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Abstract The expression of sucrose-phosphate synthase II

(SPSII) and sucrose transporters ShSUT1A and ShSUT4

were determined by RT-PCR and qRT-PCR in the sink and

source leaves and in rind and pith of mature internodes of

four high-yielding Hawaiian sugarcane cultivars. Expres-

sion of SPSII, ShSUT1A, and ShSUT4 was lower in pith

than in rind, except in one cultivar, but else quite similar in

the cultivars. The strong expression of transporter ShSUT4

in the rind of the internodes may hint to a special role of

ShSUT4 in the rind. ShSUT4-expression in the sink and

source leaves was similar in all four cultivars, whereas

large differences were found for the expression of

ShSUT1A and SPSII between the source and sink leaves

and between the cultivars. The levels of sucrose precursors

were doubled in source leaves compared to sink leaves,

whereas they were higher in immature internode compared

to mature internode. The role of sucrose transporters and

SPSII in leaves and internodes is discussed, but the large

differences, which were observed in the transcript levels of

SPSII and sucrose transporters between some cultivars,

although all the cultivars were similarly high-yielding

cultivars, show that SPSII and SUT transcript levels cannot

be used as indicators of high-yield cultivars.

Keywords Rind tissue � Pith tissue � Saccharum sp.

hybrid � ShSUT1A � ShSUT4 � SPSII

Introduction

Sugarcane is grown commercially because of its ability to

store large amounts of sucrose in its stem parenchyma. The

increase of sucrose yield has been always a goal and in

recent years also for the increasing demand of biofuel and

biomass production (Cheavegatti-Gianotto et al. 2011).

Therefore, the mechanism of sucrose accumulation in

sugarcane stem is also nowadays a top priority in sugarcane

research. Sucrose is the common transport sugar in the

phloem of nearly all plants, but also nearly all plants

including grasses synthesize macromolecules such as

starch or fructans as storage compounds to avoid osmotic

problems which would be created by the accumulation of

small molecules (Zhu et al. 1997). Breeding for high sugar

yield in sugarcane achieved values of 20% sucrose on fresh

weight (FW) basis, which corresponds to 700 mM sucrose

in the stem (Moore 1995). This high concentration of

sucrose is probably evenly distributed between vacuole,

symplast, and apoplast of the mature stem parenchyma

(Hawker 1965; Welbaum and Meinzer 1990) and it is the

mechanically strong rind tissue which prevents stem

cracking, which sometimes indeed occurs at high rainfall.

The sucrose content in the phloem of sugarcane has not

been measured so far; however, in maize and barley it has

been estimated at 1 M and probably the same concentration

may be present in sugarcane (Ohshima et al. 1990; Winter

et al. 1992). Thus, there is a possibility to have small
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concentration gradient between phloem and storage par-

enchyma which could drive sucrose exit into the storage

parenchyma cells even through symplastic connections

which bridge the permeability barrier around the bundle

sheath cells (Jacobsen et al. 1992). Uphill sucrose transport

may not be required for sucrose storage in the stem, but

transporters may be useful to enhance the sucrose flow

from cell to cell over the apoplast or for retrieval of

sucrose. The structure of sugarcane stem plays an essential

role in sucrose transport from phloem to the storage par-

enchyma tissue. The vascular bundles of sugarcane stem

are surrounded by a layer of fiber cells that become pro-

gressively lignified with development (Rae et al. 2005a). It

has been suggested that these layers can prevent and/or

impede apoplastic movement of solutes during the period

of sucrose accumulation (Casu et al. 2003). A sucrose

transporter belonging to the SUT1 group has been isolated

from sugarcane (Casu et al. 2003; ElSayed et al. 2010; Rae

et al. 2005a), which is preferentially localized in the mature

leaves and in the bundle sheath of maturing internodes.

Also, an SUT4-group transporter has been identified in the

internode (ElSayed et al. 2013). Furthermore, previous

studies proposed that SUT1 was greatly discriminating for

sucrose, but the gene family of SUTs is not fully under-

stood in sugarcane due to the difficult challenge caused by

its high degree of polyploidy and heterozygosity genome

(Rae et al. 2005b; Reinders et al. 2006).

Sucrose phosphate synthase II (SPSII) is one of the key

enzymes that regulate the sucrose synthesis pathway,

which has been widely studied (Doehlret and Huber 1993).

Several studies provided strong evidence that SPSII is

involved in the regulation of carbohydrate partitioning and

in sugar metabolism in general (Galtier et al. 1993; Worrell

et al. 1991). Additionally, the parenchyma-based synthesis

of sucrose by sucrose-phosphate synthase II (SPSII) will

recycle sucrose hydrolysis products from invertase action

and indeed SPSII can be considered as a marker for high

sucrose storage (Grof et al. 2007).

Sugarcane stalk bagasse consists of two major compo-

nents; pith and rind. Pith is the inner part of sugarcane stalk

bagasse while rind is the outer part of it. Sugar transport in

sugarcane from phloem to pith is assumed to involve

movement via the apoplast (Glasziou and Gayler 1972).

Therefore, the capacity for sugar uptake from free space by

pith parenchyma is a vital step. Pith and the pith–rind

boundary of the internodes are less intractable, especially

in cultivars that contain low lignin. Even though the pith

and pith–rind boundary both represent only 24–26% of the

internode sugarcane dry mass, they are motivating ele-

ments appropriate for direct enzymatic hydrolysis, yielding

moderate to high glucose yield (Várnai et al. 2014).

Therefore, this study was aimed to analyze the expression

of sucrose transporter genes (ShSUT1A and ShSUT4) and

SPSII in pith and rind of the sugarcane stem of some

commercial cultivars and, for comparison in their leaves.

The purpose was to gain insight into physiological condi-

tions in sugarcane that are responsible for the high level of

sucrose storage. Four high-yielding commercial cultivars

from Hawaii with different demands for soils and climate

were selected for these studies to prove whether their high-

yielding property can be traced back to a common feature

of sucrose synthesis and sucrose transport genetic activity.

Materials and methods

Plant material

Saccharum spp. hybrids (H65-7052, H73-6110, H87-4319,

and H87-4094) were grown in test plots within plantation

fields in Oahu and Maui, Hawaii, for 12 months. The plants

were harvested by hand, the green leaf tops and the stems

were separated, weighed and chopped for sugar extraction

and determination as described previously (Lehrer et al.

2007). The same cultivars were grown in the greenhouse in

pots containing garden soil at Bayreuth University, Ger-

many, at 24 ± 1 �C with a 12 h photoperiod. The upper-

most leaf with fully developed dewlap (the top visible

dewlap TVD) and the attached internode beneath was

numbered as TVD#1. The leaves with TVD#5–10 are fully

mature and considered as full source leaves, the leaves with

lower numbers (i.e. to the top of the shoot) are considered

as sink leaves.

Expression of sucrose transporters and sucrose

phosphate synthase studied by RT-PCR

Total RNA from source and sink leaves and from mature

internode (TVD#9) of four sugarcane cultivars was isolated

and subsequently, cDNA synthesis was performed

according to ElSayed et al. (2010). RT-PCR with primers

listed in Table 1 was used to determine the expression of

ShSUT1A, ShSUTA4, and SPSII in rind and pith tissues of

sugarcane internode #9 and in sink and source leaves as

well. The PCR program, including the design of primer

sets, was optimized using semi-qPCR with different num-

bers of PCR-cycles.

Real time PCR assay

The quantitative real-time PCR (qRT-PCR) analysis was

conducted using the iCyclerTM Thermal Cycler (Bio-Rad,

USA) by utilizing the iQTM SYBR Green Supermix (Bio-

Rad). The RT-PCR reaction was performed in a final vol-

ume of 20 lL according to the manufacturer’s instructions.

The iCyclerTM program was as follows: 95 �C for 1 min,
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then 45 cycles at 95 �C for 30 s, 58 �C for 40 s, and 72 �C
for 45 s, and then a final extension at 72 �C for 10 min

followed by a melting curve program (55–95 �C in

increasing steps of 0.5 �C). GAPDH and 25S rRNA genes

were used as controls to normalize the qRT-PCR. Lin-

RegPCR software was used to investigate the efficiency of

each reaction according to Ruijter et al. (2009). Signal

values were subsequently derived from the threshold cycles

after subtracting the average signal of the background

using the equation of Pfaffl (2001).

In situ hybridization of ShSUT1A transcript

in internode section

The in situ hybridization was performed according to Woo

et al. (1999) with some modifications as described by

ElSayed et al. (2010).

Analysis of sugar and metabolites

Sugar yield of cultivars H65-7052, H73-6110, H87-4319,

and H87-4094 was determined from plants in the Hawaiian

fields as described by Lehrer et al. (2007). The harvest of

these plants was made by hand, the green leaf tops were

chopped off and the remaining stalks were collected as

stems.

Sucrose analysis

A 20 lL of the extract was heated at 90 �C for 10 min with

1.38 mL KOH (7.5%). From the resulted reaction, 140 lL

was incubated with 1 mL anthrone reagent (150 mg

anthrone, 76 mL sulfuric acid and 30 mL water) for

20 min at 37 �C. After that 200 lL of the mixture were

measured in a microplate reader at 630 nm.

Metabolites were measured in the sink and source leaves

of sugarcane cultivar H73-6110, using gas

chromatography–mass spectrometry (Supelco, Bellefonte,

CA, USA). The collected leaf samples were frozen in liq-

uid nitrogen. Extraction and measurement of the metabo-

lites in the leaf tissue were performed as described by

Roessner et al. (2000). Normalized data was calculated as

detailed by Roessner et al. (2001).

Statistical analysis

The data were analyzed by analysis of variance (ANOVA)

and Student–Newman–Keuls (SNK) test (p\ 0.05) using

SAS statistical software (SAS Institute, Cary, NC).

Results

Sugar yield and sucrose and starch precursors

Under the experimental field conditions (which were irri-

gated dryland plantation fields) the four cultivars had very

similar sugar yields per field area (Fig. 1A). Sugar yield is

the product of biomass yield and the sugar content in the

stem. The sucrose concentration in the harvested stems was

also very similar in all four cultivars, although small dif-

ferences existed, for example, cultivar H87-4094 had the

lowest sugar yield despite the highest concentration of

sucrose in the stem (Fig. 1A, B). Large differences existed

in the sugar concentration in the green leaf top (Fig. 1C).

Cultivar H87-4319 showed the highest sucrose concentra-

tion in the green leaf top (72.4 lmol/g FW) and H65-7052

and H87-4094 the lowest (Fig. 1C). As expected, the green

leaf top had in average only one-third of the sucrose con-

centration in the stem.

The green leaf top consists of mature source leaves (more

downward on the stem) and younger, immature sink leaves

(towards the apex of the shoot). Sugar and sugar metabolite

concentrations were measured in one cultivar (H73-6110) as

Table 1 RT-PCR primers

sequences which were used for

sucrose transporters and sucrose

phosphate synthase genes

amplification

Primer names Sequence (50…….30) Amplified fragment

ShSUT1A

Fwd TCTCCTCTCTCCCGAATTGA 800 bp

Rev TCCAACCCACAAGAGTTTCC

SPSII

Fwd TAAGTGGCCATCATTGCGTA 181 bp

Rev AATACAAAACCAACAGCGCC

ShSUT4

Fwd CTTTTCACTCTTCATGGCCC 1097 bp

Rev AACCCACAAGAGTTTCCACG

25S rRNA

Fwd GCAGCCAAGCGTTCATAGC 108 bp

Rev CCTATTGGTGGGTGAACAATCC
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an example (Table 2). Sucrose was high in source and sink

leaf. However, the precursors of sucrose, namely sucrose-

phosphate, hexose-phosphates and UDP-glucose were usu-

ally double in the source leaf compared to the sink leaf. Also,

the precursor of starch, ADP-glucose, and ATP was higher in

source leaves, only inorganic phosphate, which serves

among others to drive out triose-phosphates from the

chloroplast, was higher in sink leaves (Table 2).

The sugar and metabolite concentrations were also mea-

sured in the young, immature stem and in the mature, ripe

stem of the sugarcane cultivar H73-6110 as an example

(Table 3). Sucrose concentration was six-fold higher in the

mature internode (#12) than in the immature internode (#5).

In contrast, the glucose and fructose concentrations were

40-fold lower in the mature internode compared to immature

internode, where they were at the same level as sucrose. The

precursors of sucrose, glucose-6-P, UDP-glucose, glucose-

1-P and fructose-6-P concentrations were higher, in average

double, in immature internode (#5) compared with the

mature internode (#12) (Table 3).

Expression of sucrose transporters and sucrose-

phosphate synthase in rind and pith of mature

internode

The cross section of the sugarcane stem shows a central

pith area with wide parenchyma cells and dispersed bun-

dles and a densely fibrous rind with sometimes incomplete

bundles and few thin-walled parenchyma cells (Fig. 2A

left). The increasing size of sclerenchyma sheets of the

bundles towards and in the rind and the densely packed

bundles are very obvious under UV-light, which excites the

lignified cell walls (Fig. 2A right). The pith parenchyma is

the main place of sugar storage, whereas the rind serves for

mechanical stabilization and firmness of the stem. Two

sucrose transporter genes had been identified in Hawaiian

sugarcane cultivars, ShSUT1A and ShSUT4. ShSUT1A

can be localized in cells of the internode bundles (Fig. 2B),

no signal with the sense probe (Fig. 2C).

Transcripts of both transporters ShSUT1A and ShSUT4

were expressed in rind and pith tissue (Fig. 3A), however,

there were differences between the four Hawaiian high-

yield sugarcane cultivars. Quantitative RT-PCR was per-

formed to measure the transcript amount for ShSUT1A,

ShSUT4 and SPSII genes in the cultivars for quantitative

comparison (Fig. 3B). ShSUT1A was approximately one

quarter less expressed in pith than in rind in three cultivars,

whereas in H65-7052, the ShSUT1A amount in the pith

was double of that in the rind (Fig. 3B). The amount of

ShSUT4 transcripts was approximately the same in all four

cultivars, but was clearly much lower in pith than in rind,

within average a three-fold higher amount in rind than in

pith tissue. The expression of SPSII was different in the

four cultivars and in the case of three cultivars higher in

rind than in pith (Fig. 3B), whereas it was the same in rind

and pith in cultivar H65-7052, which had the lowest SPSII

amount of the cultivars anyway.

Expression of sucrose transporters and sucrose-

phosphate synthase in sink and source leaves

Large differences up to four-fold were observed in the

ShSUT1A transcript amounts in the four cultivars
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Fig. 1 Sugar yield and sucrose content in stems and leaves of four

Hawaiian cultivars. Different small letters indicate that results were

significantly different (p\ 0.05) from each other according to

ANOVA by SAS
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(Fig. 4A). Two cultivars (H65-7052 and H73-6110) had

similar levels in source and sink leaves, although double in

H73-6110, whereas H87-4094 had a four-fold higher

amount in sink leaves than source leaves and H87-4319

just the inverse (Fig. 4B).

Small variances were found between the sugarcane

cultivars for the ShSUT4 transcripts in the sink and source

leaves (Fig. 4A). In general, the amount in source leaves

was about 20% lower than in sink leaves. This was true for

all four tested cultivars, although H65-7052 was a bit lower

in source leaves than in sink leaves (Fig. 4B).

Relatively large differences were found for the transcript

of SPSII between the source and sink leaves and between

the cultivars (Fig. 4A). H87-4319 had a high and approx-

imately similar transcript level of SPSII in source and sink

leaves, whereas the other three cultivars had an up to three-

fold higher level in the source leaves than in sink leaves

(Fig. 4B). The SPSII-transcript level in source leaves of

two of these three cultivars (H73-6110 and H87-4094) was

Fig. 2 A Cross sections of sugarcane stalk showing the fibrous rind and

the soft pith in a fresh overall section (left) and magnified under UV light

(right), which elicits the lignified cell walls pictures were taken from

latimesblogs.latimes.com (left) and shutterstock.com (right) and modi-

fied.B In situ localization of ShSUT1A in sugarcane internode (#9) in cv.

H87-4094 (red arrows) using antisense probe. Strong transcript signals

were present in parenchymatic cells of phloem (p) and vascular bundles

(vb) of internode (mx metaxylem), scale bar = 100 lm. C For compar-

ison in situ localization using sense probe of ShSUT1A in sugarcane

internode (#9) of cv. H87-4094 (color figure online)

Table 2 Concentrations of

precursors of sucrose and starch

in sink leaves (#-2 to 1) and in

source leaves (#5–7) of

sugarcane cultivar H73-6110

Metabolites Sink leaf (lmol/g FW) Source leaf (lmol/g FW)

Sucrose 59.0 ± 14.31 66.6 ± 3.80

Sucrose-P 1.09 ± 0.18 2.00 ± 0.32

hex-P 15.9 ± 2.75 29.5 ± 1.10

UDP-glc 7.97 ± 1.63 16.0 ± 4.70

ADP-glc 0.94 ± 0.09 1.25 ± 0.06

ATP 0.50 ± 0.03 1.06 ± 0.28

ADP 0.31 ± 0.05 0.41 ± 0.20

Inorganic phosphate 1000 ± 11.59 790 ± 43.30

Table 3 Sucrose and metabolites in immature (#5) and mature (#12)

internodes of sugarcane cultivar H73-6110

Metabolites Internode #5 Internode #12

Sucrose (mM) 84.5 ± 7.09 533 ± 35.55

Glucose (mM) 74.5 ± 6.65 2.0 ± 0.26

Fructose (mM) 88.5 ± 4.39 2.0 ± 0.32

Glc 6-P (nmol/g FW) 40.0 ± 6.80 32.8 ± 4.61

UDP Glc (nmol/g FW) 40.0 ± 5.52 23.7 ± 2.55

Glc 1-P (nmol/g FW) 18.2 ± 1.80 3.64 ± 0.44

Fruc 6-P (nmol/g FW) 15.5 ± 3.36 7.27 ± 1.16
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Fig. 3 A Expression patterns of

ShSUT1A, ShSUT4 and sucrose

phosphate synthase (SPSII) in

rind and pith of Hawaiian

sugarcane hybrids. 25S rRNA

was amplified from the same

samples to serve as loading

control. M: DNA molecular size

markers 50 bp and 1 kb

(Fermentas, St. Leon Rot,

Germany). B Transcript levels

of ShSUT1A, ShSUT4 and

SPSII genes in rind and pith

tissues for different Hawaiian

sugarcane cultivars. Transcript

amounts were quantified by

qPCR and related to 25S rRNA

contents. Data are the means of

nine values corresponding to

three biological (=RNA

extractions) replicates and three

technical (=PCR amplifications)

replicates per sugarcane

cultivar. The bar on top of each

column represents the standard

error of the mean. The small

letters indicate which results are

significantly different from each

other according to the Duncańs

Multiple Range Tests

(p\ 0.05). Straight letters

compare rind values, italic

letters the pith values
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Fig. 4 A RT-PCR for sucrose

transporters ShSUT1A, ShSUT4

and sucrose phosphate synthase

(SPSII) in the sink and source

sugarcane leaves. The lower

panel shows the transcription of

ribosomal RNA (25S rRNA

108 bp) as transcription and

amplification control. M: DNA

molecular size markers 50 bp

and 1 kb (Fermentas, St. Leon

Rot, Germany). B Transcript

levels of ShSUT1A, ShSUT4

and SPSII genes in sink and

source leaves for different

Hawaiian sugarcane cultivars.

Transcript amounts were

quantified by qPCR and related

to 25S rRNA contents. Data are

the means of nine values

corresponding to three

biological (=RNA extractions)

replicates and three technical

(=PCR amplifications)

replicates per sugarcane

cultivar. The bar on top of each

column represents the standard

error of the mean. The small

letters indicate which results are

significantly different from each

other according to the Duncańs

Multiple Range Tests

(p\ 0.05). Straight letters

compare sink leaf values, italic

letters the source leaf values
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approximately as high as in source and sink leaves of

cultivar H87-4319, whereas it was only half of that in

source leaves of cultivar H65-7052 and less in sink leaves

of that cultivar (Fig. 4B).

Discussion

The importance of sucrose synthesis and sucrose transport

is obvious in sugarcane, where sucrose is not only the

transported sugar in the phloem but also the storage com-

pound in the stem. The key enzyme for sucrose synthesis is

sucrose-phosphate synthase, whose activity correlates with

the sucrose content in sugarcane leaves of different culti-

vars (Grof et al. 1998) and is well-thought-out to be a

major target for cumulative sucrose biosynthesis in the

leaves of crop plants (Hoffmann-Thoma et al. 1996).

Sucrose synthesis is rate limited depends on SPSII activity

and is strongly regulated by light and metabolites (Huber

and Huber 1996), also in some C4 species (Ohsugi and

Huber 1987) including sugarcane (Köhler et al. 1988).

Since SPSII-activity is highly regulated downstream of the

transcript level by several factors including metabolites

(reviewed in Huber and Huber 1996), the small expression

differences of SPSII between the sink and source leaves

cannot be further interpreted. Besides SPSII vacuolar (acid)

invertases have been described to show an important role in

regulating sucrose fluxes in sink tissues and their activities

have been linked to sucrose accumulation in the sugarcane

stem (Zhu et al. 1997). The difference between SPSII-ac-

tivity and soluble acid invertase activity correlates best

with sugar yield of cultivars, not SPSII alone (Lingle and

Tew 2008; Zhu et al. 1997). The metabolites that act as an

ancestors for sucrose and starch biosynthesis are lower in

mature internode (#12) and young leaves than in the mature

leaves and immature internode (#5) (Tables 2, 3), which

may be of significance for a higher sucrose and/or starch

biosynthesis rate. In mature leaves, where assimilates are

backed up, these metabolites improved, possibly by

reversal of sucrose synthase activity in direction of UDP-

glucose. In addition, the hexose-phosphate level is higher

in source leaves than in sink leaves and the inorganic

phosphate level is lower (Table 2), a situation which favors

sucrose synthesis by SPSII in source leaves, because hex-

ose-phosphate activates, SPSII-activity and inorganic

phosphate inhibit SPSII-activity. In addition, the higher

sucrose-phosphate-precursor levels (UDP-glucose and

hexose-phosphates) are higher in source leaves than in sink

leaves. SPSII is also crucial for sucrose synthesis and

sucrose cycling in the maturing stem, although no quali-

tative difference for SPSII expression in internodes was

found between the four Hawaiian cultivars (Fig. 3).

The role of sucrose transporters in phloem loading is

well understood, with the recovery of sucrose along the

transport path in the stem. The localization of ShSUT1A in

phloem is, consequently, no exception; however, its role in

storing sucrose in the parenchyma is less understood

(ElSayed et al. 2010). Sucrose transporters transcripts were

found in all tested tissues, source leaves, sink leaves and

internode rind and pith tissue. Sucrose transporters exhib-

ited high expression levels in the sink leaves and the source

leaves, suggesting SUTs may play an important role in

leading sucrose in sink and source as well before sucrose

accumulation (Zhang et al. 2016). So far two sucrose

transporters were found in sugarcane ShSUT1A and

ShSUT4 (Casu et al. 2003; ElSayed et al. 2013). ShSUT1A

was localized mostly in the bundle sheath and a possible

role for this transporter in the sucrose partitioning between

bundle and storage parenchyma was postulated (Rae et al.

2005b), but ShSUT1A is also present in cells within the

bundles in the phloem of internodes (Fig. 2B), thus a role

in phloem loading and sucrose recovery also appears pos-

sible. SUT4 plays a role for transporting sucrose from

mesophyll vacuoles to their cytoplasm in rice (Aoki et al.

2003) and Arabidopsis (Schulz et al. 2011) and it has been

shown to be more important at early developmental stage

than in mature plants (Zhang et al. 2016). In the current

study, SUT4 was relatively equal in source and sink in all

four tested cultivars and might be characteristic for sucrose

accumulation in sugarcane, in contrast to ShSUT1A.

Sucrose storage in maturing internodes becomes

increasingly symplastic in parallel with the maturation

development, in which a lignified barrier is established

around the bundle sheath, averting the apoplastic transfer

from phloem to storage parenchyma (Jacobsen et al. 1992;

Rae et al. 2005b). ShSUT4 was more expressed in the rind

part of the stem than in the pith in all four cultivars, whereas

ShSUT1A was more expressed in the rind in two sugarcane

cultivars (H87-4319 and H73-6110). The expression of

SPSII and of sucrose transporters in the rind is interesting

because microarray studies and QTL-analysis have shown

that high sucrose yield did not correlate with sucrose meta-

bolism enzymes but with enzymes of lignin and cell wall

synthesis (Casu et al. 2004; Mcintyre et al. 2006; Papini-

Terzi et al. 2009), which are especially strong in the rind of

the sugarcane stem. It is already known that the mechanical

stability of the rind is crucial to prevent stem cracking, which

may occur because of the very high sucrose concentration in

the apoplast (Hawker 1965; Welbaum and Meinzer 1990). In

addition, the rind serves as a protection against insect pests

(White et al. 2006). Therefore, properties of the rind will

make the difference between low-yield and high-yield cul-

tivars, in case that all cultivars are relatively similar in their

synthesis and storage capacity of sucrose.
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Previous studies have compared low and high-yield

cultivars and no significant correlation was found between

yield and sucrose synthesis enzymes (Casu et al. 2004;

Mcintyre et al. 2006; Papini-Terzi et al. 2009). Our studies

took the opposite approach and compared four high-yield

cultivars for differences in transcripts for sucrose synthesis

enzyme and transporters. Here large differences were

indeed found, although the yields were the same (Fig. 1).

Thus the sugar yield may be more determined by fluxes of

sucrose in the phloem and in the storage parenchyma

(Komor et al. 1996; Rohwer and Botha 2001) and by

properties of the rind, which is well equipped with SPSII

and sucrose transporters.

Previous studies have compared low and high-yield

cultivars and no significant correlation was found between

yield and sucrose synthesis enzymes (Casu et al. 2004;

Mcintyre et al. 2006; Papini-Terzi et al. 2009). Our studies

took the opposite approach and compared four high-yield

cultivars for differences in transcripts for sucrose synthesis

enzyme and transporters. Here large differences were

indeed found, although the yields were the same (Fig. 1),

only shSUT4, which is supposed to be important in early

development, expressed the similar transcripts levels in all

cultivars. Thus the sugar yield may be more determined by

fluxes of sucrose in the phloem and in the storage par-

enchyma (Komor et al. 1996; Rohwer and Botha 2001).

The emphasis should be given to the properties of the rind,

which is well equipped with SPSII and sucrose transporters

and which may be very significant for high yield cultivars.
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