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Evaluation and function of tandem repeats (TRs) are poorly understood. TRs are associated
with important chromosomal landmarks such as centromeres, telomeres, subtelomeric and other
heterochromatic regions. The genomes of Alliums remain poorly investigated because of their large
size, the high frequency of duplications, and increased heterozygosity. Using the next generation
sequencing data we found a new tandem repeat (CL26) that occupied 0.2% of A. fistulosum genome.
Polymerase chain reaction (PCR) with designed primers on known CL26 sequence and genomic DNA
of A. fistulosum as a matrix DNA resulted in a 400 bp band. Fluorescent in situ hybridization (FISH)
with the 400 bp PCR product showed that CL26 was located in the subtelomeric region on the short
arm of chromosome 6. FISH with CL26 on close related species showed hybridization signal also in
the subtelomeric region on the short arm of chromosome 6 of A. cepa and no hybridization signals
were observed on chromosomes of A. porrum and A. schoenoprasum. Using FISH in combination
with BAC (Bacterial Artificial Chromosome) clones has been an effective approach for genome study,
physical mapping, identification repeats elements and their organization in genome. Previously
in our group, a total of 1100 BAC clones were constructed from the A. fistulosum genomic DNA.
Screening of the A. fistulosum genomic DNA BAC library revealed a single BAC clone possessing
the CL26 TRs. We proved that the BAC clone consists, along with CL26 TRs, a 378 bp subtelomeric
tandem repeat. Multi-color FISH showed that CL26 was located more proximal on the chromosome
6 as compared to the 378 bp subtelomeric repeat location. The structural organization of the CL26
as well as their application as chromosome marker is discussed.
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Tandem repeats are identical DNA sequences laying one after other and reiterating
many times in a row. Usually TRs are associated with important chromosomal landmarks
such as centromeres, telomeres, subtelomeric and other heterochromatic regions
[17, 24, 46). A common feature of a tandem repetitive DNA is the rapid divergences which
lead to changes in sequence composition, distribution among species and abundance [42],
and results in species-specific repeat variants and/or novel sequence families. On the other
hand, members of many repetitive families show a remarkably high conservation [34].
This ambivalence is a key feature of repeats in genome evolution [13]. Knowledge of the
genomic organization, chromosomal location and evolutionary origin of repetitive DNA
sequences is important for insight into the organization, evolution, behavior and functional
potential of repetitive sequences in plant genomes [36].

The Allium genus is including many important agricultural vegetable crops such as
onion (4. cepa), garlic (4. sativum), rakkyo (A. chinense), shallot (4. cepa Aggregatum
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group) and Japanese bunching onion (A/ium fistulosum) that belongs to the order
Asparagales [5, 40]. The Allium fistulosum (2n = 16) is the major crop of the Alliaceae
family following A. cepa. The genomes of Alliums remain poorly investigated because
of their large size, the high frequency of duplications, and increased heterozygosity [20].
Alliums have large mitotic chromosomes, making them good cytological model. Multiple
genome duplication events and amphﬁcatlon of repetitive DNA have a major influence on
the Allium genome sizes [20, 37]. Numbers of repetitive DNA families were founded in
Allium including retrotransposons [19, 23, 31], tandem repeats [3, 7, 9, 17, 43] and non-
tandem repeats [27, 44].

BAC clones in combination with fluorescence in sifu hybridization (FISH) has been
an effective approach for genome study, physical mapping, identification repeats elements
and their organization in genome. Genomic DNA library and BAC-FISH has been achieved
for a number of plant species including rice [18], cotton [ 14], Arabidopsis [ 10], potato [6]
and etc.

Until recently a BAC library of 4. cepa with relatively low (0.3x) coverage has
been published [45]. In our group a total of 1100 BAC clones were constructed from the
A. fistulosum genomic DNA [22].

The aims of this study were: 1) the identification of novel tandem repeats (TRs)
using a bioinformatics search in Next generation sequencing data; 2) FISH location of
the TRs on chromosomes of 4. fistulosum; 3) screening of A. fistulosum BAC library with
the designed TRs primers; 4) analysis of genomic organization of TRs using BAC clone
possessing TRs. In this study we report a novel chromosome specific 400 bp TR CL26 that
is occupied 0.2% of 4. fistulosum genome. CL26 was located by FISH in the subtelomeric
region on the short arm of chromosome 6. A BAC clone 5.3.1 bearing CL26 was screened
from totally 1100 BAC clones of the A4. fistulosum genomic DNA. PCR analysis of BAC
clone 5.3.1 revealed the presence of a 378 bp subtelomeric repeat along with TR CL26.

Materials and Methods
Plant material

The bunching onion (4. fistulosum) 2n = 16, Russkiy Zimniy cultivar produced by
Gavrish breeding agricultural company was used in all our experiments. Genomic DNA
was isolated from 5-days-old seedling of 4. fistulosum according to the protocol of Rogers
and Bendich [39].

Bioinformatic identification of tandemly repeat

A total of 5,101,906 reads were derived from [llumina sequencing (Next Generation
Sequence) of genomics DNAs of A. fistulosum (accession Number SRX268217 in the
NCBI server). These NGS reads from genome were subjected to graph-based clustering
the similar repeat in Repeat Explorer [29] to identify the group of repetitive elements in
A. fistulosum genome. Clusters containing tandem repeats were identified based on the
shape of cluster that is a ring-like structure corresponding to tandemly organized repeats
[28]. The contigs were assembled from reads belonging to the cluster. Assembled contigs
of each cluster were characterized by comparing to each other using BLASTN.

Screening of BAC library

The total 1100 BAC clones from the BAC Library derived from A. fistulosum
genomic DNA [22], were used in this study. BAC DNA was isolated following a modified
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alkaline lyses protocol [32]. BAC Library screening was performed with column pools
(each pool 8 clones). The BAC DNAs were used as a template DNA in PCR reaction.
Primers were designed by Primer 3.0 plus software (http://www.bioinformatics nl/cgi-bin/
primer3plus/primer3plus.cgi/) according to the monomers sequences of CL26 tandem
repeat and subtelomeric satellite (Table 1). The PCR amplification was performed in
20 pl reaction of PCR mixture containing 1xTaq buffer, 3mM MgCl,, 0.2 dNTPs, 0.2 mM
primers, 0.5 U Taq polymerase and 10 ng DNA temple for 35 cycles of 45 second at 58°C,
90 second at 72°C and annealing temperature was 57°C in 30 second for both primers. The
PCR amplification was carried out in thermal cycler (Bio Rad, United States).

Table 1

Primers used for the repeat amplification and the expected length of the PCR products

Tandem repeats Primers, 5'-3’ Expected length of PCR product (bp)

CL26 F: GAAGCAAGCCCGAGGAAG 400
R: GTCGACCTGGAGCACGAT

Subtelomeric satellite F: ATCGATTCTTCGGACGGCCT 378
R: AGATGTTGCACCCTTCGGAT

Mitotic chromosome preparation

Young root tips pretreated by 0.75 mM hydroxyl urea for 20 hours, and also
treated directly in pressurized N,O gas for 1.5-2 hours, finally the root tips were fixed in
a 3:1 fixative solution of ethanol: acetic acid (3:1) for 30 minutes. Slide preparation for
fluorescence in situ hybridization was performed by the SteamDrop method [21].

Probe preparation and hybridization

Probes were prepared by BAC-DNA (complete plasmid), PCR products amplification
of BAC-DNA with CL26 and subtelomeric satellite DNA primers. Probes were labeled
either Digoxigenin (Dig)-11-dUTP or Biotin (Biot)-11dUTP (Roche Diagnostics Gmbh,
Mannheim, Germany) using a standard Nick-translation protocol.

Fluorescence in situ hybridization (FFISH)

The amount of each probe was 100-200 ng per slide in a hybridization mixture
containing 50% deionized formamide; 10% dextran sulphate; 2x SSC; 0.25% SDS.
Slides were denatured with the probe at 75°C and hybridized in a moist chamber at
37°C for overnight. The Biotin-labeled probe was detected by streptavidin-Cy3 followed
by anti-streptavidin-biotin and finally with streptavidin-Cy3 (vector Laboratories, Ca,
US). Digoxigenin-labeled probe was detected by anti-digoxigenin-FITC (Fluorescein
isothiocyanate) risen in sheep and amplified with anti-sheep-FITC risen in rabbit followed
by anti-rabbit-FITC risen in goat (Vector Laboratories, Ca, US). Chromosomes were
counterstained with DAPI (4',6-diamidino-2-phenylindole) 1 pg/ml in Vectashield (Vector
laboratories, Ca, US). Digital imaging analysis was carried out with Zeiss Axio Imager M1
fluorescence microscope (Carl Zeiss Micro Imaging, Germany), equipped with the Axio
Cam MRm digital camera And Axio Vision, version 4.6.3 software program (Carl Zeiss
Micro Imaging, Germany). Image adjustments were performed using Photoshop software
(Adobe Inc., Ca, US).
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cach other on a physical chromosome. Simultaneous use of both repeats as a probe in
multi-color FISH revealed that CL26 tandem repeats are located more proximal than a
378 bp subtelomeric repeat. We may suggest that the BAC clone 5.3.1 possesses genomic
DNA from a boundary region between CL26 and the 378 bp tandem repeats. Another
hypothesis is that the 378 bp repeat was embedded into sequence of CL26 tandem repeats
on chromosome 6 by retrotransposons. Fesenko et al. [9] reported that the subtelomeric
heterochromatin of A. fistulosum is enriched with the reverse transcriptase fragments of
Ty 1-copia retrotransposon. So the retrotransposons may transpose some sequence of the
378 bp repeat into CL26 tandem repeat.

Conclusions

In the present study, a novel repetitive DNA was identified and mapped that can be
used as cytogenetic markers for chromosome identification. Qur approach based on the use
of bioinformatic tools, BAC library resource and molecular-cytogenetic techniques allowed
us to identify rapidly repeated sequences from data of NGS and study their characteristics
in the A. fistulosum genome.
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HOBBIN XPOMOCOM-CIELIM®HUYHBIN CYETEJIOMEPHBIN
TAHJIEMHBIN TIOBTOP Y ALLIUM FISTULOSUM (L.)
M.A. ITIIEVX BEUTI TOXAPPU3Y, U.B. KUPOB, JLU. XPYCTAJIEBA
(PTAY-MCXA umenu KA. Tumupsizesa)

Deomoyus u pynxyus manoemmwvix nogmopos (T11) ocmaromes cnabo usyvennvivu. TH vawye
PACRONONCENDBL 8 BANCHBIX XPOMOCOMHBIX PE2UOHAX, MAKUX KAK YeHMpoMepa, mejomepa u cybmeno-
Mepa, @ makdce Popmupyiom opyeiie 2emepoxpoMamuHo8gsie pe2uonbl. I eHoM JIVKO8bIX NII0X0 U3VYeH
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U3-30 €20 02POMHO20 Pa3Mepa, 8bICOKOT CmeneHy OYNIUKayusi U NOGbIULEHHO 2emepOo3UOMHOCIIU.
C nomowgwio NCBI 6a3e1 Oaunbix t OUOUHDOPMAMUYECKUX MEMOO08 Mbl HAULIY HOBLLI MAHOEMHbII
nosmop (CL26), komopwiii 3anumaem 0,2% zenoma A. fistulosum. B pesyismame npogeoerus no-
mmepasnoil yennot peaxyuu (I{P) ¢ npativepamu na CL26 u eenomnoti JIHK A. fistulosum OvLn
nomyuen TP npooykm pazmepom 400 n.n. Henonwsya ¢iyopecyenmuyio in situ 2ubpuouszayuro
(FISH) ¢ amum I[P npooyxmom noxazanu, umo CL26 noemop roxanso8an & cybmenomepHom
pezuoHe Ha Kopomkom naeyve xpomocomul 6. FISH ¢ CL26 I11[P npooyxmom Ha xpomocomax A. cepa
NOKA3AN HAMWYUe CUSHANA @ CYOMEeNTOMePHOM pecLoHe Ha KOPOMKOM niede xpomocomsl 6 u 8. OoHa-
Ko Ha 08yx Opyaux bauskopoocmeenuvix eudax A. porrum u A. schoenoprasum cucnana 2ubpuousa-
yuu He 6vL10 guiagieno. Couemanue ucnoivszosanus FISH u BAC (6axmepuansnas uckyccmeennas
XpoMOCcoMa) KIOHO8 A8NAeMcs 3hPexmugHuIM NOOXOO0M 8 U3YHEHUU 2eHOMO8, PUUIeCKOM Kapmu-
POBaHUU, UOCHMUPUKAYUYU NOBMOPIIOWUXCI NOCTEO08AMENHOCIEN U UIYHEHUYU UX OPSaHUSAYUU
& cenome. Panee & nauteii epynne bviia cosoana bubmiomerxa zenomuoti JIHK A. fistulosum, ecezo
1100 BAC xnonos. Cxpunune BAC 6ubnuomexu eviaguin ooun kioH, cooepoxcawuti CL26. Dmom
KJOH Oblll UCNONB308AH 0TI USYHEHUS 2EHOMHOI Op2anu3ayuy HAtlOeHHO20 HaMU MAHOEMHO20 NOo-
emopa. C nomougvio I[P 6vuio yemanogieno, umo BAC knowu cooepocum, napsioy ¢ CL26, 378 n.u.
cybmenomepnvlii mandemuuvlli nogmop. Muozoysemnas FISH npodemoncmpuposana, umo CL26
NOGMOP JIOKATU308AH HA XPOMOCOMe DoNlee NPOKCUMANBHO NO CPAGHEHUIO ¢ MAHOEMHBIM NOGMOPOM
378 n.n. B pabome obcysicoaemes cmpyxmypuas opzavuzayus CL26 1 803MONICHOCHIb HCNONL3080-
HUSL 9020 NOBMOPA 8 KAYECMae MONEKWIAPHO-YUMO2EHEMULECKO20 MAPKepa.

Knrouesvie cosa: manoemuwiii nosmop, Allium fistulosum, gnopecyenmnas in situ 2ubpu-
ousayus, BAC xnowio.
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