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ABSTRACT

Cassava (Manihot esculenta) is a major source of starch in tropical and subtropical countries. The genomic
organization of the granule-bound starch synthase Il (GBSS I) in cassava was examined to increase starch
biosynthesis knowledge and facilitate the production of modified starches in cassava. Sx genomic clones encoding
fragment of granule-bound starch synthase Il (GBSS 1) gene were produced by PCR amplification of genomic DNA
froma primer pair. Sequence analyses revealed that the clones wer e of two types: pOYE303-4 and pOYE303-5. The
insert in pOYE303-4 (accession no. HM038440) was 1690 nucleotides long and encoded a polypeptide of 122 amino
acids with molecular weight of 118.52 kDa and calculated pl of 9.67. In contrast, pOYE 303-5 (accession no.
HM046981), encoded 118 amino acids with a molecular weight of 13.22 kDa and pl of 9.59. HM038440 and
HMO046981 had 99.4% identity at nucleotide and amino acid levels. Phylogenetic analysis showed that the two
isolated gbss Il sequences were not the same but belonged to the same dicot group and closely related to R.
communis and V. vinifera ghss Il proteins. In silico identification of introns revealed different number of intronsin
the two sequences. four in HM038440 and two in HM046981. The results of sequence analyses, phylogenetic study
and in silico identification of intron suggested that cassava genome contai ns two isoform of GBSSII.
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INTRODUCTION

Cassava is an important root crop in tropical anbtrepical regions [1]. Depending on the cultivire starch
content of cassava roots ranges from 65 -91% dbted root dry weight depending on the cultival. [@assava
starch contains amylose and amylopectin polymeosv-amylose and amylose-free starches have widesstridl

uses than amylose-rich starch due to different ipbghemical properties between the two kind ofcttas. Visser
et al. [3] observed greater granule melting tenpeea reduced retrogradation and enhanced adhpsiperties in
low-amylose potato compared with amylose-contairstagch. The goal of increasing the industrialsuskthis

crop has triggered interest in producing cassaamatplith modified starch characteristics. Blenndyv forecast that
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development of low-amylose cassava variety woule ghe crop advantage of a share in existing hugeken for
modified starch estimated at US$10 million.

Conventional breeding of cassava suffered setbadause of the highly heterozygous nature of the t¢hat
prevents backcross scheme and poor flowering witiidd seed set of many varieties [5]. Starch hitisgsis is
polygenic and there is limited natural variatiortrwiegards to starch metabolism in cassava contparther crops
such as maize. Only two starch mutants have bewortesl in cassava: first, a natural mutation igbas gene
resulting in production of amylose-free starch aadond, a gamma irradiation-induced mutation iarnsglase gene
resulting in high-amylose starch [6,7]. Because tmmatations affecting starch traits are recessikansferring
agronomically important mutations into the appraf®i genetic background through conventional breedsn
difficult.

In the field, cassava is typically propagated clgny stem cuttings. This propagation strategydisal for a bio-

engineering approach to crop improvement as gegeegation through outcrossing is limited [8]. Trg@sic

cassava producing amylose-free starch has beengeddy antisense inhibition of granule-bound $taymthase |
[9]. In addition, a transgenic cassava plants waittenhanced quantity of starch have been produ€dSuccessful
manipulation of starch characteristics in cassaepliires a more thorough characterization of théouarcassava
starch biosynthesis genes.

It has been established that granule-bound stnmathase (GBSS) is responsible for the biosynshaelsamylose.
There are two types of GBSS in higher plants basesholecular mass and localization. The GBSS | withecular
mass of 58-60 KDa is tightly bound to starch graswdnd offers the largest proportion of total GB@88vity [11,
12]. GBSS Il is present in starch granules as a&lin the soluble fraction of plastids [13]. In tast to GBSS |,
the role of GBSS Il is ambiguous, however GBSS litant studies in pea revealed that GBSS Il mighy @in
important role for determing amylopectin structamed starch morphology [13]. Cassava GBSS Il gerseben
cloned from a cDNA library [14,15]. Thgbss Il clone encoded a 751 amino acid polypeptide gfaawed
homology to potato (61%) and pea (598b3s II. The derived amino acid sequence of cassgrgall exhibited low
sequence homology to cassapss | (35% identity). Southern analysis of cassaveogen DNA revealed thagbss

Il was a single copy gene that was localized ikdge group T of the male derived cassava geneti @assava
gbss Il is highly expressed in young leaves, and exbibmuch lower expression in developing tubersséhesults
are indicative of the differing and complementaslertogbss | thatgbss Il plays in leaf and tuber starch production
[14, 15]. Multiple isoform of GBSS Il have been ogfed in higher plants such as pea, soyabean vibeat,
sorghum, maize and cowpea [16, 17, 18]. In cassavg,one isoform has been reported from cDNA aignand
genomic organization of GBSS Il has not been desdriln addition, the location of introns in tiess Il has not
been identified and limited phylogenetic relatiopshconducted omgbss Il sequences in higher plants. A good
knowledge of genomic organization, location ofams, phylogenetic relationships and number of isnfof GBSS

Il gene is important for effective manipulationstbé activity of this gene through proper gene troies design for
down regulation or over expression of the staraleder enhanced starch properties. This communpicatéscribed
partial genomic organization of two granule-bourtdrch synthase Il (GBSS 1) gDNAs, HM038440 and
HM046981, cloned by PCR amplification of genomic AMith a primer pair. It further identified introrfsom the
two GBSS Il clonesn silico .

MATERIALSAND METHODS

L ocation of the study

The study was conducted at the Central Biotechnolagboratory, International Institute of Tropicabéculture
(ITA), Ibadan between 2006 and 2010. The study wasollaborative research between I[ITA and Obafemi
Awolowo University, lle-Ife, Nigeria with the goaf developing transgenic cassava plants with medii§tarch.

Plant materials and DNA extraction

Extraction of genomic DNA from young leaves of @&swas carried out using Dellarpoetaal . [19] procedures.
About 0.5-1.0 g of fresh young leaves was harvesital labeled 1.5 ml eppendorf tubes. The fresivdsavere
ground in a mortar containing 50 -100 ml liquidragen with a pestle. About 800 pl of extractionfeu{100 Mm
Tris-HCI, pH 8.0,50 Mm EDTA, pH 8.0, 500 Mm Na@®s PVP) and 20 ul 0.7% beta mercarpto-ethanol, whic
have been preheated at %5 was added to the tubes. These were mixed witipette tip until all tissue became
dispersed in the buffer. About 100 pl of 20% sodiiodecyl sulphate (SDS) was added and mixed thgiguor
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one minute. Thereafter, the mixture was incubate853C (with intermittent mixing 6 times) for 15 minuteBhe
mixture was then removed from %5condition and cool to room temperature for twaumtés. About 300 pl of ice-
cold 5M Potassium acetate was added to the mittliceved by gentle inversion six times. Thereafthe mixture
was incubated on ice for 20 minutes and centrifuafe®,000 g in microfuge tube for ten minutes. Ebpernatant
was carefully transferred to two new 1.5 ml eppehtidoes. One volume of ice-cold iso-propanol (app700 pl)
was added and mixed by inverting gently 8-10 timigss was followed by incubation at 8D for one hour and
centrifugation at 3,000 g for one minute. The sopptnt was tipped off and the last drop of iso-prap was
removed by placing tubes face down on paper toRellets were suspended in 250 ul of high salt T& 4l
RNase was added. This was followed by incubatioB74€ for one hour. Iso-propanol (500 ul) was added and
mixed by gentle inversion 8-10 times. Then, thetmmix was kept at -8C for one hour and centrifuged at 3,000 g
for 10 minutes. Supernatant was decanted and sheiap of iso-propanol was removed by placing sulage down

on paper towels. The pellets were washed twiced8% @thanol. Pellets were allowed to dry by leavtrgn paper
towel for one hour. Depending on the size of thikepeabout 100-200 pl sterile distilled water wadded. Tubes
were stores at’@ overnight to dissolve the DNA pellet. The supénawas transferred to eppendorf tube and store
at -20C for further use. The quality of the DNA was detered by running 2 pl of the DNAlongside a
molecular weight marker (11.0 kb plus pst 1 lamba DNA) on 0.8% agarose gel electrophoresis in 1xTAE (Tris
acetate EDTA) buffer at 500 volts for one hour. The concentration of the DNA was measured by takin
absorbance of 2 pl of the DNA at 260 and 280 nmelengths on a Nanodrop spectrophotometer.

Primer design

A cassava granule-bound starch synthase Il germfispgrimer pair was designed from cDNA sequences
(accession AF173900) earlier deposited@enBank database from nucleotide +3 to +369. The downldade
sequences were used as template to design prireifisgor the gene using Lasergene sequence dsagfware
(DNASTAR Inc, Madison, USA). The composition of tpeimer pairs designed and used for the study \asre
follows: Forward 5- GGCATTTATAGGATCACTTCC-3' and &erse5’-GAGTTTTCCCTGTTCATGAG-3'.
Synthesis of the primers was done by Integrated OM£hnologies Incorporation (lowa, USA).

PCR amplification, cloning and DNA sequencing

Amplification was carried out in 50 pl-reaction volume, which composed of 1pl of 10x buffer, 0.5 ul of MgCl,
(25 mM), 1 pl each of primer F and R (1puM), 0.5 pl of ANTPs (2.5 mM), 1 ul template DNA (500 ng), 4.8 ul of
H20 and 0.2 U of Taq DNA polymerase (Bioline, USA). The PCR amplification profile consisted ofitial
denaturation at 94°C for one minute and 30 cycles of amplification (94°C for 30 seconds, 8G for 30 seconds,
72°C for 45 seconds) with a final cycle of 5 minuté¥2’C. The PCR amplification was carried out in a Peltier
thermal cycler (PTC 2000, MJ Research, India). TBR Fragments were purified and cloned into pDRIEEtor
(QIAGEN, California, USA). The presence of the itisa the recombinant plasmid was confirmed byrieton
digestion. Both strands of the DNA inserts wereuseged and any sequence ambiguities were resolyed-b
sequencing. The three independent PCR clones vegpgesced from each PCR reaction. The sequences were
manually edited and vector sequences removed. D¥giencing was performed by lowa State UniversiyAU

Sequence analyses

BLAST searches were conducted at NCBI website (httvw.ncbi.nim.nih.gov/). The genomic sequencegjius

Il have been submitted BenBank under the accession numbers HM038440 and HM04698duences analyses
was conducted by CLC DNA WORKBENCH software verstfh. Putative introns were identifiéd silico by (i)
alignments between genomic and cDNA (AF13900) secgs using ClustalW2 programme waivw.ebi.ac.uk/
(European Molecular Biology Laboratory website) diidconfirmed by gene prediction method using GEMN
web server [20].

Phylogenetic analysis

Sequence searches of the non-redundant and urfthggnome databases at NCBI were conducted witlsdleted
gbss Il ORFs as query sequence. The ClustalX packageused to create an alignment of the sequencesviisat
then submitted to a neighbour-joining analysise¢oegate a branching pattern. The phylogeneticvaedisplayed
using the CLC TREEVIEW program. Eightegioss Il sequences of higher plants (and their accessiombers)
included in the study werépomoea batatas (AF068834) Oryza sativa (AF383878),Sorghum bicolor (EU307275),
Zea mays (XM019296), Hordeum vulgare (AY133249), Colocasia esculenta (AY225862), Triticum aestivum
(AJ269503), Phaseolus vulgaris (AB127938), Glycine max (NM001248867),Manihot esculenta (HM038440),
Manihot esculenta (HM046981),Ricinus communis (XM002531810),Vitis vinifera (X87988), Vigna unguiculata
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(FJ561745), Vigna radiata (FJ561747), Solanum tuberosum (X87988), Lotus japonicus (FJ561743) and
Ammarantus cruentus (DQ178026).

RESULTS

Amplification, isolation and characterization of gbss|1 clones

In this study, GBSS Il gene in cassava was clometpartially characterized, and six introns in GBS§enomic
organization were identified. In the preliminarypeximent, PCR amplifications were recorded in akted
annealing temperatures and DNA concentrations. Keweut of the three annealing temperature$q450C and
55°C) and two template DNA concentrations (100 ng#pd 500 ng/ul) tested for amplificationgifss I, the band
was distinct at annealing temperature ofGQising DNA template concentration of 500 ng/pltédaot shown).
These conditions were used for enhanced amplificaif gbss 1l in 50-ul reaction volume for fragment purifiéar
and cloning purposes (Fig. 1). The amplificatioofie used for the study was 30 cycles, when thabwer of the
cycles was reduced to 25 cycles no discrete barete wbserved probably because of non-specific prime
hybridization due to the high nucleotide homologgtvieen and withirgbss Il. The observed product sizes were
1690 and 1698 bp against the expected 363Tbp.PCR products were purified and cloned into piRWector.
Recombinant plasmid was extracted from the sixcéedeclones. The presence of inserts in the reazambiplasmid
was confirmed through release by restriction digeswith EcoR1 and by PCR amplification.

Kb MV 1 2
-

5.0 |
4.3 GBSSI|

¥

g

2.4
1.7
0.8
0.5
0.2

/GBSS |

I E

Fig.1: Amplification of GBSS| and GBSS|I by PCR at 55°C. MW= DNA marker, 1= GBSS|, 2=GBSS|1, molecular weight markersare
at theleft in kb

Six independent clones obtained with the primerspdésigned for amplification of +3 to +369 portioihManihot
esculenta ghss Il gene (accession AF173900) were sequenced. iSungly, sequence comparison showed that the
inserts belonged to two groups. The first group hadomplete nucleotides and amino acids identity was
represented by pOYE303-4. Similarly, the secondugrbad a complete nucleotide and amino acids iyeatid
was represented by pOYE303-5. The inserts inwmedones (pOYE303-4 and pOYE303-5) were subjetted
further analyses. The sequences of the insert®¥E303-4 and pOYE303-5 have been submitte@enBank and
defined as HM038440 and HM046981, respectively. BB#I0 and HM046981 had 99.4% homology at nucleotide
level (Fig.2). The insert in pOYE303-4 (accessian hiIM038440) was 1690 nucleotides long and encaaled
polypeptide of 122 amino acids with molecular weigh 118.52 kDa and calculated pl of 9.67 (Table 1)
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POYE303-4 was rich in serine (13.11%), leucine 22%) and phenyalanie (9.83%). The predicted secygnda
structure of POYE303-4 consists of 36.07% alpha&h&D.66% extended strand and 53.28% random Béaist
search with HM038440 retrievedanihot esculenta gbss Il cDNA (AF173900). The identity of HM038440 tgioss

Il of castor bean and pea is 87% (Table 1). Tlerse clone, POYE 303-5 (accession no. HM046981)eed 118
amino acids with a molecular weight of 132.2 kDl gl of 9.59 (Table 1). POYE303-5 rich in phemyahe
(12.29%) and leucine (15.25%). The predicted seagndtructure of POYE303-5 consist of 44.92% alpbkhx,
11.86% extended strand and 43.22% random coilt Bearch with HM046981 retrievédanihot esculenta gbss I
cDNA (AF173900). The identity of HM046981 ghss Il of castor bean is 84% (Table 1).

HVD38440 AF1 GSLPFI | QTKAESSVL L HDKNL QRSRFSVFPCRSONSFNLAVSL SL SFKPVRAT GKE
60
HW46981 AF1 GSLPFI | QTKAESSVL L HDKNL QRSRFSVFPCRSONSFNLAVSL SL SFKPVRAT GKE
60

kkhkkkhkhkhkhkhkkhkhkhhkkhkhkhkhhkhkhkhhkhkhkhkhhkhkhhhkhkhkhkhhkhhhhk khhkhh khhhk k khhkd k *hkk* k,*x*%

HMD38440 GVSGDGSEDTLQATI EKSKKVLAL QRDLLQKVI YWPLFFFSRAKSGVSEADFDI MLPLNF
120

HMD46981 GVSGDGSEDTLQATI EKSKKVLAL QRDLLQKVI YWPLFFFFLELN- - - - LEFLKQ LTSC
116

HVD38440 EF 122

HWD46981 CH 118

Fig.2: Alignment of deduced amino acid sequences of HM 038440 and HM 046981. The sequenceswer e aligned by
ClusatlW2 programme. Asterisksindicate 100% conserved, double dotssimilar, and single dotsrelated amino acids:
dashes depict gaps. Numbersrefer to amino acids.

Ipomoea batatas (AF068834]

10 Oryzasativa (AF383878) 2¢
5 Sorghum bicolor (EU307275)
% Colocasia esculenta (AY225862)
10 Hordeum vulgare (A Y133249) 2b
] Triticum aestivum (AJ269503)

” Zeamays (XNO13296)

s—* Glycine max (NMD01248867)

L+ Phaseolus vulgaris (AB127938) 3a
o 100 Manihot esculenta (HM038440)
100 Manihot esculenta (HM046981)
i Ricinus communis (XM002531810) [  3b
Z = Vitis vinifera (XMD02278434)

Solanum tuberosum (X87988)
—Vigna radiata (FJ561747)
BL—+Vigna unguiculata (FJ561745) 3c
® Lotus japonicus (FJ561743)
+ Amarantus cruentus (DQ178026)

74

Fig. 3:Phylogenetic relationship of GBSS |1 sequences of higher plants. Thetreewas constructed on the basis of available GBSS| |
sequencesin the GenBank and from this study (Manihot esculenta) using neighbour hood-joining method from bootstrapped data sets.
The number of bootstrap replicatesisindicated next to each branch.

Phylogenetic analysis of gbss| |

The phylogenetic analysis of a total of di&s Il proteins indicate thajbss Il in higher plants are grouped into three
groups with six branches (Fig.3). The groups areesvpotato, monocots and dicots. The analysis ledehat
duplication had occurred ighss Il proteins before the divergence of monocots dicdts groups and sweet potato
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retained the ancient copy gbss Il gene. In the monocots, duplicationgiiss Il proteins took place and led to the
formation of two branches, 2a and 2b. The dicotaigrhas three branches (3a, 3b, 3c) following twplidation
events. The two isolated cassaiss || sequences (HM038440 and HM046981) belongedtbranch in the dicot

group which also contaiR. communis andV. vinifera gbss Il proteins.

gbssl | cDNA GGCATTTATAGGATCACTTCCTTTTATTATCCAAACCAAAGCAGAAAGTTCT- - - - - - - -
52
HMD38440 GGCATTTATAGGATCACTTCCTTTTATTATCCAAACCAAAGCAGAAAGTTCTGTCCTTCT
60

LR R I I R R I R R I I I I I R R R I I R S R R I kI R R S I
gbssITcDNA - oo oo e e i iiaiiiaaa

| NTRON |
HMD38440 CCATGACAAAAACCTACAGCGATCCAGATTCTCCGTTTTCCCATGTAGATCACAAAACTC
120
ObSSI I CDNA - m oo oo
HMD38440 TTTTAATTTAGCCGTITTCGITATCTTTGAGT TTTAAGCCTGTAAGAGCTACAGGTAAGGA
180
ghssl 1 cDNA - - ---omi i AGAGGATACACT TCAAGCCACCATCGAGAAAAGCAAGAA
91
HMD38440 AGGCGT TAGT GGTGATGGGT CAGAGGATACACT TCAAGCCACCAT CGAGAAAAGCAAGAA
240
ER R R I R R I I I R R I R I I I R I R I I S

gbssl | cDNA AGT TCTCGCCT TGCAAAGGGACCTACT TCAGAAGGT GATATACTGGCCACTATTTTTTTT
151
HMD38440 AGT TCTCGCCT TGCAAAGGGACCTACT TCAGAAGGT GATATACTGGCCACTATTTTTTTT
300
gbssl | cDNA TTCTAGAGCTAAATCTGGAGT TTCTGAAGCAGATTTTGACATCATGI TGCCATTAAATTT
211
HMD38440 TTCTAGAGCTAAATCTGGAGT TTCTGAAGCAGATTTTGACATCATGI TGCCATTAAATTT
360
gbssl | cDNA TGAATTTTAGATGATCATATGGGGT TTTTTTGGGT GGCATTTTATGI TACCCGT CGAAGG
271
HMD38440 TGAATTTTAGATGATCATATGGGGT TTTTTTGGGT GGCATTTTATGI TACCCGT CGAAGG
420

EE R R I I R R I I 2 R I R R I I R S R R I I R R R R R I S I I I I S I A O
gbssl | cDNA AGAAATTGAATATGATCGAGT GT TACCCCTAAAAGAGGATTAGGAAGCTGATTGTAAGAA
331
HMD38440 AGAAATTGAATATGATCGAGT GT TACCCCTAAAAGAGGATTAGGAAGCTGATTGTAAGAA
480

EE R R I I R R I I 2 R I R R I I I S R I I R S R R I R I I A I I I I O
gbssl | cDNA AATATC - - - - - mmmmmme e e A LT
337 | NTRON 1 |
HMD38440 AATATCGT TGCCTGAAAAAGCTATGTAATTGATGATAAAGGATGTAAGT GGATATAATTA
540
gbSSI I CDNA - oo o i
HMD38440 TTTTGCAAATTTTGGTAGCGT TATAAAAGGAATTCTCAATTAAGT AAAACAAAGCACATC
600
ghsslIcDNA - ----ommiio oo AGCTACAGGGAT TGGACTAACATAGT GTAGACGT CGAGAAACC
380
HMD38440 ATCTACAATAGGCCTATAGCTACAGGGATTGGACTAACATAGT GTAGACGT CGAGAAACC
660
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gbssl | cDNA
440
HWD38440
720

gbssl | cDNA
500
HWD38440
780

gbssl | cDNA
531
HWD38440
840

gbssl | cDNA
| NTRON 11|
HWD38440
900

gbssl | cDNA
534
HWD38440
960

gbssl | cDNA
594
HWD38440
1020

gbssl | cDNA
654
HWD38440
1080

gbssl | cDNA
714
HWD38440
1140

gbssl | cDNA
746
HWD38440
1200

gbssl | cDNA
HWD38440
1260

gbssl | cDNA
| NTRON |V
HWD38440
1320

gbssl | cDNA

LR R R R R EEEEREEREEEEREEEEEEEEEEEEEEEEEEESEEESEEEES

AAGTAACATGGATTGATTATATGI TTGCTCCTTAAACTGCATAAACTTTGT TATAATTGT

AAGTAACATGGATTGATTATATGI TTGCTCCTTAAACTGCATAAACTTTGT TATAATTGT

LR R R R R R R R R R RS RS R EEREEEEEEEREEEEREEREREEREEEEEEEREEREEREESEESESES

AATCCAAAAAATTTAAACATATAATCAATAAGGAGCTAACATGCGATTGTI TAGCTTGICTT

AATCCAAAAAATTTAAACATATAATCAATAAGGAGCTAACATGCGATTGTI TAGCTTGICTT

kkhkkkhkhkhkhkhkkhkhkhhkkhkhkhkhhkhkhkhhkhkhkhkhhkhkhhhkhkhkhkhhkhhhhk khhkhh khhhd k khhkk * k,kk* **x*%

ATAAT CCAAAAAAAAAAAAGAGAT TTGCAAT- - - - - - == oo o ommee oo

ATAATCCAAAAAAAAAAAAGAGAT TTGCAATGT CTTTACCAATCTCCTTACAATCCAAAA

EE R R R R R R R R R R

TATTATCCATCTCAATGACCGCACTAACAAAATTCCTCATACGAATCCAAGAAAGACCTT

* k *

ATGCTTCTGCCTCTCTAGCT TGTAACAAACCATCAGACCAACCT GTTACAGCATGGAGEG

ATGCTTCTGCCTCTCTAGCT TGTAACAAACCATCAGACCAACCT GTTACAGCATGGAGEG

kkhkkkhkhkhkhkhkkhkhkhhkkhkhkhkhhkhkhkhhkhkhkhkhhkhkhhhkhkhkhkhhkhhhdhk khhkhd khhkd k khhkk * khkkk* k,*x*%

AGCACCCGGCATGATTGT GGAGGATAGCACT GCAACCAATTCGT CCACAGT GAGGAAAGA

AGCACCCGGCATGATTGT GGAGGATAGCACT GCAACCAATTCGT CCACAGT GAGGAAAGA

R R RS SRS R EEEEEEEEREEEEEEEREEEEEREEEEEESEEEEEEEEEEREEEEREEEEESEEENE]

GTGCAGCATCAGCGT TCAGCTTGAGTAATGT TGAGGGAGCACGCCAGCTGGTGATGGCAG

GTGCAGCATCAGCGT TCAGCTTGAGTAATGT TGAGGGAGCACGCCAGCTGGTGATGGCAG

kkhkkkhkhkhkhkhkkhkhkhkhkkhkhkhkhhkhkhkhhkhkhkhkhhkhkhhhkhkhkhkhhkhhhhkhkhhkhk khhhd k k hkk * *hkk*,*,*x*%

GCAAAGCAGT CT GCAAGAGATACT TCCAGAAT - - - - - < = <= = <= o e oo oo

GCAAAGCAGT CTGCAAGAGATACT TCCAGAATGTGTAGCAGCTAACAAGT TGACCCTCTC

kkhkkkhkhkhkhkhkkhkhkhhkkhkhkhkhhkhkhkkhkhkkhkhkhkhkkhkhkhkkkk*
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HWD38440 TATTGCGACCTATTATCCTTGGATAATTGATCTTTTAGCTTCTATTATTCTCTTCTATAA
1380

gbssl | cDNA - TATATTTGCTTGATAAGAATGATGTAATCCTTACTAAATGTCAATATAATGGTGATTCT
805

HWD38440 GTATATTTGCTTGATAAGAATGATGTAATCCTTACTAAATGTCAATATAATGGTGATTCT
1440

gbssl | cDNA AACATTATGTTATAATTTCAAAAGGCGAAAAAAATTATATCATCTTCTTTCTTACCAACCA
865

HWD38440 AACATTATGTTATAATTTCAAAAGGCGAAAAAAATTATATCATCTTCTTTCTTACCAACCA
1500

gbssl | cDNA AGTCTTTCTAGAGGT CAAAATCACTGTCATCTCATTAGCTCCTACTTCTGI GTGAGTAAT
925

HWD38440 AGTCTTTCTAGAGGT CAAAATCACTGTCATCTCATTAGCTCCTACTTCTGT GTGAGTAAT
1560

gbssl | cDNA CAAATCTAAATACCGTTATTGAAACATTCATCCTTTGCAGATTGCTGAAAGAAGGAAATT
985

HWD38440 CAAATCTAAATACCGTTATTGAAACATTCATCCTTTGCAGATTGCTGAAAGAAGGAAATT
1620

gbssl | cDNA GGTTTCTTCTATACAAAGTAGT GT TGGTGACCACGACACAAACAAAACTTCTCATGAACA
1045

HWD38440 GGTTTCTTCTATACAAAGTAGT GT TGGTGACCACGACACAAACAAAACTTCTCATGAACA
1680

gbssl | cDNA GGGAAAACTC 1055

HVD

Fig.4: Alignment between cassava genomic (HM 038440) and cDNA (AF173900) sequences of GBSS|| gene

In silico identification of introns

The locations of four putative introns identifieg Bequence alignment between ftifess Il isolated genomic
sequence (accession no. HM038440) gloss 1| cDNA sequence (accession (AF173900) depositéde GenBank

are shown in Fig. 4. The locations of the introrerevnucleotide 53-203 (Intron 1), 487-619 (Intrdy 812-957
(Intron 111) and 1173-1380 (Intron 1V). Only twotimns (53 -203 and 487 and 619) could be locatddNi46981
using similar alignment procedure as applied to BBMMO0 (data not shown). The putative intron locetiavere
further confirmed by gene prediction method usingNSCAN web server. The first intron was 201 bp l@amgl
located between nucleotide 53 and 201 . The fitsbim was 8.8% of the entire genomic sequence adkmp of
31.5% T, 26.2% A, 20.1% C and 18.8% G. The secntrdn was 111 bp long and about 6.5% of HM03844®& T
second intron was located between 507 and 617 aul® mp of 46.8%A, 21.6%G, 37.0%T and 13.5%C. Thd th
intron was 146 bp long and about 8.6% of HM0384#@as located between 812 and 957 nucleotide and3 A,
11.6% G, 24.0% T and 24.7% C rich. The fourth intwas located between nucleotide 1172 and 138Irenad up

of 26.7%A, 15.2%G, 30.1%T and 16.2%C. When theomsequences were removed, the nucleotide sequefices
HMO038440 andgbss Il cDNA were identical. All the introns afbss Il sequence contain the splice site sequences
consistent with the consensus 5-GT AG-3' [Zlhe results of the present study provided evidsrbat
there are more than one form of GBSS Il gene isa&sand move the effort of genetic manipulatioGBSS I
gene forward by identify the location of introneggiences in the genomic organization of GBSS legen

DISCUSSION

The successful PCR amplificationgiss Il indicated that the composition of oligonuclel&iprimer pairs used was
adequate and specific for the gene. Six partinbgec clones ofjbss Il was isolated and sequenced. Three clones
(first group, HM038440) were 100% identical at bothcleotide and amino acid levels. The other troleaes
(second group, HM046981) were also 100% identit&loth nucleotide and amino acid levels. This o@nre of
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two groups of clones suggested that GBSS Il proiteicassava has two isoforms. This finding disagreéth
previous report of one isoform of GBSS Il in cassdy Munyikwa [14] and Munyikwa et al. [15]. In tipeesent
study, GBSS Il gene sequence was derived from genDMHA while Munyikwa [14] and Munyikwa et a[15]
derived GBSS Il sequence from complimentary DNAe Tdomplimentary DNA is less informative because it
represents only the expressed portion of the gerike won-expressed part of the gene (intron) idusled. In the
case of genomic DNA (used in this study), both egped and non-expressed parts of GBSS Il genedugéd in
the sequence. To further support this finding, ipldtisoform of GBSS Il has been reported in pegabean, rice,
wheat sorghum, maize and cowpea [16, 17, 18]. Tthdéu confirm the identity of cassava GBSS | isofor
molecular studies have revealed that GBSSII prsteiontain three conserved domains known as BABOIX |l
and BOX Ill. From the primer pair location and thghh sequence analyses, HM038440 and HM046981 were
located upstream the first conserved domains (BPof IGBSS Il gene. BOX | contains 16 amino acidsoag
which are KTGGL motif that is highly conserved arggaiants and bacteria starch synthases.

Phylogenetic analysis reveals relatedness of asganbased on the homology of their protein or Deguences.
The phylogenetic study of higher plant GBSS Il jiwesgly reported by Munyikwa et al.[15] and Balldakorell
[22] was expanded by including newly identified sexqces from higher plants. The divergence of GBSStd
monocot and dicot groups has been documented T22].analysis showed that duplication plays a sicgnitt role
in the emergence of groups and branches of GBSSdhe duplication events are the primary sourcgeoietic
novelty leading to speciation [23]. He explainedtier that after a duplication event, one daugbéere retains the
preduplication function, while the other one, acclates deleterious mutation and is eliminated,roisome rare
cases, survives by gaining a new function. Theatsdl cassava GBSS Il sequences (HM038440 and HN3Q369
belongs to dicots group and are closely relatezhtor bean GBSS Il gene. This is expected aseassd castor
plants belong to the same plant family Euphorbiacé&aplication of this finding on future biotechnogl research
on GBSS Il gene is that any effective techniqueglie gene modification in castor bean can be frsedassava
with or without modification. Such techniques imb#uGBSS Il isoform discovery, gene cloning, dowutation
and overexpression studies and functional chaiiaatem.

The observed amplification product size (1690 a®@8lbp) was larger than the expected amplificgtimduct size
(363 bp) of the starch gene studied. Since gen@Né& was used as template DNA for PCR amplificatitire
difference in predicted and observed PCR produet sould be attributable to the presence of intiangenomic
DNA. An intron is any nucleotide sequence withigene that is removed by RNA splicing to generagefihal
mature RNA product of a gene [24]. A total of sixtative introns were identified in HM038440 and HAM981.
This is expected to have wide applications on geqeression studies and starch modification. Fdaims, one of
these introns is a component of a gene construataesava modification in our cassava transformatimgramme
[25].The inclusion of introns in plant transfornmati constructs increased transformation efficieriey,27]. The
intron sequences can be used in the design of géare constructs to silence or over express stguhs in cassava
or other plant genes for enhanced starch funciiyn@8]. The introns can also be used for exp@sstudies of
other genes in other plants as the significancitadns in gene expression has recently been éstell [24]. In
addition to first reporting the presence of isoferim cassava genome, future cassava biotechnolagiestigation
will benefits from the result of this study in mamgays. The nucleotides of the two isoforms of GBE§ene
(HM038440 and HM046981) can serve as effective camiof primer sequences for PCR amplification agdeg
cloning to obtain full-length sequences of the gerdso the sequences of the two GBSS |l isoforepeorted in the
study can be used to design probe for isolatiothef gene from complementary and genomic DNA lilesari
Furthermore, the sequences can be utilized to pedadioactive probe for nucleic acid hybridizattorknow the
copy number and expression pattern of the genes

From the results of the present study on GBSSnkge cassava, further studies are needed to comapticurrent
knowledge and understanding on cassava GBSS Il émse include isolation of the gene from complitagy or
genomic DNA library, Southern hybridization, exmiesn analyses of the GBSS Il gene isoform by RN#t bl
analysis and functional characterization.

In summary, from a single primer pairs designecamaplify a portion (+3 and +369) afbss Il two different
sequences (HM038440 and HM046981) were obtained.twWb sequences had 99.4% and 84.6% nucleotides and
amino acids identity. Phylogenetic analysis reshibwed that the two sequences belonged to dicotspgbut
slightly different. In silico identification of inbns revealed different number of introns in the sequences: four in
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HMO038440 and two in HM046981. Taking together thessults, it suggested that cassava genome entedes
isoforms of GBSS Il gene.
CONCLUSION

The study described partial genomic organizatio®BSS Il in cassava. The study revealed that casgamome
contains two isoforms of GBSS Il. The study alseniified six introns in the genomic arrangemen&&SS II. The
two isolated cassawgbss Il sequences (HM038440 and HM046981) belongedtbranch in the dicot group which
also contairR. communis andV. vinifera gbss Il proteins. The introns will find applications genetic modification
of cassava for enhanced starch quality and in gem&nipulation of other crops.
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