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Effects of chromosome substitutions on copper toxicity tolerance

in wheat seedlings
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Abstract

Substitution of wheat (Triticum aestivum L.) chromosomes 7A, 1D, 3A, 3B, 3D, 4A and 4D of cultivar Cappelle
Desprez by their homologues of cultivar Bezostaya-1 increased the seedling tolerance to high concentrations of copper
(1 uM CuSO0,. S H»0). Substitution of chromosome 1A had negative effects on seedling tolerance.
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Soil heavy metal contamination poses serious problems
concerning crop productivity in affected lands. Copper
(Cu) is an essential micronutrient for plants, but can be
toxic at excessive concentrations. Its phytotoxicity is
manifested by considerable root growth inhibition
(FargaSova 2001), induction of various damages of
chromosomes, nuclei and cell membranes (Jiang et al.
2001), as well as numerous metabolic disturbances
(Fernandez and Henriques 1991, Ouzounidou 1995).
Accordingly, yield is significantly decreased under
Cu stress (Moustakas er a/. 1997), so emphasis is placed
on developing tolerant genotypes. Breeding for tolerance
requires knowledge on the effects of individual
chromosomes on plant response to metal stress. In wheat,
single chromosome substitution lines have been
developed between several key cultivars and have been
used to assay the effects of individual chromosomes on
important agronomic characters (Law and Worland 1996,
Ganeva et al. 2003). The aim of this work was to study
the effects of chromosomes of wheat cultivar Bezostaya-1,
substituted for the homologous chromosomes of cultivar
Cappelle Desprez, on seedling tolerance to high Cu
concentrations.

Wheat (7riticum aestivum L.) cultivars Cappelle
Desprez and Bezostaya-1, and eighteen Cappelle
Desprez/Bezostaya-1 chromosome substitution lines,
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kindly provided by Prof. C.N. Law, John Innes Centre,
Norwich, UK, were used in the study. Seeds were
germinated on moist filter paper in dark at 18 °C for 3 d.
Seedlings with roots approximately 2.5 cm long were
placed on 1 uM CuSOy. 5 H,0 solution. According to our
earlier studies on seedling response to increasing
concentrations of Cu ions (Landjeva et al. 2003), this
concentration allows the differentiation between
genotypes. Plants grown on water were used as control.
After 6 d treatments at 18 °C root and shoots length and
fresh biomass were measured on 30 plants per variant for
each genotype. Tolerance index was calculated for the
roots length, roots biomass, shoots length and shoots
biomass according to Macnair (1993) as the ratio between
roots or shoots length (biomass) in Cu-stressed seedlings
and roots or shoots length (biomass) in control plants.
Student's t-test was applied to estimate the significance of
differences in the tolerance index between substitution
lines and cultivar Cappelle Desprez.

Exposure of seedlings to Cu inhibited mainly the
growth of roots (Table 1), while the shoots growth was
only slightly negatively influenced in Cappelle Desprez,
or stimulated in Bezostaya-1 and some of the lines (Table 2).
Roots length and biomass were reduced in the least extent
in Bezostaya-1 and in the highest extent in Cappelle
Desprez (Table 1). The performance of the substitution
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lines was on average better than Cappelle Desprez, but
did not reach the tolerance of Bezostaya-1.

Eleven of the substitution lines showed significant
deviations from Cappelle Desprez (Tables 1, 2).
Chromosomes 7A and 1D of Bezostaya-1 had
considerable positive effects on the four studied growth
parameters. Chromosomes 3A, 3B, 3D, 4A, 4D affected
positively mainly the roots growth, while chromosomes

SBL.7BL, 1B and 6D influenced predominantly the
growth of shoots. Chromosome IA was the only
chromosome with reducing effects on seedling tolerance
in comparison to Cappelle Desprez. In general,
chromosomes 2A, 2B and 2D of Bezostaya-1 had
negative effects on the seedling growth under Cu stress,
but the deviations in the tolerance indeces from Cappelle
Desprez were not statistically significant.

Table 1. Root length and fresh biomass (mean £ S.E.) and tolerance index (TI) in wheat cultivars Cappelle Desprez (CD) and
Bezostaya-1 (BEZ), and CD (BEZ) chromosome substitution lines after treatment of seedlings with 1 uM CuSQO,. 5 H,O (¥* *** .
differences from Cappelle Desprez, significant at # = 0.01 and 0.001, respectively).

Genotype Root length [cm]) Root biomass [mg]

control Cu TI [%] control Cu TI [%]
CD 16.9 +0.31 9.2+0.35 545 62.1+£0.11 43.4£0.08 69.9
BEZ 17.7 £ 0.23 12.6 £0.33 71.2%* 77.0+0.13 57.0£0.12 74.0
CD (BEZ tA) 154+0.34 7.0+0.28 455 53.9+0.10 27.5+£0.06 51.0%*
CD (BEZ 2A) 179 +£0.29 9.7+0.21 54.4 101.0£0.10 61.2+0.11 60.6
CD (BEZ 3A) 156+ 0.28 12.3+0.25 78.9%** 83.0+0.11 68.5 £ 0.09 82.5%*
CD(BEZ 4A) 13.8+0.20 10.5+0.33 76.1%** 71.6 £0.05 547+0.04 76.4
CD (BEZ 5A) 15410.23 88+0.25 57.1 78.2 £ 0.08 46.7 £ 0.07 59.7
CD (BEZ 6A) 15.8+0.32 9.1+£0.25 57.6 76.0+0.10 57.5+0.06 75.7
CD (BEZ 7A) 18.9+0.34 14.1 £0.24 74.6*** 63.8+0.17 74.010.11 116.0%**
CD (BEZ 1B) 16.7+0.28 83 +0.30 49.7 76.0+0.11 53.4+0.13 70.3
CD (BEZ 2B) 14.3+0.20 76+0.18 53.1 69.0 £0.10 49.3 £0.06 71.4
CD (BEZ 3B) 17.4+0.22 12.1£0.34 69.5%* 70.1 £0.12 51.1£0.10 72.9
CD (BEZ SBL.7BL) 17.7 £0.35 11.4+0.39 64.4 64.4 £0.17 52.6+0.18 81.7**
CD (BEZ 6B) 14.0+0.17 89+0.24 63.6 73.0+0.10 55.9+0.10 76.6
CD (BEZ 1D) 17.9+£0.21 13.1+£0.29 73.2%x* 81.1+0.13 70.1 £0.11 86.4%**
CD (BEZ 2D) 1721024 954020 55.2 84.5+0.10 51.2+£0.09 60.6
CD (BEZ 3D) 15.1+£0.14 11.4+£0.30 75.5%%* 69.9+0.10 60.7£0.11 86.8*%**
CD (BEZ 4D) 18.1£0.24 13.6 £0.35 T5.1%x* 82.6+0.14 71.5+0.16 86.6%**
CD (BEZ 5D) 17.0 £0.28 10.7£0.26 62.9 77.9+0.16 48.8 +0.08 62.6
CD (BEZ 6D) 17.5+£033 10.9+0.33 62.3 745+£0.17 33.0+0.11 711
CD (BEZ) lines (mean) 638+2.4 749 +3.4

Studies on genetics of metal toxicity tolerance in
plants suggest a model of polygenic inheritance,
including few major genes, governing the tolerance, and
other genes with enhancing or modifying effects
(Macnair 1993). Our study shows that genes for Cu
tolerance in wheat seedlings are located on more than one
chromosome, thus supporting the polygenic model of
inheritance. The cultivars Cappelle Desprez and
Bezostaya-1 carry different allelic types at these loci. The
performance of the substitution lines suggests that the
individual chromosomes affect the Cu tolerance with
almost equal contribution. The degree of tolerance
depends also on the genetic background and this can
explain the intermediate performance of the substitution
lines in comparison to Bezostaya-1 and Cappelle
Desprez. Our results indicated that chromosomes 7A and
ID were most strongly associated with increased
tolerance. The same chromosomes were shown to exert

622

mainly negative effects on yield and yield components
(Ganeva er al. 2003). Chromosomes 4A, 4D, 7A and
5BL.7BL of Bezostaya-1, associated with increased Cu
tolerance, were shown to increase the frost resistance in
wheat (Ganeva ef al. 2003).

According to Manyowa and Miller (1991), all seven
homoeologous groups of chromosomes in tribe Triticeae
carry genes for metal toxicity tolerance. The group 3 of
chromosomes was shown to carry tolerance genes for
excess Al in wheat and rye (Manyowa and Miller 1991).
and Aegilops uniaristata (Miller et al. 1992); for excess B
in Secale cereale, Aegilops sharonensis and Agropyron
elongatum (Manyowa and Miller 1991); for excess Cu in
Aegilops geniculata (Landjeva et al. 1998). Wheat
chromosomes 4A and 4D were reported to carry genes for
tolerance to excess Al, B and Cu (Manyowa and Miller
1991). The homoeologous group 7 was shown to confer
Cu toxicity tolerance in Triticum spelta and synthetic



hexaploid wheat [Triticum dicoccum x Aegilops tauschii)
(Manyowa and Miller 1991). The effects of chromosome
ID were new and merit further investigation. The
obtained information about the effects of individual

CHROMOSOME SUBSTITUTIONS AND COPPER TOLERANCE

wheat chromosomes on copper stress response can be
helpful for chromosome-mediated genetic manipulation
in wheat, aiming to increase the crop productivity in
mineral-toxic soils.

Table 2. Shoot length and fresh biomass (mean * S.E.) and tolerance index (T1) in wheat cultivars Cappelle Desprez (CD) and
Bezostaya-1 (BEZ), and CD (BEZ) chromosome substitution lines after treatment of seedlings with 1 pM CuSO,. 5 H,O (¥, **, *** .
differences from Cappelle Desprez, significant at P = 0.05, 0.01 and 0.001, respectively).

Genotype Shoot length [cm] Shoot biomass [mg]

control Cu TI [%] control Cu TI [%]
CD 13.5+0.37 12.8+0.33 94.8 72.1+£0.03 65.9+0.02 91.4
BEZ 15.0+0.29 159%0.34 105.3 104.7 £ 0.02 113.4 £0.02 108.3
CD (BEZ 1A) 10.1+£0.34 9.4+0.28 93.1 59.4 £0.02 50.9£0.02 85.7
CD (BEZ 2A) 129+ 0.34 13.1+£0.23 101.6 82.7+£0.04 85.3+0.03 103.1
CD (BEZ 3A) 12.7+£0.21 13.2+0.20 103.9 79.0 £0.02 77.0+£0.02 975
CD (BEZ 4A) 12.6 £0.26 123 £0.25 97.6 84.3+£0.02 78.2 £0.02 92.8
CD (BEZ 5A) 12.0+0.27 12.1£0.30 100.8 77.9£0.06 70.8+0.13 90.9
CD (BEZ 6A) 126 £0.41 11.2+£0.33 88.9 78.9 £ 0.08 78.4 £ 0.03 99.4
CD (BEZ 7A) 8.7+0.54 11.3£0.47 129.9%** 54.4+0.10 78.5+0.09 144 3%%*
CD (BEZ 1B) 11.7+0.39 11.6+0.28 99.1* 70.0+0.11 76.7+0.10 109.6**
CD (BEZ 2B) 122+£0.24 11.4+£0.32 93.4 72.9 £ 0.06 67.8+0.10 93.0
CD (BEZ 3B) 14.0+£0.28 13.1£0.34 93.6 90.7 £ 0.05 90.2+0.09, 994
CD (BEZ 5BL.7BL) 12.4+0.33 13.2+£0.34 106.5%* 82.4 £ 0.07 89.0£0.07 108.0**
CD (BEZ 6B) 126+0.19 11.4+0.35 90.5 77.7+0.03 77.9%0.11 100.3
CD (BEZ 1D) 15.0+£0.33 15.5£0.21 103.3* 86.9+£0.10 92.5£0.06 106.4*
CD (BEZ 2D) 15.1£0.30 13.5£0.28 894 93.7+0.04 82.3+0.02 87.8
CD (BEZ 3D) 13.4+£0.24 13.5+0.26 100.7 86.5+£0.03 93.2+0.07 107.7**
CD (BEZ 4D) 146+0.27 148£0.29 101.4 94.7 £ 0.07 97.4 £0.06 102.9
CD (BEZ 5D) 14.1+£0.39 13.3+0.35 943 94.9 £ 0.09 87.7+0.08 92.4
CD (BEZ 6D) 13.0+£0.47 13.8+0.33 106.2** 78.8£0.10 82.2+0.04 104.3*
CD (BEZ) lines (mean) 99.7+22 101.4+3.0
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