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Abstract

This investigation was carried out to devefop a medel for mo-
lecular marker-assisted selection (MAS) to identify the promising cuiti-
vars that posses tolerance to environmental stresses (i.e. drought and
salt) at a very early stage of the breeding program. Four cultivars of
sugarcane were used in this study, i.e., G86/20, G95/21, G54/9 and
F160. The performance of the four cultivars in sand culture experiment
revealed that G.86/20 and G95/2 were superior in their salt and drought
tolerance according to their performance in some yield- related traits.
Cultivar G54/9 was the third, followed by F160, which was very sensitive
to the two stresses. Some molecular genetic markers {SDS protein, este-
rase and acid phosphatase, isozymes,) were developed for the four cuiti-
vars in relation to the two stresses.

INTRODUCTION

Sugarcane (Saccharum spp.) is the most important sugar crop in the world. In
Egypt, sugarcane has been grown since 1850. It is mainly cultivated in Upper Egypt in
Qena, Aswan, Asyout, Sohag and Naga Hamad. Modern sugarcane cultivars are complex
polyploids, which may contain over 100 chromosomes and a little is known about their

genome structure.

Biotic (insect and plant diseases) and abiotic stresses {drought, salinity and sow
and high temperatures) are considered limiting factors for plant preductivity (Boyer,
1982). A rating system for evaluating the exient of drought tolerance in sugércane va-
rieties was developed. Drought tolerance was classified into five grades according to
the ability of sugarcane roots to survive water déﬁcit by Sheu et al. (1997), Abdei-
Tawab et al. (1989) recorded data on some vegetative traits on seedlings of four cuiti-
vars of sugarcane subjected to drought, salinity and combined effects. The analysis of
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variance indicated significant differences between the four cultivars in respect to their
relative tolerance to such stresses.

Molecular markers such as proteins and isozymes have recently shown excellent
potentiality to assist selection of guantitative trait loci (QTLs) associated with these
markers (Stuber, 1992 and Ramagopal and Carr (1991) investigated changes in gene
expression induced by salinity in a suspension culture of sugarcane. The data suggest-
ed that a multitude of mechanisms at the transcriptional, post-transcription; and post-
transiational levels may contribute to the control of gene expression in the salt-
adapted sugarcane cells. Zhang et al. (1996} found that water stress increased the
production of oxygen radicals in sugarcane leaves and dec;eased scavenging activity
for active oxygen. Water stress increased malondialdehyde (MDA} content, menbrane
permeability and free radical production and decreased superoxide dismutase and cata-
lase activities and GSH [glutathione] content as a molecular marker linked with salt tol-
erance. Abdel-Tawab et al. (1999) obtained isozyme and RAPD markérs associated
with salt and drought tolerance in some cultivars of sugarcane.

The present study aim is to evaluate three promising varieties for environmental
stress tolerance (drought and salinity) in comparison with G54/9 as a standard com-
mercial variety and to detect molecular markers associated with drought and (or) salini-

ty tolerance using SDS-protein electrophoresis and isozyme patterns.
MATERIAL AND METHODS

This study was carried out in the greenhouse and the laboratories of the Depart-
ment of Genetics, Faculty of Agriculture, Ain Shams University, Shoubra EI-Kheima, Cai-
ro, Egypt, and the laboratories of Sugar Crops Research Institute ARC. Sugarcane culiti-
vars used in this study are presented in Table {1)

Table (1): The four cultivars of sugarcane tested in this study and their parentages.

Cultivar* Parents

1-G86/20 Co 421 x Co 453
2-G95/21 Sp7040 x Sp77-302
3-G54/9 NCo310 x F37-925
4-F160 NCo310 x F141

1. Sand culture experiment

The same four cultivars were sown in a sand culture experiment, which was con-
ducted according to Heakel ef al. (1981). Modified-Hoagland solution suggested by
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Johnson et al. (1957) was used as the base nutrient solution. The cultivars were sown
in a completely randomized experiment. Drought and salinity treatments were initiated
on day 21 after planting. Control was irrigated with the base nutrient solution every
three days, while salinity treatments were irrigated with the base nutrient solfution plus
6000 ppm NaCl every three days. Drought stress treatments were irrigated with the
base nutrient solution every two weeks. Samples were taken for genetic, biochemical
and molecular analyses at the end of the experiment.

Data were recorded for all plants after 72 days for the following traits: plant
height (cm), number of leaves/plant, stem diameter (cm), ptant fresh weight (g), plant
dry weight (g), and leaf area (cm?).

2. Statistical analyses:

All data were statistically analyzed using analysis of variance procedure proposed
by Snedecor and Cochran (1969). The differences between means were compared us-
ing Duncan’'s multiple range test (Duncan, 1955}

3. Marker-assisted selection
3.1.SDS-protein electrophoresis

SDS-polyacrylamide ge! electrophoresis (PAGE) was performed according to the
method of Laemmli (1970) as modified by Studier (1973) on each sample of the four
sugarcane cultivars

3.2. Isozyme electrophoresis

Pclyacrylamide gel electrophoresis (PAGE) was performed on the same leaf sam-
ples using the method of Stegmann et al. (1985). Visualization of esterase and acid
phosphatase bands was done according to Scandalios, (1964) and Shaw and Prasad
(1970), respectively.

RESULTS AND DISCUSSION

The four sugarcane cultivars used in this study are; G54/9 a commercial cuitivar
and the three promising cuitivars; G86/20, G95/21, and F160. Sand culture experi-
ments were carried out on these four cultivars to study the effect of saiinity (6000
ppm) or drought treatments comparing with the contfol to choose the tolerant cuiti-
vars on the basis of their performances for some yield-related traits.

*Thanks are due {o Sugar Crops Research Institute, ARC for providing these cudtivars.
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1. Stress Experiments
1.1. Sand Culture Experiment

At 72 days from sowing in a sand culture experiment, data were recorded on the
four cultivars for the following traits; plant height, number of leaves, leaf area stem di-
ameter, plant fresh weight (@), and plant dry weight (g) under salinity, drought and
control as shown in (Table 2)

Analysis of variance for these traits indicated significant differences between
control concerning salinity or drought and among the four cullivars in their relative tol-
erance to such stresses. The interaction between cultivars and treatments was found
to be significant for all the studied traits except leaf area.

As for plant height, means of the control, salt and drought treatments for the
four cultivars showed significant differences among all of them. G86/20 exhibited the
highest performance, followed by G95/21, G54/9 and finally F160. At the same time,
each cultivar exhibited different responses under control, salt and drought treatments.
The two cultivars; G54/9 and F160 showed no significant differences between the con-
trol and salinity treatment and between the cantrol and drought treatment (except
G95/21). However, cultivar GB&/20 gave significant differences when the control
treatment was compared with salinity or drought treatments (Table 2). However, culti-
var overall means exhibited significant differences between the four cultivars where
G86/20 showed the highest performance, followed by G95/21, G54/9 and finally by
F160.

Hegarding the number of leaves/plant, all cultivars did not exhibit significant dif-
ferences between control and either of the two treatments (salt and drought) except
GB86/20 where the control recorded marked difference from both salinity and drought
treatments, and G95/21 where the control differed only from drought treatment. The
cultivar means confirmred the presence of a marked significant difference for F160
from alt the other three cultivars.

As for stem diameter significant differences were cbserved between the control
and the two treatments for the two cultivars; G86/20 and G95/21. While no significant
differences were recorded between the control and each of the two treatments for the
other two cultivars; G54/9 and F160. The cultivars overall means confirmed that the
two cultivars G86/20 and G95/21 exhibited slight differences with lower performance
than G54/9 and F160. As for plant fresh weigh (Table 2), significant difterences be-
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tween the control and the two stress treatment were observes for the three cultivars
G86/20, G95/21 and G54/9. However, cultivar F160 recorded no significant differenc-
es between the control and the two treatments (salt and drought). The cultivars over-
ali means indicated that G86/20 and G95/21 exhibited the highest performances with
significant differences from G54/9-and F160.

Dry weight showed significant differences between the controf and the two
treatments for the two cultivars G86/20 and G85/21. While, no significant differences
between control and the two treatments and between control and sait treatment were
recorded for G54/9 and F160 cultivars, respectively. At the same time, cultivar overall
means exhibited significant differences between the four cultivars, as G86/20 showed
the highest performance, followed by, G95/21, G54/9 and F160, in that order.

L eaf area recorded significant differences between the control and the two
stress treatments for the two cultivars G86/20 and G95/21. While it recorded no sig-
nificant differences between the control and each of the two treatments for the other
two cultivars; G54/9 and F180. Cultivar overall means of G86/20 and G95/21 were al-
most equal with no significant differences, while they recorded significant differences
from the other two cultivars which were significantly different from each other (Table
2). Generally, G86/20 and G95/21 were the best performing cultivars and the most
tolerant to salt and drought stresses followed by cultivar G54/9, while cultivar F160
was quite sensitive to each of the two stresses.

As a general conclusion, G86/20 and G95/21 proved to be relatively the most
tolerant cuitivars for salt and drought treatments based on their performance in sand
culture experiment. These results are comparable with Plaut et af {2000), who studied
the effect of salinity on leaf growth of sugarcane cultivars and found that both leaf dry
weight and area decreased with increasing salinity.

2. Molecular Markers for Sait and Drought Stresses:
2.1. SDS-protein Electrophoresis

SDS-electrophoretic patterns of water-solubie protein fractions in the leaves at
72 days of age for the sugarcane plants in sand culture experiment exhibited a maxi-
mum number of 15 bands, which were not necessarily present in all samples. The band-
ing patterns of the four sugarcane cultivars under control, salinity and drought stresses

are shown in Figure (1) and some SDS-protein markers for stress tolerance are shown
in Table (3).
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Regarding the tolerant cullivars G86/20 {lanes 1, 5, and 8, Fig.1) and G95/21
(lanes 2, 6, and 10, Fig. 1 and Table 3}, band 2 (89.6 KDa) appeared in salt an drought
treatments, while they were absent in the control, as well as in the two sensitive culti-
vars. This band could be considered as a positive molecuiar marker for sait and drought
tolerance. At the same time, in the two tolerant cultivars, bands 4 and 10 (72 and 47
KDs) were present in drought treatment only which may be considered as positive mo-
lecular markers for drought tolerance since they were absent in the two sensitive culti-

vars.

These results are comparabte with those of Ericson and Aifinito (1984) they
tound that some protein bands, were enhanced under drought stress. However, Hurk-
man and Tanaka (1988) reported that there were quantitative differences (intensity)
between protein types in barley under salinity stress comparing with control, while in
both treatments there were no differences in the appearance or disappearance of
bands between the two treatments. In addition, Fahmy et al. (1992} in maize, Allam
and Abdel-Tawab (2001) in sugarcane.

2.2. Isozyme Markers

The electrophoretic patterns for esterase and acid phosphatase isozymes are
show in Figures 2 and 3, sand culture experiments and are summarized in Table (4).

The electrophoretic pattern of esterase isozymes of the four sugarcane cultivars
in the sand culture experiment under control, salt and drought treatment are shown in
Figure (2) and Table (4). They exhibited a total number of nine bands which did not
necessarily appear in all leaf samples. Some adaptive bands appeared which were prob-
ably due to the effect of drought and salinity treatments compared with the control.
Est-8 appeared in the two tolerant cultivars both under salinity and drought stresses. In
salt treatment the activity (intensity) of bands varied also among toierant and sensi-
tive cuitivars. While in drought treatment, this band was absent in the sensitive cultivar
G54/9, so this band may be used as positive molecular marker for salt and drought tol-
erance in sugarcane.

Our results are in agreement with those of Abdel-Tawab et al. (2001) who re-
ported molecular markers for esterase insozymes linked with salt tolerance in maize. In
sugarcane, Abdel - Tawab et.al. (1999) and Allam and Abde! - Tawab {2001) reported
specific esterase bands linked with stress tolerance which were considered as molecular
markers in this respect.
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Acid phosphatase isozymes of the four sugarcane cultivars in the sand cuiture
experiment showed a maximum number of five bands, which were not necessarily
present in all genotypes (Fig. 3) and Table (4). Data for the positive markers for salt
and drought tolerance markers are present in Table (4). AcP-5 appeared in the twa tol-
erant cultivars both under salinity and drought while it was absent in the two sensitive
cultivars. This band may be used as positive molecular marker for salt and drought tol-
erance.

These results are in partial agreement with Pollak et al. {1984) who reported
strong association of acid phosphatase with some quantitative traits in maize.

It is evident from the aforementioned discussion that cultivars G86/20 and G985/
21 were distinguished by the relafive abiotic stress tolerance (i.e. drought and sanlini-
ty) compares with cultivars G54/9 and F160 which showed sensitivity to these stress-
es. In addition, SDS-protein, estrase and acid phosphatase markers associated with salt
an/or drought tolerance were developed which could be used in screening a large hum-
ber of sugarcane accessions in the early stages of breeding for stress tolerance to
identify the most tolerant accessions and concentrate the time and efforts on a limited
number of promising lines. This will enhance the breeding program in cost-effective

way.

Table {2): Means of some yield-related traits of the four sugarcane cuitivars at 72
days under control {C}, salinity (S} and drought (D} conditions with their
overall means (M) in a sand culture experiment.

Plant No Stem Plant Plant Leafl
; Height leaves/ Diameter Fresh area
Cuitivar Treat. ({cm) plant (cm) Weight Weight (cm?)
(9% )
G86/20 [+ 205.4* 112 1.17* 70.8° 13.09* 219.7°*
S 180.5¢0 8.3¢ 0.97r 33.1» 11.20 144 . 3bc
D 163.3.b¢ 8,60 0.82%¢ 16.0< 6.2 119.20¢
M 183.1~ 9 3" 0.99~ 39,94 10.54 1651.0%
Go5/21 C 176.36 10.6= 1.25~ 70.2= 13.1an 254 .0a-
s 157 .4°< 9.9 0.95%< 33.2° 8.5% 150.1°
D 141.8% 9. 16" 0.72% 15.8%7 4,39 96.7*"
M 158.58 9.8° 0.974 39.4~ 8.6° 166 97
G54/9 C 143.5¢4 10.1" 0.7gd 27.40 4.8 111.4%4
S 122.4° 8.9rc 0.77<d 10.9¢ 3.4 78.699
D 131.0¢ Q. 2be Q.70% 13.6¢9 3.2 108 .2%°
M 132.3¢ 9. 34 Q.758 17.38 3.8¢ o98.78
F160 C 76.3¢ 8.8b 0,669 14 1<4 1.87 56 7%
b= 80.2¢ 7.7 0.56° 5.3° 2.4 40.19
D 83.4¢ 7.9° 0.EQe= 10.8< 2.6 65, 7Fo-o
M 79.9° 8.1° 0.63¢ 10.1° 2.2° 54 2¢

* Means within a given trait for each cultivar followed by the same smali letter(s) are not signifi-

cantly different by the Duncan,s Multiple R T (p< 0.05 ).

“*Cultivar mean comparisons for each trait followed by the same capital letter(s) are not signifi-

cantly different by the Duncan,s Multiple R T (p<0.05).
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Table (3): SDS-Protein markers of four sugarcane cultivars in a sand culture experiment
under control (C), salinity (S) and drought (D) treatments.

Band M* Cultivars
No. (Kda) G86/20 (595/21 (G54/9 F160
C S D C S D C S D C 8§ D
2 896 - + + -+ o+ - - - - - -
4 72 - - 4+ + - 4+ - e - - - -
10 47 - - + - -+ - - - - -
* M = molecular weight marker + = present = absent

“

1 2 3 4 5 8B 7 8 9 W 1112 M

Fig. (1) SDS-PAGE profiles of sugarcane leaf protein (waier soluble protein): lanes 1, 2,
3 and 4 are the four cultivars under control, 5, 8, 7 and 8 under salinity and
9, 10, 11 and 12 under drought treatment and M is a protein marker in a
sand culture experiment, respectively.
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Table (4): Isozymes marker bands for salinity and drought toferance in the four sugar-

cane cultivars
S0V Treat Band Tolerant cuitivars Sensitive cultivars
ozymes " No. G860 G921 G54/ F160
Esterase  Drou. 8 + + - +
Acid p. Sal, 5 + + - -
Drou. 5 + + - -
+ = present - = absent

Con.

Fig. (3):Electrophoretic patterns of esterase isozymes lanes 1, 2, 3 and 4 are the four
cultivars under control, respectively, 5, 6, 7 and 8 under salinity and 8, 10,
11 and 12 under drought treatment in sand culture experiment.

Fig. (4): Electrophoretic patterns of acid phosphatase isozymes; lanes 1, 2, 3 and 4 are
the four cultivars under control respectively, 5, 6, 7 and 8 under salinity and
9,10, 11 and 12 under drought treatment in sand cuiture experiment.



644 MARKER - ASSISTED SELECTION IN SUGARCANE

REFERENCES

1 Abdel-Tawab, F. M., M. A. Rashed, F. M. El-domyati, T. Z. Salam, S. A. Azer and A. F.
Khafaga (2001c). Marker-assisted selection for salt tolerance in maize {Zea mays
L). J. Genet. Cytol., 30:175-188.

2. Abdel-Tawab, F.M,, A.l. Allam, A H. Higgy, A. Bahieldin, A.F. Abo Daba, H.A. El Rash-
idy {1999). Production of sugarcane strains tolerant to environmental stresses by
modern biotechnological methods. First International Conference on Sugar & Inte-
grated Industries Present & Future Luxor, February 15-18, 1999. p 499-513.

3. Allam, A.l. and F.M. Abdel-Tawab {2001). Marker-assisted selection for environmen-
tal stress tolerance in sugarcane (Saccharum spp.). First international conference on
Biotechnology application for the arid regions, Kuwait, 66-86.

4. Boyer, J.5. {1982). Plant productivity and environment. Science, 218: 443-448.
5. Duncan (1955). Multiple range and multiple F test. Biometrics, 11:1-42.

6. Ericson, M. C. and S. H. Alfinito (1984). Proteins produced during salt stress in to-
bacco cell cultivars. Plant Physio., 74: 506-509.

?.'Fahmy, Eman, M., F.M. Abdei-Tawab, A.A. Taye!, A. Bahieldin and Magda A. EI-Enany
{1992). Biochemical genetic markers for sait tolerance in maize (Zea mays L.). An-
nals Agric. Sci., Ain Shams Univ., Cairo, 37: 147-157.

8. Heakel, M.S., A. El-Abasiri, R.A. Abo-Elenin and A.S. Gomaa {1981). Studies on salt
tolerance in barley and wheat. 1. Screening technique. Fourth international Barley
Genetics Symp, Edinburgh.

9. Hurkman, W.J. and C K. Tanaka (1988). Polypeptide changes induced by salt stress,
water deficit and osmotic stress in barley roots: accumulation using two-dimensional
gel electrophoresis. Electrophoresis, 9: 781-787.

10. Johnson, C.M., P.R. Stout, R.C. Broyer and A.B. Carlton (1957). Comparative chlo-
rine requirements of different plant species. Plant and Soil, 8: 337-353.

11. Laemmli, U.K. (1970). Cleavage of structural proteins during the assembly of the
head bacteriophage T*. Nature, 227: 680-685.

11. Plaut, Z., F.C., Meinzer, and E. Federman (2000). Leaf development, transpiration



12.

13.

14.

15.

16.

17,

18.

19.

20.

21.

F.M. Abdei-Tawab 645

and ion uptake and distribution in sugarcane cultivars grown under salinity. Plant
and Soil, 218: 1-2, 53-69.

Pollak, L.M., C.Q. Gardner and A. M. Parkhurst {1984). Relaticnships between en-
zyme marker loci and morphological traits for two mass selected maize popula-
tions. Crop Sci., 24; 1174-1179.

Ramagopal, S. and J.B. Carr (1991). Sugarcane proteins and messenger RNAs regu-
lated by salt in suspension cells. Plant Cell and Environment.14: 1, 47-56.

Scandalios, J.G. (1964). Tissue-specific isozyme variations in maize. J. Hered., 55:
281.

Shaw, C.R. and R. Prasad (1970). Starch gel electrophoresis of enzymes. A compila-
tion of recipes. Biochemical Genetics, 4: 297-320.

Sheu, Y.5., L. Kong, and D.S. Chao (1997). Studies on sugarcane drought resis-
tance and determination of varietal responses io soil moisture. Report of the Tai-
wan Sugar Research Institute, 157: 67-85.

Snedecor, G.W. and W.G. Cochran (1969). Statistical methods 6'" Ed. lowa State
Univ. Press, Ames, lowa, USA.

Stegemann, H., AM.R. Afify and K.R.F. Hussein {1985). Cultivar identification of
dates (Phoenix dactylifera) by protein patterns. 2" International Symposium of Bi-
ochemical Approaches to identification of Cultivars. Braunschweig, West Germany,
pp. 44.

Stuber, C.W. (1992). Biochemical and molecular markers in plant breeding. Plant
Breeding Reviews, 9: 37-61.

Studier, F.W. (1973). Analysis of bacteriophage T7 early RNAs and proteins of slab
gels. J. Mol. Biol,, 79: 237-248.

Zhang, M.Q.., R.K. Chen and S. L. Yu (1996). Changes of polyamine metabolism in
drought-stressed sugarcane leaves and their relation to drought resistance. Acta
Phytophysiologica Sinica. 22:3 . 332-327.



646 MARKER - ASSISTED SELECTION IN SUGARCANE

Sl ad b ol sa ¥l Jaasl Baebos Talass] U

4—.*‘("-&“rﬂ-ﬁd:'-‘m!euﬂ'#‘\u-q-idoma‘-ei\u.":—'h“d—.w--i-mu—ﬂ-i

5alid] = Lashll i — wads cpe daals — def 3 LIS — )
Sl — el ) gl S po — & pSeadt Juislall b pay ugas = Y

sl paalll

-~ peati gre Aaals Lel ) LIS D5H ) ol s Jolaca g gm0 5 b Enl S udl o3 a
NHEWR LI IR U SRR DU NV BN PRIV JERIT 0 S0 SUETRELL WU SCT U DUV L
sda LAl a3 ) Giliadl piagll) Jaast F160 - G 95/21 - GB6/20 ,Sull (a3 o 5t s
Dyl Loalany) Lgalins recadid 3 5malls L, Jualall &gy agaas Jlani sue 3ie CilaY]
Cilaad ilaall i e plhl Jaasl Lhia whawl s Lo Jguandt - Lot (G54/9 o Landl canall,
rola 33 bl 5wl y ol (Al peSh b pisdl elass D e wld 5l caas

Lo sad LUl g Lhyull Joa a9 Gl 551 eyl g 15k T oy = )

ol ol a1 3 (ppe 15 S 5aaly ) ibiadly ( fmsddl < 5 6000) ds gldl Jos 5l

F 160 citall o Sl o, un Cildally s ylall grilaacia GO5/21& GB6/20 suitall
. G54/9  lasll ially

sz il e g anada iy Wi s onS g el eptins e LglanS sl Jollanll Jae o5 - ¥

Lty Ll whaly e Jyeaallas sa SDS - PAGE J1 i,k alus sl ol <l

Ol BLS Y G VY 5V (AN 58 5 Y ad phall e ek aa bl da il Jea s Uaus e
it 5f A sllf Jan) §jane Lonya lanel s G 95/21 & GBB/20 splenll piiaall s

b 5S4 a5l Jac g @Strase & acidphosphtase Lo 339 clgaladd el ifan - ¥

g w3y Sliall gl da sl Jasnis Ua i e At bl olasly e Jseaall o 113K Lgd

Lei estrase eyl <sbivall Glisdl g Tasllt Jansl 8yeas iy s tal 3 B o3, Lajall

Jom il iiimeiaay s lawls S5 ad, 1.5l ki «laacidphosphatase o (¥ gl it
G95/21 GBB/20 caslanill puaildt il b il iall 4 Lo sl





