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Sequence analysis of a microsatellite and its flanking regions in intraspecific
hybrids of grapevine (Vitis vinifera L.)
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Summary

Microsatellite (MS) VVMD21 (Bowers et al. 1999)
was taken as a model to explorethe molecular basis of
polymor phism in apand of 6 grapevineaccessions(Vitis
vinifera L.), consisting of Sangiovese and Cabernet
Sauvignon and 4 F, plantsderived from crossing both vari-
eties. The 12 alldesof both parentsand theprogeny were
cloned and sequenced. Themicrosatelliterepeat (AG), 4
wasfound in each sequence, together with apoly-T rich
region that showed irregularity. Furthermore, singlenu-
clectidedeetion or exchange(point mutations) werefound
inthemicrosatelliteflanking regions.

Key words: MSpolymorphism, DNA, sequence, \itis
vinifera.

Introduction

Microsatellite (MS) DNA sequences consist of rela-
tively short repeats of 1-5 base pair units found both in
prokaryotes and eukaryotes, whose length polymorphism
have been largely used, e.g. for genotype identification,
parentage testsand DNA mapping. Althoughin prokaryotes
distinct biological functions have been demonstrated, e.g.
contingency genes (Mever 1987), the role of MS in
eukaryotesislessclear, even if some cases of trinucleotide
repeats seem to be associated with diseases, such as Hunt-
ington’s disease (Brook et al. 1992). Furthermore, the in-
stability of microsatellite (MSl), especially distinctinsingle
nucleotidic repeats, seems to have a dynamic role in the
origin and progression of several tumora forms where it
could have a negative effect in the right mismatch (MMR)
repair (FrRank 2003; Anprew and PeTers 2001), the DNA
repair system that detects and replaces wrongly paired,
mismatched, bases in newly replicated DNA. Besides, re-
petitive DNA variations seem to be involved in evolution
(JoBLING and TYLER-SvITH 2003)

Investigated in detail isalso theissue of microsatellite
origin; two phenomenaare probably involved: (1) DNA dip-
page and (2) unequal crossing-over (Levinson and GUTMAN
1987; ScHLoTTERER and TauTz 1992). When these processes
occur in areas of tandem repeats, causing modification in
the number of bases, microsatellite polymorphisms origi-
nate. According to these theories, microsatellite polymor-
phism should be linked only with the length of the repeat

region, and the variation in length should be multiple of the
repetitive motif (£ 3 nif we have atrinucleotide repeat).

There are, however, many possibilities to observe de-
viation from thisrule; in many casesthe errorsare probably
inherent in the methodology (binning errors, PCR genera-
tion of false positive/negative), but what are the probabili-
tiesto observe the“ correct” phenomenon of microsatellite
generation? Besides, very few studies have been performed
to confirm the nature of the so-called conserved flanking
regions, and recently, mutations in the MMR system have
been supposed to play a significant role in expansion and
contraction of microsatellite sequencesand in M S| (VaisH
and MiTTAL 2002).

While microsatellite polymorphismiswell established
in the animal and human genome, and the information on
microsatellites in plants, especially in crop plants, hasin-
creased over the last few years, only few reports describe
microsatellite naturein woody plants (EcHr et al. 1996, 1999;
D1 Gaspero et al. 2000; ELsik et al. 2000; Devey et al. 2002).
Elucidation of the processesthat |ead to M Sformation might
shed light on their possible significance and the under-
standing of the evolution of the genome eukaryotes.

Theaim of the present work wasto study microsatel lites
in cross-originated individuals and their parents; in par-
ticular, the sequencing of the PCR products can be avalid
tool for theinvestigation of the nature of the polymorphism
detected on the MS locus of Mtis vinifera.

Material and M ethods

Plant material and DNA extraction: Two
varieties of Vitis vinifera L. (Sangiovese and Cabernet
Sauvignon) were used to generate intraspecific hybrids.
Four F, plants were selected and marked with ID numbers
1 to 4. Genomic DNA was extracted from young leaves us-
ing amodified method reported by MuLcaHy et al. (1993).
Purified DNA wasstored at 4 °C.

Amplification: The6 DNAswere PCR amplified
for thelocus VVMD21 generated by Bowers et al. (1999).
PCR amplification and amplicons detection were performed
according to Masi et al. (2001), using Cy5 primers (Cy™5
Amidite, PharmaciaBiotech), except for the use of aproof-
reading Tag-DNA polymerase (Invitrogen). Further amplifi-
cation was performed with unlabelled primers since label -
ling had revealed negative interference with the cloning
procedure.
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Microsatellite cloning and sequen-
ci ng: Cloning reactionswere carried out with the TOPO
TA Cloning® Kit for Sequencing version F (Invitrogen).
The plasmids were extracted using the QIAGEN® Plasmid
Purification Kit (Qiagen), sequenced using the
ALFexpress™MAutoRead™ Sequencing Kit (Amersham
PharmaciaBiotech Inc., Piscataway, NJ, USA) and analyzed
on apolyacrylamide PAA gel run on asemi-automated DNA
sequencer, the ALFexpressll. Post run data analysis was
performed with the AL Fwin Sequence Analyzer 2.00 soft-
ware while the generation of the consensus sequence and
the pairwise sequence comparison was carried out with
DNAsys 2.10 software. The analysis was performed in or-
der to observe at least three times each of the 12 VVMD21
amplicons generated by the accessions.

Resultsand Discussion

Tab. 1 presentsVVMD21 allele sizes for the analyzed
accessions, as they were detected on a PAA gel electro-
phoresis conducted on a semi-automated DNA sequencer.
Three different alleles were differentiated, 244 bp, 250 bp
and 258 bp (later indicated with a, b, c respectively). Men-
delian segregation was confirmed, supporting the accuracy
of the analysis. Conversely, when sequenced, suspicious
differences were found in the dimension of the alleles de-
tected (Tab. 2). Thisis probably due to some limitation of
the sizing method, e.g. the anomal ous migration of the frag-
ments: on apolyacrylamide gel, DNA fragments having AT-
rich regions migrate slower than other DNA fragments of
similar size (SteLLwAGEN 1983).

The sequencing assay highlighted the presence of the
repeat motif, which isan (AG), repeat (Figure), one of the
most common in woody plant genomes (MorGANTE and

Table 1l

Allele size (bp) of parents (Sangiovese and Cabernet
Sauvignon) and progeny (1-4) utilized for the study; size was
detected with a semi-automated DNA sequencer

Sangiovese  Cabernet No. 1 No.2 No.3 No.4
Sauvignon
244 244 244
290 250 20250 220 250
28 258 258

Ouivier 1993; Dow et al. 1995) and in grapevine as well
(THomasand ScotT 1993; Di Gasrero et al. 2000).

The microsatellite showed further modificationsin the
adjacent poly-T rich region, which occurred as an imperfect
motif (T),C(T),C(T),..

Besides the expected variationsin repeat length and in
the poly-T region, the comparison of the sequences showed
adeletion (position 9) and two single-nucleotide substitu-
tions, G—A (positions 105 and 153). In particular, the dele-
tion in position 9 was present only in the shorter alele (a)

Table 2

Comparison of allele size between values obtained by a semi-
automated DNA sequencer (electropherogram size) and by

sequencing
Allele Electropherogram size Sequencingsize  Abp
a 244 237 7
b 20 245 5
c 28 26 2

and was confirmed for all three accessions in which was
scored (Sangiovese, No. 3 and No. 4). The deletion disa-
greeswith the supposed mechanism of polymorphism gen-
eration only concerning the repeat motif. Similar considera-
tion can be made for the single base exchange in position
105: Sangiovese showed a G in both aleles (a and b),
Cabernet Sauvignon showed an A in its alleles (b and c),
and the progeny exhibited the two nucleotides according
with a mendelian segregation (accession No. 1 inherited
one of the allele b from Sangiovese and the other from
Cabernet Sauvignon; accession No. 2 inherited aleleb from
Sangiovese and allele ¢ from Cabernet Sauvignon; acces-
sion No. 3 inherited allele a from Sangiovese and allele c
from Cabernet Sauvignon; accession No. 4inherited alele a
from Sangiovese and allele b from Cabernet Sauvignon).
The base exchange in position 153, instead, does not con-
firm Mendel’s laws: only allele b of Cabernet Sauvignon
showed a G instead of anA.

Conclusion

The study representsamodel for adeep exploration on
the nature of M S polymorphism. Even though it should be
applied to awider level, some interesting conclusions can
be drawn. Some of the aterations observed in the MS se-
guences do not belong to the repeats region sensu stricto;
thisfact confirmsthat thelength variability doesnot follow
asingle and simple mutation mechanism. Besides, we have
observed some alteration in flanking regionsthat, indirectly,
lead back to the topic of microsatellite instability. These
alterations might not be always conserved through evolu-
tion or, asin this case, through segregation from parentsto
progeny. Sequencing MS alleles, it has been highlighted
the presence of apoly-T rich region which is considered a
sequencestrictly related with instability (Bacon 2001). This
suggests that the M S containing poly-T region may not be
first choice as molecular marker, and in futureworksof MS
isolation they might be discarded during selection.



71

Sequence analysis of amicrosatellite

1111111911
1111111911
1111111911

191010999V
191010999V
191010999V

191012999V
1910120999V
1910120999V
1910120999V
1910120999V
191012999V

191010999V
191010999V
191010999V

0oct

VOVVOLlV1lOl
VOVVOLlV1lOl
VOVVOLlV1lOl

VOVVOLlV1lOl
VOVVOLlV1lOl
VOVVOLlV1lOl
VOVVOLlV1lOl
VOVVOLlV1lOl
VOVVOlVlOol

VOVVOLlV1lOl
VOVVOLlV1lOl
VOVVOLlV1lOl

09

1111112111
1111112111
1111112111

1111112111
1111112111
1111112111
1111112111
1111112111
1111112111

- 111112111
- 111112111
—111112111

0T

J1LVOLVLIVLO
O1LVOLVLIVLO
O1LVOLVLIVLO

O1LVOLIVLIVLO
O01VOL1O1VLIO
O1LVOLO1VLIO
O1LVOLVLIVLO
O1LVOLVLIVLO
O01LVOL1LO1VLIO

O1lVOLO1lVLIO
O1lVOLO1lVLIO
O1lVOLO1VLIO

oTT

112529VIOVVO
112529VIOVVO
112529VIOVVO

1125209VIOVVO
112529VIOVVO
1125209VIOVVO
112529VIOVVO
112529VIOVVO
112529VIOVVO

11009VOVVO
11009VOVVO
11009VOVVO

0s

vO00202VVOD
vO00202VVOD
vO002002VVOD

\'20R0RORORON A 20RO
' 20R0RORORON A AOR0)
' 20R0RORORON A AOR0)
' 20R0RORORON A AOR0)
L' 2OROROROROA AORO R0
' 20R0RORORON A 20RO

\'20R0RORORON A 20RO
' 20R0RORORON A 20RO
' 20R0RORORON A 20RO

09T

VOVLILIVLIVLL
VOVLILIVLIVLL
VOVLILIVLIVLL

VOVLILIVLIVLL
VOVLILIVIVLL
VOVLILIVIVLL
VOVLILIVIVLL
VOVLILIVIVLL
VOVLILIVIVLL

VOVLILIVIVLL
VOVLILIVLIVLL
VOVLILIVIVLL

00T

OVLIOL11119V
OVLIOL1119YV
OVLIOL1L1119YV

OVLIOL1L1119YV
OVLIOL1L1119V
OVLIOL11119V
OVLIOL1119V
OVLIOL11119YV
OVLIOL1119V

OVLIOL1119V
OVILIOL1119V
OVLIOL1119V

ov

‘APANcadsal ‘sap|fe Buo| pue wnipaw ‘1oys ay1ate 2 pue g ‘e ‘uoubiAnes Buleged D ‘asanoibues
Saj0UaP S "BoUBBYIP YiBus | atealpul (-) sdes) “papeys a.e uo s pp pue afiteloxs ased-a|Bus ‘Jiiow 1 -Ajod pue 81| plesodiw TZA N AA uswubife sousnbes a|dninw sASwYNQ 2.nB 14

OVV1I1IOVLIOO
OVV1I1IOVLIOO
OVV1I1IOVLIOO

OVVLI1IOVLIOO
OVVLI1IOVLIOO
OVVLI1IOVLIOO
OVVLI1IOVLIOO
OVVLILIOVLIOO
OVVLI1IOVLIOO

OVVLILIOVLIOO
OVVLIIOVLIOO
OVVLILIOVLIOO

0sT

VOOVVVVIOVY
VOOVVVVIOVY
VOOVVVVIOVY

VOOVVVVOVY
VOOVVVVOVY
VOOVVVVOVY
VOOVVVVOVY
VOOVVVVOVY
VOOVVVVOVY

VOOVVVVIOVY
VOOVVVVIOVY
VOOVVVVIOVY

06

1vO01l110911
1vO01l110911
1vO01l110911

1vOo1l110911
1vO0O1l110911
1vO01l110911
1vO01l1120911
1vO01l110911
1vO01l110911

1vO1l1120911
1vO1l1120911
1vO1l110911

0e

V1IOOVVVOOl
V1IOOVVVOOl
V1IOOVVVOOl

VLIOOVVVOOlL
VLIOOVVVOOlL
VLIOOVVVOOlL
VLIOOVVVOOlL
VLIOOVVVOOlL
VLIOOVVVOOl

VLIOOVVVOOlL
VLIOOVVVOOlL
VLIOOVVVOOlL

orT

OVIO1LllIOVVY
OVIO1LLl1IOVVY
OVIO1lllIOVVY

OVOLlllIOVVY
OVO1lllIOVVY
OVO1lllIOVVY
OVO1lllIOVVY
OVO1lllIOVVY
OVO1lllIOVVY

OVIO1lllIOVVY
OVIO1LllIOVVY
OVIO1lllIOVVY

08

O91lVOL19VOO
O91lVOL19VOO
O1lVOL19VOO

O1lVOL19VOO
O1lVOL19VOO
O1lVOL19O9VOO
O1lVOL19VOO
O1lVOL19VOO
O1lVOL19VOO

OLVOL1IOVOO
OLVOL1IOVOO
OLVOLIOVOO

0c

99199VvIO01D
99199VvIO01D
99199VvIO01D

99199VvVDO01D
99199VvVDO01D
99199VvVDO01D
99199VvVDO01D
99199VvVDO01D
99199VvVDO01D

99199VvVDO01D
99199VvVDO01D
99199VvVDO01D

OET

VO1lOVO1l99l
VO1lOVO1l99l
VO1lOVO1l99l

VO1LOVO1991
VO1LOVO1991
VO1LOVO1991
VO1LOVO1991
VO1LOVO1991
VO1LOVO1991

VO1lOVvVO1l99l
VO1lOVvVO1l99l
VO1lOVvVO1l99l

0L

1lV1IO0191199
1lV1I0191199
1lV1IO0191199

1lV1IO0191199
1lV1IO0191199
1lV1I0191199
1lV1I0191199
1lV1I0191199
1lV1IO0191199

1-12191199
1-12191199
1-12191199

0]

O9pP|E € ON
J9pP|Ee ¢ ON
J9pIED

goaple vy ON
goaple ¢ ON
gopIeT ON
gopIeT ON
aspIEed
asples

e3p|E v ON
e3P|EE ON
eap|eSs

O9pP|E € ON
J9p|Ee ¢ ON
J9pIED

goaple ¥ ON
goaple ¢ ON
gopIeT ON
gopIeT ON
aspIEed
asples

E3R|E Y ON
ESP|E € ON
ESRIES

J9p|EE ON
J9p|E < ON
J29PR|ED

goapIiey ON
goapIe ¢ ON
gopIeT ON
gopIeT ON
aspIEed
asples

E3R|EY ON
E9P|E € ON
ESRIES



E.Mas etal.

72

1VVO9O1llVVY
1VVO9O1llVVY
1VVO9O1llVVY

1VVO9OOllVVY
1VVO9OOllVVY
1VVO9OOllVVY
1VVO9OOllVVY
1VVO9OOllVVY
1VVO9OOllVVY

1VVO9OOllVVY
1VVO9OOllVVY
1VVO9OOllVVY

ore

VOVVOO1llVvVD
VOVVOO1llVvVD
VOVVOO1llVvVD

VOVVOOL1l1lVvVO
VOVVOOL1l1lVvVO
VOVVO9OL1llVvVO
VOVVOOL1llVvVO
VOVVOO1l1lVvVO
VOVVOOL1l1lVvVO

VOVVOO1llVvVO
VOVVOO1llVvVO
VOVVOO1llVvVO

(014

9100VLILLIVO
9100VL1ILLIVO
9100VLILLIVO

O9100V1I11lVO
O9100V1I11lVO
O9100V1I11lVO
O9100V1I11lVO
O9100V1I11lVO
O9100V1I11lVO

O9100V1I11lVO
O9100V1I1L1lVO
O9100V1I11lVO

(V44

VOVOVOVOVO
VOVOVOVOVO
VOVOVOVOVO

————09VVOl
————09VVOl
————09VVol

————09VVol
————09VVOl
————09VVOl
————09VVOl
————09VVOl
————09VVol

————09VVOl
————09VVOl
————09VVOl

09¢

VOVOVOVIOVO
VOVOVOVIOVO
VOVOVOVIOVO

—OVOVOVIOVO
—OVOVOVIOVO
—OVOVOVOVO
—OVOVOVOVO
—OVOVOVIOVO
—OVOVOVIOVO

Ov111112000D
Ov111112000D
Ov111112000D

Ov111112000D0
Ov1i11112000D0
Ov111112000D0
Ov111112000D0
Ov111112000D
Ov111112000D0

OvV1iI111122090
OvV1i111122090
OvV1iI111122090

0S¢

VOVOADLLDD
VOVOADLLDOD
VOVOADLLDD

VOVOADL11D0D
VOVOADL11DD
VOVOADL11DD
VOVOADL11D0D
VOVOADL11DD
VOVOADL11D0D

VOVOADLLOD
VOVOADLLOD
VOVOADLLOD

06T

O9pP|E € ON
J9p|Ee ¢ ON
J9pIED

gapie v ON
gapie ¢ ON
gapleT ON
gapleT ON
aspIied
goplies

e3P|E Y ON
e3PIEE ON
esp|eS

J9p|EE ON
J9p|E < ON
J29pR|ED

gapie v ON
gaple ¢ ON
gapleT ON
gapleT ON
aspied
goplies

ESP|E ¥ 'ON
ESP|E € ON
E3R|ES

panunuod ‘ainbiq



Sequence analysis of amicrosatellite 73

References

ANDREW, S. E.; Peters, A. C.; 2001: DNA instability and human dis-
ease. Am. J. Pharmacogen. 1, 21-28.

Bacon, L. A.; DunLop, N. G;; FARRINGTON, S. M.; 2001: Hypermutability
at a poly(A/T) tract in the human germline. Nucl. Acids Res.
29, 4405-4413.

Bowers, J. E.; DancL, G. S.; MerebiTH, C. P; 1999: Development and
characterization of additional microsatellite DNA markers for
grape. Am. J. Enol. Vitic. 50, 243-246.

Brook, J.; McCurracH, M. E.; HARLEY, H. G.; 1992: Molecular basis of
myotonic dystrophy: Expansion of a trinucleotide (CTG) re-
peat at the 3' end of a transcript encoding a protein kinase
family member. Cell 68, 799-808.

Devey, M. E.; Bew, J. C.; Uren, T. L.; Moran, G. F; 2002: A set of
microsatellite markers for fingerprinting and breeding applica-
tions in Pinus radiata. Genome 45, 984-989.

D1 GasrerO, G; PETERLUNGER, E.; TESTOLIN, R.; EDWARDS, K. J.; CiPRIANI, G,
2000: Conservation of microsatellite loci within the genus Vitis.
Theor. Appl. Gen. 101, 301-308.

Dow, B. D.; AsHLey, M. V.; Howe, H. F.; 1995: Isolation and charac-
terization of highly variable (GA/CT), microsatellites in the
bur oak, Quercus macrocarpa. Theor. Appl. Gen. 91, 137-141.

EcHr, C. S.; MAY-MARQUARDT, P; HselH, M; ZaHORCHAK, R; 1996: Char-
acterization of microsatellite markers in eastern white pine.
Genome 39, 1102-1108.

EcHT, C. S.; VENDRAMIN, G. G;; NELsoN, C. D.; MARrRqQuarDT, P.; 1999:
Microsatellite DNA as shared genetic markers among conifer
species. Can. J. for. Res. 29, 365-371.

ELsik, C. G; MiNiHAM, V. T.; HALL, S. E.; ScarPA, A. M.; WiLLIAMS, C. G,
2000: Low-copy microsatellite markers for Pinus taeda. Ge-
nome 43, 550-555.

Frank, T. S.; 2003: Topics in Molecular Oncology: Microsatellite
Instability. University of Michigan School of Medicine, De-
partment of Pathology, MI, USA. Available from: http://
www.pds.med.umich.edu/users/frank/MIN.html.

JoBLING, M. A.; TYLER-SMITH, C.; 2003: The human Y chromosome:
An evolutionary marker comes of age. Nat. Rev. Genet. 4,
598-612.

Levinson, G.; Gutman, G. A.; 1987: Slipped-strand misrepairing: A
major mechanism for DNA sequence evolution. Mol. Biol. Evol.
4, 203-221.

Masl, E.; VieNaN, R.; DI GilovANNANTONIO, A.; MANCUSO, S.; BoseLLI, M .;
2001: Ampelographic and cultural characterisation of the
Casavecchia variety. Adv. Hort. Sci. 15, 47-55.

MEeYEeR, T. F; 1987: Molecular basis of surface-antigen variation in
Neisseria. Trends Genet. 3, 319-324.

MoRGANTE, M.; OLivierl, A. M.; 1993: PCR-amplified microsatellites
as markers in plant genetics. Plant J. 3, 175-182.

MuLcaHy, D. L.; Cresti, M.; Sansavini, S.; DoucLAs, G. C.; LINSKENS,
H. F.; BErRcamINI-MuLcaHY, G.; VienaN, R.; PancaLpl, M.; 1993:
The use of random amplified polymorphic DNAs to finger-
print apple genotypes. Sci. Hortic. 54, 89-96.

SCHLOTTERER, C.; Tautz, D.; 1992: Slippage synthesis of simple se-
quence DNA. Nucl. Acid Res. 20, 211-215.

SteLLwacen, N. C.; 1983: Anomalous electrophoresis of deoxyribo-
nucleic acid restriction fragments on polyacrylamide gels. Bio-
chemistry 22, 6186-6193.

THomas, M. R.; ScotT, N. S.; 1993: Microsatellite repeats in grape-
vine reveal DNA polymorphism when analyzed as sequence-
tagged sites (STSs). Theor. Appl. Genet. 86, 985-990.

VaisH, M.; MitTaL, B.; 2002: DNA mismatch repair, microsatellite
instability and cancer. Indian J. Exp. Biol. 40, 989-994.

Received November 4, 2003



