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ABSTRACT: Two full-length and two partial cDNAs encoding sporamin A have been isolated
from sweet potato tuberous roots. Sequence comparisons show that they are very similar with 94-
98% homology at nucleotide level. and 80-88% at protein level. All four cDNAs possess multiple
alternate polyadenylation signals in the 3' untranslated region ( 3'-UTR). Genomic Southern blot
analysis indicates the presence of a sporamin multigene family in sweet potato. High levels of
sporamin mRNAs were detected in developing tuberous roots, but they disappeared at the sprout-
germinating stage. Differential expression of these genes was obvious as their mRNAs were present
specifically in developing roots. rarely in stems and not in leaves.

KEY WORDS: multigene family, sporamin, storage protein, sweet potato, 3'-untranslation
region (3'-UTR).

INTRODUCTION

Plants accumulate large quantities of storage proteins in seeds and tuberous organs
during development. These proteins may function as nitrogen sinks to affect nutrient
movement into kernels (Tsai, 1989) or serve as nutrition source of nitrogen, sulfur, and
carbon for germinating seedlings and sprouts (Conlan ef al., 1995; Staswick, 1990) . Storage
proteins usually have several common features: (1) they are the most abundant proteins in
the storage organ; (2) most of them have no enzymatic activity; (3) their synthese are under
developmental control; (4) they are stored in subcellular structure (e.g. protein bodies): (5)
they are rapidly degraded during seed germination or organ propagation; and (6) they are
always encoded by a multigene family; therefore, they are typically composed of a group of
structurally related polypeptides (Bevan, 1986; Conlan et al.. 1995; Hattori ef al.. 1989). For
these reasons. storage proteins offer an interesting model to study the mechanism of gene
regulation in higher plants (Prat er al., 1990).

Sporamin, a tissue-specific storage protein (Hattori ef al., 1985; Maeshima er al.. 1986) .
may account for 60-80% of the total soluble protein in the tuberous roots of sweet potato
(lpomoea batatas Lam.). It has a MW of approximately 22,000 daltons (Hattori ef al., 1990),
and is a mixture of closely related polypeptides encoded by a multigene family (Hattori et al.,
1988). Although the synthesis of sporamin is tissue-specific, these proteins can be induced

1. The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence
Databases under the accession numbers u17333 (spTi-1), ul7334 (spTi-2), ul7335 (spTi-3) and ul17336
(spTi-4).
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in the stem and leaf by exogenous supply of sucrose or other metabolic sugars to an excised
plant (Hattori ef al.. 1990). These results suggested that the accumulation of sporamin is also
regulated by the immediate need for storage. other than a strict developmental control (Prat
et al., 1990; Staswick, 1990). Cytological studies demonstrated that sporamin was
synthesized as a precursor by membrane-bound polysomes. Post-translational processing
was essential to remove an extra sequence of 35 or 37 amino acid residues from N-terminal,
and the mature sporamin was transported from endoplasmic reticulum to store in vacuole via
Golgi apparatus (Nakamura et al.. 1993 Schroeder et al.. 1993). The content of sporamin
decreased by 30-40% during the early stages of germination. As the sprouts continued to
grow, the protein reduced gradually (Lin, 1987), which is characteristic of storage proteins.
Although several sporamin cDNAs and genes have been isolated by Hattori er al (Hattori
and Nakamura, 1988; Hattori ef al., 1985; Hattori ef al., 1989) and Wang er al. (1995),
physiological functions of these proteins and the size of gene members are still unknown.
Since the expression of sporamin gene appeared to be closely related to the organ
development, as a first step to unveil it's physiological roles, efforts were made to further
characterize sporamin gene family.

MATERIALS AND METHODS

Plant Materials
Sweet potato ([pomoea batatas CV. Tainong 57) was grown at the Experimental Field of
National Taiwan University for Sample collections.

DNA and RNA Extraction

Tubers of sweet potato weighted with 20 ~ 50g were freshly harvested from field and
instantly ground into fine powder. The standard method was performed to isolate genomic
DNA following Sambrook ef al. (1989). For RNA isolation, a rapid and efficient method
was used (Yeher al., 1991)

Southern, Nothern blot and ¢cDNA screening

Southern and Nothern gel blot were performed following the standard protocol
(Sambrook ef al., 1989). ¢cDNA library was constructed in A gtll generated from sweet
potato poly (A)"RNA. A sp-B cDNA, a putative sporamin-antisense gene (unpublished data).
was employed as prob to screen sporamin ¢cDNA clones. Random primer labeling kit
(Promega) was used for probe labeling.

RESULTS AND DISCUSSION

After screening of a A gtll cDNA prepared from sweet potato tuberous roofs, using a

32p-labeled cDNA fragment corresponding to a sporamin antisense gene from sweet potatoes
(unpublished data), four cDNA clones (spTi-1 to 4) were isolated. The cDNA inserts were
ca. 880, 860, 720 and 550 bp long, respectively. The sequence of spTi-land 2 included a
complete open reading frame. while those of spTi-3 and 4 contained partial ORF. DNA gel
blots from sweet potato genomic DNA digested with EcoR 1, Sst I, Hind 1ll, Kpn 1 or Pst 1
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and hybridized under a high stringency with spTi-1 ¢cDNA probe, revealed the presence of
10 more hybridizing fragments in some digestions. This result indicates that a large number
of sporamin genes constitutes a multiple gene family in sweet potato (Fig. 1).

The complete nucleotide sequence of

s « spTi-1, 2, 3 and 4 clones were shown in Fig.

2. Sequence comparisons show that spTi-1 is

nearly identical with pIM0335 published by

Hattori er al. (1988), and the other three

! clones, spTi-2, 3 and 4 are obviously new

members of sporamin genes. These four

clones share 94-98% of homology among

5 themselves and with those of sporamin sub-

20 family A gene members, including pIM023,

and gSPOA1 (Hattori and Nakamura, 1988;

Hattor1 ef al., 1989) as well. However, the

homology of these four clones with subfamily

B members, including pIM0336, pIMO0553

05 & and gSPOBI1 (Hattori and Nakamura, 1988),

are 79 -82%. These results suggest that spTi-

1, 2, 3 and 4 belong to sporamin subfamily A.

'\na]\ sis of the 3'-UTR sequence of the four

cDNA clones and pIMO0335 clone notably

showed a prominent similarity among these

clones with the exception of few base

Fig.1. F}enomic Southern blot analysis of spoamin  deletions and substitutions. Though full

genes 11.1 sweet po.tato. Genomvic 'DNA, 10ug each, identit\' was found between ORF of SpTi 1

was digested with a resiriction enzvme and o

subsequgmly resolved on 0.8% agarose gel, and pI’vIO 35, slight difference was present in

blotting and hybridizing with 32p-labelled sporamin  their 3-UTR region, with the addition of extra

cDNA. S: Sac 1, P: Pst 1, K: Kpn I, H: Hind Il E: ~ sequence TTTAATTCTCC to spTi-1 in
EcoR 1, B: Bam HL comparison to pIMO335 (Fig. 3).
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The sequence alignment shows that three or four polyadenylation recognition consensus
sequence AATAAA or AATAAG (Dean er al., 1986) repeatedly occurred at the 30 to 100
nucleotides upstream of the poly(A) addition site in all four sporamin genes. A G/T cluster.
TGTGTTTGT (similar to a signal of YGTGTTYY in mammalian cells), was found
immediately distal to the poly(A) site of spTi-1, 2. 3 cDNA genes. This consensus sequence
was identified to have a function in the RNA processing event in viral and mammalian
mRNA formation (McDevit er al., 1984; McLauchlan ef al., 1985). It is interesting to see
that another conserved plant polyadenylation signal AATAAT, which was found in all of the
rbes genes family (Dean et al., 1986), was also present in spTi-1 and pIMO335 (Fig. 3).
Although the significance of sequence diversity is still unclear, it may offer a flexibility for
processing and polyadenylation of the sporamin multiple gene family. The variability in the
processing and polyadenylation of mRNA may affect the mRNA stability and expression
level (Dean e al.. 1986).
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Fig. 2. Sequence aligment of four cDNA clones, spTi-1, spTi-2, spTi-3 and spTi-4. Among them, Ti-1 and Ti-2

are full length. Dash "-" indicates similar nucleotide base, and dot "." indicate deletion.



March, 1997 Chen et al.: Sporamin genes cloning and characterization 39

v10 v20 v30 vd0 vhl
spTi-1 taaTGTAACACTGAAAAGCGCCGGTTATGAGGTTGCATGGTAGCTATGCA
[M0335 taaTGTAACACTGAAAAGCGCCGGTTATGAGGTTGCATGGTAGCTATGCA
spTi-2 taaTGTAACACTGAAAAGCGCCGGTTATGAGGTTGCATGGTAGCTATGCA
spTi-3 taa..... cAgtGAAAAGtgCCGGTTATGAGGTTGCATGt tAGCTATGCA
spTi—4 taaTGTAACACTGAAAAGCGCCGGTTATGAGGTTGCATGGTAGCTATGCA

v60 vT0 va0 va0 v100
spTi-1 aCGTTGCCACTTTGACAACGTTGTACGTGTAAGAATAAACATGCAACAAA
IMO335 aCGTTGCCACTTTGACAACGTTGTACGTGTAAGAATAAACATGCAACAAA
spTi-2 aCGTTGCC-cTTTGACAACGTTGTACGTGTAAGAATAAACATGCAACAAA
spTi-3 aCGTTGCCACTTTGACAACGTTGTACGTGTAAGAATAAACATGCAACAAA
spTi-4 aCGTTGCCACTTTGACAACGTTGTACGTGTAAGAATAAACATGCAACAAA

v110 v120 v130 v140 v150
spTi-1 tCCGAGCTGGTATGGTTGTGTAAATCCTAAATAAATCCGAAGAAATAATA
1M0335 tCCGAGCTGGTATGGTTGTGTAAATCCTAAATAAATCCGAAGAAATAATA
spTi-2 tCCaaGCTGGTATGGTTGTGTAAATCCTAAATAAATC tgAAGA—-AATA
spTi-3 tCCGAGCggGTATGGTTGTCTAAATCCTAAATAAATCtgAAGAAATAATA
spli-4 1CCaaGCTGGTATGGTTGTGTAAATCCTAAATAAATC tgAAGA-—AATA

=

v160 v170 v180
spTi-1 aGGATAAAATATTATCCTGTGTTTGTTTTAATTCTCC(A)n
IM0335 aGGATAAAATATTATCCTGTGTTTGT (A)n
spTi-2 aGGATAAAATATTATCCTGTGTTIGTTTT(A)n
spTi-3 aGGATAAAATATTATCCTGTGTTIGTTTT(A)n
spTi—4 aGGATAAAATATT(A)n

Fig. 3. Sequence analysis of 3'-untranslated region among four pSPTi clones and pIM0335 (Nakamura,1989).
All colnes show alternate polyadenylation signal in 3-UTR sequence. The consensus polyadenylation
recognition sequences AATAAA, AATAAT, and AATAAG were singly underlined. G/T cluster was doubly
underlined.

In order to study the expression of sporamin in various tissue, sweet potato plants
(Ipomoea batatas Lam. cv. Tainong 57) were grown at Agronomy farm of National Taiwan
University for 4 months. Total cell RNA was isolated by the method of Yeh er al. (1991)
from leaves, stems. and developing tuberous roots for northern blot analysis. Developing
tuberous roots were separated into rooting tissue, young, mature and germinating tuberous
organ. The sporamin genes were highly expressed during root developement. As sweet
potato grew into tuberous form, the sporamin genes continued to increase their expression,
and reached a maximum level at the mature stage. However, during germination these genes
ceased to express (Fig 4a). Similarly, no signal was detected in leaves and only little in
stems ( Fig. 4b). These results indicate that sporamin genes is tissue-specific and is only
expressed in the tuberous organ.

In summary, we present four new members of sporamin genes from sweet potato
tuberous roots. Sequences analysis suggest that these cDNA colnes may be classified into
sporamin gene subfamily A. DNA sequence comparisons show that they share 94-98%
sequence homology among these four cDNA clones and with previously isolated
cDNA/genomic clones, e.g. pIM023, pIM0335, gSPOAI (Hattori and Nakamura, 1988) and
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gSPOR 5-31 (Wang er al, 1995). The 3-UTR sequence of these genes displays the
occurrence of alternate polyadenylation event and processing in the mRNAs formation.
Therefore, it may be postulated that the level of gene expression and mRNA stability among
the multigene members may vary in the tuberous roots of sweet potato. Furthermore, the
expression is root-specific. and closely related with the development of tuberous roots.
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Fig. 4. Tissue-specific and developmental expression of sporamin genes. (a) Twenty ug of total RNA extracted
from tuberous roots at different developmental stages were electrophoresed, blotted and hybridized with
sporamin cDNA. A hybridizing signal by action probe served as the control for loading was shown at the
bottom. (b) Different quantities of RNA (35, 2.5 and 1 ug) extracted from different sweet potato tissues were dot
blotted and hybridized with the 32P-labelled sporamin cDNA. Roots (1), young tuberous roots (2), mature
tuberous roots (3), sprout-germinating tuberous roots(4), stems (5) and leaves (6).
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