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Abstract

Genetic engineering of sugarcaradcharum spp. hybrids) to enhance sucrose content and
borer resistance in the region of the stem requapgmopriate transgenes and promoters. A
promoter is essential to drive gene transcriptiod & therefore critical to the success of the
transgenic approach. There are no suitable stelwveaptomoters available in the public
domain. The goal of this work was to identify a geshowing stem-specific gene expression
in sugarcane, maize and sorghum, isolate its pramibom maize and/or sorghum and
evaluate promoter activity and specificity in suggare using a transgenic test system. Maize
and sorghum are relatives of sugarcane in the ya@ramineae but have much simpler
genomes. A previously described stem-specific RNdcript from sugarcane was used as
the starting point. Classical molecular technigwese used to (i) demonstrate that this gene
candidate had suitable characteristics across hree tplant species, (ii) extract upstream
promoter sequences from genomic libraries, (iiinstouct test vectors for sugarcane
transformation and (iv) obtain transgenic plantg fissue-based expression assays.
Assessment of promoter-driven transgene expressismgarcane has revealed a high level of
silencing. Novel strategies to address this proldesnbeing devised and implemented.
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Introduction

Many of the crucial biological processes residinghe stalk of sugarcane are directly related
to crop productivity. Sucrose is accumulated assthék matures, for example Moore (1995).
The stalk is also the site of entry of the sugagcatem boreEldana saccharina Walker
(Lepidoptera: Pyralidae) (Leslie, 1993; Kvedaeasl., 2007), and measures are needed to
reduce insect entry in this region of the plantctics for the genetic manipulation of
sugarcane to enhance phenotypes such as sugas sklborer resistance require not only
appropriate gene sequences, but also promoterswilitah on in this target zone. A promoter
is an essential DNA-based genomic element adjatend gene sequence that drives
transcription in response to developmental or ofiigmals. It is critical to the success of the
transgenic approach. There are no suitable stewifsppromoters available in the public
domain. The goal of this work was to obtain a nopsdmoter that would be useful in
sugarcane. Functional exploitation of the polypleuggarcane genome is impeded by its
extreme complexity and the common presence of iveagenes and pseudogenes. Closely
related members of th&ramineae family such as sorghuntgrghum bicolor) and maize
(Zea mays) have comparatively simpler genomes, hence the& as primary sources of
promoter sequences in this work.

508



Proc S Afr Sug Technol Ass (2008) 81: 508 - 512

Experimental Strategy

Figure 1 shows the flow of information and reseaxctivity used in this study to (i) identify a
low copy number gene showing stem-specific expoessn three related grass genera
(sugarcane, maize and sorghum), (ii) recover itgnate promoter region from sorghum or
maize genomic DNA and (iii) evaluate the functiaotyabf the isolated promoten vivo using

a transgenic sugarcane test syst@mreviously described stem-specific RNA transcfiptm
sugarcane (sequence ‘51’) was used as the staing (Potier and Birch, 2001). Specificity
of expression and copy number in sugarcane, maizk sarghum were investigated by
Northern and Southern analysis respectively. Methaskd to isolate the promoter region
included inverse PCR and probing of Lambda bagtage and Bacterial Artificial
Chromosome (BAC) libraries. Identification of theepise location of the promoter within
larger segments of genomic DNA was achieved by mbogation of hybridisation and
sequencing methods. Between one and four kilobapsgeam of the transcript template
sequence was used to generate test vectors thfiesigh to a ‘reporter’ gene. In this case, the
B-glucuronidase@US) gene was used, as its expression can be trasdd leya colour assay.
The constructs containing the promo@dS sequence were introduced into embryonic
sugarcane cells by conventional transformation rteldgy and whole transgenic plants
regenerated for tissue-based testin@GOfS expression.

Results and Discussion

Despite the function of the gene product of ‘51ingeunknown, this transcript was seen as a
good candidate for the isolation of the correspoggiromoter region in maize and sorghum.
Northern analyses (Figure 2) confirmed the stencifipgy of the transcript in sorghum,
maize and the two hybrid varieties of sugarcane Ardd 88H0019. In the ancestral varieties
Coimbatore $accharum spontaneum) and Black Cheribon Saccharum officinarum) the
expression patterns were slightly different. GesiE Was expressed in the stem and roots in
Coimbatore, whereas its expression was restriabethé top part of the stem in Black
Cheribon. Southern analyses (data not shown) redearelatively low gene copy number in
sorghum and maize. This was an important critef@orproceeding with ‘51’ since the lower
the copy number the greater the chance of retgewnfunctional gene. It was found
impossible to design primers for inverse PCR beedlis base composition of the transcript
showed unusually high levels of G and C. Libraryesaing was therefore used as an
alternative strategy for accessing the relevantigqoiof the genome. A maize Lambda clone
and two sorghum BAC clones containing sequencesolaguous to clone ‘51’ were isolated.
From these clones, a maize promoter sequence wagered (2.5 kb), sequenced and fused
to theGUS reporter gene in constructs designed for sugartansformation. Similarly, two
sorghum promoter sequences (2.2 kb and 3 kb) weeel o producesGUS constructs.
Transgenic lines have been regenerated and thesei@ently undergoing molecular analysis
to confirm constructs integration. For each teststauct, about 15 plants containing the
desired transgenes will be grown to maturity, ahe tifferent tissues assayed GUS
expression to evaluate localisation of promotevagt

Several groups have undertaken assessment of mofaottionality in transgenic sugarcane.
Their work has led to the realisation that sugagcexhibits a high occurrence of transgene
silencing (promoter silencing), with the notableception of the ubiquitin promoters that
express constitutively (Christensen and Quail, 198éw et al., 2001). Recent research
efforts, mostly onArabidopsis, have started to elucidate the mechanisms of drgnt®nal
gene silencing (TGS) (Huettet al., 2007). One of the key features of that phenoméadre
established early on was hypermethylation of DNAve3al enzymes and protein complexes
are involved in this epigenetic DNA modificationltdough it is yet not known whether TGS
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and PTGS (post-transcriptional gene silencing) raeidms are similar in sugarcane and
Arabidopsis, we have initiated work on possible approachesotmteract gene silencing (see
SASTA 2008 poster, ‘Strategies for the alleviatadnpromoter silencing in sugarcane’). On
the other hand, gene silencing may be used asivpdsol to down-regulate specific genes
or metabolic pathways within a plant. Despite ahhigvel of variability in sugarcane
genomes (polyploidy and aneuploidy), gene expresseems to be tightly regulated.
Overcoming gene silencing is part of the futurellehge in obtaining functional, tissue-
specific, inducible and even cell-type specificrpaders for use in sugarcane.
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Figure 1. Strategy for the identification, isolation and testing of a novel promoter.
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Figure 2. Northern blot analysis showing stem-spefic transcription of gene ‘51’ in sorghum,
ancestral and hybrid sugarcane genotypes, and maiz&'L, young leaf; ML, mature leaf;, S1-4,
upper (young) internodal region of stem; S5-9, r@dihternodal region of stem; S10-12, lower
(mature) region of stem; R, root. Insert (bottorwdo corner): Ethidium bromide-stained total RNAs
after electrophoretic separation in an agarosepge; to blotting.
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