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ABSTRACT: Cassava (Manihot esculenta Crantz) is an important root crop to resource-poor farmers in 

Sub-Sahara Africa, where the production is hampered by drought stress constraints. Given the difficulties 

associated with cassava breeding, a molecular understanding of drought tolerance in cassava will help in the 

identification of markers for use in marker-assisted selection and genes for transgenic improvement of 

drought tolerance. This study was to improve efficiency in breeding for drought tolerance cassava through 

molecular techniques by determining the expression levels for each drought tolerant genes in eight selected 

cassava varieties grown in screen-house environment.From the four genes (ALDH7B4, ZFP252, MSD and 

RD28) that have previously been biologically validated as conferring or being associated with drought 

tolerance in other plant species; ALDH7B4 gene was confirmed as being exclusively up-regulated in all 

varieties except in variety IS 30474. Results showed further that the four genes were exclusive up-regulated in 

Kiroba compared with other cassava varieties. Based on ALDH7B4 gene, it was hypothesized that the basis of 

the tolerance at the cellular level in those varieties is through mitigation of the osmotic and oxidative 

adjustment. The ALDH7B4 gene can now be tested in the context of cassava breeding, as possible quantitative 

trait loci and engineering drought tolerance in transgenic cassava or used for introgression into other 

improved cassava germplasms for climate change mitigation. 
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I. Introduction 
Cassava (Manihot esculenta Crantz)serves as major food and cash crop for smallholder farmers and 

family in Africa. The crop is the 3
rd

 most important source of calories in the tropics after rice and maize (El-

Sharkawy, 2006; FAO, 2010). Cassava is a major part of the diet for nearly a billion people in approximately 

105 countries mostly in Sub‐Saharan Africa, Asia, the pacific and South America (FAO, 2008). Over 50 % of 

the global cassava production occurs in Africa (FAOSTAT, 2009; Alabi et al., 2011). Globally, about 70 % 

storage roots from cassava are consumed as human food (El-Sharkawy, 2004). The greatest per capita 

consumption (800g per person) recorded in Sub-Saharan Africa where it is the main energy source for over 40 

% of the population (Scott et al., 2000; Nhassicoet al., 2008). A typical composition of cassava root is 70 % 

moisture, 24 % starch, 2 % fiber, 1 % protein and 3 % other substances including minerals (Westby, 2002; 

Tonukari, 2004).  Cassava is an important staple crop in more than half of Tanzania and a subsistence crop, 

especially in the semi-arid areas (Kulembeka, 2010).  

There are major challenges facing cassava production in Sub- Saharan Africa; ranging from abiotic to 

biotic (IITA, 2007; Reynolds and Tuberosa, 2008; Kulembeka, 2010). Abiotic stresses account for more than 50 

% of potential yield losses in major crops worldwide (Rosegrant and Cline, 2003; Peters et al., 2004).  Drought 

is one of the major factors that have been reported to hamper cassava productivity among smallholder farmers in 

the face of climate change (MAFSC, 2009). It is currently one of the major abiotic stress, which limits the 

production of crops and vital food for human survive (Lokko et al., 2007).Future increase and intensity of 

drought due to climatic changes especially in most agriculturally productive zones around the world is 

anticipated (Reynolds and Ortiz, 2010; Mir et al., 2012). Cassava brown streak and Cassava mosaic disease are 

some of the biotic constraints as well as the low yielding potential of some of the local varieties (Mkamilo, 

2005).  

Food insecurity is one of this millennium‟s serious and most shared problems throughout the world and 

specifically in developing countries. Many factors, including climate change and particularly drought constitute 
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the basis of Food insecurity in the world (Passioura, 2007). Increased effect of drought stress incapacitates 

farmers‟ ability to cultivate crops and produce high yields (Sheffield and Wood, 2008). It is under these 

changing climatic conditions that the future food production will need to be doubled to feed the human 

population expected to plateau at nine billion by 2050 (Cassmanet al., 2003; Godfrayet al., 2010; Tilman et al., 

2011). This poses a serious challenge to farmers, crop breeders and the larger scientific community, especially 

in most food insecure regions of the world such as Sub-Saharan Africa (Rosenthal et al., 2012). The impact of 

climatic change is expected to be very high and it double (Lobell et al., 2008; Rosenthal et al., 2012).Cassava is 

one of the widely produced and consumed crop in Africa (Lokko et al., 2007).  In Tanzania according to 

FAOSTAT, (2009) cassava is the six most essential diets and one of the most important food crops. Cassava is 

important in sustaining food security and improve livelihood for most of the small-scale farmers.  To circumvent 

a paramount problem such as food insecurity, there is a need of using molecular tools to identify and 

characterize the genes that confer drought tolerant traits in cassava crops to plan how best these can be used in 

other drought vulnerable crops and thus alleviate food insecurity in African populations. Given the inherent 

challenges with cassava breeding, an understanding of the molecular basis of cassava drought responses and 

tolerance can help greatly in the development of appropriate varieties (Valliyodan and Nguyen, 2006; El-

Sharkawy, 2007).  

1.1 Constraint with cassava production 
There are major challenges facing cassava production in Sub- Saharan Africa; ranging from abiotic to 

biotic (IITA, 2007; Reynolds and Tuberosa, 2008; Kulembeka, 2010). Abiotic stresses account for more than 50 

% of potential yield losses in major crops worldwide (Rosegrant and Cline, 2003; Peters et al., 2004).  Drought 

is one of the major factors that have been reported to hamper cassava productivity among smallholder farmers in 

the face of climate change (MAFSC, 2009). However extreme environmental fluctuations are known to lead to 

significant yield reductions in the crop (El-Sharkawy, 2007).  These factors include unsuitable soil types with 

low nutrient levels, low or high temperatures and prolonged drought sometimes caused by insufficient rainfall.  

Cassava production in East Africa is constrained by both abiotic and biotic factors, which are 

aggravated by sub-optimal management practices (Bull et al., 2011). Cassava mosaic disease (CMD) and 

Cassava brown streak disease (CBSD) are major viral diseases constraining cassava production (Winter et al., 

2010). Tanzania has recorded crop losses of up to 74 % due to CBSD, but in severely affected areas, leading to 

100 % damage in susceptible varieties (Legg et al., 2011). Cassava brown streak disease can cause significant 

reduction in both quality and quantity of cassava in all coastal areas of Tanzania, Kenya and Mozambique and in 

the lakeshore areas of Malawi (Legg et al., 2011). Another major challenge for smallholder farmers in Tanzania, 

is the lack of facilities and storage which causes the cassava products to spoil  (Coulson and Diyamett, 2012). 

Insignificant investment has been made to research, breed and improve its production when compared to major 

cereal crops. The crop has received little attention from government policy makers, researchers and research 

institutes further inhibiting the crop‟s production potential that should meet its growing demand (FAO, 2008).  

1.2 The economic importance of cassava 
Cassava is one of the major diets for nearly a billion people in sub-Saharan Africa, Asia, the pacific 

and Latin America (FAO, 2008). It is reported that over 50 % of the global cassava production occurs in Africa 

(El-Sharkawy, 2006; FAOSTAT, 2009; Alabi et al., 2011). Cassava production is expected to reach 290.8 

million metric tons per year by 2020 (Scott et al., 2000).  In 2007, Africa was the world‟s largest producer with 

118 million tons out of a global production of 22 832 million tons (FAOSTAT, 2008).  In the developing world, 

cassava is regarded as a “drought war and famine” crop (Burns et al., 2010). This is because the crop can grow 

in low fertility soils, is easily propagated, requires little cultivation, and can tolerate sporadic and seasonally 

extended drought episodes (De Tafuret al., 1997; El-Sharkawy, 2002; Hillocks, 2002). The highly perishable 

tuberous roots of cassava can be left in the soil and retrieved only when needed for up to 3-4 years after maturity 

(Ceballos et al., 2004; El-Sharkawy, 2004; Lebot, 2009; Okogbeninet al., 2013). Globally, about 70 % storage 

roots from cassava are consumed as human food (El-Sharkawy, 2004) particularly in sub-Saharan Africa where 

it is the main energy source for over 40 % of the population (Scott et al., 2000; Nhassicoet al., 2008). Cassava 

can provide some form of food security during periods of climatic or agricultural instability and social unrest 

(Burns et al., 2010; Koledoyeet al., 2012). More than 90 % of cassava produced in Sub-Saharan Africa is used 

for fresh consumption and processed foods and the remaining used for animal feed and other industrial uses 

such as starch (Sanniet al., 2009; Okogbeninet al., 2013). Cassava is used as a raw material for starch 

production, papermaking, as a lubricant in oil wells and in the textile industry as substrate to producedextrinsand 

glues production (Cock, 1985). 

1.3 Nutritional Values of Cassava 

Cassava is the third most essential sources of calories in the tropical regions after rice and maize (El-

Sharkawy, 2006; FAO, 2010). Cassava roots typically are composed of 70 % moisture, 24 % starch, 2 % fiber, 1 

% protein and 3 % includes mineral substances (Westby, 2002; Tonukari, 2004). The carbohydrate content in 

root ranges from 80 % to 90 % on a dry matter basis (Montagnacet al., 2009). Cassava roots are commonly 
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processed into flour or products such as tapioca, fufu, farinha or gari, and can also be eaten fried or as boiled 

chips (Balagopalan, 2002). Cassava has high content of dietary fibre, magnesium, sodium, riboflavin, nicotinic 

acid, and citrate (Bradbury and Holloway, 1988). The iron and vitamin A levels are low (Westby, 2002), 

however some varieties with yellow roots contain significant amount of βeta‐carotene (Ferreira et al., 2008; 

Akinwaleet al., 2010; Carvalho et al., 2012). The leaves contain more proteins, minerals, and vitamins than the 

tubers (Westby, 2002; Montagnacet al., 2009). Cassava leaves are also consumed fresh or cooked (Achidiet al., 

2005; Lebot, 2009). The leaves and tubers can be used as animal feed (Balagopalan, 2002).  

 

II. Molecular characterization of response to drought stress in cassavas 
The scientific world turns to carry out an evaluation of drought effects on genetic parameters in cassava 

and value of breeding cassava. Those parameters included yield of storage roots, the mineral content in leaves 

and dry matter content of cassava tubers. Those genetics parameters within this study may be useful in the future 

for cassava breeding programs (Ochieng‟ Orek, 2014). The modern genomic tools are used in identifying the 

key genetic traits associated with yield-limiting factors such as drought stress in cassava (Ochieng‟ Orek, 2014). 

Cassava tissue and genotypes are valuable tools for the development of microarrays, to study genetic diversity, 

gene discovery and expression profiling. Those molecular instruments can create a clear understanding of 

molecular issues for drought tolerant crops (Zeng et al., 2006; Xu et al., 2008). Sequence analysis is one of the 

molecular evaluations used to determine cassava in response to drought; while twenty thousand full-length 

cDNA clones that revealed significant levels of lineage with specific expansion of genes were directly related to 

stress responses. This is a valuable tool that can be used by the breeding community for the improvement of 

cassava varieties (Cellier et al., 1998; Lokko et al., 2007; Sakurai et al., 2007; Ochieng‟ Orek, 2014).  

A microarray analysis conducted in three cassava genotypes and identified 168 up-regulated genes and 

69 down-regulated genes (Utsumi et al., 2012). The understanding of drought tolerant traits in cassava can help 

with the identification of molecular markers that will be used in transgenic genes improvement (Turyagyenda et 

al., 2013). The study provided molecular insights into drought tolerance trait in cassava. There was a studied on 

fifty-three cassava genotypes in Uganda and it indicated that MH96/0686 was tolerant to drought and leaf 

retention under water stress when compared to other cassava varieties (Turyagyenda et al., 2013). The finding of 

this experiment showed that expression of Zinc finger protein (ZFP252) gene in rice increased free proline along 

with soluble sugars the amount by elevating the expression of stress defense genes. Tolerance to salinity was 

enhanced in the rice and in addition, drought stress genes were enhanced (Xu et al., 2008).  

2.1 Drought Responsive genes 

Given the inherent challenges with cassava breeding, an understanding of the molecular basis of 

cassava drought responses and tolerance can help greatly in the development of appropriate varieties 

(Valliyodan and Nguyen 2006; El-Sharkawy, 2007).Conventional breeding has been hindered by cassava‟s high 

heterozygosity, genotype by environment (G × E) interaction, long life cycle (Ceballos et al. 2004) and limited 

seed production, while molecular breeding is hindered by limited information on genomic regions and genes 

associated with drought tolerance in cassava. Efforts to improve cassava‟s water use efficiency through 

conventional breeding have been limited in many parts of the world, including much of Sub Sahara Africa. 

Breeding programs in Latin America have successfully identified germplasms with increased levels of drought 

tolerance, with 2–3 times the yield of typical cassava genotypes in semi-arid conditions (El-Sharkawy, 2007). A 

range of cassava drought-tolerance levels has also been characterized in West Africa (Okogbeninet al., 2003).  

Efforts are now under way in eastern Africa to begin breeding for drought tolerant cassava. A range of cassava 

drought-tolerance levels has also been characterized in West Africa (Okogbeninet al., 2003).  Efforts are now 

under way in eastern Africa to begin breeding for drought tolerant cassava. 

Zinc finger protein (ZFP252) maintains cell membrane integrity and promotes proline synthesis 

(Sanchez et al., 1998; Xu et al., 2008). One or more “Zinc Finger” is possessed by the zinc finger protein gene, 

which bonds most of Zinc Ions by its residues, Histidine (His) and Cysteine (Cys). In abiotic and biotic stresses 

in rice plant, zinc finger protein respond significantly by regulating the plant molecular mechanism to those 

conditions  (Li et al., 2013). A cys-2/his-2-type (C2H2) zinc finger protein is a transcription factor that regulates 

gene expression by binding DNA in promoter regions of genes (Hardy, 2010). The C2H2 transcription factor 

has been associated with drought stress response in many plant species such as Cicer arietinum, Petunia 

hybrida, Oryza sativa,and Glycine max (Huang et al., 2009). Overexpression of ZFP245 enhanced activity of 

reactive oxygen species scavenging enzymes and elevated free proline levels in rice, thus increasing drought 

tolerance (Huang et al., 2009).   

Aldehyde Dehydrogenase 7B4 (ALDH7B4) is a gene involved in the function as an antioxidant/reactive 

oxygen species (ROS)/scavenging by reducing the levels of lipid peroxidation (Kotchoniet al., 2006; Ochieng‟ 

Orek, 2014). Reactive Oxygen species inhibit photosynthesis and cause cellular damage to plant during salt or 

drought stresses (Missihoun, 2010). A model plant Arabidopsis thaliana was used and Aldehyde dehydrogenase 
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gene was considered as „aldehyde scavengers‟; its main function is to eliminate toxic aldehydes in plant by 

causing oxidative stresses (Hou and Bartels, 2014).  

The responsiveness to Desiccation (RD28) gene is known to have early response to dehydration in 

plants. It had been known for its early involvement in transporting essential molecules across the leaves and 

stem in plants during osmotic stress (Silva et al., 2012). Early response to dehydration and drought stress in the 

plant is enhanced by the responsiveness to Desiccation gene (Daniels et al., 1994; Obidiegwu et al., 2015). 

Abscisic acid also activates transcription factors that involved in expression of downstream‐stress responsive 

genes such as Responsive to Dehydration (RD) and early Responsive to Dehydration (Pardo, 2010). The 

promoter region of RD29A/COR78/LTI78 contains both an abscisic responsive elements and dehydration 

responsive element binding proteins/C-repeat binding factor, which functions in Abscisic acid‐dependent and 

Abscisic acid‐22 independent gene expression respectively in response to drought stress (Seki et al., 2003).      

Manganese Superoxide Dismutase (MSD) involves with playing a role in oxidative stress tolerance in 

plants. During drought stress plant can be detoxified by MSD (Alscher et al., 2002). When plants are affected by 

drought stress condition, Manganese Superoxide Dismutase provides an inflammation defense subsequently 

causing cellular homeostasis (Li and Zhou, 2011). The MSD gene scavenges for reactive oxygen species (Fryer 

et al., 2002), ZFP252 maintains cell membrane integrity and promotes proline synthesis (Xu et al., 2008). The 

ALDH7B4 reduces the levels of lipid peroxidation (Kotchoniet al., 2006) and RD28, a turgor‐responsive, plasma 

membrane aquaporin found in plasma membranes of plant tissues and enhances drought tolerance through 

abscisic acid‐independent pathway (Kotchoniet al., 2006). 

 

III. Materials and methods 
Eight cassava varieties (Table 1) were collected from Kibaha, Dodoma and Mtwara during September 

to October 2015. Cassava cuttings for each were packaged in a paper envelope for the purpose of safely 

transporting them at Mikocheni Agriculture Research Institute (MARI); and they were washed with distilled 

water to disinfect them.              The cassava cuttings were planted in pots filled with soil (4 kg) each in the 

screen house at (MARI). These known improved cassava varieties were selected for this study. 

 

Table 1: List of Cassava varieties included in this study. 

Cassava varieties Pedigree Collection sites 

Kizimbani Kirobahalfsib Mtwara 

KBH 2006/374 Kibahahalfsib
 

Kibaha 

KBH 2002/135 Kibahahalfsib Kibaha 

UKG 92/053 Kibahahalfsib Dodoma  

IS 30474 Kibahahalfsib Dodoma  

Kiroba Amanihybrid Kibaha 

KBH 95/517 Kibahahalfsib Kibaha 

KBH 97/212 Kibahahalfsib Kibaha 

 

Table 2: Sequence of primers used for RT-qPCR reaction.  

Gene 

symbol 

Primers ID Primer sequence (5′–3 ′) Length 

(bases) 

Amplicons 

size   (bases) 

ZFP252 ZFP1F CTCTATTCTCAGCGCACATTCC             22 245 

 ZFP1R AGCATAACGAGGCAGAGAGC               20  

MSD MSD1F ATGAATGCAGAAGGTGCTGCA              21 269 

 MSD1R GAAGGGCATTCT TTGGCATAC               21  

RD28 RD282F TGCACTGCTGGTATC TCAGG                   20 237 

 RD282R GATCTCAGCTCCCAATCCAG                  20  

ALDH7B4 ALDH1F GGATGGAATGCATGCATTGCACTG       24 263 

 ALDH1R CTGATTCACTGTTTGTTGCACCATC      25  

Source: Turyagyendaet al. (2013). 

 

Table 3: Reference gene (βeta –Actin) sequences used for RT-qPCR 

Gene symbol Primers ID Primer sequence (5′–3 ′) Length (bases) 

ΒETA-ACTIN ACTIN1F TGCAGACCGTATGAGCAAG 19 

 ACTIN1R CACCCTTGGAAATCCACATC 20 

Source: (Guo et al., 2009; Yang et al., 2011). 
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3.1 Experimental design and treatment 

The experiment was set up in a randomized complete block design (RCBD) with three biological 

replicates. Three cassava cuttings (20 cm in length) for each variety were planted vertically in 4 kg of sterilized 

soil, in 5 liters plastic buckets. Treatment levels consisted of control (well-watered) and water deficits under 

Screen house environment at the temperatures ranging from 40 – 45 
º
C during day, with humidity typically at 50 

to 65 %. Both the control and treatment samples for all plants were watered with 500 ml of water every 2 days 

until 60 days after planting. After 60 days, plants in the stress treatment were gradually subjected to drought 

stress condition for additional 30 days. During the 30 days of stress, control samples received (500 ml) of water 

after every two days and water stress treatment samples received 250 ml of water after every four days. 

Irrigation was stopped 90 days after planting (DAP). 

3.2 Sampling and Laboratory Analysis 

Three leaves of each cassava varieties (upper, middle, and lower leaves) were sampled from both the 

control and treatment from the three biological replicates in the screen house after stressing them. Samples of 

cassava leaves were harvested one variety at a time, compressed into an envelope, well labeled. 

Ribonucleic acid (RNA) was extracted from 0.15-2.0 gram of fresh cassava leaf (that had been frozen 

at -80 °C) samples using a modified Chang et al. (1993) Cetyltrimethyl ammonium bromide (CTAB)-based 

protocol. A Modification was made to the Chang et al. (1993) method to reduce the time and cost of extraction 

without reducing quality and yield of the RNA extracted from leaves of cassava plants. In the modified protocol, 

all centrifugation steps were carried out at 4 °C. The CTAB extraction buffer was prepared using 2 % CTAB, 

100 mM Tris hydrochloric acid, 20 mM Ethylene diaminetetracetic acid (EDTA), 1.4 M Sodium Chloride 

(NaCl), 5 % βeta-mercapto ethanol and 2 % Polyvinyl Pyrrolidone (PVP). A fresh leaf of cassava sample, 

weighing 0.15 – 0.2 gram was grinding with 700 μl of extraction buffer. Other steps did not change except that 

RNA precipitation was carried out using 2 volumes of absolute ethanol instead of Lithium Chloride (LiCl) 

precipitation (Appendix 1). It was incubated at -20 °C, overnight to completely precipitate nucleic acid from the 

leaves of the cassava. 

The RNA quantity and quality of each of the samples was measured by Cecil CE3021 

spectrophotometer (Cecil Instruments, Cambridge, UK) at the absorbance wavelengths ratios of 260 nm and 280 

nm (A260/A280). A ratio ranging between 1.88 and 2.2 was considered an acceptable quality; and furthermore, 

investigation on the quality of RNA was conducted by an agarose gel electrophoresis. 

Master mix was prepared for cDNA synthesis using deoxynucleoside triphosphates (dNTPs), DEPC 

treated water and oligodT (18) to anneal to poly-A tails of the massager ribonucleic acid (mRNA) and reverse 

transcriptase to convert the mRNA to cDNA by reverse transcription, following manufacturer‟s instructions 

(Bioneer Corporation, Daejeon, South Korea). Two control reactions were added for each sample throughout the 

processed. Each of the control reactions had no RNA templates. The control reactions were to assess the quality 

of reagents, and the absent of contaminations.The synthesized cDNAs quantity and quality for each sample were 

determined using a Cecil CE3021 spectrophotometer (Cecil Instruments, Cambridge, UK). High quality cDNA 

was obtained at the absorbance wavelength ratio of A260/A280. The resulting cDNAs were standardized by 

diluting to a final working concentration of 50 ng/μl. 

3.3 Genes expression analysis 

The quantitative RT-PCR for the four genes (ZFP252, ALDH7B4, MSD and RD28) was performed on a 

standard real time PCR System (Agilent Technologies Stratagene with Mx3000P Software version 4.10) using 

SYRB Green JumpStart TaqReadyMix (Sigma, USA). These reactions were run on three biological replicates 

for each variety with the primers in Table 2. For each of the biological replicate, there were duplicate reactions 

run with the total volume of 20 μl per each reaction. Each reaction consisted of 2 μl of cDNA, 1 μl (10 pmol) 

each of the forward (F) and reverse (R) gene specific primers, 10 μl of 2 x SYBR Green I ready mix, 0.02 μl of 

passive reference dye and 5.98 μl of deionized water. There were two reactions of negative control containing 

only reagents with no cDNA templates. Thermal Profile conditions; initial denaturation at 94 
°
C for 2 minutes 

for cycle 1 and denaturation at 94 
°
C for 30 minutes, annealing at 55 

°
C for 1 minutes and extension at 72 

°
C for 

30 seconds for 40 cycles. The dissociation curve was carried out on default setting to confirm the specificity of 

each reaction. The amplification efficiencies of the targets (genes of interest) and the endogenous control 

(reference gene) were determined by performing RT-qPCR on 50, 25, 10, 1 and 0.5 ng of cDNA dilutions for all 

experimental samples. In addition, the coefficient of determination (R
2
) and standard deviations for three 

biological replicates were determined to calibrate pipetting accuracy and the reproducibility, respectively. 

The relative gene expression for the four genes (ZFP252, ALDH7B4, MSD and RD28), were obtained 

by comparing each of the gene with βeta-Actin gene (house-keeping gene). The ∆∆ Ct method for relative gene 

quantification was used to make the various comparisons from the RT-qPCR threshold (Ct) data, specially using 

the Relative Expression Software Tool (REST) version 2009, computed based on the analytical model by 

Pfafflet al. (2002). The reactions for the RT-qPCR were normalized using the cassava βeta-Actin gene with the 

primers listed in Table 3. The βeta-Actin gene was used as reference gene for all comparison in the selected 
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varieties (Guo et al., 2009; Yang et al., 2011). Expression data from control plants were used as standard 

calibrator or baseline for comparisons with the treatments for each variety; and Student paired sample t-test was 

applied to determine whether an up‐or down regulation of a gene was significant (P<0.05). The expression in the 

control plant was taken as unity (one). A gene is significantly up-regulated or down-regulated when its 

expression in a treatment is higher than or lower than that of the baseline respectively, and when the t-test 

statistics is lower than 0.05 % (at 95 % significance level). Expression of more than one is up-regulation and 

expression less than one is down-regulation. The t-test statistics showed whether the up-regulation or down-

regulation is significant or non-significant (NS). 

 

IV. Results 
All the genes of interest (ZFP252, ALDH7B4, MSD and RD28genes) and the reference gene (βeta-

Actin) amplified with threshold cycles (Ct) ranging from 25 to 29. The amplification efficiencies of the 

reference and target genes ranged between 98.24 to 101.39 %, which is considered acceptable. The linearity for 

coefficient of determination (R²) indicated the accuracy of pipetting and the threshold cycles (Ct). Standard 

deviations of all biological replicates were less than 0.105, which validated an acceptable reproducibility. 

Negative control reactions (no cDNA templates) assessed the quality of reagents, primers dimers and absent of 

contaminations. No amplification was detected in the negative controls. 

The relative gene expression for each of the four genes (ZFP252, ALDH7B4, MSD and RD28 gene) 

compared with beta-actin gene between the controls (well-watered plants) and the treatment (stressed plants) 

within each of the eight varieties by using the ΔΔ Ct method for quantification by Pfafflet al. (2002). Results 

showed efficiencies of targets and reference genes were approximately equal. Results revealed that all of the 

four genes were significantly (P<0.05) up-regulated in Kiroba as shown in Table 4. The study further revealed 

that ALDH7B4 gene was significantly (P<0.05) up-regulated in all varieties except in IS30474. The results also 

showed that KBH 94/774 and KBH 97/212 had the highest number of down-regulated genes in expressions. 

Whereas IS30747 had the highest number of non-significant gene expression as shown in Table 4: and Figure. 1. 

 

 
 

Fig:The fold change in expression for ZFP2525, RD28, ALDH7B4 and MSD genes in eight varieties relative to 

the reference gene (βeta-Actin). The fold change in expression for ZFP2525, RD28, ALDH7B4 and MSD genes 

in eight cassava varieties relative to the reference βeta-Actin gene. Paired Sample t-tests significance: * = 

P<0.05, as up-regulated. The control (C) is the standard baseline/calibrator at unity (one), while ns = non-

significant. 
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Table 4: Fold change in expression of genes in 

treatment (water stress) against control (Well 

Varieties Gene  Expressio

n 

   SE 95 % CI Probability              

(P = 0.05) 

Results 

Kizimbani ZFP252 0.571 0.171 – 0.646 0.019 - 0.661 0.001 Down-regulated 

 RD28 0.571 0.183 – 0.711 0.320 – 0.577 0.009 Down-regulated 

 ALDH7B4 1.670 1.618 – 3.031 1.579 – 8.281 0.001 Up-regulated 

 MSD 1.283 0.431 – 1.682 0.321 – 2.446 0.084 NS 

KBH 

2006/374 

ZFP252 1.652 1.781 – 2.561 1.620 – 5.973  0.003 Up-regulated 

 RD28 1.421 0.718 – 2.196 0.133 – 4.407  0.055 NS 

 ALDH7B4 7.012 2.869 – 5.828 2.408 – 

11.979 

0.000 Up-regulated 

 MSD 1.023 0.718 – 2.196 0.455 – 3.115 0.212 NS 

KBH 

2002/135 

ZFP252 0.091 0.097 – 0.681 0.045 – 0.869 0.004 Down-regulated 

 RD28 0.132 0.121 – 0.510 0.069 – 0.838 0.000 Down-regulated 

 ALDH7B4 1.694 1.249 – 3.456 1.169 – 9.838 0.000 Up-regulated 

 MSD 1.323 0.541 – 2.141 0.447 – 3.899 0.093 NS 

UKG 92/053 ZFP252 1.392 0.214 – 0.998 0.149 – 1.024 0.099 NS 

 RD28 1.601 1.341 – 5.182 1.226 – 9.174 0.004 Up-regulated 

 ALDH7B4 6.383 1.601 – 4.127 1.409 – 8.641 0.003 Up-regulated 

 MSD 0.612 0.731 – 0.873 0.018 – 0.689 0.000 Down-regulated 

IS 30474 ZFP252 1.851 1.912 – 3.191 1.802 – 7.087 0.011 Up-regulated 

 RD28 4.355 1.994 – 4.144 1.937 – 

11.309 

0.000 Up-regulated 

 ALDH7B4 1.046 0.651 – 3.416 0.553 – 3.926 0.390 NS 

 MSD 1.171 0.245 – 1.891 0.146 – 2.267 0.064 NS 

Kiroba ZFP252 3.233 1.301 – 4.564 1.230 – 

10.976 

0.003 Up-regulated 

 RD28 3.927 1.716 – 4.011 1.681 – 9.496 0.002 Up-regulated 

 ALDH7B4 2.991 1.513 – 3.511 1.491 – 8.789 0.001 Up-regulated 

 MSD 3.972 1.991 – 4.881 1.955 – 

11.058 

0.000 Up-regulated 

KBH 95/774 ZFP252 0.794 0.711 – 0.881 0.083 – 0.951 0.012 Down-regulated 

 RD28 0.126 0.412 – 0.813 0.099 – 0.954 0.001 Down-regulated 

 ALDH7B4 1.563 1.341 – 3.491 1.297 – 9.813 0.009 Up-regulated 

 MSD 0.779 0.114 – 0.712 0.046 – 0.921 0.006 Down-regulated 

KBH 97/212 ZFP252 0.658 0.315 – 0.331 0.085 – 0.412 0.006 Down-regulated 

 RD28 0.067 0.182 – 0.561 0.097 – 0.643 0.000 Down-regulated 

 ALDH7B4 1.615 1.456 – 4.516 1.373 – 

10.887 

0.017 Up-regulated 

 MSD 0.806 0.841 – 0.612 0.422 – 0.717 0.043 Down-regulated 
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water) varieties 

CI = Confidence interval at 95 %; Expression = fold change in the expression of a gene in water stress relative to 

control and treatment andNS = non-significant. 

 

V. Discussion 
This study was conducted in a screen house environment at Mikocheni Agriculture Research Institute, Dar 

es Salaam. The aim of this study was to improve efficiency in breeding for drought tolerance cassava through 

molecular techniques; by further determining the fold change in expression for each drought tolerant gene in eight 

selected improved cassava varieties (Kizimbani, KBH 2006/374, KBH 2002/135, UKG 92/053, IS 30474, Kiroba, 

KBH 95/517, and KBH 97/212) in Tanzania. This is the first study of its kind, to our knowledge, conducted on the 

eight varieties of cassava, which additional aimed at investigating molecular characteristics of gene expression 

levels. This study revealed and confirmed the presence of the four genes (ZFP252, ALDH7B4, MSD and RD28). 

They have been associated with drought adaptation, or the tolerance in improved cassava genotype (MH96/0686) 

from Uganda (Turyagyenda et al., 2013).     

Aldehyde dehydrogenase is encoded from the gene ALDH7B4, which was up-regulated specifically in 

MH96/0686 by 2.815-fold. It plausibly this gene may hence be involved in the enhancement process of drought 

tolerance in cassava under drought stress (Turyagyenda et al.,2013). In the findings of this study, the gene was up-

regulated with fold change of 1.670-fold in Kizimbani, 7.012-fold in KBH 2006/374, 6.383-fold in UKG 92/053, 

2.991-fold in Kiroba, 1.563-fold in KBH 95/774 and 1.615-fold in KBH 97/212 (Table 8). This gene was over-

expressed in KBH 2006/374 and UKG 92/053. The findings of this study are in strong agreement with the studies by 

Kotchoniet al. (2006), who observed that transgenic Arabidopsis thaliana plants with increased amounts of 

ALDH7B4 were more tolerant to dehydration and salt stress than wild-type plants. They reported further that over-

expression of the ALDH7B4 gene in transgenic plants under drought and salt stress reduced the level of lipid 

peroxidation, signifying that the gene confers both oxidative and osmotic stress tolerance in Arabidopsis thaliana 

through reactive oxygen species (ROS) scavenging and reducing lipid peroxidation. Additional result revealed that 

the gene can be induced by pathogens and might therefore be a multi-stress-responsive gene (Zimmermann et al., 

2004). The fold change by 2.815 over-expression of this gene in drought tolerant cassava indicated the gene may 

take part in the enhancement of drought tolerance in cassava, probably by reducing lipid peroxidation through ROS 

scavenging (Kotchoniet al., 2006). 

The gene ZFP252 that translates a zinc finger protein has been conveyed during water stress to confer 

drought tolerance in plants by maintaining cell membrane integrity. It was revealed that the relative electrolyte 

leakage, an indicator of membrane injury, was lower under drought stress in Oryza sativa ZFP252-transformed rice 

plants than in non-transformed Oryza sativa ZFP252 knock-out plants (Morsyet al., 2005; Xu et al., 2008). The 

findings suggest that ZFP252 protects plants from stress by retaining cell membrane integrity. The higher soluble 

sugars and free proline contents were in transformed Oryza sativa plants than non-transgenic Oryza sativa plants 

(Xu et al., 2008). Results suggest that enhanced stress tolerance under salt and drought stresses of ZFP252-

transgenic plants might partially be through activation of proline synthesis and proline transference pathways by 

Oryza sativa ZFP252. Drought tolerance through osmotic adjustment was due to higher proline levels (Sanchez et 

al., 1998; Xu et al. 2008). In this study, ZFP252 gene was also exclusively up-regulated in KBH 2006/374 by 1.652-

fold, 1.851-fold in IS 30474 and 3.233-fold in Kiroba. It is therefore very suggestive that this gene is among few that 

enhance drought tolerance in cassava and specifically in KBH 2006/374, IS 30474 and Kiroba, through increasing 

the free osmo-protectant proline and soluble sugars as observed in earlier studies (Sanchez et al., 1998).   

The gene MSD translates into manganese superoxide dismutase (MnSOD) enzyme that plays a role in 

oxidative stress tolerance in plants. Over-expression of superoxide dismutase (SOD) in transgenic plants increases 

oxidative stress tolerance (Basuet al., 2001; Wang et al., 2005). In this study, findings agreed with the relative 

expression in Kiroba by 3.972-fold. It shows a level that can believably confer increased oxidative stress and 

drought tolerance in cassava. Studies by Sen Gupta et al. (1993) showed that a 3-fold increase in total pea copper or 

manganese superoxide dismutase activity in transgenic tobacco resulted in an increase significantly in resistance to 

membrane impairment. A 1.5 to 2.5-fold increase in total (SOD) enzymes activity was reported by Basuet al. (2001) 

in transgenic Brassica napus plants transformed with wheat MnSOD increased oxidative stress resistance as 

compared with wild-type controls. Wang et al. (2005) reported that a 1.4-fold increase in total Superoxide dismutase 

enzymes activity in the MnSOD transgenic rice plants was enough to increase oxidative stress resistance and 

drought tolerance when the gene was fused with a chloroplast transit peptide sequence to target the manganese 

superoxide dismutase to the chloroplast. The 3.148-fold increase of expression was observed in drought tolerance 

genotype MH96/0686 (Turyagyenda et al.,2013). Superoxide dismutase enzymes are involved in scavenging 
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reactive oxygen species that are produced in plants during water stress (McKersieet al., 1996; Fryer et al., 2002). It 

is therefore hypothesized that this gene confers drought tolerance through ROS scavenging in cassava.   

The RD28 gene encodes the responsiveness to Desiccation. The expression of t RD28 gene was 

increased1.511-fold by water stress, being exclusively up-regulated in the drought tolerant genotype, suggesting that 

it plays a role in enhancement of drought tolerance in cassava. In this study, findings in expression for RD28 gene 

were 4.355-fold in Kiroba, 3.927-fold in KBH 95/774 and 1.601 in UKG 92/053. Daniels et al. (1994) finding 

showed that RD28 gene is a turgor-responsive, mercury-resistant plasma membrane aquaporin found in plasma 

membranes of all plant tissues except seeds. Earlier studies by Yamaguchi-Shinozaki et al. (1992) revealed that 

RD28 gene enhances drought tolerance through an abscisic acid-independent pathway. It transports small molecules 

across cell membranes by protecting desiccated cells; and finding in this study believed that it enhances the cells‟ 

desiccation tolerance in drought tolerant cassava through osmotic adjustment. 

The Transcription factors (TFs) interact with cis-elements in the promoter region of several stresses related 

genes and thus up or down-regulating the expression of many downstream genes resulting into impacting abiotic 

stress tolerance (Agarwal and Jha 2010). In Arabidopsis thaliana genome about 1500 TFs are described which are 

involved in expression of stress responsive genes (Riechmannet al., 2000). The dehydration responsive element 

binding proteins/C-repeat binding factor (DREBs/CBF) are important transcription factors that induce a set of 

abiotic stress-related genes, thus impacting stress tolerance to plants. They play an important role in Abscisic acid 

(ABA)-independent pathway that activates stress response genes (Stockinger et al., 1997; Liu et al., 1998; Udvardiet 

al., 2007). These proteins specifically bind to and activate the expression of genes in the promoter of the drought 

response gene RD28 (Yamaguchi-Shinozaki and Shinozaki, 1993). It is probably possible that transcription factor 

DREBs/CBF might not bind to the promoters of gene RD28 during the abscisic acid-independent pathway 

mechanism thus resulted to down-regulation of the gene in three varieties (Kizimbani, KBH 2002/135, and KBH 

95/774).  

 

VI. Conclusion 
Successful amplification of ZFP252, ALDH7B4, MSD and RD28 fragments by primers in this study 

suggests the present of these genes in the selected cassava varieties.The present study revealed at the molecular level 

an exclusively up-regulation of ALDH7B4 gene with statistical significance in all varieties except IS 30474. Based 

on the gene known function in other species, it is likely that the tolerance to drought stress at the cellular level in 

these varieties consist of reduction of osmotic adjustment and oxidative stress through reactive oxygen species 

(ROS) scavenging and reduction of lipid peroxidation; and ALDH7B4 gene influenced these varieties tolerance to 

drought. In addition, findings showed Kiroba as the only variety with all four genes exclusively up-regulated. 

Physiologically, the eight varieties exhibited indications of tolerance to drought stress during the entire experiment. 

The ALDH7B4 gene can now be tested in the context of cassava breeding, as possible quantitative trait loci and 

engineering for drought tolerance in transgenic. Kiroba can also be considered for test in cassava breeding programs 

to engineering drought tolerance trait due to the up-regulation of the four genes. The significance of this research 

finding is to generate new molecular data to bridge the information gap and provide more tools for breeders to use 

for introgression into other improved cassava germplasms for climate change mitigation. In addition, poverty 

alleviation and sustainable food security are benefiting factors from this study.   

Based on the findings of the present study, it is recommended that other studies should be conducted.  

To further understand the mediating signaling pathways in response to abiotic stresses, it will be essential to identify 

and characterize the downstream and upstream molecules of ZFP252, ALDH7B4, MSD and RD28 by microarray, 

yeast hybrid system and so on. To research on Kiroba concerning its mineral contents in leaves and tuber qualities; 

this analysis is warranted to determine whether the up-regulation of these four genes (ZFP252, ALDH7B4, MSD and 

RD28) influence or affect any nutritional qualities during abiotic stresses. To further design field-based trials, re-

evaluating experiments and compare findings with screen-house environment conditions; and provide information 

back to plant breeders and farmers in the field as the best realistic research design to generate sustainable results. 

 

References 
[1]. Achidi, A. U., Ajayi, O. A., Maziya-Dixon, B. B. and Bokanga, M. (2005). The use of cassava leaves as 

food in Africa. Journal of Ecology of Food and Nutrition 44(6): 423 – 435. 

[2]. Agarwal, P. K. and Jha, B. (2010). Transcription factors in plants and ABA dependent and independent 

abiotic stress signaling. Biologia Plantarum 54: 201 – 212. 

[3]. Akinwale, M. G., Aladesanwa, R. D., Akinyele, B. O., Dixon, A. G. O. and Odiyi, A. C. (2010). 

Inheritance of s‐carotene in cassava (Manihot esculenta Crantz). International  Journal of Genetics and 

Molecular Biology 2(10): 198 – 201. 



Survey for the Expression Levels of Drought Tolerant Genes in Cassava Varieties …  

Multidisciplinary Journal                                        www.ajmrd.com                                    Page | 38 

[4]. Alabi, O. J., Kumar, P. L. and Naidu, R. A. (2011). Cassava mosaic disease: A curse to food security in 

Sub-Saharan Africa. [http://www.apsnet.org/ publications/ apsnetfeatu res/Pages/cassava.aspx] site visited 

on 10/4/2016. 

[5]. Alscher, R. G., Erturk, N. and Heath, L. S. (2002). Role of superoxide dismutases (SODs) in controlling 

oxidatves stress in plants. Journal of Experimental Botany 53(372): 1331 – 1344. 

[6]. Alves, A. A. C. and Setter, T. L. (2004). Abscisic acid accumulation and osmotic adjustment in cassava 

under water deficit. Environmental and Experimental Botany 51: 259 – 271. 

[7]. Alves, A. A. C. and Setter, T. L. (2000). Response of Cassava to Water Deficit: Leaf area growth and 

abscisic acid. Crop Science 40: 131 – 137. 

[8]. Anjum, S. A., Xie, X. Y., Wang, L. C., Saleem, M. F., Man, C. and Lei, W. (2011). Morphological, 

Physiological and Biochemical responses of plants to drought stress. African Journal of Agricultural 

Research 6 (9): 2026 – 2032. 

[9]. Anonymous (2004). Cassava, Report on Survey of selected Agro Raw Materials in Nigeria. Raw materials 

research and development council. Federal Ministry of Science and Technology, Abuja, Nigeria. 11pp. 

[10]. Balagopalan, C. (2002). Cassava utilization in food, feed and industry. In: Cassava: Biology, Production 

and Utilization. (Edited by Hillocks, R. J., Thresh, J. M.  and Bellotti, A. C. (Eds). Commonwealth for 

Agriculture Bureau International, London. pp. 301 – 318. 

[11]. Basu, U., Good, A. G. and Taylor, G. J. (2001). Transgenic Brassica napus plants over expressing 

aluminum-induced mitochondrial manganese superoxide dismutase cDNA are resistant to aluminium. 

Plant, Cell and Environment 24: 1269–1278. 

[12]. Bradbury, J. H. and Holloway, W. D. (1988). Chemistry of Tropical Root Crops: Significance for Nutrition 

and Agriculture in the Pacific. Monograph No. 6. Centre for International Agricultural Research, Canberra, 

Australia.  

[13]. Bremner, J. M. and Mulvaney, C. S. (1982). Total nitrogen. In: Methods of Soil Analysis Part 2. Chemical 

and Microbiological Properties. (Edited by Page, A. L., Miller, R. H., and Keeney, D. R.), American 

Society of Agronomy and soil Science of America, Madison, Wisconsin. pp. 593 - 624. 

[14]. Bull, S. E., Ndunguru, J., Gruissem, W., Beeching, J. R. and Vanderschuren, H. (2011). Cassava: 

constraints to production and the transfer of biotechnology to African laboratories. Plant Cell Reports 30: 

779 - 787. 

[15]. Burns. A., Gleadow, R., Cliff, J., Zacarias, A. and Cavagnaro, T. (2010). Cassava: The drought, war and 

famine crop in a changing world. Sustainability 2:                       3572 – 3607. 

[16]. Cadavid, L. F., El-Sharkawy, M. A., Acosta, A. and Sanchez, T. (1998). Long-term effects of mulch, 

fertilization and tillage on cassava grown in sandy soils in northern Colombia. Field Crops Research 57: 45 

– 56. 

[17]. Carvalho, L. M. J., Oliveira, A. R. G., Godoy, R. L. O., Pacheco, S., Nutti, M. R., de Carvalho, L. V., 

Pereira, E. J. and Fukuda, W. G. (2012). Retention of total carotenoid and s‐carotene in yellow sweet 

cassava (Manihot esculenta Crantz) after domestic cooking. Food and Nutrition Research 56: 15788 – 

15788.  

[18]. Cassman, G. K., Dobermann, A., Walters, D. T. and Yang, H. (2003). Meeting cereal demand wile 

protecting natural resources and improving environmental quality. Annual Review of Environment and 

Resources 28: 315 - 358. 

[19]. Cattivelli, L., Rizza, F., Badeck, F. W., Mazzucotelli, E., Mastrangelo, A, M., Francia, E. Stanca, A. M. 

(2008). Drought tolerance improvement in crop plants: An integrated view from breeding to genomics. 

Field Crop Research 105: 1 - 14. 

[20]. Calatayud, P. A., LLovera, E., Bois, J. F. and Lamaze, T. (2000) Photosynthesis in drought‐adapted 

cassava. Phosynthetica  38:  97 – 104. 

[21]. Ceballos, H., Iglesias, C. A., Perez, J. C. and Dixon, A. G. O. (2004). Cassava breeding : opportunities and 

challenges. Plant Molecular Biology 56: 503 - 516. 

[22]. Cellier, F., Conejero, G., Breitler, J. C., and Casse, F. (1998).Molecular and physiological responses to 

water deficit in drought-tolerant and drought-sensitive lines of sunflower. Accumulation of dehydrin 

transcripts correlates with tolerance. Plant Physiology 116(1): 319 - 328. 

[23]. Chang, S., Puryear, J. and Cairney, J. (1993). A simple and efficient method for isolating RNA from pine 

trees. Plant Molecular Biology Reporter 11: 113 ‐ 116. 

[24]. Chaves, M. M., Flexas, J. and Pinheiro, C. (2009).Photosynthesis under drought and salt stress: regulation 

mechanisms from whole plant to cell. Annals of Botany 103: 551 – 560. 

http://www.apsnet.org/%20publications/%20apsnetfeatu%20res/Pages/cassava.aspx


Survey for the Expression Levels of Drought Tolerant Genes in Cassava Varieties …  

Multidisciplinary Journal                                        www.ajmrd.com                                    Page | 39 

[25]. Cock, J. H., Porto, M. C. M and El-Sharkawy, M. A. (1985). Water use efficiency of cassava. III. Influence 

of air humidity and water stress on gas exchange of field grown cassava. Crop Science 25: 265 - 272. 

[26]. Collins, N. C., Tardieu, F. and Tuberosa, R. (2008). Quantitative trait loci and crop performance under 

abiotic stress: Where do we stand? Plant Physiology  147: 469 – 486. 

[27]. Coulson, A. and Diyamett, B. (2012). Research on Poverty Alleviation 17
th

  Annual Research Workshop 

Improving the Contribution of Agricultural Research to Economic Growth: Policy Implications of a 

Scoping Study in Tanzania 

[28]. Dai, A. (2010). Drought under global warming: A Review. WIREs Climate Change 2:             45 – 65. 

[29]. Daniels, M. J., Mirkov, T. E.  and Chrispeels, M. J. (1994). The plasma membrane of Arabidopsis thaliana 

contains a mercury-insensitive aquaporin that is a homolog of the tonoplast water channel protein TIP. 

Plant Physiology 106: 1325 – 133. 

[30]. Degenkolbe, T., Thi, D. P., Zuther, E., Repsilber, D., Walther, D., Hincha, D. K. and Kohl, K. I. (2009). 

Expression profiling of rice cultivars differing in their tolerance to long-term drought stress. Plant 

Molecular Biology 69: 133 – 153. 

[31]. De Tafur, S. M., El-Sharkawy, M. A. and Calle, F. (1997). Photosynthesis and yield performance of 

cassava in seasonally dry and semi-arid environments. Photosynthetica 33(2): 249 – 257. 

[32]. El-Sharkawy, M. A. (2007). Physiological characteristics of cassava tolerance to prolonged drought in the 

tropics: implications for breeding cultivars adapted to seasonally dry and semiarid environments. Brazilian 

Journal of Plant physiology 19: 257 - 286. 

[33]. El-Sharkawy, M. A. (2006). International research on cassava photosynthesis, productivity, eco‐physiology 

and responses to environmental stresses in the tropics. Photosynthetica  44: 481 – 512. 

[34]. El-Sharkawy, M. A. (2004). Cassavabiology and physiology. Plant Molecular Biology 56: 481 – 501. 

[35]. El-Sharkawy, M. A. and Cadavid, L. F. (2002). Response of cassava to prolonged water stress imposed at 

different stages of growth. Experimental Agriculture  38:                 333 – 350. 

[36]. FAO (2013). Save and Grow: Cassava A guide to sustainable production intensification. 

[www.fao.org/publications] site visited on 06/11/2016. 

[37]. FAO  (2010).Why Cassava? [http://www.fao.org/ag/agp/agpc/gcds] site visited on 10/5/2016. 

[38]. FAO (2008). Cassava for food and energy security: Investing in cassava research and development could 

boost yields and Industrial uses. 

[39]. FAOSTAT (2009). Statistical database. [http://faostat.fao.org] site visited on 10/5/2016. 

[40]. FAOSTAT (2008). Statistical database. of the Food and Agriculture Organization of the United Nations. 

[http://faostat.fao.org] site visited on 10/5/2016. 

[41]. Fermont, A. M., Tittonell, P. A., Baguma, Y., Ntawuruhunga, P. and Giller, K. E. (2009). Towards 

understanding factors that govern fertilizer response in cassava: lessons from East Africa. Nutrient Cycling 

in Agro-ecosystems 86: 133 – 151. 

[42]. Ferreira, C. F., Alves, E., Pestana, K. N., Junghans, D. T., Kobayashi, A. K., Santos, V. J., Silva, R. P., 

Silva, P. H., Soares, E. and Fukuda, W. (2008).  Molecular characterization of Cassava (Manihot esculenta 

Crantz) with yellow‐orange roots forbeta‐carotene Improvement. Crop Breeding and Applied 

Biotechnology  8: 23 – 29. 

[43]. Fryer, M. J., Oxborough, K., Mullineaux, P. M. and Baker, N. R. (2002). Imagingof photo-oxidative stress 

responses in leaves. Journal of Experimental Botany 53: 1249–1254. 

[44]. Gee, G. W. and Bauder, J. W. (1996). Particle Size Analysis- In: Methods of Soil Analysis, Physical and 

Mineralogical Methods Soil Science Society of America. American Society of Agronomy, Inc., Madison, 

Wisconsin. 412pp. 

[45]. Godfray, H. C. J., Beddington, J. R., Crute. I. R., Haddad, L., Lawrence, D., Muir, J. F., Pretty., Robinson, 

S., Thomas, S. M. and Toulman, C. (2010). Food Security: The challenge of feeding 9 billion people. 

Science 327: 812 - 818.Guo, P., Baum, M., Grando, S., Ceccarelli, S., Bai, G., Li, R., Korff, M. V., 

Varshney, R. K., Graner, A. and Valkoun, J. (2009). Differentially expressed genes between drought-

tolerant anddroughtsensitive barley genotypes in response to drought stress during the reproductive stage. 

Journal of Experimental Botany 60:                  3531–3544. 

[46]. Grains of Delusion (2001). Biothai Cedac Drcsc Grain Masipag Pan and ubinig  [www.grain. org/ 

publications/delusion-en-cfin]  site visited on 06/11/2016. 

[47]. Hillocks, R. J. (2002). Cassava in Africa. In: Cassava: Biology, Production and Utilization. (Edited by 

Hillocks, R. J., Thresh. J. M.  and A. C. Bellotti, A. C.),  Commonwealth For Agriculture Bureau 

International, London. pp. 41 – 54. 

http://www.fao.org/publications
http://faostat.fao.org/
http://faostat.fao.org/


Survey for the Expression Levels of Drought Tolerant Genes in Cassava Varieties …  

Multidisciplinary Journal                                        www.ajmrd.com                                    Page | 40 

[48]. Hoekstra, F. A., Golovina, E. A. and Buitinik, J.  (2001). Mechanisms of plant desiccation Tolerance. 

Trends in Plant Science 6(9): 431 – 438. 

[49]. Hou, Q. and Bartels, D. (2014). Part of a Special Issue on Halophytes and Saline Adaptations Comparative 

Study of the Aldehydrogenase.  Gene Super family in the Glycophyte Arabidopsis Thaliana,  Eutrama. 

22pp. 

[50]. Hortensteiner, S. (2009). Stay‐green regulates chlorophyll and chlorophyll-binding protein degradation 

during senescence. Trends in Plant Science 14: 155 –162. 

[51]. Howeler, R. H. (1990). Phosphorus requirements and management of tropical root and tuber crops. In: 

Proceedings Symposium of Phosphorus Requirements for Sustainable Agriculture in Asia and Oceania. 

International Rice Research Institute, Los Banos, Philippines, March 1989. pp. 427 – 444. 

[52]. IITA (2007). Scientists halt cassava and banana devastation in East and Central Africa. 

[http://www.cgiar.org/newsroom/releases/news.asp?idnews574] sited visited on 6/05/2015. 

[53]. IITA (2005). Agronomy of cassava. Research Guides. Training Program. International Institute Tropical of 

Agriculture, Ibadan, Nigeria.  39pp. 

[54]. Iglesias, C., Mayer, J., Chavez, L. and Calle, F. (1997).Genetic potential and stability of carotene content in 

cassava roots. Euphytica  94: 367 – 373. 

[55]. Jones, W. O. (1959). Manioc in Africa. Stanford University Press, Stanford University. 315pp. 

[56]. Kang, J., Hwang, J. U., Lee, M., Kim, Y. Y., Assmann, S. M., Martinoia, E. and Lee, Y. (2010) PDR-type 

ABC transporter mediates cellular uptake of the phytohormone abscisic acid. PNAS 107(5): 2355 – 2360. 

[57]. Koledoye, G. F., Owombo, P. T. and Toromade, O. G. (2012). Analysis of occupational and environmental 

hazards associated with cassava processing in Edo state Nigeria. Agriculture and Food Science 1(1): 25 – 

32. 

[58]. Kotchoni, O. S., Kuhns, C., Ditzer, A., Kirch, H. H. and Bartels, D. (2006). Overexpression of different 

aldehyde dehydrogenase genes in Arabidopsis thaliana confers tolerance to abiotic stress and protects 

plants against lipid peroxidation and oxidative stress. Plant Cell and Environment 2: 1033–1048. 

[59]. Krasensky, J. and Jonak, C. (2011). Drought, salt and temperature stress‐induced metabolic 

re‐arrangements and regulatory networks.  Journal of Experimental Botany  2: 1 – 16. 

[60]. Kulembeka, H. P. K. (2010). Genetic linkage mapping of field resistance to cassava brown streak disease in 

cassava (Manihot esculenta Crantz) landraces from Tanzania. Thesis for Award of PhD Degree at  

University of the Free State, Bloemfontein, South Africa, 281pp. 

[61]. Landon, J. R. (1991). Booker Tropical Soil Manual. A Hand Book for Soil Survey and Agricultural Land 

Evaluation in the Tropics and Sub Tropics. Longman Publishers, New York. 

[62]. Lebot, V. (2009). Tropical Root and Tuber Crops: Cassava, Sweet Potatoes, Yams and Aroids. Crop 

Production Science in Horticulture, No. 17.  Commonwealth for Agriculture Bureau International, UK. 

413pp. 

[63]. Legg, J. P., Jeremiah, S. C., Obiero, H. M., Maruthi, M. N., Ndyetabula, I., Okao-Okuja, G., Bouwmeester, 

H., Bigirimana, S., Tata-Hangy, W., Gashaka, G., Mkamilo, G., Alicai, T. and Kumar, P. 

(2011).Comparing the regional epidemiology of the cassava mosaic and cassava brown streak pandemics in 

Africa. Virus Research 159: 161-170. 

[64]. Li, C. and Zhou, H. (2011). The Role of Manganesse Superoxide Dismutase in Inflammation Defense. 

[65]. Li, W. T., He, M., Wang, J. and Wang, Y. P. (2013). Zinc Finger Protein in plants-A review. Plant OMICS 

6(6): 474 - 480. 

[66]. Liu, Q., Kasuga, M., Sakuma, Y., Abe, H., Miura, S., Goda, H., Shimada, Y., Yoshida, S., Shinozaki, K. 

and Yamaguchi-Shinozaki, K. (1998). Two transcription factors, DNA binding domain separate two 

cellular signal transduction pathways in drought- and low-temperature-responsive gene expression, 

respectively, in  rabidopsis. The Plant Cell 10: 391–406. 

[67]. Lobell, D. B., Burke, M. B., Tebaldi, C., Mastrandrea, M. D., Falcon, W. P. and Naylor, R. L. (2008). 

Prioritizing climate  change adaptation needs for food security in 2030. Journal of Science 319:  607 - 610. 

[68]. Lokko, Y., Anderson, J. V., Rudd, S., Raji, A., Horvath, D., Mikel, M. A. and  Ingelbrecht, I. L. (2007). 

Characterization of an 18,166 EST for cassava (Manihot esculenta Crantz) enriched for drought-

Responsive genes. Plant Cell Reports  26: 1605 - 1618. 

[69]. McKersie, B. D., Bowley, S. R., Harjanto, E. and Leprince, O. (1996). Water deficit tolerance and field 

performance of transgenic alfalfa overexpressing superoxide dismutase. Plant Physiology 111: 1177–1181. 

[70]. Ministry of Agriculture Food Security and Cooperatives (2009). The preliminary food production forecast 

for 2009/10 food security. Agstats for Food Security, Crop Monitoring and early warning division, Ministry 

of Agriculture Food Security and Cooperatives, Tanzania. pp. 15 - 25. 



Survey for the Expression Levels of Drought Tolerant Genes in Cassava Varieties …  

Multidisciplinary Journal                                        www.ajmrd.com                                    Page | 41 

[71]. Mir, R. R., Zaman-Allah, M., Sreenivasulu, N., Trethowan, R. and Varshney, R.K. (2012).Integrated 

genomics, physiology and breeding approaches for improving drought tolerance in crops. Theoretical 

Applied Genetics 125(4): 625 – 645. 

[72]. Missihoun, T. D. (2010). Characterization of selected Arabidopsis Aldehyde Dehydrogenase genes: Role in 

plant stress physiology and regulation of gene expression. pp. 111 - 140 

[73]. Mkamilo, G. S. (2005). Current status of cassava improvement programme in Tanzania. In: Kullaya, A. and 

A. Mpunami (Eds.) Molecular Marker-Assisted and Farmer Participatory Plant Breeding. Workshop on 

Marker Assisted and Participatory Plant Breeding, Dar es salaam, Tanzania.  pp. 1311-1314. 

[74]. Montagnac, J. A., Davis, C. R. and Tanumihardjo, S. A. (2009). Nutritional value of cassava for use as a 

staple food and recent advances for improvement. Comprehensive Reviews in Food Science and Food 

Safety 8(3):181 - 194. 

[75]. Morsy, M. R., Almutairi, A. M., Gibbons, J., Yun, S. J. and Los Reyes, B. G. (2005). The OsLti6 genes 

encoding low-molecular weight membraneproteins are differentially expressed in rice cultivars with 

contrasting sensitivity to low temperature. Gene 344: 171–180. 

[76]. Munns, R. and Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant Biology 59: 

651 – 681. 

[77]. Nassar, N. M. A. (2005). Cassava: Some ecological and physiological aspects related to plant breeding. 

[http://ww2.geneconserve.pro.br/artigo024.pdf] site visited on 20/4/2016. 

[78]. Nelson, D. W. and Sommers, L. E. (1982).Total carbon and organic matter. In: Methods of Soil Analysis, 

Chemical and Microbiology Properties. (Edited by Page, A. L., Miller, R. M. and Keeney D. R.), American 

Society of Agronomy, Madson, Winsconsin. pp. 539 - 577. 

[79]. Nhassico, D., Muquingue, H., Cliff, J., Cumbana, A. and Bradbury, J. H. (2008). Rising African cassava 

production, diseases due to high cyanide and control measures. Journal of the Science of Food and 

Agriculture  88: 2043 – 2049. 

[80]. Obidiegwu, J. E., Bryan, G. J., Jones, H. G. and Prashar, A. (2015). Stress and adaptive responses in potato 

and perspectives for improvement. Coping with Drought 6: 1 - 23. 

[81]. Ochieng' Orek, C. (2014). Morphological, physiological and molecular characterization of drought 

tolerance in cassava (Manihot esculenta Crantz). pp. 173 - 188. 

[82]. Okogbenin, E., Setter, T. L., Ferguson, M., Mutegi, R., Ceballos, H., Olasanmi, B. and Fregene, M. 

(2013).Phenotypic approaches to drought in cassava: review. Frontiers in Physiology  4(93): 1 – 15. 

[83]. Okogbenin, E., Ekanayake, I. J. and  Porto, M. C. M. (2003). Genotypic variability in adaptation responses 

of selected clones of cassava to drought stress in the Sudan savanna zone of Nigeria. Journal of Agronomy 

and Crop Science (189): 376 - 389. 

[84]. Oliveira, E. J., De Aidar, S. D. T. and Morgante, C. V. (2015).Genetic parameters of drought tolerance.   

Cassava 1: 233 - 241. 

[85]. Pardales, Jr., J. R., Yamauchi, A., Belmonte Jr, D.V.  and Esquibel, C. B. (2001). Dynamics of root 

development inroot crops in relation to the prevailingmoisture stress in the soil. Proceedings of the 6
th
 

Symposium of the International Society of Root Research, Nagoya, Japan, November.                           pp. 

72 – 73. 

[86]. Pardo, J. M. (2010). Biotechnology of water and salinity stress tolerance. Current Opinion inBiotechnology 

21: 185 – 196. 

[87]. Passioura, J. (2007). The drought environment: Physical, biological and agricultural perspectives. Journal 

of Experimental Botany 58(2): 113 - 117. 

[88]. Pellet, D. M. and EL‐Sharkawy, M. A. (1997). Cassava varietal response to fertilization: Growth dynamics 

and implications for cropping sustainability. Experimental Agriculture 33: 53 – 365. 

[89]. Peters, D. B. C., Pielke, R. A., Bestelmeyer, B. T., Allen, C. D., Munson-McGee, M. and Havstad, K. M. 

(2004).Cross‐scale interactions, non‐linearities, and forecasting catastrophic events. PNAS 101 (42):15130 

– 15135. 

[90]. Pfaffl, M. W., Horgan, G. W. and Dempfle, L. (2002). Relative Expression Software Tool  for group-wise 

comparison and statistical analysis of relative expression results in Real-Time PCR. Nucleic Acids 

Research 30: e36. 

[91]. Rauf, S. (2008). Breeding sunflower (Helianthus annuus L.) for drought tolerance. Communications in 

Biometry and Crop Science 3(1): 29 – 44. 

[92]. Reynolds, M. P. and Ortiz, R. (2010). Adapting crops to climate change: a summary. In: Climate Change 

and Crop Production. (Edited by Reynolds, M. P.), Commonwealth for Agriculture Bureau International, 

London.  pp. 1 - 8. 



Survey for the Expression Levels of Drought Tolerant Genes in Cassava Varieties …  

Multidisciplinary Journal                                        www.ajmrd.com                                    Page | 42 

[93]. Reynolds, M. and Tuberosa, R. (2008). Translational research impacting on crop productivity in drought-

prone environments. Current Opinion in Plant Biology11:171 – 179. 

[94]. Riechmann, J. L., Heard, J., Martin, G., Reuber, L., Jiang, C., Keddie, J., Adam, L., Pineda, O., Ratcliffe, 

O. J., Samaha, R. R., Creelman, R., Pilgrim, M., Broun, P., Zhang, J. Z., Ghandehari, D., Sherman, B. K. 

and Yu, G.  (2000). Arabidopsis transcription factor: genome wide comparative analysis among eukaryotes. 

Science 290: 2105–2110. 

[95]. Rivero, R. M., Kojima, M., Gepstein, A., Sakakibara, H., Mittler, R., Gepstein, S. and Blumwald, E. (2007) 

Delayed leaf senescence induces extreme drought tolerance in a flowering plant. PNAS 104: 19631 – 

19636.  

[96]. Rosegrant, M. W. and Cline, S. A. (2003). Global food security: Challenges and Policies. Science 

302:1917 – 1919. 

[97]. Rosenthal, D. M.,Slattery, R. A., Miller, R. E., Grennan A. K., Cavagnaro T. R., Fauquet, C. M., Gleadow, 

R. M. and Ort, D. R. (2012). Cassava about-FACE: Greater than expected yield stimulation of Cassava 

(Manihot esculenta) by future CO2 levels. Global Change Biology  18: 2661 – 2675. 

[98]. Sakurai, T., Plata, G., Rodriguez-Zapata, F., Seki, M., Salcedo, A., Toyoda, A., Ishiwata, A., Tohme, J., 

Sakaki, Y., Shinozaki, K. and Ishitani, M. (2007).Sequencing analysis of 20,000 full-length cDNA clones 

from cassava reveals lineage specific expansions in gene families related to stress response. BMC Plant 

Biology 7(66): 1 – 17. 

[99]. Salinger, M. J., Sivakumar, M. V. K. and Motha, R. (2005). Reducing vulnerability of agriculture and 

forestry to climate variability and change: workshop summary and recommendations.  Climate Change 70: 

341 – 362. 

[100]. Sanchez, F. J., Manzanares, M., De Andres, E. F., Tenorio, J. L. and Ayerbe, L. (1998). Turgor 

maintenance, osmotic adjustment and solublesugar and proline accumulation in 49 pea cultivars in response 

to water stress. Field Crop Research 59: 225–235. 

[101]. Sanni, L. O. O. Onadipe, O. O., Ilona, P., Mussagy, M. D., Abass,  A. and Dixon, A. G. O. (2009). 

Successes and challenges of cassava enterprises in West Africa: a case study of Nigeria, Benin, and Sierra 

Leone. International Institute for Tropical Agriculture, Ibadan, Nigeria.19pp. 

[102]. Seki, M., Kamei, A., Yamaguchi‐Shinozaki, K. and Shinozaki, K. (2003). Molecular responses to drought, 

salinity and frost: common and different paths for plant protection. Current Opinion in Biotechnology 14: 

194 – 199. 

[103]. Setter, T. L. and Fregene, M. A. (2007). Recent advances in molecular breeding of cassava for improved 

drought stress tolerance. In: Advances in Molecular Breeding toward Drought and Salt Tolerant Crops. 

(Edited by Jenks, M. A.),  pp. 701–711. 

[104]. Scott, J. G., Rosegrant, M. W. and Ringler, C. (2000). Roots and Tubers For 21th  Century: Trends, 

Projections, and Policy Options. International Potato Center, Lima.  64pp. 

[105]. Sen Gupta, A., Heinen, J. L., Holaday, A. S., Burke, J. J. and Allen, R. D. (1993). Increased resistance to 

oxidative stress in transgenic plants thatover-express chloroplastic Cu/Zn superoxide dismutase. 

Proceedings of the National Academy of Sciences A 90: 1629–1633. 

[106]. Sheffield, J. and Wood, E. F. (2008). Projected changes in drought occurrence under future global warming 

from multimodel, multi-scenario, IPCC AR4 simulations. Climate  Dynamics 31:79 – 105. 

[107]. Shinozaki, K. and Yamaguchi‐Shinozaki, K. (2007). Gene networks involved in drought stress response 

and tolerance. Journal of Experimental Botany 58:  221 – 227. 

[108]. Silva, M. D. S., Brommmonschenkel, S. H., Faria, J. M. R. and Borges, E. E. D. L. E. (2012). Partial 

characterization of genes from the embryonic axis of Melanoxylon brauna Schott.(Leguminosae-

Caesolpinioideae) seeds. Revista Brasileita de Sementes 34(1): 29 - 38. 

[109]. Stockinger, E. J., Gilmour, S. J. and Thomashow, M. F. (1997). Arabidopsis thaliana CBF1 encodes an 

AP2 domain-containing transcriptional activator that binds to the C-repeat/DRE, a cis-acting DNA 

regulatory element that stimulates ranscription in response to low temperature and water deficit. 

Proceedings of the National Academy of Sciences 941035–1040. 

[110]. Thomas, G. W. (1996). Exchangeable cations. In: Methods of Soil Analysis. (Edited by Page, A., Miller, R. 

H. and Keeney, D. R.), American Society of Agronomy, Madson, Winscosin. pp. 154 - 169. 

[111]. Tilman, D., Balzer, C., Hill, J. and Befort, B. L. (2011). Global food demand and the sustainable 

intensification of agriculture. PNAS 108(50): 20260 ‐ 20264. 

[112]. Tonukari, N. J. (2004). Cassava and the future of starch. Journal of Biotechnology 7 (1):        1 – 8 

[113]. Turyagyenda, F. L., Elizabeth, B. K., Baguma, Y. and Osiru, D. (2013). Evaluation of Ugandan cassava 

germplasms for drought tolerance. International Journal of Agriculture and Crop Sciences 5(3): 212 – 226. 



Survey for the Expression Levels of Drought Tolerant Genes in Cassava Varieties …  

Multidisciplinary Journal                                        www.ajmrd.com                                    Page | 43 

[114]. Udvardi, M. K., Kakar, K., Wandrey, M., Montanri, O., Murray, J., Andraiankaja, A., Zhang, J. Y., 

Benedito, V., Hofer, J. M. I., Cheng,  F. and Town, C. D. (2007). Legume transcription factors: global 

regulators of plant development and response to the environment. Plant Physiology 144: 538 - 549. 

[115]. USDA/NASS (2005). Biotechnology varieties. [http://usda.mannlib.cornell. edu/reports/ nassr/fi eld/ pcp-

bba.acrg0605.txt] site visited on 06/11/2016. 

[116]. Utsumi, A., Tanaka, M., Morosawa, T., Kurotani, A., Yoshida, T., Mochida, K., Matsui, A., Umemura, Y., 

Ishitani, M., Shinozaki, K., Sakurai, T. and Seki, M. (2012). Transcriptome 211 Analysis Using a 

High‐Density Oligomicroarray under Drought Stress in Various Genotypes of Cassava:  Important 

Tropical CropDNA Research, 11pp. 

[117]. Valliyodan, B. and Nguyen, H. T. (2006). Understanding regulatory networks and engineering for 

enhanced drought tolerance in plants. Current Opinion in Plant Biology 9:189 – 195. 

[118]. Vaseva, I., Sabotic, J., Sustar‐Vozlic, J., Meglic, V., Kidric, M., Demirevska, K., and Simova‐Stoilova 

(2012). The response of plants to drought stress: The role or dehydrins, chaperones, proteases and protease 

inhibitors in maintaining cellular protein function. In: Droughts New Research 2: 1 – 45. 

 

[119]. Wang, F. Z., Wang, Q. B., Kwon, S. Y., Kwak, S. S. and Su, W. A. (2005). Enhanced drought tolerance of 

transgenic rice plants expressing a peamanganese superoxide dismutase. Journal of Plant Physiology 162: 

465–472. 

 

[120]. Westby, A. (2002). Cassava utilization, storage and small-scale processing. In: Cassava: Biology, 

Production and Utilization. (Edited by Hillocks, R. J.,  Thresh, J. M. and Bellotti, A. C.), Commonwealth 

for Agriculture Bureau International, London.  pp. 281 – 300. 

[121]. Winter, S., Koerbler, M., Stein, B., Pietruszka, A., Paape, M. and Butgereitt, A. (2010). Analysis of cassava 

brown streak viruses reveals the presence of distinct virus species causing cassava brown streak disease in 

East Africa. Journal of General Virology 91(5): 1365-1372. 

[122]. Xu, D. Q., Huang, J., Guo, S. Q., Yang, X., Bao, Y. M., Tang, H. J. and Zhang, H. S. (2008). 

Over‐expression of a TFIIIA‐type zinc finger protein gene ZFP252 enhances drought and salt tolerance in 

rice (Oryza sativa L.). Letters 582: 1037 – 1043. 

[123]. Yamaguchi-Shinozaki, K. and Shinozaki, K. (1993). The plant hormone abscisic acid mediates the drought-

induced expression but not the seed-specific expression of rd22, a gene responsiveness to dehydration-

stress in Arabidopsis thaliana. Molecular and General Genetics 238: 17–25. 

[124]. Yang, J., An, D. and Zhang, P. (2011). Expression profiling of cassava storageroots reveals an active 

process of glycolysis/gluconeo genesis. Journal of Integrative Plant Biology 53: 193–211. 

[125]. Zeng, H., Zhong, Y. and Luo, L. (2006). Drought tolerance genes in rice. Functional and Integrative 

Genomics 6(4): 338 - 341. 

[126]. Zhu, J. K. (2002). Salt and drought stress signal transduction in plants. Annual Review in Plant Biology 53: 

247 – 273. 

[127]. Zimmermann, P., Hirsch-Hoffmann, N., Henning, L. and Gruissem, W. (2004). Genevestigator. 

Arabidopsis microarray database and analysis tool box. Plant Physiology 136: 2621–2632. 

 

 

 

 

 

 


