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Abstract Modern sugarcane cultivars are highly poly-

ploid and aneuploid hybrids, which are propagated as

clones. Their complex genome structure comprises

100–130 chromosomes and 10–13 hom(e)ologous copies

of most loci. There is preliminary evidence of very high

heterozygosity, with implications for genetic improvement

approaches ranging from marker-assisted selection to

transgenics. Here, we report that sugarcane cultivar Q200

has at least nine alleles at the Loading Stem Gene (ScLSG)

locus. Exon–intron structure is identical and the predicted

protein products show at least 92 % identity, across sug-

arcane alleles and the Sorghum homologue Sb07g027880.

There is substantial variation in the 50 UTR and promoter

regions including numerous allele-specific nucleotide

polymorphisms, insertions and deletions. We developed an

allele-specific qRT-PCR method to undertake the first

compelling test of allele-specific expression in polyploid

sugarcane. Seven alleles distinguished by this method all

showed peak expression in the sucrose-loading zone of the

stem, but there was apparent variability in expression

patterns across other tissues. The ScLSG2 and ScLSG5

alleles appear promising for specificity of expression in

stems, relative to leaf, meristem, emerging shoot and root

tissues. Within the stem, there was activity in parenchyma,

vascular and rind tissues. This expression pattern is of

interest in basic research and biotechnology aimed at

enhanced sucrose content, engineering value-added prod-

ucts, and manipulation of stem biomass composition.

Introduction

Sugarcane (Saccharum spp. hybrid) is a major crop of

tropical and sub-tropical regions, contributing more than

75 % of world sugar production (OECD-FAO 2010). High

biomass accumulation makes sugarcane a strong candidate

among potentially sustainable bioenergy feedstocks (Wa-

clawovsky et al. 2010). It has long been selected by

humans for high sugar concentration in stems, and there is

substantial interest in the potential for metabolic engi-

neering aimed at enhancing value as a biomaterial and

biofuel crop (Arruda 2012; Birch 2007; Dal-Bianco et al.

2012). Saccharum species are wind-pollinated autopolyp-

loids in the wild, and modern cultivars are based primarily

on high-sucrose accessions of S. officinarum, with intro-

gression from S. spontaneum for enhanced disease resis-

tance, vigour and fibre content. The monoploid

chromosome set is estimated at 10, and cultivars are typi-

cally complex aneuploids with 100–130 chromosomes

totalling approximately 10 Gb of DNA (D’Hont et al.

1996). About 70–80 % of the chromosomes are derived

from S. officinarum, 10–20 % from S. spontaneum with the

remainder from interspecific recombinations (Cuadrado

et al. 2004; D’Hont 2005; Piperidis et al. 2010). Thus,

modern sugarcane cultivars have a complex genome

structure with 10–13 hom(e)ologous copies of most loci.

Molecular marker studies and sequencing of genomic PCR

products and BAC library clones indicate high heterozy-

gosity (Bundock et al. 2009; Cordeiro et al. 2000; D’Hont
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et al. 1999; Garsmeur et al. 2011), but few loci have been

analysed at the transcriptional level.

Polyploidy occurs in many plant systems. Evolution-

arily, it may confer advantages in vigour, repertoire of

responses to environmental challenges, and opportunities

for emergence of new gene functions from redundant

copies (Adams and Wendel 2005; Jackson and Chen 2010).

There are theoretical possibilities to exploit allele-specific

expression patterns or isoform interactions in multi-subunit

proteins (Osborn et al. 2003). However, these would add

constraints of allele dosage to those of gene-product dos-

age. Any substantial increase in genetic complexity theo-

retically necessitates tighter control to avoid disruption

from background expression levels. How plants with

complex polyploid and aneuploid genomes regulate

expression in these contexts is poorly understood.

Although many crop species function as diploids, after

evolutionary cycles of polyploid formation and diploidi-

zation (Soltis et al. 2004); others are stable autopolyploids

(e.g. potato and banana) or allopolyploids (e.g. cotton,

wheat and canola).

In allopolyploids, the presence of divergent genomes

within a common nucleus creates the potential for various

intergenomic interactions, including homoeologous

recombination (Osborn et al. 2005; Pires et al. 2007),

genomic deletions (Feldman et al. 2001; Levy et al. 2002)

and modifications of homoeologous gene expression

(Bottley et al. 2006; Wendel et al. 2003, 2008). Among 40

homoeologous gene pairs examined in tetraploid cotton,

ten exhibited biased expression patterns, including devel-

opmental differences and reciprocal silencing in different

floral whorls (Wendel et al. 2003). Microarray analyses

indicate that homoeologue expression biases are common

in cotton fibre cells, and that differential expression can

vary temporally and developmentally (Flagel et al. 2008;

Wendell et al. 2008). Genes with close physical linkage in

one region showed correlated homoeologue expression

biases, inferring the action of factors such as a chromatin

modification or a shared enhancer affecting a large geno-

mic region. However, closely linked genes from a separate

region showed uncorrelated expression patterns, indicating

fine-scale regulatory factors such as localised divergence

among homoeologous promotors or epigenetic marks, or

differential post-transcriptional regulation of alleles (Flagel

et al. 2009).

Sugarcane is remarkable for stable cultivars that com-

bine elements of aneuploidy, auto- and allo-polyploidy

with high heterozygosity. Expressed sequence tag (EST)

resources indicate that multiple alleles are expressed

(Grivet et al. 2001, 2003). Among eight alleles of a

SHAQYF transcription factor in sugarcane cultivar Q117,

one allele was estimated to contribute over 40 % of

expressed transcripts in mature internodes whereas four

other alleles contributed \1 % to the transcript pool

(Mudge et al. 2009). Understanding the allelic variation

across more loci should help in the daunting challenge to

assemble an annotated sugarcane genome database and

indicate the feasibility of marker-assisted selection. An

understanding of the control of allelic expression will aid in

the selection of suitable promoter sequences to drive

desired patterns of transgene expression in biotechnology.

In this study, we examined allelic variation in a gene

preferentially expressed in the sucrose-loading zone of the

sugarcane stem. We characterised ten alleles of this gene,

designated ScLSG and developed allele-specific primer

pairs that allowed qRT-PCR analysis of expression patterns

of seven alleles across different tissues and developmental

stages. The results extend the emerging understanding of

structural diversity between multiple expressed alleles in a

typical sugarcane cultivar, and indicate several candidate

promoter sequences for preferential expression of trans-

genes in the sucrose-accumulating tissues of the sugarcane

stem.

Materials and methods

Choice of target locus

Sugarcane EST clones CA081293 and CA260047 were

potentially up-regulated in a maturing stem internode,

based on microarray data (Casu et al. 2007). These EST

clones were BLASTN searched against the entire sugar-

cane EST sequence collection in GenBank. Alignment of

the retrieved EST sequences revealed that CA081293 and

CA260017 are derived from the same gene. The consensus

sequence from sugarcane EST alignment was BLASTX

searched against the GenBank protein database, revealing

high similarity with proteins of unknown function from

other plant species. Primers were designed to the sugarcane

EST consensus sequence (50 primer ATGGGCGCAAGAG

ATAATGGGGAG, 30 primer TCACCGTTGCTCCAACC

ATACTTC) and used to amplify full-length coding

sequences from a maturing internode of sugarcane cultivar

Q200. The amplified cDNA was used as a probe in

northern blot analysis, which confirmed that this gene is

up-regulated in the sucrose-loading zone of sugarcane

stems (see ‘‘Results’’). We designated this gene ScLSG

(Sugarcane Loading Stem Gene).

BAC library screening

A previously described sugarcane Q200 BAC library

(Mudge et al. 2009) was screened using the amplified

ScLSG cDNA as a probe. DNA was extracted from BAC

clones using Plasmid Maxiprep or Midiprep kits
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(QIAGEN), and sequenced by primer walking (AGRF and

AEGRC, Brisbane, Australia). Sequences from each BAC

clone were assembled using the ContigExpress module of

Vector NTI (Invitrogen).

Plant tissues, RNA isolation and cDNA synthesis

Leaf, meristem and internode (IN) samples were harvested

from three replicate field-grown Q200 plants, numbering

from ?1 for the top visible dewlap, attached leaf, node and

IN below (Van Dillewijn 1952). Young stems, shoots and

roots were each harvested from two replicate glasshouse-

grown Q200 plants. RNA was also isolated from rind,

vascular and parenchyma tissues dissected from IN5 of

glasshouse-grown Q200 plants.

RNA for northern blot analysis and qRT-PCR was iso-

lated using TRIzol� reagent (Invitrogen). RNA for qRT-

PCR was treated using 2 U of DNase I (New England

Biolabs) at 37 �C for 30 min followed by enzyme inacti-

vation at 70 �C for 10 min. cDNA was then synthesised

from 2 lg of RNA using Superscript III reverse trans-

criptase (Invitrogen) and Oligo(dT)20.

Quantitative real-time PCR, northern blot and sugar

analysis

qRT-PCR primers were designed to sequences conserved

across all of the ScLSG alleles (ScLSG qRT50 GTTGGAG

CAACGGTGATG, ScLSG qRT30 GGGAATGTACTGT

ACAAGAAAGTG) and predicted to yield a 149-bp

amplicon. Primers containing allele-specific polymor-

phisms (Supplementary Table 1) were designed using

Vector NTI (Invitrogen). qRT-PCR was performed using

FastStart Universal SYBR Green Master (ROX) (Roche

Diagnostics) in a 7900HT thermocycler (Applied Biosys-

tems). After denaturation at 95 �C for 10 min, the qRT-

PCR cycles consisted of denaturation at 95 �C for 15 s

followed by annealing/extension at 62 �C for 60 s for a

total of 45 cycles, with the exception of allele ScLSG1 for

which annealing/extension was at 62 �C for 90 s. Differ-

ences in expression were calculated using the comparative

CT method (2�DDCt ). GAPDH was used as the reference

gene (Iskandar et al. 2004). Statistical analysis was

undertaken using GraphPad Prism software. Data from
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Fig. 1 Northern analysis of total RNA from sugarcane Q200,

showing the ethidium–bromide-stained gel above the northern blot

probed using ScLSG cDNA. Sampled tissues were meristem to

internode 2 (M-IN2), numbered internodes (IN#) and leaves from

field-grown plants; and the following from glasshouse-grown plants:

shoots (2-cm long), young stems (30 cm), set roots (2 weeks after

planting), root tips and remaining root tissues (4 months after

planting)
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Fig. 2 ScLSG expression in relation to sucrose accumulation in three

stems of field-grown Q200 (20 internode stage of development). qRT-

PCR data were normalised using GAPDH as the reference gene.

Relative expression was then converted to a percentage of the level in

the highest expressing internode. Bars show means with standard

errors from three or four qRT-PCRs per sample using a conserved

primer pair (left Y axis). The line graphs show sucrose concentration

in juice from the same samples (right Y axis)
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multiple tissues from the same plants were analysed using

ratio t tests. Data from different plants were analysed using

unpaired t tests. In all cases, P \ 0.05 was applied as the

criterion for statistical significance.

Northern blot analysis was undertaken as described by

Mudge et al. (2009). Sucrose was quantified by high-per-

formance anion-exchange chromatography with pulsed

amperometric detection (Wu and Birch 2007).

Results

Identification of a gene that is preferentially expressed

in the sucrose-loading region of sugarcane stems

We commenced with EST clones CA081293 and

CA260047, which appeared by microarray analysis to be

up-regulated in the maturing stem (Casu et al. 2007). After

a BLASTN search against the sugarcane EST collection in

GenBank and alignment of the matching EST sequences,

consensus primers were designed to amplify full-length

coding sequences from sugarcane Q200 IN6 cDNA.

Northern analysis using this cDNA as a probe indicated

strongest expression in stem tissues, particularly the zone

of rapid sucrose accumulation (IN3–12 in Fig. 1). The gene

was designated ScLSG. Multiple alleles were cloned,

sequenced and aligned as described below.

qRT-PCR using primers matching sequences conserved

across ScLSG alleles, applied to RNA from internodes of

field-grown Q200 stems, showed peak ScLSG expression

around the transition zone to rapid sucrose accumulation

(Fig. 2). There is slight variation between stalks in the

internode at which this peak occurs (between IN5 and IN7).

Therefore, we used the peak-expressing internode for

comparison with other tissues. This indicated relatively low

expression in leaf, meristem or root tissues (Fig. 3, con-

served primers). The internodes exhibiting peak ScLSG

expression had significantly higher ScLSG transcript levels

than leaves, stem apex regions, young internodes or young

roots. Expression in emerging shoots appeared higher by

qRT-PCR than by northern analysis on the same RNA

samples, possibly reflecting the different basis for gener-

ating the primary signals and normalising the results in

these methods (northern hybridisation intensity to full-

length cDNA probe amplified using conserved primers and

normalised through equivalent RNA loading, versus qRT-

PCR amplification rate of a gene fragment flanked by

conserved primers and normalised relative to GAPDH

amplification rate).

qRT-PCR on RNA extracted from dissected rind, vas-

cular and storage parenchyma at IN5 of a glasshouse-

grown Q200 stem revealed ScLSG expression in each tissue

type and highest in the storage parenchyma (Fig. 4).

Allelic diversity at the ScLSG locus

In a BAC library estimated to contain about 80 % of the

Q200 genome (Mudge et al. 2009), 12 clones hybridised to
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Fig. 3 ScLSG expression pattern in sugarcane Q200 indicated by

qRT-PCR using conserved or allele-specific primer pairs. Tissues are

as detailed in Fig. 1 except that young roots were from glasshouse-

grown plants (4 months after planting). Peak IN is the highest

expressing internode (IN5–7). The data were normalised to the

GAPDH reference gene using the comparative Ct method (2�DDCt ).

Bars show means with standard errors from two (glasshouse-grown)

or three (field-grown) replicate plants. Astersik indicates significantly

different from peak IN (P \ 0.05)
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the ScLSG probe. DNA sequence analysis revealed two

duplicate pairs, leaving ten unique clones. BAC10 con-

tained partial 30 ScLSG coding sequence and BAC9 con-

tained non-overlapping partial 50 ScLSG coding sequence

(Fig. 5); so the possibility that these are derived from the

same allele cannot be excluded. BAC7 contained unique

partial 30 ScLSG coding sequence, and the full-length allele

was obtained by a genomic PCR using an allele-specific 30

primer (ACCACGCCTCCAACCCAT) and a conserved 50

primer (AAGTACAAACGTAGACTCTG). The remaining

BAC clones contained full ScLSG coding sequences, 50

UTR and at least 2 kb of putative promoter region. The

alleles were designated ScLSG1–ScLSG10 and the nine

sequences with promoter regions are in GenBank Acces-

sions JQ920355–JQ920358 and JX514698–JX514702.

A BlastN search of the GenBank sugarcane EST database

on 25/11/2011 identified 33 ScLSG ESTs. Even allowing

for the limitations of EST sequence accuracy, it appears

that additional ScLSG alleles exist in various sugarcane

cultivars.

The ScLSG genomic sequences from Q200 share a

predicted pattern of seven exons in the coding sequence

and a large intron in the 50 UTR (Fig. 5). The full-length

alleles encode either 690 amino acids (ScLSG8), 691 amino

acids (ScLSG1, 2, 3, 4, 6, 7) or 695 amino acids (ScLSG5).

The predicted proteins share between 96 and 100 % amino-

acid identity and show 92–95 % identity to their 695

amino-acid Sorghum homologue (Sb07g027880). The

protein function is unknown. At the nucleotide level, the

ScLSG coding sequences share 97–99.9 % identity and

show 94–96 % identity to Sb07g027880. The ScLSG intron

sequences (excluding the 50 UTR intron) share 90–99 %

identity and show 85–87 % identity to Sb07g027880.

ScLSG alleles vary more in the 50 UTR and promoter

regions, with multiple single-nucleotide polymorphisms,

insertions and deletions (Fig. 5). In the promoter region,

ScLSG7 and ScLSG8 share a large 1,220-bp deletion rela-

tive the other alleles. ScLSG2 and ScLSG3 share similar

230 bp insertions. ScLSG1, ScLSG4 and ScLSG6 each

contain at least one unique insertion of [60 bp. ScLSG6

contains a 1,000-bp inverted repeat of adjacent sequence.

The 50 UTR intron of ScLSG8 contains an 800-bp insertion.

The origin of the insertion sequences was investigated

using Repbase (Kohany et al. 2006). All but one of the

insertions longer than 60 bp in the putative promoter and 50

UTR regions (Fig. 5) showed homology to transposable

elements. The 65-bp insertion in ScLSG1 showed 81 %

similarity across 54 bp to an L1-type non-LTR retrotrans-

poson from Sorghum bicolor. The 230-bp insertion in

ScLSG2, ScLSG3, ScLSG5 and the 200-bp insertion in

ScLSG6 showed 71–82 % similarity across 192–222 bp to
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the TSB2 non-autonomous Harbinger-type DNA transpo-

son from S. bicolor. The 720-bp insertion in ScLSG6

showed 86 % similarity across 708 bp to MUDR non-

autonomous DNA transposon from S. bicolor. The 240-bp

insertion in ScLSG4 and the 550-bp insertion in ScLSG8

showed 74 and 77 % similarity across 216 bp to the Tourist

1a Harbinger-type DNA transposon from S. bicolor. The

550-bp insertion in ScLSG8 contains a 158-bp region with

84 % similarity to Tourist 1c Harbinger-type DNA trans-

poson from S. bicolor. The 800-bp insertion in ScLSG8

showed 71 % similarity across 288 bp with MUDRN3 non-

autonomous DNA transposon from Oryza sativa.

Multiple ScLSG alleles share similar expression

patterns across the maturing sugarcane stem but exhibit

different expression patterns among other tissues

The specificity of primer pairs designed to ScLSG alleles 1,

2, 3, 4, 5, 7 and 8 (Supplementary Table 1) was confirmed

using the suite of ScLSG BAC clones as templates in PCRs

(Supplementary Fig. 1). We were unable to design allele-

specific primer pairs to ScLSG6 (tested primers gave spu-

rious amplicons) or ScLSG9 and ScLSG10 (incomplete

coding sequences). The allele-specific qRT-PCR approach

cannot be used to determine absolute expression levels

(because the relative efficiencies of different primer sets in

critical early PCR cycles are unknown), but it can be used

to compare expression specificity across tissues.

qRT-PCR using the allele-specific primers, in each case

indicated a peak of expression between IN5 and IN7 across

three replicate stems (Fig. 6). For each allele, expression in

IN5 was significantly higher than in the meristem region or

IN16. Comparing other tissues, each allele had signifi-

cantly lower expression in the leaf, apex and root tissues

relative to the peak expressing internode (Fig. 3). All

except ScLSG3 had significantly lower expression in

shoots, young stems and young roots relative to the peak-

expressing internode. There was apparent variation

between alleles in some other respects, such as shoot:root

expression ratios.

Discussion

Sugarcane cultivar Q200 is highly heterozygous at the

ScLSG locus, with nine or ten alleles recovered from an

incomplete BAC library. The total number of 12 hybri-

dising clones in this library indicates a single locus in the

sugarcane genome (Mudge et al. 2009). The closely related

diploid Sorghum genome contains a single locus for the

orthologous gene Sb07g027880. Combining the detailed

analyses of the ScLSG and ScR1MYB1 (Mudge et al. 2009)

loci, a recent BAC sequencing study (Garsmeur et al. 2011)

and the indications from sugarcane EST (Marconi et al.

2011) and isozyme analyses (Glaszmann et al. 1989); the

emerging picture is one of very high heterozygosity at

many gene loci in sugarcane. In the loci explored in

greatest detail, the number of alleles per cultivar approa-

ches the theoretical limit of around 12 in this complex

polyploid genome.

ScLSG (conserved primers)
%

 e
xp

re
ss

io
n 

re
la

tiv
e 

to
 ti

ss
ue

w
ith

 h
ig

he
st

 e
xp

re
ss

io
n

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
12

IN
16

0

20

40

60

80

100

ScLSG5

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
12

IN
16

0

20

40

60

80

100

ScLSG3

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
12

IN
16

0

20

40

60

80

100

ScLSG7

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
12

IN
16

0

20

40

60

80

100

ScLSG2

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
12

IN
16

0

20

40

60

80

100

ScLSG4

%
 e

xp
re

ss
io

n 
re

la
tiv

e 
to

 ti
ss

ue
w

ith
 h

ig
he

st
 e

xp
re

ss
io

n

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
8

IN
12

IN
16

0

20

40

60

80

100

ScLSG8

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
12

IN
16

0

20

40

60

80

100

ScLSG1

M
-I

N
2

IN
3

IN
4

IN
5

IN
6

IN
7

IN
8

IN
12

IN
16

0

20

40

60

80

100

***

** **
*

*
*

* **

***
* *

*

*
*

***

*

Fig. 6 Stem profiles of ScLSG expression in field-grown Q200 stems,

based on qRT-PCR using consensus or allele-specific primers. The

data were normalised using GAPDH as the reference gene. Relative

expression was then converted to a percentage of the level in the

highest expressing internode (IN5–7). Bars show means with standard

errors from three replicate stems. Asterisk indicates significantly

different from IN5 (P \ 0.05)
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Furthermore, our analysis at the transcript level indi-

cates that most or all of the ScLSG alleles are expressed.

There were sufficient unique polymorphisms in ScLSG

sequences to perform qRT-PCRs that distinguish seven

alleles, all of which were expressed. The development of

validated allele-specific primers permitted the first com-

pelling test for allele-specific developmental expression

patterns in sugarcane. Previous explorations based on EST

frequencies or sequencing of RT-PCR products have been

limited by the available number of sequenced cDNA

clones. In the case of ScLSG, seven tested alleles showed

similar expression profiles along the sucrose-loading zone

in field-grown stalks, but varied in other tissues (Figs. 3, 6).

Our results indicate that it is prudent to undertake expres-

sion analysis on single sugarcane alleles, before selecting

for biotechnology applications promoters from a locus with

an expression pattern deduced from data integrating mul-

tiple alleles.

The 50 UTR and promoter regions of the identified

ScLSG alleles exhibit substantial structural and sequence

diversity. Taking ScLSG1 as a reference sequence, all of

the eight other sequenced upstream regions contain an

insertion or deletion [65 bp in size, in addition to

numerous single-nucleotide polymorphisms and small

insertions and deletions. All but one of the insertions show

high sequence similarity to known transposable elements

from Sorghum and rice. These structural differences likely

contribute to the variation in developmental expression

patterns and can be explored further using transgenic

approaches with reporter fusions.

The added complexity for marker-assisted selection of

traits based on multi-allelic expression has been mentioned

previously (Mudge et al. 2009), and is reinforced by the

evidence presented here for allele-specific variations in

expression patterns. Another practical implication is that

understanding of the extent of heterozygosity and the

detailed sequence variations at key loci will be important

for the design of constructs to reduce expression of some or

all alleles of a sugarcane locus by RNAi (Osabe et al. 2009).

Extending our knowledge of the variations between

haplotypes will also aid in developing strategies to effi-

ciently sequence and correctly assemble the sugarcane

genome, currently one of the greatest challenges in

genomics because of complex polyploidy (Dal-Bianco

et al. 2012; Souza et al. 2011). Using the ScLSG locus as an

example, there is insufficient sequence variation in the

coding regions to distinguish multiple haplotype sequences

with current high-throughput, short-read, whole-genome

sequencing methods. However, the presence of multiple

allele-specific SNP’s and InDels in the 50 UTR and pro-

moter regions points to the use of mate-paired library

strategies to match reads from regions of low allelic vari-

ability (such as coding sequences) with reads derived from

regions of high variability (such as introns and intergenic

regions). The emergence of long-read, deep-sequencing

platforms could also help to build sequence scaffolds for

individual haplotypes.

Northern blot and qRT-PCR analyses indicate that

overall ScLSG expression peaks near the sucrose-loading

zone of the sugarcane stem and continues in mature in-

ternodes, with relatively low expression in most other tis-

sues including leaves, the shoot apical meristem and roots.

Furthermore, expression is higher in the sucrose-storage

parenchyma than in fibrous rind or vascular tissues at IN5.

This expression pattern differs from sugarcane-stem genes

characterised in substantial detail for preferential expres-

sion in mature-stem internodes (Mudge et al. 2009) or in

fibrous cell types (Damaj et al. 2010). The pattern exem-

plified by ScLSG2 and ScLSG5 is of interest in sugarcane

biotechnology because of the importance of endogenous

processes in stems for sucrose and biomass accumulation,

and because of the potential through metabolic engineering

to accumulate novel biomaterials derived from stored

sucrose. We have recently shown that several of the iso-

lated ScLSG promoter regions drive useful transgene

expression patterns in sugarcane (Moyle and Birch 2013;

Mudge et al. 2013).
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