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Conventional cassava breeding has yielded a lot of progress
for many traits including pest and disease resistance and high
yields but little progress has been made with respect to drought
tolerance. It is believed that molecular breeding offers a
possibility of efficiency and precision in introgression of drought
tolerant genes. Several studies show that several genes respond
to drought stress and some of them have been used to improve
stress tolerance of plants through gene transformation.
Unfortunately such studies have not been carried out in cassava.
This research is aimed at identifying genes responsive to drought
stress in cassava using Real-Time PCR. Identification of drought
tolerance genes will help in understanding the mechanisms of
drought tolerance in cassava and may be useful in
developmental of drought tolerant crops through genetic
transformation. The research has only just started by first
observing response of 53 cassava genotypes under water stress
conditions.
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La reproduction traditionnelle du manioc a réalisé beaucoup de
progrés pour beaucoup de traits comprenant la résistance au
parasite et a la maladie et les rendements élevés mais peu de
progrés a été réalisé concernant la tolérance a la sécheresse.
On pense que la reproduction moléculaire offre une possibilité
d’efficacité et de précision dans I’incorporation des génes
tolérant la sécheresse. Plusieurs études prouvent que plusieurs
génes répondent a I’effort de sécheresse et certains d’entre
eux ont été utilisés pour améliorer la tolérance au stress des
plantes par la transformation de géne. Malheureusement de
telles études n’ont pas été effectuées pour le manioc. Cette
recherche a visé d’identifier les génes sensibles a I’effort de
sécheresse dans le manioc en utilisant PCR en temps réel.
L’identification des génes de tolérance de sécheresse aidera
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dans la compréhension des mécanismes de tolérance a la
sécheresse pour le manioc et peut étre utile dans développemental
des cultures tolérant la sécheresse par la transformation
génétique. La recherche a juste seulement commencé en
observant premiérement la réponse de 53 génotypes de manioc
dans des conditions de stress de I’eau.

Mots clés: Manioc, génes tolérants de sécheresse, stress de
I’eau

Drought is one of the main environmental constraints to
agricultural productivity worldwide, and most climate-change
studies indicate an expansion of arid zones. Therefore, a large
part of the world will become arid as a result of global warming.
This means that water stress or drought will be one of the major
crop production constraints. Cassava is staple crop that has the
potential to mitigate the climate change effects due to its inherent
ability to grow in semi-arid and drought-prone areas. Though
cassava has been recognized as a hardy crop with ability to
withstand moderate moisture stress, research to improve its
water efficiency has been limited. More effort on drought
research has been placed on commercial seed crops such as
maize and rice where seed sales can profit the private seed
companies. Because cassava is vegetatively propagated, it is
regarded as a less profitable crop and has been left to public
institutions, which in most cases are under funded, especially in
Africa.

Although conventional cassava breeding has yielded a lot of
progress for many traits including pest and disease resistance
and high yields (Kawano, 2005), little progress has been made
with respect to development of drought tolerant varieties.
Breeding for drought tolerance in cassava has been an extremely
difficult task due to high genotype by environment (GXE)
interaction (Ceballos et al., 2004), the heterozygous nature of
the crop, its long growth cycle and poor knowledge of the crop’s
diversity (Fregene et al., 2001). Thus, the development of a
new variety can take between eight and twelve years. Molecular
breeding through marker assisted selection (MAS) offers a
possibility of efficiency and precision in introgression of desired
traits because it would reduce the generation time.

One of the most productive molecular approaches to establishing
the basic responses of plants to drought is by studying candidate
genes and comparing the expression of genes thought to be
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important for drought tolerance. Many efforts have been made
to clarify the mechanisms of drought tolerance in plants through
molecular and genomics approaches. Studies by Bray (1993);
Liu and Baird (2004); and Talamé et al.(2007), revealed that
there are several genes that respondto drought stress at the
transcriptional level. Some of these genes have been reported
to play important roles in protecting plants from drought stress
through stress perception, signal transduction, transcriptional
regulatory networks in cellular responses, or tolerance to
dehydration (Nakashima and Yamaguchi-Shinozaki, 2006;
Umezawa et al., 2006). It has also been reported that some of
the putative drought-tolerance genes havebeen used to improve
stress tolerance of plants through gene transformation
(Pellegrineschi et al., 2004; Umezawa et al., 2006). Although
some progress has been made with other traits, the molecular
basis of plant tolerance to drought stress remains to be
elucidated (Bruce et al., 2002; Umezawa et al., 2006). This
research targets to unveil the molecular patterns of drought
tolerance in cassava.

Several hundred genes that respond to drought stress at the
transcriptional level have been identified through gene
expression studies in model crop Arabidopsis by microarray
technology and other means (Shinozaki and Yamaguchi-
Shinozaki, 2007). Gou et al.(2009), performed gene expression
experimentsusing drought-tolerant and drought-sensitive barley
genotypes to compare differencesin transcription levels between
drought-tolerant and drought-sensitive genotypes under drought-
stress conditions. Indeed Guo et al. (2009) were able to separate
drought-tolerance-related genesfrom drought-responsive genes.
Similar studies have been successfully undertaken in other
species including Arabidopsis and maize (Bruce et al., 2002).
Unfortunately such studies have not been carried out in cassava
and cassava is not sufficiently close phylogenetically to any of
these species to take advantage of these studies through
comparative genomics. This research is aimed at understanding
of molecular mechanisms of drought tolerance in cassava. The
specific objectives of the study are to; i) identify candidate genes
responsive to drought stress and ii) evaluate expression of
candidate genes in cassava in response to water stress.

Gene identification and primer design. Seventy genes
related to tolerance to moisture stress in different crop and non
crop plants were identified from literature. Out of these genes,
thirty genes that have been demonstrated to contribute to
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drought tolerance (Table 1) were selected for expression
analysis. Gene sequences of these genes were obtained using
the Basic Local Alignment Search Tool (BLAST) program
through database querying/searching, or database mining using
plant databases of the National Centre for Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.gov/). The
obtained gene sequences were then BLASTed into the cassava
genome data base (http://www.phytozome.net ) to obtain gene
homologs in cassava. The cassava homolog sequences were
used to design primers for the respective genes. When the gene
belonged to a gene family or when a gene had different cassava
homologs, all the family members/cassava homologs were
aligned together using the EBI clustalw2 tool (http://
www.ebi.ac.uk/Tools/clustalw2/index.html) and primers specific
to the gene of interest manually designed (Fig.1). Two primer
pairs were designed for each gene.

RNA extraction. Root and leaf samples will be collected from
water stressed and well-watered plants on the 10" day of 25%
moisture content. Samples will be collected between 2:00-2:30
pm from the third leaf fully expanded from the growing tip
sampled in each plant and at least three fibrous root tips randomly
collected from each plant. Samples from each replication for
each treatment will be treated separately as biological replicates
(three biological replicates for gqPCR). Samples will be
immediately stored in a -80°C freezer for RNA extraction. The
trizol method will be used to extract RNA. The concentration
of RNA from each sample will be determined by UV
spectrophotometry at A260, while the quality of total RNA will
be analysed by 1% ethidium-bromide agarose-gel
electrophoresis.

Real time PCR.Two step RT-PCR will be used. The extracted
mRNA will be converted to cDNA libraries by the reverse
transcriptase enzyme (superscript 11/111) (RT phase). Stock
cDNA will be stored at -80°C for different gene quantifications
(30 candidate genes, Table 1). Three technical replicates
(gPCRs) will be performed for each gene pair in each biological
replicate of each genotype and stress treatment. PCR will be
performed with the 7900HT Fast Real-Time PCR system of
ABI-PRISM® (USA) using the SYBR Green detection method.
All the gPCR reactions will be normalised with internal
reference genes. Care will be taken to ensure that the reference
genes chosen do not change their expression under the
experimental conditions or between different tissues. The

412



Second RUFORUM Biennial Meeting 20 - 24 September 2010, Entebbe, Uganda

2002 1e 19 auoden

002" [2 19 UeA

2002""[e18 Bres

G00Z “Ie18>Jed :T00Z “"[e 19 eloIxeD
9661 [ 19 3ISIaMIN

G00Z “"1e 18 Buepn

9002 12 18 NH

800¢ .m:o:_I pue MlewuspunH
Z66T “'[e 12 iezoulys-1yonbewex
8002 “Ie 18 X

1002 “'[e18 Buerx

1002 ‘1218 Yo

9002 “Ie 18 01

G002 " [e 18 Buepn

8002 “'[e 18 INseN

8002 “[e 18 Insle\

866T “"[e19 NIT :5002 1218 YO
900Z “Ie 18 01

002 “le 18 |[3ded

8002 “"Ie 18 Buem

10021 18 Uos|aN

0ETS0C

862G T4V
0TTSE0AV/0££9Z02IY
LEYTOT INN
Z8VPTX

v.597N
20.¥6£0Q
6.1.26N3
712627 INN
LV86TCAY
86.£0.N3
1G858/ AV
€0V790AY
T¥80EN
OrYTZOVLY
092V
0898TT INN
BST6LT INN
8681620V
¥8.TTTT00 AN
Z8SZTTT00 AN

(TaN) awAzua o1few juspuadap-davN dzIeN

(9449) epque| yT49 ulzioid g-g-#T eueljeys sisdoploery
V10343 ‘eseury uialoid 101dadal aanreind eueljeyl sisdopigely
‘TdAWV eueljey) sisdopigely

aselnwisip apixoJadns asauehuew 10} W NYW 099eq0 L
aselajsuely |Asauie) uislold eueljeyl sisdopigely

(Toeus) TOWN Jojoe) uondiiosuel) padnpul-ssalls eAes zAI0
awAzus olfew juapuadap-4dawN aJebjnA wnaploH

82Qy euelfey: sisdopigely

252d4z wisroad 1abuly suiz dnolo ealuoder eAlles ezAIQ

2T aseuny u1gioad Bunoessiui-199D dnoso eatuoder earres ezAIQ
749 DAH J8p1nS JeAn|na atebina "dsqns alebjnA wnapioH
1934Q eAnes ezAlQ

asenwsip apixoladns asauebuew wWnAlzes wnsid

ZOTAANLY eueljeys sisdopigery

ZOAIN eueljey) sisdopigely

V1934 euelfey) sisdopiqely

€49V euelfeys sisdopigelry

T ase|Ax0qJedap auluifie 10 YNYW wniuowelis einreq

vNHW ‘(91d) D asedijoydsoyd sAew eaz

Z9A-4N Hungns Jojoey uondiasuel) sAew eaz

00z “[e 18 noys 10992d ‘aseuny| u1a10.d 10} YNYW Winoeqe) BUelodIN

8002 "BYdUIH pue >jewiapunH 0TYYSOTIY urejoud Ajiwey utipAyap euerfey) sisdopiqesy
¥00Z “[e1d noys 0.SEYDZIV anneInd ‘aseuniyd euelfey) sisdopiqe.y

8002 BUDUIH pue YJewnispuny 8£092T AN (8T vaV OL IAISNOJSIY) 8TV Y eueljey) sisdopigey
200z e 18 sdaiy 00227 N € NINY39O) €439 euelfey) sisdopiqely

8002 ‘BYdUIH pue dJewlspunH 09/90951V T dnoub Juepunge sisauaboAiquia are| eueljeys sisdopiqely
800Z “|e 18 INste 8TT08T AN ‘(€ YOLOV4 ONIANIE XOg-9) €499 eueley sisdopiqely

2002 “'Te 18 sdasy 9/GT80AV/0T92.0TIV uiajo.d ax1j-uiwiah eueljeys sisdopiqely

8002 “"[e 18 InS1eN 0£210019/078.1621v u1s1o.d paje|al-aouadsauas aAneind eueljeyl sisdopigely

SERIVEIETICN| UuoISS3a2dy auweu ausH

"@ARSSRO Ul S31PNIS UOoIssaldxa auab 10y pa10s|es ssuss ‘T 8|gel

413



Turyagyenda, L. etal.

Hitl R —————————.
Hit2 ATGGAATCCGTAGGGATTGCTGCCGT GGGGAAGTGGCAATCAATCTATCCACATTATTTC 60
Hitl R o ...~
Hit2 TTCATTTTGATTATTTATTTTCTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCCAT 120
Hitl ————————— —— —ATGTTGCAGCTGCT GGACAAGGCAAAGAATT TTGTGGTGGAGAAGGTA 48
Hit2 ATCTGCAGT TGTACAATCATCTGGT GGACAAGG OCAAG MCT TOGTGG0GCAGMTSTG 180
KA A KAEA AAAAAAAAAX AhAAAA dh dAAhAd AR A AAdhx
Hitl GTTAACCTGAAAAAGCCGGOGGCTACTGTCAACGATGTGGATATGAGTAGCGTCCAOCGA 108
Hit2 ACCAATATGAAAAAGCCGGAGGCCTCCCTCACAGACTTGGATCTGGGCAGCGTCCACCGT 240
KK FAAAAAAAAA X AA *h* * * KA * K Kk K
Hitl GATTACGTTGAATATT TTGCCAAGAT TTCTATCAGTAACCCATACAGCCATTCTTTACCC 168
Hit2 GATCGCGTAGAATATGACGCCAAGGT TTC TG TCAAT AACCCTTACGGACAT TCAATCCCC 300
Hitl ATCTGTGAGGT CTCCTACACTCTTAAAAGCGAT GGCAGAGT GATAGCGTCAGGAAATATG 228
Hit2 ATTTGCGAGGT CTCCTACAGTCTCAAAAGCGAT GGCAGGCTGATTGCATCAGGGAATATG 360
Hitl ACAGAT CCTGGATCACTCAAGGCAAATGGTGTAACAATGCTGAATG TGACATTAAAGGTC 288
Hit2 CCAGATCCTGGATCAT TGAAGGCAAACGACACAACAAT TCTGAATATAGCAGTGAATGTG 420
* * * E T
Hitl CCTCATAGTATACTAAT GAGC T TGGCGAGGGACATT GGCACAGACT GGGACATAGACTAT 348
Hit2 CCACACAGTGTACTAGTGAGCT TGGTGAGGGACATTAGCAGAGATT GGGACATAGATTAT 480
Hitl GAGTTAGAAGT GGACCTCACCATTGATCTTCCTATCATTGGCAACTTCACCATTCCCCTC 408
Hit2 GAGT TAGAGT CGETCTCACCATGGACCT CCCTATCATCGB0GACT TCACTATTCCTCTC 540
Hitl TCTAATAAGGGCGAGATCAAGCTCCCCACCTGGCCT TTCTGATCTCTTCTAATTTCTTGC 468
Hit2 TCTAGCAAGGGCGAGG TCAAGCTCCCCACC- ——-CTTTCTGATTTCTTCTAATACCCTTT 596
EE L
Hitl TTTTGTTATCAGTCAAAGTCC—-ATTTGTTATG TATGAGAT GAGATGGGTATTTGAACTC 526
Hit2 TCCTATTTGGATTGATTT TCTTACCTACCAAACGCTAG -TGATATGGGAT TATGACATC 655
* * *h KAk AAAAK * KKK Ak
Hitl TGAAAGAACTGAATCATTI’TCTT— —- 549
Hit2 TCCA-GATCATTATGAATGTTTCAACT 681

* Kk K dk Kk Kk Kk Kk

Figure 1. Manual designing of the primer pairs for Arabidopsis thaliana LEA14 which is drought

related gene.

Research Application

expression level of the genes will be estimated at a certain point
of the run (ct value) as the amount detected above the threshold
is directly related to the initial amount of target gene product in
the sample. The linear correlation between PCR product and
SYBR green fluorescence intensity in the exponential phase of
the PCR reactions will be used to calculate the amount of
template present at the beginning of the reaction from the
formula;

N,=N, X (E)"

(where N =number of molecules/copy numbers at n cycle/ct value,
N,= number of molecules/copy numbers at cycle 0 i.e. initial copy
numbers; E= PCR amplification efficiency and n=number of cycles).

Thus the initial copy numbers will be calculated as; N,.=N _/ (E)"

Identification of drought tolerance genes will help in
understanding the mechanisms of drought tolerance in different
cassava genotypes. The candidate genes are also useful in
developmental of drought tolerant crops through genetic
transformation, i.e., will enable effective use of genetic and
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