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It is well demonstrated that wheat-rye 1BL/1RS translocated chromosome leads to some 
valuable novel traits such as disease resistance, high yield and functional stay-green after 
anthesis. To understand the physiological mechanism of 1BL/1RS translocation responsible 
for osmotic stress, two wheat cultivars, CN12 and CN17, carrying the translocated chromo-
some and MY11 without the translocated chromosome were employed in the study. During 
5-day osmotic stress, fresh weight inhibition, chlorophyll content, soluble protein content, 
MDA concentration, antioxidant enzymes activity and free polyamines content were exam-
ined. CN12 and CN17, especially cultivar CN17, registered greater biomass and minor 
oxidative damage compared with their wheat parent. Meanwhile, the concentration of Spd 
and Spm in CN17 was significantly higher than the others. In addition, we found a positive 
correlation of fresh weight inhibition (FWI) and Put concentration, and a negative one with 
the parameters (Spd + Spm): Put ratio, indicating the importance of higher polyamine (Spd 
and Spm) accumulation on the adaptation to osmotic stress. Therefore, we proposed that the 
accumulation of higher polyamines (Spd and Spm) should play an important role on the 
adaptation of 1BL/1RS translocation lines to osmotic stress and might be important factors 
for the origin of novel traits introduced by 1BL/1RS.
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Introduction

Adverse environmental conditions, including abiotic stress, such as chilling, salt, drought 
and heavy metals stress, result in significant yield losses in crops (Soltis and Soltis 2009). 
Introduction of superior alien germplasms is an efficient way to improve crop breeding by 
generation of novel adaptive traits, providing valuable sources for yield improvement and 
environment adaptation (Friebe et al. 1996; Ren et al. 2011). Wheat-rye 1BL/1RS trans-
locations have contributed substantially to the world wheat production because of the 
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presence of several disease resistance genes and a yield enhancement factor on the rye 
(Secale cereale L.) chromosome. Nevertheless, the underlying mechanism for the origin 
of adaptive traits under adverse stress in the derived progenies containing alien chromatin 
remains to be elucidated. To improve crop breeding under stress, it is necessary to inves-
tigate the molecular and biochemical mechanisms by which the derived progenies toler-
ate environmental stresses.

Plants, when subjected to adverse environmental conditions, undergo alterations in 
their growth, metabolism, and production. Abiotic stress inhibits plant growth and gen-
erates reactive oxygen species (ROS), resulting in damages, such as DNA damage, ami-
no acids oxidation and peroxidation of membrane lipids (Asada 1999; Davies 2003). To 
avoid such damages and protect the cells, plants have developed ROS-detoxification 
mechanisms including low molecular weight antioxidants (e.g., phenols, ascorbic acid, 
glutation) and antioxidant enzymes, such as superoxide dismutase (SOD), catalase 
(CAT), and peroxidases (POD). Decreased CAT activities under water stress have been 
observed in sunflower and wheat (Zhang and Kirkham 1994). Sun et al. (2010) studied 
the behavior of antioxidant enzymes under heavy metal contaminant in radish, observing 
increased SOD, CAT, and POD activities and isozymes induction. Sánchez-Rodríguez et 
al. (2010) found also that the activity of CAT in the tomato would have had an important 
role in preventing the formation of ROS, and therefore achieving better water-deficit 
tolerance. 

Among abiotic stresses, osmotic stress is the most severe environmental factor in agri-
culture, caused by drought, high salinity and extreme temperatures. One of the most com-
mon strategies of plants for avoiding osmotic stress is the production and accumulation of 
osmolytes for osmotic adjustment (Bohnert et al. 1995). During osmotic stress, plant cells 
accumulate compatible solutes for the physiological response to prevent water loss and 
re-establish cell ion homeostasis. The solutes that accumulate during osmotic adjustment 
include low molecular-weight osmolytes such as proline and polyamines (Tamura et al. 
2003; Sánchez-Rodríguez et al. 2010). Polyamines are aliphatic nitrogen compounds 
positively charged at physiological pH. This polycationic property allows PAs to interact 
with negatively charged macromolecules as DNA and RNA, proteins and phospholipids 
and in this way they are involved in the regulation of physical and chemical properties of 
membranes, nucleic acids structure and functions and modulation of enzyme activities 
(Galston and Sawhney 1990; Groppa and Benavides 2008). Numerous studies in different 
plant species have shown that polyamine levels are modulated in response to several abi-
otic stresses, most remarkably on salt and drought stress (Kusano et al. 2008; Alcazar et 
al. 2010).

The 1BL/1RS translocation lines, CN12 and CN17 studied in this research had been 
demonstrated to carry many valuable agronomic traits such as functional stay-green after 
anthesis and high disease resistance (Tang et al. 2009; Ren et al. 2009, 2011). These trans-
locations had been previously characterized using various cellular and molecular analyses 
(Luo et al. 2006, 2013; Zhang et al. 2008). However, more studies are needed to better 
understand the mechanism underlying the origin of these novel traits and to obtain infor-
mation about the involvement of 1BL/1RS translocation in the adaptation of plants to 
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stress conditions. In the present study, the effect of 1BL/1RS on physiological parame-
ters, especially polyamine accumulation, were compared in CN12 and CN17 with their 
wheat parent, MY11 at the seedling stage subjected to osmotic stress. 

Materials and Methods

Plant material

Two wheat-rye 1BL/1RS translocation lines, CN12 and CN17, were derived from the 
cross and backcross between Triticum aestivum cv. MY11 and Secale cereale cv. Petkus. 
CN12 and CN17, which are the predominant cultivars grown in the southwest of China 
and were released in 2002 and 2003. All samples used in this study were maintained in 
the laboratory of Prof. Ren at Sichuan Agriculture University, China, and had been previ-
ously characterized using various cellular and molecular analyses (Tang et al. 2009).

Growth conditions and fresh weight inhibition experiment

Plant seedlings of growth conditions was carried out according to Kovács et al. (2010). 
Osmotic stress was treated with 20% PEG (w : v) lasted for 5 days, under the cultivation 
conditions described above. PEG was added to the nutrient solutions, which was changed 
each day during the whole experiment. Seedling samples were collected for biochemical 
analysis at 0, 0.5, 1, 1.5, 2, 3, 4 and 5 days after PEG treatment, and the experiments were 
repeated three times.

Seedling fresh weight (FW) inhibition rate was calculated according to the following 
equation:

r = (FWcontrol – FWtreatment) : FWcontrol 

In the above equation, r is the fresh weight inhibition rate where r  [0, 1]. In addition, 
FWcontrol and FWtreatment are the fresh weight of the control and PEG-treated samples, re-
spectively.

Determination of physiological parameters and antioxidant enzymes activity

The fresh seedlings from each material were homogenized in a pestle and mortar with 
0.05 M sodium phosphate buffer (pH 7.8) at all time-points assayed during osmotic treat-
ment. The homogenate was centrifuged at 3,000 × g for 15 min under 4 °C and the super-
natant was used for measuring the contents of chlorophyll, soluble protein and MDA as 
described by Lichtenthaler (1987), Bradford (1976), and Hodges et al. (1999), respec-
tively. The activity of SOD, POD and CAT were determined following the method used 
by Giannopolitis and Ries (1977); Sun et al. (2010) and Zhang et al. (2005), respectively.
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Analysis of polyamines

The procedure of polyamine extraction and derivatization was performed according to 
the protocol of Flores and Galston (1982). Chromatographic separation was performed on 
a YMC-Pack ODS-A C18 column using water-acetonitrile gradient elution, at a flow rate 
of 0.7 ml/min and UV detection at 230 nm.

Statistical analysis

Samples from three independent experiments were analyzed using the statistical com-
puter package of Microsoft Excel 2007. The data were analyzed by one-way ANOVA 
using SPSS 11.5 (SPSS Inc.) and differences between the means were compared by Fish-
er’s least-significant difference test (LSD).

Results

Biomass and physiological parameters

Plant growth was determined as the fresh weight inhibition rate compared with the con-
trol groups. At the beginning of osmotic stress (0.5 d), strong influences were found in 
MY11 and CN12, as presented an inhibition of 10% and 6% with respect to control plants 
in fresh weight. On the contrary, CN17 showed no significant differences with respect to 
the well-watered treatment in this growth parameter (Fig. S1*). At the end of five-day 
osmotic stress, the FWI of MY11 was significantly higher than CN12 and CN17. These 
results indicated different patterns of FWI alterations in CN12 and CN17, in which the 
FWI of CN12 remained around 15% after one day of PEG treatment with no obvious 
fluctuations, while the FWI of CN17 was not obtained at the beginning of treatment  
(0.5 d) and then increased as the time of treatment (Fig. S1).

As shown in Fig. 1a, osmotic treatment had no obvious influence on chlorophyll con-
tent in seedlings of CN12, CN17 and MY11, except for a significant decrease in the last 
day of treatment in MY11. Meanwhile, chlorophyll content in CN12 and CN17 was obvi-
ously higher than MY11 in the last two days of treatment. At the end of five-day treat-
ment, no significant visible seedling symptoms were observed in CN12 and CN17, while 
seedlings of MY11 showed obvious yellowing.

In contrast, the soluble protein content of CN12, CN17 and MY11 decreased signifi-
cantly when the plants were exposed to 20% PEG treatment (Fig. 1b). Further analysis 
revealed that the soluble protein content of MY11 and CN12 remained at the lower level 
during the osmotic treatment, while in CN17, the content restored to the original level 
after 2 days’ treatment. 

The MDA concentration was measured in seedlings as an indicator of oxidative stress 
in plants. As shown in Fig. 2c, the content of MDA in MY11 increased significantly since 

*Further details about the Electronic Supplementary Material (ESM) can be found at the end of the article.
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1.5 days’ osmotic treatment, which was significantly higher than CN12 and CN17. In 
contrast, osmotic stress did not induce MDA accumulation in CN12 and CN17. 

Totally, the fresh weight inhibition rate and the concentration of chlorophyll, soluble 
protein and MDA suggested a better growth condition in translocation lines, especially in 
CN17, than their wheat parent under 20% PEG-induced osmotic stress.

Activities of antioxidant enzymes 

As shown in Fig. 2a, SOD activities were significantly higher in MY11 than in CN12 and 
CN17 during the first two days of osmotic treatment. There was an outburst of SOD ac-
tivities at 3 days after osmotic treatment and remained at this high level in CN12, CN17 
and MY11. POD activities were significantly higher in MY11 than in CN12 and CN17, 
except an obvious decrease in 3 days’ treatment. Meanwhile, the variation trend of POD 
activities was similar in CN12, CN17 and MY11 (Fig. 2b). Osmotic treatment reduced the 
CAT activities in MY11 at most time point assayed while had no significant influence in 

Figure 1. Concentration of (a) chlorophyll, (b) soluble protein and (c) MDA content during 20% PEG treatment in 
seedlings of MY11, CN12 and CN17. Columns are mean ± S.E. (n = 5) and differences between means were com-
pared by Fisher’s least-significant difference test (LSD). *Significant difference with wheat parent MY11  

(*: P ＜ 0.05; **: P ＜ 0.01)
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Figure 2. Activities of antioxidant enzymes (a) SOD, (b) POD, (c) CAT during 20% PEG treatment in seedlings 
of MY11, CN12 and CN17. Columns are mean ± S.E. (n = 5) and differences between means were compared 
by Fisher’s least-significant difference test (LSD). *Significant difference with wheat parent MY11  

(*: P ＜ 0.05; **: P ＜ 0.01)
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Figure 3. Concentration of three free polyamines (a) Putrescine (Put), (b) Spermidine (Spd), (c) Spermine 
(Spm) during 20% PEG treatment in seedlings of MY11, CN12 and CN17. Columns are mean ± S.E. (n = 5) 
and differences between means were compared by Fisher’s least-significant difference test (LSD). *Significant 

difference with wheat parent MY11 (*: P ＜ 0.05; **: P ＜ 0.01)
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CN12 (Fig. 2c). Data analysis showed that the CAT activities in CN12 were higher than 
MY11 in the first two days of treatment, while the CAT activities in CN17 were higher 
than MY11 in later period of treatment. 

Polyamines content

The concentration of three free polyamines, Put, Spd and Spm, were detected in CN12, 
CN17 and MY11 with 20% PEG. The concentration of Put increased in CN12, CN17 and 
MY11 when the plants were exposed to osmotic stress (Fig. 3a). Put content in MY11 was 
significantly higher than CN12 and CN17 during the treatment, except the last day of 
treatment. Especially, Put content in CN17 increased smoothly and slowly. The concen-
tration of Spd decreased significantly in MY11 and CN12 in later period of treatment 
(since 3d), while osmotic stress did not decrease the Spd content in CN17 but induced an 
increase at 12 h, 2 d and 3 d of treatment (Fig. 3b). The concentration of Spm decreased 
significantly in MY11 at the beginning of treatment and maintained low levels. Mean-
while, osmotic treatment had no significant influence on Spm content in CN12 but raised 
the Spm concentration in CN17 (Fig. 3c). Data analysis showed that the concentration of 
Spd and Spm in CN17 was significantly higher than the others.

Further analysis of the (Spd + Spm) : Put ratio revealed different variation patterns of 
polyamines during 20% PEG treatment in CN12, CN17 and MY11 (Fig. S2). Before the 
osmotic treatment, the (Spd + Spm) : Put ratio in CN12 and CN17 was significantly high-
er than MY11, in which the ratio in CN17 was twice the ratio in MY11. At the beginning 
of treatment (12 h), no significant change was obtained in MY11, while the ratio de-
creased in CN12 and increased in CN17. Later, the (Spd + Spm) : Put ratio decreased 
slowly in both CN12, CN17 and MY11, and the ratio of CN17 was almost twice the ratio 
of MY11 and CN12 during the whole treatment.

Correlation analysis

To determine the relationship between the different parameters indicative of oxidative 
stress and plant growth parameter fresh weight inhibition (FWI) rate under osmotic stress, 
we studied the correlation coefficients. We found a positive correlation with Put concen-
tration, and a negative one with the parameters (Spd + Spm) : Put ratio (Fig. S3). 

Discussion

Introduction of foreign chromatin is associated with the origin of novel traits and confers 
increased vigor compared with the parent lines especially under environmental stresses 
(Ren et al., 2011). In this study, we investigated two 1RS/1BL wheat-rye translocation 
sister lines (CN12 and CN17) and their parent (MY11) under the osmotic stress. In our 
experiment, both FWI and chlorophyll concentration indicated better growth situation in 
two translocation lines compared with their parent in later phase of osmotic-stress treat-
ment, especially CN17, in which the concentration of chlorophyll and soluble protein 
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restored to the original level before stress (Fig. 1a, b). Furthermore, the MDA concentra-
tion was measured as an indicator of oxidative stress in plants. It was observed that water 
deficit raised the quantity of MDA in wheat plants (Esfandiari et al. 2007). Meanwhile, 
low concentrations in MDA have been associated with water-stress tolerance in wheat 
(Sairam et al. 2000). In our experiment, the same effect that MDA was not accumulation 
in CN12 and CN17, while the significant increase in the content of MDA in MY11 after 
1.5 days’ osmotic treatment has been observed (Fig. 1c). Our data suggested a low level 
of peroxidation (denoted by the MDA concentration) and regular concentrations of phys-
iological parameters (chlorophyll and soluble protein) in CN12 and CN17, which indi-
cated osmotic-stress tolerance in these two translocations. 

Abiotic stress inhibits plant growth and generates reactive oxygen species (ROS). To 
control the level of ROS and protect the cells upon exposure to osmotic stress, plants usu-
ally show increased SOD, CAT, and POD activities. High activity of these enzymes was 
demonstrated to conferred tolerance to water deficit (Dhindsa and Matowe 1981; Dhanda 
et al. 2004). However, our results suggested lower SOD and POD activities in CN12 and 
CN17 at most time point assayed compared with MY11 (Fig. 2a, b). The CAT activities 
in CN12 and CN17 were higher than those in MY11 at some time point assayed, while the 
change patterns in CN12 and CN17 were different either (Fig. 2c). The reasons for this 
phenomenon might be that CN12, CN17 and MY11 had different osmotic stress threshold 
and therefore they had different physiological adaptive mechanisms to regulate their re-
dox status (Shao et al. 2007). For example, the content of MDA indicated that the oxida-
tive stress in CN12 and CN17 were much milder than that in MY11, and therefore trig-
gered different ROS-detoxification mechanisms in the plants.

Previous data showed that the effects of cold, osmotic stress and abscisic acid (ABA) 
on polyamine accumulation were observed in the different wheat cultivars and that some 
of these changes are suggested to correlate with the level of stress tolerance (Kovács et al. 
2010). Meanwhile, there has been a growing interest in the study of the protective role of 
higher PAs (Spd and Spm) against environmental stresses (Capell et al. 2004). In our 
study, Put content in MY11 was significantly higher than CN12 and CN17 during the 
treatment, while osmotic stress did decrease the content of higher Pas, Spd and Spm in 
MY11 (Fig. 3). On the contrary, the concentration of Spd and Spm in CN17 increased 
under osmotic stress and was significantly higher than MY11 (Fig. 3). Interesting, further 
analysis revealed that the (Spd + Spm): Put ratio in CN12 and CN17 was significantly 
higher than that in MY11 before the osmotic treatment, in which the ratio in CN17 was 
twice the ratio in MY11 (Fig. S2). Moreover, the ratio of CN17 was almost twice the ratio 
of MY11 and CN12 during the whole treatment. We found that the changes of (Spd + 
Spm) : Put ratio in CN12 and CN17 was detected earlier than that in MY11, which means 
a much quicker response to the stress. Totally, our data showed that CN12 and CN17 
presented a relatively higher level of higher Pas (Spd and Spm) during the osmotic stress 
treatment, whereas MY11 maintained only a high level of Put. Further analysis of the 
correlation between FWI and other parameters indicated the important role of higher 
polyamine (Spd and Spm) accumulation on the adaptation of CN12 and CN17 to osmotic 
stress (Fig. S3).
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In conclusion, we found that the 1RS/1BL translocation lines, which showed many 
novel agriculture traits, also presented growing vigor at the seedling stage in the response 
to PEG-induced osmotic stress. The translocations, especially CN17, presented a better 
biomass together with minor oxidative damage associated with a stronger response of 
osmotic adjustment by polyamines. Moreover, we concluded that the accumulation of 
higher polyamines (Spd and Spm) should play an important role in the adaptation of these 
translocations to osmotic stress and might be important factors for the origin of novel 
traits. Therefore, our studies about the involvement of polyamines are necessary to under-
stand the mechanism underlying the origin of novel adaptive traits which was induced by 
foreign chromatin when subjected to environmental stresses. 
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Electronic Supplementary Material (ESM) associated with this article can be found at the 
website of CRC at http://www.akademiai.com/content/120427/

Electronic Supplementary Figure S1. Fresh weight inhibition (FWI) rate of MY11, CN12 and CN17 subjected 
to osmotic treatments. FW inhibition was calculated according to the following equation r = (FWcontrol – 
FWtreatment) : FWcontrol. Here, r is the FW inhibition rate and FWcontrol and FWtreatment are the fresh weight of the 

control and osmotic treatments, respectively. Data are mean ± S.E. (n = 5)

Electronic Supplementary Figure S2. The (Spd + Spm) : Put ratio during the 20% PEG treatment in seedlings 
of MY11, CN12 and CN17. Data are mean ± S.E. (n = 5)

Electronic Supplementary Figure S3. The relationship of fresh weight inhibition (FWI) with physiological 
parameters: Put content and the (Spd + Spm) : Put ratio. (a) The relationship of these parameters in wheat parent 

MY11; (b) The relationship in CN12; (c) The relationship in CN17


