performance index for energy conservation
from photon absorbed by PSII antenna (PIAgs). In addition
malondialdehyde (MDA) content and leaf temperature
(LT) responses were also measured. In somaclonal lines,
F/F,, Plags, MDA and LT showed coefficients of varia-
tion of 13.7, 39.3, 25.5, and 3 %, respectively, for La
Candelaria and 1.4, 17.6, 34.4 and 3 % for Yerua. How-
ever, the fragrant character did not differ in the aromatic
somaclonal lines with respect to their parentals. Our results
suggest that the F,/F, ratio would not be as good marker
of PSII vitality as Plngs for salinized rice somaclones,
unless they are highly susceptible to salinity. On other
hand, the MDA content showed a strong negative corre-
lation with the PI5gg content in somaclones of both rice
cultivars, suggesting that MDA levels could also be used as
an oxidative damage index in rice somaclones.
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Introduction

Rice (Oryza sativa L.) is considered the most important
crop, due to the fact that it is the main nutrient source for
one half of the world population (Sasaki 2005), accounting
for 20 % of the caloric intake. Varieties that differ from the
typical indica or japonica varieties in their quality and
characterized by certain special quality features may be
defined as speciality rices (Chaudhary 2003). In general,
aromatic rice cultivars (another type of speciality rice)
present superior flavor and taste than common speciality
rice. Recent variations in agricultural commodity prices
affected the rice trade market, but aromatic rice prices re-
mained the highest priced sector, turning them into an
economically interesting crop alternative for farmers
(Chaudhary 2003).

Somaclonal variation is any variability obtained by means
of an in vitro tissue culture (Larkin and Scowcroft 1981). This
process usually causes a change in few traits of the parental
genetic background and, therefore, it becomes particularly
relevant, where the preservation of parental organoleptic
qualities is crucial (Scowcroft and Larkin 1988).

Changes in single nucleotide polymorphism (snp), in-
sertion and deletions have been identified in regenerated
rice plants (Miyao et al. 2012). High frequencies of var-
iations were observed in somaclonal rice traits such as
chloroplast, plant height and tillering (Oono 1978;
Kucherenko 1979). These variations have been repeatedly
used to generate novel rice varieties for breeding purposes
(Bertin et al. 1996; Roy and Mandal 2005; Jubair et al.
2008).
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Salinity is one of the most important yield constraints in
rice production. Soils with conductivities higher than 4 and
8 dS/m are considered, respectively, moderate and highly
saline for rice crops (Gao et al. 2007; Kushwaha et al.
2012). In the southern rice area of Argentina, moderate and
high salts contents in the irrigation water were reported
(Valenti et al. 2006), representing a potential risk for this
crop. However, the somaclonal variation has not been ex-
ploited for the genetic improvement of Argentine rices so
far. Very limited research has been conducted addressing
the influence of this stress on rice speciality quality.

Salinity decreases the photosynthetic efficiency, since
the photosynthesis complex II (PSII) is a sensitive target of
this stress (Xia et al. 2004; Mehta et al. 2010; Bacarin et al.
2011). The PSII vitality may be measured through the
analysis of transient chlorophyll fluorescence rise (OJIP
test) after closing all PSII reaction centers with sudden
illumination (Strasser et al. 1995).

Data extracted from OJIP analysis can be used to char-
acterize the behavior of PSII. Most used parameters are ratio
of variable to maximal chlorophyll a fluorescence (F\/F,)
and the performance index Pl,gg (Gonzalez Moreno et al.
2008). Both F,/F,, and PIABS formula have been widely
used to screen for salt stress tolerance in several plant spe-
cies (Percival et al. 2003; Eyidogan and Tufan 2007; Re-
dondo-Gémez et al. 2007; Singh and Sarkar 2014). Other
parameters related with PSII, as the density of reaction
centers (RC/CS) and the pool size of the electron acceptors
of PSII (S,,), have also shown to be affected by salinity in
wheat and barley (Mehta et al. 2010; Kalaji et al. 2011).

Malondialdehyde (MDA) is an end-product of fatty
acids peroxidation (Mgller et al. 2007) and its increment
has been related to diminished salt stress tolerance in Du-
rum wheat (Esfandiari et al. 2011).

Infrared measurement can be used to measure leaf
temperature, which changes with transpiration rate of the
leaves. Therefore, leaf temperature could be used to esti-
mate the water status of the leaves and indirectly its
stomatal conductivity (Takai et al. 2010). Sirault et al.
(2009) studied salt-stressed barley seedlings, and estimated
the physiological status of the plants using leaf temperature
registered with infrared measurement.

In Argentina, the most important speciality rice is the
double Caroline-type grain, with about 30 % of the market,
being Yerua the most commonly used variety. On the other
hand, La Candelaria is the outcome of a crossing between a
variety of Pakistani origin with excellent aromatic quality.
This rice line is cultivated in Argentina, with very good
agronomic characteristics. In this work, we hypothesize
that somaclones derived from Yerua and La Candelaria rice
cultivars vary in their response to salt tolerance (measured
as PSII vitality and MDA contents), with respect to the
corresponding parental lines.
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To the best knowledge of the authors, this is the first
study on the effect of somaclonal variation in the pa-
rameters of chlorophyll fluorescence analyzed with the
OJIP test in rice varieties of special quality. Therefore, the
aim of the present work was to explore physiological
changes provoked by somaclonal variation on the response
to salinity.

Materials and methods
Callus induction and regeneration

Mature dehusked seeds of the rice cultivars La Candelaria
(LC) and Yerua (Y) were used in this work. For callus
induction, seeds were surface sterilized with 50 % NaOCl
in 1 M KHPO,4 buffer (pH 5) for 30 min, sown in Petri
dishes containing MS basal medium (Murashige and Skoog
1962), 3 % sucrose, 2.5 g/L Phytagel® and 2 mg/L 24-
Dichlorophenoxyacetic acid (24-D) and cultivated in the
dark at 25 °C. After 4 weeks of culture, regeneration was
carried out in MS basal medium, 3 % sucrose and 2.5 g/L
Phytagel® supplemented with 2 mg/L 6-Benzylaminop-
urine (BAP), in addition to 0.5 mg/L 1-Naphthaleneacetic
acid (NAA). There were 5 calluses per Petri dish, which
were incubated at 25 °C with a 16/8-h photoperiod (day/
night, 2000 lux light intensity) and subcultured every
2 weeks to fresh, same culture medium thereof. Regener-
ated shoots were subcultured for rooting, in MS basal
medium with 3 % sucrose, then transplanted to pots with
soil and further grown in greenhouse until obtaining the R1
seeds.

Assessment of salt stress response

Seeds of LC and Y cultivars, and R1 somaclonal lines were
sown on filter paper placed in Petri dishes containing 7 ml
of carbendazim solution (25 mg 1.A./100 mL) and cultured
at 30 °C for germination. Young seedlings were then
transplanted to a net covering a 3-L plastic box full of
distilled water. After 3 days, the water was replaced by
Yoshida nutrient solution (Yoshida et al. 1976) and plant-
lets were further cultivated at 27-21 °C (day—night) with a
12/12-h photoperiod (day/night, 200 pmol/m?/s of photo-
synthetic active radiation (PAR) light intensity). 15-day-
old plants were salinized with 40 mM NacCl for 24 h and
then, salt concentration was adjusted to 80 mM. Addition
of 40 mM NaCl was performed, to alleviate the osmotic
shock provoked by salt, in agreement to biphasic growth
model (Munns and Termaat 1986). NaCl was dissolved in
the nutrient solution and pH adjusted as recommended by
Gregorio et al. (1997). Nutrient solution without salt ad-
dition was used as control treatment.
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Final salt concentration was chosen based on previous
results of this group (Maiale et al. 2010) where 23 rice lines
of 15-day-old plants were subjected to 0, 20, 40 and 80 mM
NaCl for 15 days in the same growing conditions as de-
scribed above. Na/K ratio, fresh and dry weight were mea-
sured and the results indicated that 80 mM was the optimal
concentration showing differences between rice lines.

In the case of Y and LC cultivars, ten plants were used
as replicates and five in the case of R1 somaclonal lines.

Parameters used to evaluate plant response to salt stress
were chlorophyll fluorescence fast-transient test (OJIP
test), malondialdehyde (MDA) content and leaf tem-
perature. Additionally, the presence of molecular markers
for fragrant character in R1 La Candelaria somaclonal lines
was also evaluated.

In the experiments performed exclusively with the par-
ental LC and Y lines, F,/F,,, and Pl,gg data were regis-
tered 1, 3, 5 and 10 days after the NaCl concentration was
adjusted to 80 mM, whereas RC/CS and §,,, were registered
at the last time point. For R1 somaclonal lines, all mea-
surements were performed after 10 days of salinization.

Chlorophyll fluorescence fast-transient test

Transient fluorescence of PSII (Photosystem II) chloro-
phyll measurements were made in the newest fully devel-
oped leaf with a fluorometer (PocketPEA, Hansatech
Instruments®). Data were analyzed by the PEA Plus soft-
ware (Hansatech Instruments®) and OJIP analysis was
performed (Stirbet and Govindjee 2011).

[luminating a dark-adapted leaf with saturating light
pulse results in fast chlorophyll fluorescence rise and in a
slower decline known as the Kautsky effect (Kautsky and
Hirsch 1931). The fast chlorophyll fluorescence rise
recorded with a high-accuracy fluorimeter showed a
polyphasic graph when plotted on a logarithmic timescale
(Strasser et al. 1995).

This graph shows a basal fluorescence level (Fo), a
maximum fluorescence level (f}, = Fy,) and two interme-
diate steps namely J (as well as F;) and I (as well as F))
(Strasser and Govindjee 1992). The rising phase in
fluorescence transient is named as OJIP.

Basal fluorescence level indicates that all reaction cen-
ters (RC) are in reduced form (RC open), while F, indicates
that reaction centers are in oxidized form (RC closed).

J step (F =2 ms) is related to reduced Quinone A
(QA™) and I step (F = 20 ms) is related to reduction of
Quinone B.

The complementary area, calculated as the area above
the OJIP curve at the time to reach the F,, represents pool
of electron acceptor. Normalized area (S, = area/F, —
F,) indicates the energy needed to close all reaction cen-
ters (Stirbet and Govindjee 2011).

Simplified energy flux model is observed in Fig. 1, Japs
is the energy absorbed by chlorophyll pool, J1r is the en-
ergy trapped by RC, Jgr is the energy in the electron
transport chain and JDI is energy dissipated as heat and
fluorescence. For another hand, difference between F, and
F,, is called fluorescence variable (F,) and ratio between
F, and F,, (FJ/F, = @ppo) is the maximum quantum yield
of primary PSII photochemistry (Jrr/Jags) (Strasser et al.
2000).

Variable fluorescence is normalized with F, value and
different technical fluorescence parameters as V; (F; — F,/
F,) or V; (F; — F,/F,) are calculated (Strasser et al. 2000).

Fluorescence signal recorded at 300 ps is used to cal-
culate the initial slope (M,) and this indicates the net ratio
of RCs closure. M,, is determined as energy trapped for
RCs, and energy transfer as electron transport for RCs
(M, = Jtr/RC — Jg1/RC). In DCMU [3-(3',4" dichlor-
ophenyl)-1,1’dimethyl urea, inhibitor of reoxidizing QA™]-
treated sample MoDCMU = J1g/RC =4 ms. (Fy3ms —
F))/(F, — F,). However, in the untreated DCMU sample,
experimental results indicate that Jtgr/RC can be obtained
as MO/Vj =[4ms X (Fo3ms — Fo)/(Fm — F)l/[(Foms —
Fo)/(Fm - 0)] =4 ms x (F0.3ms - Fo)/(Fst - Fo)
(Stirbet and Govindjee 2011).

As Fv/Fm = JTR/JABS and JTR/RC = Mo/‘/j then, JABS/
RC = (M/V)I(F,/Fy) and RC/Jzgs = 1/(Jops/RO).

As M, indicates net ratio of RCs closure, then Jgy/
RC =MV, - M, = (M/V;) x (1 -V;) and then Jgy/
Jrr = 1 = V; = Ygr. Phenomenological energy fluxes per
excited cross section are an important information derived
from the OJIP analysis.

Energy absorbed per cross section (Jops/Cs) is repre-
sented by F, and then RC/CS can be calculated as RC/
CS = (RC/JaBs) X (Japs/CS) = RC/Jags) X Fo.

Srivastava et al. (1999) introduced a new and a more
responsive parameter called performance index (PI) based
on absorbed energy (PIogs). PIags can be defined as per-
formance index for energy conservation from photons ab-
sorbed by PSII antenna, to the reduction of quinone b. This
index is calculated with three components, in which the
terms were introduced as ratios and combined properties of
PSII. These terms included density of reaction center per
energy absorbed basis [RC/Japs = yrc/(1 — yrc)], energy
trapping efficiency [@pno/(1 — @pno)] and the electron
transport efficiency [Per/(1 — Ygr)]

Plags = (yre/(1 — yre)) X (@pno/(1 — @Ppno))
x (Wer/(1 — Wer))

In summary, we registered the following parameters: 1—
the maximum quantum yield of primary PSII photochem-
istry (F\/F,), 2—performance index for energy conserva-
tion from photons absorbed by PSII antenna, to the
reduction of quinone b (PInps), 3—the active reaction
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Fig. 1 Energy flux and OJIP
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centers for cross section (RC/CS) and 4—the energy
needed to closed all reaction centers (S,).

Malondialdehyde measurement

Malondialdehyde (MDA) was indirectly measured in the
newest fully developed leaf, 1, 3, 5 and 10 days after NaCl
adjustment to 80 mM, through the substances that react
with thiobarbituric acid (TBA; Hodges et al. 1999). The
tissue was homogenized in a mortar and 40 mg of the
homogenate was added to 1 mL of an extraction solution
(ethanol:water 80:20 v/v plus 0.01 % butyl-hydroxy
toluene). After centrifugation, 0.2 mL of the supernatant
was heated with 0.2 mL of 0.65 % TBA in TCA 20 % at
95 °C, 30 min. Then, 0.6 mL of distilled water was added,
centrifuged and 0.2 mL of the supernatant was placed in
96-well plates and the absorbance measured at 440, 532
and 600 nm in a micro-plate reader Synergy®. Data were
expressed as malondialdehyde equivalents (nmol/g FW)
according to Du and Bramlage (1992).

Leaf temperature measurement

Leaf temperature (LT) was measured on whole plant at 1, 5
and 10 days after NaCl adjustment to 80 mM, with a
thermographic camera FLIR E-30 (160 x 120 pixels
resolution), 0.1 °C thermal sensitivity and 7.5-13 um
spectral range. Measurement was carried out with 0.98
emissivity. Thermal pictures were recorded and analyzed
with the ThermaCam Research Pro Software.

Fragrant character evaluation
DNA extraction was carried out according to Murray and

Thompson (1980). For PCR the following protocol was
used: 2.5 ul of Taq polymerase 10x buffer (PB-L),

@ Springer
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0.1 mM dNTPs, 0.25 pL of Taq polymerase (Tag Pegasus
5 uw/pL, PB-L), and 0.5 pL of 5 pM primer solution and
MilliQ water to 25 pL final volume. As template, 1pL of
DNA sample was used. Reaction was performed in a PCR
cycler IVEMA T-18 (Ivema Desarrollos®) as follows:
94 °C 5 min, 94 °C 15 s (30 cycles), 58 °C 15s, 72 °C
40 s, and a final elongation at 72 °C 5 min. Primers used
were those described by Bradbury et al. (2005). Products of
PCR were identified by electrophoresis in agarose gel
1.5 % (w/v), and stained with ethidium bromide (ladder 50,
PB-L®). Digitalized images of the gel were taken using a
FOTO/analyst investigator (CP Photo/Eclipse series
6-1900 Fotodyne).

Statistical data analysis

Statistic analysis was performed with ANOVA (p < 0.05)
and post test of Tukey was used in parental experiment and
Dunnett’s in somalconal experiment.

Prism 5% (Graph Pad Prism Inc. CA) software package
was used in this work for the statistical analysis and
graphics.

Results

Evaluation of LC and Y cultivars’ response to saline
stress

No significant salt-induced changes were observed in the
F,/F,, values in the LC and Y cultivars, 5 days upon
salinization (Fig. 2). In contrast, drastic decreases in the
PIAps were recorded after 10 days of salt treatment in both
cultivars (Fig. 2). In parallel, both cultivars showed a sharp
and statistically significant salt-induced decrease in RC/CS
and S, at the 10th day after adjustment of salt
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Fig. 2 F,/Fy, and Plgs in rice La Candelaria (LC) Yerua (Y)
cultivars subjected to salt stress. 1.0 1.0
F,/F,, and Plsgg obtained from
the OJIP test in La Candelaria 08 11 I r1r 1/ _:E 08I I r I rari1rnr1e
(LC) and Yerua (Y) cultivars
after 1, 3, 5 and 10 days of e 0.6 0.6
treatment with 0 mM NaCl w
(white bars) and 80 mM NaCl T 04- 0.4
(grey bars). Data were analyzed
by ANOVA and Tukey test; 0.2 1 0.2
asterisk, double asterisk, triple
asterisk significant differences 0.0 0.0
between salinized and control 6 8
plants at each experimental time
point, with p < 0.05, p < 0.001, -+ iL I
p < 0.0001, respectively - E3 _:E 6
(n = 10) 47
3
=< 4+
o * K
2 e % K
fl .
0 T : T o0 T I X :
1d 3d 5d 10d 1d 3d 5d 10d
Fig. 3 RC/CS and S, in rice La Candelaria (LC) Yerua (Y)
cultivars subjected to salt stress. 5000 5000 - E3
RC/CS and S,, obtained from Eo e =
the OJIP test in La Candelaria 4000 1] ] 400077 o 7 * *
(LC) and Yerua (Y) after 1, 3, 5 ¢ 3000 4 inflel o 3000 -
and 10 days of treatment with Q o
0 mM NaCl (white bars) and 8 2000 - é" 2000 -
80 mM NaCl (grey bars). Data
were analyzed by ANOVA and 1000 1000
Tukey test; asterisk, double
asterisk, triple asterisk 0 0
significant differences between 30 30
salinized and control at each
experimental time point, with
p < 0.05, p < 0.001, 20 1 20 1 *A
p < 0.0001, respectively t/E) * X =
(n = 10) n
10 4 10 4
0 0
1d 3d 5d 10d I 1d 3d 5d 10d

concentration (Fig. 3), this effect being more pronounced
in the LC than in the Y cultivar. On other hand, leaf
temperature of salinized plants was about 1 °C higher than
that of control plants, in both cultivars for the whole time-
lapse (Fig. 4). An exception for the Y cultivar at the 10th
day was no difference between salt-treated and control
plants was recorded (Fig. 4). Figure 5 shows results from
MDA measurements performed at 1, 3, 5, and 10 days
upon salinization with 80 mM NaCl. MDA levels sharply
increased from the 5th day after the treatment was started
in both salinized cultivars, but not in desalinized controls.
At the 10th day of salinization, MDA levels were,

respectively, five- and threefold higher in Y and LC,
compared with corresponding desalinized controls.

Evaluation of OJIP parameters in salinized R1
somaclonal lines

From former results, it could be concluded that highest
response to salt stress can be detected just after 10 days of
salt treatment. Therefore, further analysis on somaclonal
lines was performed at the 10th day.

The evaluation of R1 somaclonal lines’ response to
salinization through OJIP parameters showed that LC

@ Springer
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somaclones presented a higher variability level in F,/F,
and PI,pg indexes than Y ones (Figs. 6, 7; Table 1). In
fact, coefficients of variation for the F,/F, ratio were 13.7
and 1.4 % for LC and Y R1 somaclonal lines, respectively.
Coefficients of variation for Pl,gs were 39.2 % and 17.6 to
LC and Y R1 somaclonal lines, respectively. Also, RC/CS
and S,, parameters varied among LC and Y somaclones
(Figs. 8, 9), with coefficients of variation within LC and Y
somaclonal lines, respectively, being 23.2 and 11.7 % for
RC/CS, and 18.3 and 5.9 % for S,, (Table 1).

Although some LC R1 somaclones tended to have
higher PI,gs than the parental line under the saline con-
dition, these differences were not statistically significant. In
contrast, one somaclone of the Y cultivar presented higher
PIAgs than its parental line. Additionally, LT was measured
in R1 somaclonal rices at the 10th day after salinity
reached 80 mM (Fig. 10). Among LC somaclones, five

26
o
o
[$]
S
3 24
[}
S
Q
[«
£
3 221
hat
P —e~ LC O NaCl - YONaCl
- -e- LC 80 NaCl -~ Y 80 NaCl
20
0 5 0 0 5 10
time (d) time (d)

Fig. 4 Leaf temperature in rice cultivars subjected to salt stress. Leaf
temperature in La Candelaria (LC) and Yerua (Y) after 1, 5 and
10 days of treatment with O mM NaCl (filled line) and 80 mM
(dashed line). Data were analyzed by ANOVA and Tukey test;
asterisk, double asterisk, triple asterisk significant differences
between salinized and control at each experimental time point, with
p < 0.05, p < 0.001, p < 0.0001, respectively (n = 10)

40

lines showed a lower leaf temperature and nine presented a
higher leaf temperature, compared with the parental line. In
contrast, leaf temperature did not vary in Y somaclonal
lines. On other hand, the coefficient of variation was 3 %
for both sets of R1 somaclonal lines (Table 1), indicating a
low variation level in this parameter.

Despite the few lines with MDA values significantly
diverging from those of the parentals (Fig. 11), the coef-
ficients of variation were relatively high in this parameter:
25.5 and 34.4 % for LC and Y, respectively (Table 1).
Interestingly, several strong correlations were revealed
between MDA and OJIP parameters, in particular Plps,
with r = —-091 (p < 0.0001) for LC, and r = —0.50
(» < 0.0261) for Y (Table 2).

Finally, changes in the fragrant character of R1 so-
maclonal LC lines were evaluated with a molecular
marker, using the non-aromatic cultivar (Pokkali) as a
negative control (Fig. 12). Our marker results showed that
all R1 somaclonal lines were homozygous for the aromatic
character and similar to the LC parental line.

Discussion

Somaclonal variation as a source of variability for plant
improvement has attracted much attention from geneticists
and breeders. In this work, we tested the hypothesis that
somaclones derived from Yerua and La Candelaria rice
cultivars vary in their response to salt tolerance, with re-
spect to the corresponding parental lines. Our results,
showing that variation coefficients of the different mea-
sured traits related with PSII vitality oscillate from 13.7 to
39.3 % in LC and from 1.4 to 17.6 % in Y R1 somaclones,
confirmed the hypothesis. In addition, our results would
indicate that R1 somaclones obtained from the LC variety

35 -
30
25 -
20 1 * %
15
10

NiwiniNr= ﬁﬁ.

MDA nmol/g.FW

* %k Kk

* %k

imlnle aﬁm.

1d 3d 5d 10d
1

1d 3d 5d 10d
1

1d 3d 5d 10d 1d 3d 5d 10d
1 1

Y 0 NaCl Y 80 NaCl

Fig. 5 Lipid peroxidation in rice cultivars subjected to salt stress.
Malondialdehyde (MDA) level of plants treated with 0 mM NaCl
(white bars) and 80 mM NaCl (grey bars) in cultivars La Candelaria
(LC) and Yerua (Y), after 1, 3, 5 and 10 days of treatment with
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LC 0 NaCl LC 80 NaCl

80 mM NaCl. Data were analyzed by ANOVA and Tukey post test;
asterisk, double asterisk, triple asterisk significant differences
between salinized and control at each experimental time point, with
p < 0.05, p < 0.001, p < 0.0001, respectively (n = 10)
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Fig. 6 F,/F, in somaclonal 1.0
rice subjected to salt stress. F,/ La Candelaria (LC)
F., was obtained from the OJIP
test in somalconal R1 lines from 0.8 — 1 (= e — — =1
uf - o — —_=LlJ — —_——t = P e — e — —— e ______E
La Candelaria (LC) and Yerua %—f =7 {_
(Y). LCwt and Ywt (grey bars) lE .
correspond to parental cultivars. S 06 -
Data were recorded 10 days w
after treatment reached 80 mM
NaCl, and analyzed by ANOVA 0.4 -
and Dunnett’s post test; asterisk, ’
double asterisk, triple asterisk
significant difference from the 0’\\ e N 0'\" 0'3’ A, o’b\ 0’1’«1’ 0‘1'«“’ 0‘1«“ o’lf’ 0‘1?‘ 0«“
parental atp < 0.05’ p< 04001’ v v v v v v v v v v v v v v v v v
p < 0.0001, respectively, n = 5 1.0
Yerua (Y)
0.8 === __:_E_ =T = =7 ""—g_:—'-' T+ =F =TT T T
£
w
& 0.6 -
0.4
DO Ao M SRR .\\"‘ .\\" o _\'(\ RS
Fig. 7 Plpgs in somaclonal rice 8
subjected to salt stress. Plaps La Candelaria (LC)
was obtained from the OJIP test
performed on somalconal R1 6 J_—f iL
lines from La Candelaria (LC) it _I_ ES
and Yerua (Y). LCwt and Ywt 2 I e & i - T ____ Iy N N ) I O I
© -
(grey bars) c.orrespond to a
parental cultivars. Data were
recorded 10 days after treatment 2 * Hok
reached 80 mM NaCl and
analyzed by ANOVA and ’_—[_‘
Dunnett’s post test; asterisk, 0
double asterisk, triple asterisk N I N T I ST R B SR R A, - BT\ T B
significant difference from the N AN N SR ARV NN N N N N N AR R RN AN N
parental at p < 0.05, p < 0.001,
p < 0.0001, respectively, n = 5 6
{*‘ Yerua (Y)
4
g ||l T iy B N S S o
) i
o
24
0

> 9
Ry A N S\

experienced a higher degree of variation in their PSII vi-
tality than those of the Y one.

The F,/F,, ratio reflects the photochemical efficiency of
PSII (Gonzéalez Moreno et al. 2008). This ratio presented

A D 0 O N N X8 o A DO
.\.\.\.\\_\\_\\.\\_\\.\\*\.\u.\\.\\*&

the lowest variability among the measured PSII-related
parameters. However, F,/Fy, significantly diminished in
plants of the LC20 somaclone, which was the only one not
surviving to 10 days of 80 mM NaCl. This result is
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congruent with the decline in the F,/F,, values observed in
salt stress rice cultivars presenting mortality under an NaCl
concentration equivalent to EC 6 dS/m (Singh and Sarkar
2014). Taken together, these results suggest that the F\/F,
ratio would not be a good marker of PSII vitality as Plsgg
for salinized rice somaclones, unless they are highly sus-
ceptible to salinity.

The density of the active reaction centers (RC/CS)
indicates the number of active RCs in PSII cross section,
whereas its decrease reflects a conversion from active to
inactive RCs (Mehta et al. 2010). Inactive RCs may trap
the energy flux efficiently but fails in reducing the primer
electron acceptor (Q,) in the photosynthetic electron
transport chain. Consequently, RCs dissipate all their ex-
citation energy as heat. Our results showing a higher LT

Table 1 Coefficients of
variation of OJIP, foliar
temperature and
malondialdehyde parameters,

CV (%)

La Candelaria Yerua

for R1 somaclonal lines Plags 39.3 17.6
subjected to salt stress FJF, 137 14
RC/CS 232 11.7
Sm 18.3 5.9
LT 3.0 3.0
MDA 255 344

Coefficient of variation in so-
maclonal R1 lines of La Can-
delaria and Yerua at 10 days
after treatment with 80 mM

Fig. 8 RC/CS in La Candelaria
and Yerua somaclonal rice
subjected to salt stress. RC/CS
was obtained from the OJIP test
performed on somalconal R1
lines (white bars) of La
Candelaria (LC) and Yerua (Y).
LCwt and Ywt correspond to La
Candelaria and Yerua parental
lines, respectively (grey bars).
Data were recorded 10 days
after treatment with 80 mM
NaCl and analyzed by ANOVA
and Dunnett’s post test; asterisk,
double asterisk, triple asterisk
significant difference from the
parental at p < 0.05, p < 0.001,
p < 0.0001, respectively, n = 5

@ Springer

NaCl

RC/CS

RC/CS

value in salinized plants of the LC and Y cultivars com-
pared with control ones (Fig. 4) could be explained, at least
in part, by the reduction in active RCs. However, increased
LT could also be due to reduced transpiration, presumably
due to stomatal closure, according to the biphasic growth
model (Munns and Termaat 1986). The early phase of
salinity is characterized by hyperosmotic stress-derived
water imbalance.

In chloroplasts, limitation of CO, fixation coupled with
over-reduction of the electron transport chains is the main
cause of ROS production. Whenever the photochemical
dissipation and photoprotective mechanisms are insuffi-
cient, excited chlorophyll reacts with oxygen to form sin-
glet oxygen ('0,), and oxygen species especially reactive
with polyunsaturated fatty acid (Mgller et al. 2007).
Malondialdehyde (MDA) is an end-product of peroxidized
linoleic acid (Mgller et al. 2007), which is a major fatty
acid in galactolipids of thylakoid membranes of the plants.
It represents about 1 % of fatty acid composition in rice
(Lugay and Juliano 1964). Extensive peroxidation of
polyunsaturated fatty acids causes oxidative modification
in thylakoid proteins of the PSII, such as D1 and D2, af-
fecting the normal PSII function (Okada et al. 1996; Mgller
et al. 2007; Yamauchi et al. 2008; Yamauchi and Sugimoto
2010). Our results in LC and Y cultivars, showing an in-
crease of MDA over the time of salinization (Fig. 5), are in
line with similar observations in salinized plants of rice and
other plant species (Li et al. 2010; Wankhade and Sanz
2013). On other hand, MDA levels inversely correlated
with Plags in LC and Y somaclones, although this
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Fig. 9 S,, in La Candelaria and
Yerua somaclonal rice subjected
to salt stress. Sy, data were
obtained from the OJIP test
performed on somalconal R1
lines (white bars) of La
Candelaria (LC) and Yerua (Y).
LCwt and Ywt correspond to La
Candelaria and Yerua parental
lines, respectively (grey bars).

50

30

Sm

20

10

La Candelaria (LC)

Data were recorded 10 days
after treatment with 80 mM
NaCl and analyzed by ANOVA
and Dunnett’s post test; asterisk,

double asterisk, triple asterisk 30

significant difference from the
parental at p < 0.05, p < 0.001,
p < 0.0001, respectively, n = 5

Sm
i

10

i

Fig. 10 Leaf temperature in
somaclonal R1 rice cultivars
subjected to salt stress. Leaf
temperature in R1 somaclonal
La Candelaria (a) line (white
bars) and R1 somaclonal Yerua
(b) line (white bars) after

10 days of treatment with

80 mM NaCl. La Candelaria
parental line (LCwt) and Yerua

24

22

20

Leaf Temperature °C

18 T T T

[V

*kk

*%k dkk

parental line (Ywt) are
represented with greys bars.
Data were analyzed by ANOVA

and Dunnett’s post test, asterisk,
double asterisk, triple asterisk
significant differences between
salinized and control at each
experimental time point, with
p <0.05, p <0.001,

p < 0.0001, respectively

(n = 10). Data for LC20 were
not available on day 10 of
salinity treatment due to

24

22

20

Leaf Temperature °C

mortality of all plants 18 .\"\ .\'I» .\,'b !
correlation was stronger in LC than in Y-derived so-
maclones (Table 2). These data suggest not only a differ-
ential plant response between LC and Y somaclonal lines
when confronted with salinity, but also a higher somaclonal
variation in LC, compared with Y. Taken together, these
results suggest that MDA levels could also be used as a
marker for salinity tolerance in rice somaclones.

T T T T
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RTINS SN

&

T T T T T
H O A B O
4 MOV My

The underlying aim of the present work was to explore
the use of somaclonal variation as a source for breeding
new rice lines, with improved salt tolerance. Our data
suggest that somaclonal variation derived from tissue cul-
ture may be used in breeding of speciality rice, as it was
shown for the Pokkali variety (Mandal et al. 1999). How-
ever, although some degree of somaclonal variation was

@ Springer
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Fig. 11 Lipid peroxidation in 50
rice somaclonal subjected to salt a
stress. Malondialdehyde (MDA) 40
levels in somalconal R1 lines = it
from La Candelaria (a) and "'c‘n 30
Yerua (b), respectively (white > 0 Y _—_—te
bars). LCwt and Ywt (grey g
bars) indicate La Candelaria < 201
. [m)]
and Yerua parental cultivars. =
Data were recorded after 10
10 days of treatment with
80 mM NaCl and analyzed by 0
ANOVA and Dunnett’s post N D A e 2 R R D N R 2 &
< < < <
test; asterisk, double asterisk, NN VR RS R AN R NN R N NNV
triple asterisk significant 60
difference from the parental at ok b
p <0.05, p <0.001,
p < 0.0001, respectively, n = 5 > ‘I_
L 40 -
% Ea
°
S
< — — dlTQl - - T —— T Y I SN I O P
= 204
2 ’_}‘
0 N
PO L L A L AL B S AL .\'\“‘ .\\"’ o .\(\ s
Table 2 Pearson correlations
among OJIP, foliar temperature Le Plass P RC/CS Sim LT MDA
and malondialdehyde PI 1
. ABS
parameters, in R1 somaclonal s
lines subjected to salt stress FylF 0.71 1
RC/CS 0.86%** 0.88#%* 1
Sm 0.75%%%* 0.84#%* 0.85%%%* 1
LT 0.58%* 0.42 ns 0.60%* 0.72%%* 1
MDA —0.91#** —0.54* —0.82%%* —0.69** —0.68** 1
Y Plags F/Fy, RC/CS Sm LT MDA
F /F, 0.27 ns 1
RC/CS 0.84%%* —0.05 ns 1
Sm 0.88%** 0.46%* 0.64%* 1
LT 0.19 ns —0.29 ns 0.32 ns —0.06 ns 1
MDA —0.50* —0.36 ns —0.43 ns —0.64%* 0.17 ns 1

Pearson correlation in somaclonal R1 lines of La Candelaria (LC) and Yerua (Y) after 10 days of treatment

with 80 mM NaCl

* k% k% significant difference at p < 0.05, p < 0.001, p < 0.0001, respectively, n = 5

detected in this work; somaclones with improved PSII
functioning were not obtained. It has been suggested that
the induced mutational effect of the hormone 2,4-D con-
tained in the culture media could be a possible source for
variations induced by the tissue culture (Sun et al. 1983).
Therefore, future research should consider the adjustment
of the 2,4-D concentration for the increase of variability.

@ Springer

Interestingly, LC R1 somaclones did not present variations
in their fragrant character. The last result encourages fur-
ther studies in search of somaclones of this aromatic rice
variety, with better tolerance to stress.

Author contribution statement Monica Rachoski: ex-
perimental work. Ayelen Gazquez: experimental work.
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Fig. 12 Image shows the
marker for fragrant character
(Bradbury et al. 2005) on
agarose 1, 5 % (w/v) gel,
stained with ethidium bromide
M marker, P Pokkali
(homozygous not aromatic), LC
La Candelaria (homozygous
aromatic), //-26 R1 LC
somaclonal lines

M P LC 11 12

Pablo Calzadilla: data analysis. Rodolfo Bezus: seed sup-
plier. Andres Rodriguez: data analysis. Oscar Ruiz:
laboratory chief. Ana Menendez: data analysis and manu-
script reduction. Santiago Maiale: data analysis and
manuscript reduction.

Acknowledgments This work was funded by Agencia Nacional de
Promocion Cientifica y Tecnolégica (ANPCyT).

References

Bacarin M, Deuner S, da Silva P, Cassol A, Moura Silva D (2011)
Chlorophyll a fluorescence as indicative of the salt stress on
Brassica napus L. Braz J Plant Physiol 23(4):245-253

Bertin P, Busogoro J, Tilquin J, Kinet J, Bouharmont J (1996) Field
evaluation and selection of rice somaclonal variants at different
altitudes. Plant Breeding 115:183-188

Bradbury L, Henry R, Jin Q, Reinke R, Waters D (2005) A perfect
marker for fragrance genotyping in rice. Mol Breeding
16:279-283

Chaudhary RC (2003) Speciality rices of the world: effect of WTO
and IPR on its production trend and marketing. Food Agr
Environ 1:34-41

Du Z, Bramlage W (1992) Modified thiobarbituric acid assay for
measuring lipid oxidation in sugar-rich plant tissue extracts.
J Agr Food Chem 40:1566-1570

Esfandiari E, Enayati V, Abbasi A (2011) Biochemical and
physiological changes in response to salinity in two Durum
Wheat (Triticum turgidum L.) genotypes. Not Bot Hort Agrobot
Cluj 39(1):165-170

Eyidogan F, Tufan O (2007) Effect of salinity on antioxidant
responses of chickpea seedlings. Acta Physiol Plant 29:485-493

Gao JP, Chao DY, Lin YHX (2007) Understanding abiotic stress
tolerance mechanisms: recent studies on stress response in rice.
J Integr Plant Biol 49:742-750

Gonzalez Moreno S, Perales Vela H, Salcedo Alvarez M (2008) La
fluorescencia de la clorofila a como herramienta en la investi-
gacion de efectos toxicos en el aparato fotosintético de plantas y
algas. REB 27(4):119-129

Gregorio GB, Senadhira D, Mendoza RD (1997) Screening rice of
salinity tolerance. International Rice Research Institute. Discus-
sion paper series No 22

Hodges DM, De Long JM, Forney CF, Prange RK (1999) Improving
the tiobarbitirico acid-reactive-substances assay for estimating
lipid peroxidation in plant tissues containing anthocyanin and
other interfering compounds. Planta 207:604-611

Jubair T, Salma U, Haque N, Akter F, Mukti I, Haque A, Ali R (2008)
Callus induction and regeneration of local rice (Oryza sativa L)
variety Topa. Asian J Plant Sci 7:514-518

13 14 15 16 17 18 19 20 21 22 23 24 25 26

-_— T

Kalaji H, Govindjeeb Bosac K, Koscielniak J, Zuk-Gotaszewska K
(2011) Effects of salt stress on photosystem II efficiency and
CO, assimilation of two Syrian barley landraces. Env Exp Bot
73:64-72

Kautsky H, Hirsch A (1931) Neue Versuche zur Kohlensdureas-
similation. Naturwissenschaften 19:964

Kucherenko LA (1979) Tissue culture in rice improvement: experi-
ences in the USSR. Innovative approaches to rice breeding.
IRRI, Manila, pp 93-102

Kushwaha HR, Singla-Pareek SL, Sopory SK, Pareek A (2012)
Understanding the “Commoneome” operative in plants in
response to various abiotic stress. In: Tuteja N, Gill SS, Tiburcio
AF, Tuteja R (eds) Improving crop resistance to abiotic stress.
Wiley, Weinheim

Larkin P, Scowcroft W (1981) Somaclonal variation—a novel source
of variability from cell cultures for plant improvement. Theor
Appl Genet 60:197-214

Li G, Whang S, Zhou J, Yang Z, Qin P (2010) Leaf chlorophyll
fluorescence, hyperspectral reflectance, pigments content,
malondialdehyde and proline accumulation responses of castor
beam (Ricinus communis L) seedling to salt stress levels. Ind
Crop Prod 31:13-19

Lugay J, Juliano B (1964) Fatty acid composition of rice lipids by
Gas-liquid Chromatography. J Am Oil Chem Soc 41(4):273-275

Maiale S, Pinciroli M, Bezus R, Scelzo L, Ruiz O, Vidal A (2010)
“Evaluacion frente a estrés salino de lineas y cultivares de arroz
utilizados en mejoramiento en Argentina”. Acta XXVIII
Argentine Meeting of Plant Physiologist

Mandal AB, Pramanik SC, Chowdhury B, Bandyopadhyay AK
(1999) Salt-tolerant Pokkali somaclones: performance under
normal and saline soils in Bay Islands. Field Crop Res 61:13-21

Mehta P, Allakhverdiev S, Jajoo A (2010) Characterization of
photosystem II heterogeneity in response to high salt stress in
wheat leaves (Triticum aestivum). Photosynth Res 105:249-255

Miyao A, Nakagome M, Ohnuma T, Yamagata H, Kanamori H,
Katayose Y, Takahashi A, Matsumoto T, Hirochika H (2012)
Molecular spectrum of somaclonal variation in regenerated rice
revealed by whole-genome sequencing. Plant Cell Physiol
53(1):256-264

Mgller IM, Jensen PE, Hansson A (2007) Oxidative Modifications to
Cellular Components in Plants. Annu Rev Plant Biol 58:459-481

Munns R, Termaat A (1986) Whole-plant response to salinity. Aust J
Plant Physiol 13:143-160

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

Murray MG, Thompson WF (1980) Rapid isolation of high molecular
weight plant DNA. Nucleic Acids Res 19:4321-4325

Okada K, Ikeuchi M, Yamamoto N, Ono T, Miyao M (1996)
Selective and specific cleavage of the D1 and D2 proteins of
photosystem II by exposure to singlet oxygen: factors respon-
sible for the cleavage of proteins. BBA 1274:73-79

@ Springer



117  Page 12 of 12

Acta Physiol Plant (2015) 37:117

Oono K (1978) Test tube breeding of rice by tissue culture. Trop Agr
Res Ser 11:109-123

Percival G, Fraser G, Oxenham G (2003) Foliar salt tolerance of acer
genotypes using chlorophyll fluorescence. J Arboricult 29:61-65

Redondo-Gémez S, Mateos-Naranjo E, Davy A, Fernandez-Muiioz F,
Castellanos E, Luque T, Figueroa M (2007) Growth and
photosynthetic responses to salinity of the salt-marsh shrub
Atriplex portulacoides. Ann Bot 100:555-563

Roy B, Mandal A (2005) Toward development of Al-toxicity tolerant
line in Indica rice by exploiting somaclonal variation. Euphytica
145:221-247

Sasaki T (2005) The map-based sequence of the rice genome. Nature
436:793-800

Scowcroft W, Larkin P (1988) Somaclonal variation, applications of
plant and cell culture. Ciba Foundation Symposium Wiley,
Chicester

Singh D, Sarkar R (2014) Distinction and characterisation of salinity
tolerant and sensitive rice cultivars as probed by the chlorophyll
fluorescence characteristics and growth parameters. Funct Plant
Biol 41:727-736

Sirault X, James R, Furbank R (2009) A new screening method for
osmotic component of salinity tolerance in cereals using infrared
thermography. Funct Plant Biol 36(11):970-977

Srivastava A, Strasser RJ, Govindjee (1999) Greening of peas:
parallel measurements of 77K emission spectra, OJIP chloro-
phyll a fluorescence, period four oscillation of the initial
fluorescence level, delayed light emission, and P700. Photosyn-
thetica 37:365-392

Strasser RJ, Govindjee R (1992) On the OJIP fluorescence transients
in leaves and D1 mutants of Chlamydomonas reinhardtii. In:
Murata N (ed) Research in Photosynthesis, vol II. Kluwer
Academic Publishers, Dordrecht

Strasser RJ, Srivastava A, Govindjee (1995) Polyphasic chlorophyll a
florescent transient in plants and cyanobacteria. Photochem
Photobiol 61:32-42

@ Springer

Strasser RJ, Srivastava A, Tsimilli-Michael M (2000) The fluores-
cence transient as a tool to characterize and screen photosyn-
thetic samples. In: Yunus M, Pathre U, Mohanty P (eds) Probing
photosynthesis: mechanism, regulation and adaptation. Taylor
and Francis, London

Stirbet A, Govindjee (2011) On the relation between the kautsky
effect (chorophyla a fluorescence induction and Photosystem II:
basic and applications of the OJIP fluorescent transient. J Photoch
Photobio B 104:236-257

Sun Z, Zhao C, Zheng KK, Qi X, Fu Y (1983) Somaclonal genetics of
rice (Oryza sativa L.). Theor Appl Genet 67(1):67-73

Takai T, Yano M, Yamamoto T (2010) Canopy temperature on clear
and cloudy days can be used to estimate varietal differences in
stomatal conductance in rice. Field Crop Res 115:165-170

Valenti RA, Cerana JA, Wilson MG (2006) Calidad del agua para
riego en areas arroceras. In: Benavidez RA (ed) El arroz su
cultivo y sustentabilidad en Entre Rios. UNL-UNER. Concep-
cion del Uruguay, Argentina

Wankhade S, Sanz A (2013) Chronic mild salinity affects source
leaves physiology and productivity parameters of rice plants.
Plant Soil 367:663—-672

Xia J, Li Y, Zou D (2004) Effects of salinity stress on PSII in Ulva
lactuca as probed by chlorophyll fluorescence measurements.
Aquat Bot 80:129-137

Yamauchi Y, Sugimoto Y (2010) Effect of protein modifcation by
malondialdehyde on the interaction between the oxygen-evolv-
ing complex 33 kDa protein and photosystem II core proteins.
Planta 231:1077-1088

Yamauchi Y, Furutera A, Seki K, Toyoda Y, Tanaka K, Sugimoto Y
(2008) Malondialdehyde generated from peroxidized linolenic
acid causes protein modification in heat-stressed plants. Plant
Physiol Biochem 46:786-793

Yoshida S, Forno D, Cock J, Gomez K (1976) Laboratori manual for
physiological studies of rice. IRRI 3rd edn, Los bafios



	Chlorophyll fluorescence and lipid peroxidation changes in rice somaclonal lines subjected to salt stress
	Abstract
	Introduction
	Materials and methods
	Callus induction and regeneration
	Assessment of salt stress response
	Chlorophyll fluorescence fast-transient test
	Malondialdehyde measurement
	Leaf temperature measurement
	Fragrant character evaluation

	Statistical data analysis

	Results
	Evaluation of LC and Y cultivars’ response to saline stress
	Evaluation of OJIP parameters in salinized R1 somaclonal lines

	Discussion
	Acknowledgments
	References




