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ABSTRACT 
 

Eight sugarcane genotypes (i.e.G.T.54-9, G84-47, Sp 80-32-80, F.153, Co.997, BOT-41, Co.775, F.161) were selected 
depending on previous screening of Sugar Crops Research Institute (SCRI) germplasm for detecting morphological parameters 
and some molecular markers which could assist selection for drought tolerance in sugarcane using Simple Sequence Repeats 
(SSRs). The eight sugarcane genotypes were screened for drought tolerance depending on five traits (i.e. stalk height, stalk 
diameter, stalk weight, leaf area and number of stalks /m2) in two dislocated experiments (sandy culture and open field 
experiments), where molecular studies were carried out. All studied genotypes were significantly affected by drought in both 
field and sandy culture experiments. The most affected trait was stalk weight which had the highest reduction percentage (21.55 
and 28.93%), followed by No. stalk/m2 (15.22 and 19.7 %) in sandy culture and field experiments, respectively. The highest 
reduction percentage was recorded for genotype Co775 with leaf area trait (39.88 %) in field experiment and stalk weight (64.44 
%) in sandy culture. The most drought tolerant genotypes were Sp8032-80, Co997 and BOT41, while the most sensitive were 
Co775, F153 and F161.The performances of studied genotypes revealed the ability of using SSR technique as marker assisted 
selection for drought tolerance in sugarcane, in this context three positive and negative markers were obtained. Primer SSR15 
produced one band with molecular weight 123 bp which could be used as marker for drought sensitivity (negative marker), 
however, SSR80 produced two bands 24 bp and 35 bp that could be used as negative and positive markers. This data would help 
the exploitation of sugarcane germplasm on molecular basis, so we highly recommend using SSR as marker assisted selection for 
drought tolerance in sugarcane. 
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INTRODUCTION 
 

Sugarcane is very important crop because it is an 
important source for sugar, molasses and juice 
production (Ming et al. 2006). Molecular screening 
methods have great benefits for many sugarcane 
breeding programs (Alviet al. 2008; Khaled 2010, 
Khaled et al 2011 and Khaled et al 2015). Simple 
sequence repeat (SSR) has shown to be an excellent 
potential for assisting and identification of quantitative 
trait loci (QTLs) (Ming et al. 2002; Fratiniet al. 2007; 
Khaled et al. 2007, Khaled et al 2011 and Khaled et al 
2015). Also, SSR markers have been important in 
sugarcane genetic mapping studies (Aitken et al., 2005; 
Edmeet al., 2006; and Khaled et al 2016). Several 
studies have shown that molecular markers have been 
widely used for the characterization of Saccharum 
complex germplasm, providing a more direct measure 
of genetic diversity (Aitken et al., 2005 and Khaled et al 
2016). Among the most commonly used markers, 
microsatellites (SSR) have stood out, gaining 
considerable importance in genetic improvement due to 
many desirable attributes, including hyper-variability, 
often found in the genome of eukaryotic organisms, 
high levels of polymorphism and co-dominant 
inheritance (Xu and Crouch, 2008; Zhang et al., 2010). 

Drought stress alters a majority of physiological 
processes that ultimately determines yield, (Silva et al. 
2007). However, drought tolerance is mainly difficult to 
manage for molecular geneticists to the limited 
awareness of the specific traits that are linked to it. One 
way to overcome this problem is to identify fragments 
associated with factors that regulate the expression of 
several stress-related genes. Simple sequence repeats 

(SSRs) could be associated with genes of known 
function/s and used as functional SSR markers, thus 
tagging genes of interest in a more efficient manner 
(Hackauf and Wehling 2002). 

The main objective of this investigation was to 
evaluate eight sugarcane clones for theirtolerance to 
drought stress and detect some markers associated with 
drought tolerance using SSR-based PCR techniques to 
assist selection of drought tolerant promising lines at a 
very early stage of the sugarcane breeding program. 
 

MATERIALS AND METHODS 
 

The evaluation of sugarcane germplasm one of 
routine work in the breeding and selection programs for 
producing new genotypes. In previous work in breeding 
and genetics department, where SCRI evaluated about 
425 genotypes of sugarcane for some traits, one of them 
was the evaluation for drought tolerance. Depending 
onthese results, eight genotypes selected (i.e.G.T.54-9, 
G84-47, Sp 80-32-80, F.153, Co.997, BOT-41, Co.775, 
F.161) for this study. The origin and pedigree of these 
genotypes were presented in Table 1. 

Two experiments were conducted (open field and 
sandy culture experiments) to study the performance of 
the eight sugarcane genotypes against drought stress and 
detect some morphological and molecular markers 
associated with drought tolerance using PCR- based 
techniques i.e. SSR as marker-assisted selection. The 
experiments carried out at the farm, greenhouse and 
laboratories of Breeding & Genetics department, Sugar 
Crops Research Institute(SCRI), Agricultural Research 
Center(ARC), Giza, Egypt during the period from 2012 
to 2015 growing seasons. 
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Table 1. Names, pedigrees and origins of eight sugarcane genotypes. 
Genotype name Pedigree Source of seed 
 Male  Female  
G.T.54-9 NCO310 X F 37-925 Seed fuzz from Taiwan 
G84-47 NCO310 X ? Local seed fuzz Official cross 
Sp 80-32-80 SP71-1088 X H575028 Sao Paulo, Brazil 
F.153 NCo 310 X P341-36 Taiwan 
Co.997 Co. 683 X P63-32 India 
BOT-41 Wild sugarcane Saccharumspontaneum a grass from Indonesian 
Co.775 POJ 2878 X Co.371 India 
F.161 F.146 X F.149* Taiwan 
? unknown parent 
 
Field Experiment 

The eight genotypes were planted and irrigated 
optimally (two times monthly with 15 days’ interval) 
during the formative growth phase (90 days after 
planting). Planting date took place in the first week of 
March. Each genotype planted in plots containing six 
ridges, one meter in width and seven meters in length. 
The distance between cuttings was 30cm (Each cutting 
contained two buds) and the plot area was 42.0 m2 (6.0 
m x 7.0 m). Cutting subjected for two irrigation systems 
as follows; control (irrigated every 15 days) and water 
stress (drought) treatment (irrigated every 30 days). A 
randomized complete block design with three 
replications was used. The experiment was applied for 
four months, then they irrigated optimally until harvest. 
Harvest took place thirteen months after planting. Thirty 
plants were taken randomly from each plot to study 
five yield–related traits i.e. stalk height, stalk diameter, 
stalk weight, leaf area and number of stalks /m2. 
Sand Culture Experiment  

The eight cultivars were sown in a sand culture 
experiment, which was conducted according to Heakel 
et al. (1981) in plastic dishes 45 cm in height, 50 cm in 
diameter and capacity of 50 kg sandy soil. The plastic 
dishes were filled to 7 cm from the top with pre-washed 
fine sand. Three single bud cuttings were sown in each 
dish. Modified-Hoagland solution, suggested by 
Johnson et al. (1957), was used as the base nutrient 
solution. All sugarcane genotypes were sown in a 
completely randomized with three replications. Drought 
treatment was initiated at 21 days after sowing. Control 
plants were irrigated with the base nutrient solution 
every three days while drought stresses plants were 
irrigated with the base nutrient solution every two 

weeks. Samples were taken and data were recorded 90 
days for the following yield-related traits: stalk height, 
stalk diameter, stalk weight, leaf area and number of 
stalks /m2. 
Molecular genetic studies 
DNA isolation 

Genomic DNA was isolated from sugarcane 
meristem cylinder using CTAB method described by 
Doyle et al. (1987) and modified by Khaled and Esh 
(2008). DNA quantification was done using 
spectrophotometric measurement of UV absorption at 
wavelengths 230, 260 and 280 nm and DNA was 
checked by using 1% agarose gel electrophoresis 
(AGE)/TBE. The DNA was diluted in TE buffer to a 
working concentration of ~10 ng/µL. 
Simple Sequence Repeats (SSR) Analysis 

Eighteen SSR primers were chosen for analysis 
of sugarcane genotypes, twelve of them were sorghum 
specific primers. Primers names, sequences and 
annealing temperature are mentioned in Table 2. 
Reaction conditions were optimized and the 
amplification was performed for 35 cycles as follows; 
initial denaturation at 94ºC for 1 min (one cycle), 
denaturing at 94ºC for 20 sec, annealing at 50º-55ºC for 
35 sec, extension at 72ºC for 45 sec (35 cycles) and 
final extension at 72ºC for 45 sec (one cycle). Then hold 
at 4ºC (infinite). The PCR products were 
electrophoresed at 90 V, in 2% agarose gel for 
approximately 2 h, using 0.5 × TBE buffer, along with a 
DNA ladder. The gel contained 0.5 µg/ml ethidium 
bromide to stain the DNA and photographed under UV 
light using gel documentation system. Reactions were 
duplicated to check the consistency of the amplified 
products. 

 
Table 2. Primer names and their sequences for SSR-PCR analysis. 
Primers  Primer sequence (5’- 3’) Primers  Primer sequence (5’- 3’) 
SSR9 F AAGAAAAGGAGGGCCAAAAA SSR12 F AGAAGGAACGGTACCACGAC 
 R GCCAGGCAAGAGGATAAAAA  R TTGAAGTCGAGCACGATGAG 
SSR15 F ATCCCAGAGCCCATCTCC SSR19 F CTTTAATCGGTTCCAGA 
 R ATCTCCATACCTCCCCAGCA  R CTTCCACCTCCGTACTC 
SSR8O F GTTCCCACCGCTGTCATC SSR73 F AACCTAAGAGGCCTATTTAACC 
 R TACGAGCACGTGTCCAACTC  R ACGGCGACTATGTAACTCATAG 
 

Statistical analysis 
The collected data were statistically analyzed 

according to Bernardo (2002). Differences between 
means were compared using Duncan’s Multiple Range 
Test (Duncan, 1955) and declared significant at P≤0.05. 
 

 

RESULTS AND DISCUSSION 
 

Eight sugarcane genotypes were selected 
(i.e.G.T.54-9, G84-47, Sp 80-32-80, F.153, Co.997, 
BOT-41, Co.775, F.161) to study their performance 
against drought stress and detect some morphological 
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and molecular markers associated with drought 
tolerance using PCR- based techniques. 
Field and Sand Culture Experiments 

The eight sugarcane genotypes were screened for 
drought tolerance depending on five traits (i.e. stalk 
height, stalk diameter, stalk weight, leaf area and 
number of stalks /m2). The results were presented in 
Table 3. All studied genotypes were significantly 
affected by drought in both field and sandy culture 
experiments with a same trend but different responses. 
The most affected trait was stalk weight which had the 
highest reduction percentage (21.55 and 28.93%), 
followed by No. stalk/m2 (15.22 and 19.7 %) in field 
and sandy culture experiments, respectively. The 
highest reduction percentage was recorded for genotype 
Co775 with leaf area trait (39.88 %) in field experiment 
and stalk weight (64.44 %) in sandy culture. The results 
in Table 3 revealed that the most drought tolerant 
genotypes were Sp8032-80, Co997 and BOT41, while 
the most sensitive were Co775, F153 and F161. 
However, genotypes G84-47 and G.T.54-9 were 
moderate drought tolerant genotypes. Drought is the 
major abiotic stress that affect morphological 
parameters such as stalk length, stalk diameter, leaf area 
and number of stalks. These results agreed with those of 

Hemaprabha and Simon (2012), Ribeiro et al. (2013) 
and Vantiniet al. (2015) who found that drought is an 
abiotic stress that limits the productivity and 
geographical distribution of sugarcane. 
Molecular genetic studies 

This investigation aimed to detect molecular 
markers associated with drought, tolerance or 
sensitivity, in sugarcane using RAPD, ISSRs, R-ISSRs 
and SSRs-PCR analysis 
SSR Analysis: 

As shown in Table 4 and Figure 1, two SSR 
primers produced 15 amplified fragments. One of them 
produced negative markers only, while the other 
produced both negative and positive markers. Primer 
SSR15 produced one band with molecular weight 123 
bp which could be used as marker for drought 
sensitivity (negative marker), however, SSR80 
produced two bands 24 bp and 35 bp that could be used 
as negative and positive markers.  Khaled et al. (2016) 
evaluated SSR markers for genetic diversity analysis in 
sugarcane species and commercial hybrids providing 
valuable pedigree information which in turn is useful in 
progenitors choosing through breeding programs. 
Khaled et al. (2016) used SSR for genetic diversity 
between some sugarcane genotypes. 

 
Table 3. Means of five yield-related traits under drought(D) for eight sugarcane genotypes compared with the 

control (C). 
Stalk length (cm) Stalk diameter (cm) 

Stalk weight  
(kg) 

Leaf area  
(cm)2 

No. stalks/m2  

G
en

ot
yp

e 

C D Red% C D 
Red 
% 

C D 
Red 
% 

C D 
Red 
% 

C D 
Red 
% 

Red% 
mean 

 Field experiment 
G.T.54-
9 146.93 129.59G 11.80 1.97 1.88D 4.76 0.64 0.49F 23.00 271.27 254.10C 6.33 12.24 11.00D 10.13 11.21 

G.84-47 162.66 143.00D 12.09 2.01 1.90C 5.51 0.61 0.53E 13.83 213.52 195.27D 8.55 26.56 20.90A 21.31 12.26 
Co.997 177.94 166.95C 6.18 2.11 1.90C 9.82 1.08 1.05A 2.21 301.07 293.37A 2.56 12.32 10.45DE 15.18 7.19 
F.161 162.73 135.14E 16.96 2.20 1.73E 21.37 0.78 0.50F 35.99 292.91 264.88B 9.57 14.23 12.10C 14.97 19.77 
F.153 202.70 168.02B 17.11 2.81 2.33A 17.04 1.30 0.99B 23.97 366.52 294.88A 19.54 10.45 7.70G 26.32 20.80 
Co. 
775 

265.13 193.40A 27.05 2.54 2.01B 20.85 1.25 0.58D 53.77 255.64 153.69F 39.88 11.55 9.90EF 14.29 31.17 

BOT-41 193.05 167.31C 13.33 2.00 1.89CD 5.53 1.05 0.90C 14.67 214.06 195.58D 8.63 16.50 13.75B 16.67 11.77 
Sp 80-
32-80 

138.72 134.06F 3.36 1.81 1.71F 5.66 0.62 0.59D 4.94 269.65 268.73B 0.34 11.33 11.00D 2.91 3.44 

Mean 181.23 154.68 13.48 2.18 1.92 11.32 0.92 0.70 21.55 273.08 240.07 11.92 14.40 12.10 15.22  
 Sand culture experiment 

G.T.54-9 48.98 46.52E 5.02 0.83 0.73FG 12.09 0.19 0.12GHI 39.39 125.95 108.90F 13.54 7.51 6.60GH 12.09 16.42 
G.84-47 54.22 49.87D 8.03 0.84 0.83BCD 1.15 0.21 0.14EFG 32.64 99.13 94.85G 4.33 20.74 14.21AB 31.46 15.52 
Co.997 63.35 59.07A 6.75 0.92 0.85B 7.53 0.31 0.29A 7.94 147.78 144.59A 2.16 8.67 7.21E 16.81 8.24 
F.161 69.69 46.43E 33.38 0.84 0.75E 10.57 0.20 0.13FG 34.02 132.52 126.76D 4.35 9.87 8.11D 17.82 20.03 
F.153 67.57 57.73B 14.56 1.23 1.01A 18.21 0.38 0.26B 31.81 170.17 141.14BC 17.06 6.79 5.16I 24.05 21.14 
Co. 775 68.88 49.59D 28.00 0.94 0.65I 30.97 0.32 0.11GHIJK 64.44 118.69 54.89JKL 53.75 7.51 4.95J 34.07 42.25 
BOT-41 64.35 56.63BC 12.00 0.84 0.81CD 4.08 0.27 0.23C 13.35 99.39 92.20HI 7.23 10.73 9.08C 15.38 10.41 
Sp 80-
32-80 

46.24 43.31F 6.33 0.76 0.69H 8.56 0.16 0.15DEF 7.87 125.20 120.93E 3.41 7.36 6.93F 5.90 6.41 

Mean 60.41 51.14 14.26 0.90 0.79 11.64 0.25 0.18 28.93 127.35 110.53 13.23 9.90 7.78 19.70  
 

CONCLUSION 
 

Analysis of SSR fragments was an effective 
tool for detecting marker assisted selection to 
improve plant breeding strategies. Applying SSRs is 
critical, especially in sugarcane which could be a 
difficult process due to the complexity of sugarcane 
genome. Two experiments were conducted (open 
field and sandy culture experiments) to study the 
performance of eight sugarcane genotypes under both 
artificial and natural condition against drought stress 
for assisting the most tolerant and most sensitive 
genotypes; and detect some markers (morphological 

and molecular markers) associated with drought 
tolerance using PCR- based techniques i.e. SSR as 
marker-assisted selections. It could be concluded that 
detecting markers based on SSRs may provide more 
accurate information to plant breeder. This data will 
help the exploitation of sugarcane germplasm on 
molecular basis. Future breeding efforts involving 
crosses between and within the groups identified in 
this investigation may be useful for combining 
beneficial genes and alleles in new sugarcane 
genotypes in addition to maintaining genetic 
diversity. 
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Table 4. The total number of amplified and polymorphic fragments, polymorphism % and the specific 
markers for drought stress in sugarcane using SSR analysis. 

SM Primer name Primer sequence (5’- 3’)  TAF PF P% 
-ve +ve 

        
SSR15 ATCCCAGAGCCCATCTCC F 5 3 60 1 0 
 ATCTCCATACCTCCCCAGCA R    123 bp  
        
SSR8O GTTCCCACCGCTGTCATC F 10 9 90 1 1 
 TACGAGCACGTGTCCAACTC R    24 bp 35 bp 
Total   15 12  2 1 
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  والمعلمات المورفولوجية المرتبطة بتحمل الجفاف في قصب السكر )(SSRالتتابعات المتكررة البسيطة 
  3عبد الھادي عبد الله عبد الھاديو2 شيرين السيد السعيد الشربيني,1خالد عدلى محمد خالد

1 -
  جامعة بنى سويف– كلية الزراعة –قسم الوراثة  

2 -
  مركز البحوث الزراعية–صيل السكرية  معھد بحوث المحا-قسم التربية والوراثة  

3 -
   جامعة القاھرة– كلية الزراعة –قسم الوراثة  
  

ًتم اختيار ثمانية طرز وراثية من قصب السكر اعتمادا على نتائج اtختبارات الYسابقة التYي أجريYت مYن خhYل تقيYيم برنYامج التربيYة 
 ,G.T.54-9, G84-47, Sp 80-32-80, F.153, Co.997, BOT-41, Co.775بمعھد بحوث المحاصيل السكرية وھذه الطرز ھYي 

F.161 ةYتخدام تقنيYاف باسYل الجفYة بتحمYوقد أجريت الدراسة بھدف الحصول على معلمات وراثية مساعدة ل�نتخاب مرتبط SSR ضاYوأي ً
. وعYدد النباتYات فYي المتYر المربYعومYساحة الورقة) النبYات(باستخدام بعض الصفات المرتبطة بالمحصول وھي ارتفاع وقطر ووزن الساق 

 وذلYك لتحديYد الطYرز المتحملYة وقد تم زراعة الطرز الوراثية في تجربتين إحداھما في الحقل المفتوح وا¥خرى في أصص مملوءة بالرمYال
 بالتعرض وقد أظھرت النتائج تأثر جميع الصفات تحت الدراسة. والحساسة للجفاف تحت الظروف الطبيعية وكذلك تحت ظروف ا¥صص

فYي كYل مYن  %) 28.93 و21.55(ًللجفاف، فقد كانت صفة ارتفاع الساق أكثر الصفات تYأثرا بالجفYاف حيYث سYجلت أعلYى نYسبة انخفYاض 
-Sp8032كما أظھرت النتائج أن الطرز ,  %)19.7 و15.22(عدد النباتات في المتر المربع التجربة الحقلية والرملية تبعھا في ذلك صفة 

 SSRأظھرت الدراسة فاعلية تقنية كما .  أكثرھا حساسيةCo997 and BOT41ًلطرز تحمh للجفاف في حين كانت الطرز  ھو أكثر ا80
كمعلمات وراثية مساعدة ل�نتخاب حيYث تYم الحYصول علYى ثhYث معلمYات يمكYن اسYتخدامھم فYي انتخYاب الطYرز المتحملYة للجفYاف وكانYت 

  . وھذه النتائج دليل على فاعلية التقنية المستخدمة كمعلمات وراثيةbp, 24 bp and 35 bp 123أوزانھا الجزيئية 
 


