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Centromere protein H (CENP-H) is a constituted protein and located within the
inner layer of Kinetochore. The previous studies showed that the CENP-H
contributes gathering the CENP-A and -C together at the centromere to form active
centromere. However, it is not clear how the CENP-H to help the CENP-A and -C
gather at the centromere. We assumed that the CENP-H is associated with a specific
centromeric DNA to recruit the CENP- A and C on the centromere.  To study the
CENP-H associating DNA, we used the anti-CENP- H antibodies to catch down the
CENP-H associating chromatin filament (that is, the chromatin immuno-precipitation)
and then constructed a mini-library, designated as CHIP-H. We obtained five
positive clones by screening this mini-library with multi-well protein-DNA binding
assay. Ex-vivo protein assay and gel-retardation combing western blot assay showed
that the isolated clones have CENP-H binding activity. Furthermore, we screened
the centromeric BAC DNA using these five clones and CENP-A associating DNA as
probes for characterizing the genomic organization of CENP-H associating DNA.
Three positive BAC clones obtained were further sequencing. Because the BAC
DNA clones contain the significant repetitive DNA, it is not easy to complete
sequence BAC DNA by shot-gun sequencing or second-generation sequencing.

Even so, we sequenced three BAC DNAs by the systemically hierarchical sequencing.
We had finished all sequences of subclones. We had compared all sequences of
subclones each other and compared them with the nucleotides collected in GeneBank
of NCBI. The sequences comparison result showed that the CENP-H associating
DNA and CENP-A associating DNA shared more 80% identity to centromeric
satellite Il.  These evidences indicated that the CENP-H recruited CENP-A and C
through associating centromeric satellite 11 to form an active centromere. Therefore,
we had achieved the main purpose what we want to explore in this project.

During the term of carrying out this project, we had 5 papers published, two papers
accepted in press, one paper submitted and two papers in preparation.

Key words: centromere, CENP-H associating DNA, chromatin immunoprecipitation



FEPF:

Introduction:

The centromere mediates normal mitotic and meiotic process including
kinetochore assembly, spindle attachment, sister chromatid cohesion and subsequently
proper separation of sister chromatids during mitotic anaphase or segregation of
synaptic homologous chromosomes during meiosis I (Choo 1997). The centromeric
function is mediated by the kineotochore, which is a proteinaceous structure that
assembles onto the centromeric DNA (Cleveland et al. 2003; Amor et al. 2004).
Therefore, the maintenance of centromere identity is critical importance, since the loss
of a centromere identity results in the gain or loss of a chromosome (aneuploidy)
(Hook 1985). However, it is not clear so far what determines the identity of the
centromere and maintains its function?

An active prekinetochore loading on the centromeric DNA is the primary step of
centromeric identity. The prekinetochore is mainly composed of CENP-A, -B, -C,
-H, -1, and Mis12. The results of the CENP protein-depletion experiment indicated
that CENP-H-I complex could assist the incorporation of the nascent CENP-A into
centromere to form the prekinetochore (Nishihashi et al. 2002; Okada et al. 2006).
The CENP-A is a key loader of the prekinetochore onto the centromeric DNA to
determine the centromere identity (Sugata et al. 1999; Sugata et al. 2000). In
contrast to the conservation of the protein components, the centromeric DNAs are
highly variable among species (Kitagawa and Hieter 2001; Sullivan et al. 2001;
Cleveland et al. 2003; Mellone and Allshire 2003). Several studies showed that the
centromeric heterochromatin is mainly composed of the highly repeated satellite DNA
in higher eukaryotes. Interestingly but ambiguously, how these conserved
fundamental centromeric proteins assemble on the diverse centromeric
heterochromatin. CENP-A, B, C and H had been found to associate with the
centromeric DNA. However, what is the essential DNA sequence for the loading of
the prekinetochore onto the centromere? It is not clear so far.

Specific Aims:

The CENP-H loading is essential for the efficient loading of the nascent CENP-A
(Okada et al. 2006). These suggested that the loading of CENP-H onto centromeric
chromatin play an important role in de novo forming centromere. The question is how
the CENP-H loads to the centromeric chromatin? Therefore, our aims are to explore
(1) the CENP-H associating centromeric DNA, (2) the spatial relationship of genomic
organization between CENP-A and CENP-H associating DNA for explaining the
mechanism of the loading of CENP-C onto the centromere, (3) the sufficiency of the
CENP-A and CENP-H associating DNA together to form a centromere.

Methods:
Chromatin immunoprecipitation and construction of mini-library of CENP-H
associating DNAs:

This protocol is mainly referred to Lo et al. 2001.  About 10’ Indian muntjac
fibroblast cells were incubated in TBS (0.01M Tris-HCI, pH7.5, 3 mM CaCl,, 2 mM
MgCl, with 0.1 mM phenylmethlsulphonyl fluoride [PMSF] and proteinase inhibitors
[complete, proteinase inhibitor cocktail tablet, Roche]) with 0.25% Tween 40 at 4°C
on a roller stirrer for 2 hours before extruding the nuclei using 30 stokes with the
“Tight” or “A” prestle on a Dounce homogenizer (Wheaton). Nuclei of Indian
muntjac cells were separated from cytoplasmic debris by centrifugation at 1500 g for
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20 min at 4°C through a 25%/50% discontinuous sucrose gradient.
Oligonucleosomes are produced by digesting the nuclei with micrococal nuclease
(USB) in digestion buffer (0.32 M sucrose, SOmM Tris-HCI at pH7.5, 4 mM MgCl,,
ImM CaCl,, 0.1mM PMSF) at a concentration of 80 U/mg DNA at 37°C for 10 min.
The supernatant contains mainly mononucleosomes. The pellet fraction is further
processed by incubation with lysis buffer (1 mM Tris-HCI at pH7.5, 0.2 mM EDTA,
0.2 mM PMSF, and proteinase inhibitors) on ice for 1 hour. The final supernatant
containing oligonucleosomes is then obtained by centrifugation at 15,000 g for 5 min
at 4°C. The two supernatant fractions were pooled and precleared by the incubation
with 1:1000 dilution of the preimmunized rabbit serum and 1% protein A-sepharose
(Amersham-Pharmcia) at 4°C.  After preclearing, the supernatant is obtained by
centrifugation at 250 g for 5 min at 4°C.  This fraction is used immediately for
immunoprecipitation (input fraction). Equal volumes of the supernatant and
incubation buffer (50 mM NaCl, 20 mM Tris-HCl at pH 7.5, 5 mM EDTA, 0.1 mM
PMSF, and protease inhibitors) were incubated with 1:500 anti-CENP-H at 4°C
overnight. The immune complexes were captured by incubating in 12.5% protein
A-sepharose then washed extensively in a stepwise manner in buffer A (50mM
Tris-HCI at pH7.5, 10 mM EDTA) containing 50, 100, and 150 mM NaCl. Bounded
immune complexes were then eluted with 2 vol of 1% SDS. DNA (bound fraction)
is extracted from the eluate by phenol/chloroform/isoamyl alcohol extraction. The
extracted DNAs were blunted by Klenow fragment and introduced a nucleotide “A”
to3’-end.  The treated DNA was ligated into pGEMT vector and the recombinant
plasmids were used to transform XL1-Blue Escherichia coli competent cells. The
transformation mixture was plated onto Luria—Bertani (LB) agar plates containing
100 pg/ml of amplicillin , 40 pg/ml of X-Gal, and 0.05 mmol/l IPTG to construct a
CHIP-H mini-library.

Chromosome preparation:

The HeLa cells and the fibroblast cell lines of Indian muntjac (Muntiacus muntjak
vaginalis) (male cell line, CCL-157, American Type Culture Collection) were grown
in DMEM medium supplemented with 10% FBS, 1% penicillin and streptomycin, and
1% L-glutamine at 37°C, 5% CO2 incubator. Metaphase chromosome spreads were
prepared from the growing cells and fixed in 3:1 methanol: Acetic acid. The fixed
cells were drop-splashed onto glass slide and stand at room temperature for two days
aging. The detailed protocol for chromosome preparation has been described
elsewhere (Li et al 2000).

Fluorescence in situ hybridization

The immunoprecipitated DNA was labeled with biotin by nick translation. The
biotin —labeled DNA is hybridized to metaphase chromosomes. The biotin labeled
probe is observed by means of incubating with Cy3-conjugated avidin, biotinylated
anti-avidin and Cy3-conjugated avidin, sequentially. The metaphase chromosomes
were couterstained with DAPI in antifade mounting medium (vector). Fluorescent
signals were captured under an Olympus BX51 fluorescence microscope equipped
with appropriate filter sets and a cooled CCD camera (Photometrics, Sensys). The
images were normalized and enhanced using the FISH software (Applied Spectral
Image, Israel), and processed in Photoshop (Adobe, San Jose, CA). The detailed
FISH protocol had been established in our laboratory (Li et al. 2002).

Screening the CHIP-H mini-library by multi-well protein-DNA binding assay:



All inserts of constructs were amplified by PCR and labeled with biotin. Each
biotin-labeled construct binds with the streptavidin-coating well in 96 multi-wells.
Subsequently, each well was incubated with the nuclear extract of Indian muntjac.
Immunoassay with anti CENP-H was performed.

Ex-vivo protein-DNA binding assay:

Briefly, 40% confluent HeLa cells were seeded onto 18x18mm coverslip in 35mm
petri dish 24 hours before the transfection experiment. The next day, transfection
mixture combining lug of DNA (the five CHIP-H clones) and 3ul of Fugene 6
transfection reagent (Roche) in 100ul of OptiMEM was added to 70% subconfluent
HeLa cells in 2 ml of culture medium. Transfection medium was replaced with
normal growth medium 16 hours after transfection. 48 hours after transfection, the
transfected cells were fixed with 1% formaldehyde/1XPBS. After fixation, the fixed
cells were treated with 0.2% Triton X-100 in KCM buffer for 15 min. Centromeric
proteins were detected by incubating the anti-CENPs antibodies with fixed cells in
KB buffer for 30 min at 37°C. Subsequently the FITC conjugated goat anti-rabbit
antibodies was applied to fixed cells in KB buffer for 30 min at 37°C for visualizing
the centromeric proteins. After immunofluorescent experiment, cells on the slide
was immediately fixed in 10% formalin/KCM bufter (120mM KCl, 20 mM NaCl, 10
mM Tris-HCI1 pH 7.6, 0.1 % Triton X-100) for 10 min and then in 3:1 methanol/acetic
acid for another 15 min. The following FISH experiment was carried out.
Biotin-labelled CHIP-H DNA probes will be hybridized with the fixed cells that
transfected with the CHIP-H DNA. After hybridization, the non-specific binding
probes were washed out by 50% formamide/2XSSC at 37°C for 15 min. The
transfected CHIP-H DNA will be observed by incubating with the AF568-conjugated
streptavidin.  Subsequently, samples were mounted in antifade mounting medium
with DAPI (vector). The colocalizaing signals of immunofluorescence and FISH
were analyzed using the confocal microscope (Zeiss LSM 510 META). The detailed
procedure of simultaneous immunofluorescence and FISH was described in Li et al.
2002.

non-isotopic gel retardation:

Briefly, a non-isotopic DNA fragment with 250bp-size was incubated with the
crude nuclear extract in 1X binding buffer for 20min at room temperature. After
incubation, the incubated protein-DNA mixtures were run on 2% agarose at 50V on
ice for 70 min. The agarose was performed with the regular western blot and the
protein bands were detected by anti-CENP-A, CENP-B, CENP-H antibodies and
visualized by chemiluminisence assay.

Dot blot hybridization:

The centromeric BAC DNAs were spotted in high density onto Hybond N+ filters
with the Genetix Q-Bot (Genetix Ltd.). The filters were hybridized with p** labeled
probes prepared from CHIP-H DNA clones and CENP-A associating cervid
centromeric DNA (cervid satellite II; Vafa et al. 1999). The conditions and
procedure of filter hybridization were described elsewhere in detail (Li et al. 2000b).
The clones with positive hybridization signals were picked up for further
characterization.

Plasmid DNA and BAC DNA Sequencing
CHIP-H DNA clones were sequenced from the vector-specific primers (M13-F



and M13-R) by the automated sequencing. The automated sequencing was carried
out using ABI Prism cycle sequencing and electrophoresed on an ABI377 system
according to the manufacturer’s instruction.  For full sequencing candidate
centromeric BAC DNAs, candidate centromeric BAC DNAs were first subcloned into
smaller fragments generated by two different restriction enzymes. The
vector-specific primers (M13-F and M13-R) and internal primers designed from the
generated sequences were used for sequencing subclones with more than 1.5kb. The
subclone with an insert > 2.0 kb and highly repetitive sequences was sequenced
through the Exolll-nested deletion clones. Briefly, the M13-F side of the insert of
the subclone was cleaved with Hindlll and Kpnl at 37°C for one hour. A linearized
DNA with a 5’- protruding and 3’-protruding end was digested from the 5’-end by
Exonucleaselll at 37°C (theoretically, the digestion rate is about 300bp/min). The
nested deleted DNAs at three given digestion time intervals (2 mins/4mins/8 mins)
were subcloned into pBluescript II SK(—) plasmid vectors. The exodeleted
subclones with the appropriate insert size were picked up for further DNA sequencing
from the M13-F end of the vector.  The detailed protocol was based on the
Erase-a-Base System (Promega) protocol. All the subcloning strategies were
referred to Molecular cloning (Maniatis et al. 1982) and have been routinely
performed in our laboratory.

DNA sequences analysis:

DNA sequences of CHIP-H clones and centromeric BAC DNA were aligned with
GenBank database using the BLAST programs for searching the identified satellite
DNAs elements. The monomer of repetitive sequences was analyzed by Tandem
repeat finder software http://tandem.bu.edu/trf/trf.html (Benson 1999).  Palindromic
and mirror repeats were identified by self comparison using BLAST 2 program. The
interspersed repeats and low complexity DNA sequences were screened using
RepeatMasker program from http://www.repeatmasker.org/. The composition of
sequences will be determined using nucleic acid statistics programs from Biological
Workbench (http://workbench.sdsc.edu/).

Results and discussions:
1. Establishing a CENP-H-associating DNAs mini-library:

The CENP-H assoicating DNA was probed by the way of chromatin
immunoprecipitation unsing CENP-H specific serum incubated with the isolated and
sonicated the Indian muntjac nuclear. The immunoprecipitated CENP-H DNAs were
identified by FISH. The FISH result showed that the immunoprecipitated DNAs
localized on centromere regions of Indian muntjac (Figure 1). It suggested that the
chromatin-immunoprecipitation method could successfully isolate the specific
centromeric DNA associated with CENP-H from genomic DNA. The
immunoprecipitated CENP-H DNAs were purified and were introduced into pPGEMT
vector to construct a mini-library. More than 300 constructs were obtained in this
mini-library, designated as CHIP-H mini-library.


http://tandem.bu.edu/trf/trf.html
http://www.repeatmasker.org/
http://workbench.sdsc.edu/

Fig 1: The FISH result showed that the CENP-H associating DNAs localized on
centromere regions of Indian muntjac. The kinetochore binding DNA, which is
immunoprecipitated by anti-CENP-H antibodies.

2. Screening the mini-library:
All constructs were assayed using the multi-well protein-DNA binding assay.
There are five candidate clones with stronger positive signals in this assay.

3. DNA sequences analysis of CHIP-H DNA clones:

The insert of five candidate clones is 107 bp in #52, 538 bp in #53, 333 bp in #65,
330 bp in #66, and 654 bp in #75. After repeatmasker analysis, full length of #53,
98~333 bp of #65, and 51~330 bp of #66 contain LINE or SINE elements. After
comparing the sequence similarity with the nucleotides in GeneBank of NCBI, #75
shared 79% identity with Formosan muntjac satellite II (Fig. 2). Clone #52 didn’t
significantly match any collected nucleotides or contain any known repetitive
sequences. After self-comparison, #75 has inverted repeat in 148-326 bp. This
sequence could form a loop structure with a stem of 12bp and a loop of 154 bases.



CHIP-H#75 1 GGGEGCCCTATCCACACTGCARGGETTTGGAGRACGGATGGCCTGATCAGAGGRARGAGLE &0
LEELL L LR LT L LEEEL T L LLLE LT ]
FMm-satll 428  GGGEGCTCTCTTCACACTGCAGEGGACTGGAGCCCGGRCEGTCTEGTCAGRAGGGRAGRGGE 487

CHIP-H#75 @l CTGCAAGEGGETTGATGCCCARGECCTCTTTIGTCOCAGRRGCCTCAGGECAGCAGLETGE 120
sl 438 CAGCAAGRGRTTIGATCOCCARGRCCTCTTIGOCIACCAGCCTCAGRACAGCAGERAGE 547
CHIP-H#75 121  GCRAGTGECCCACTGEIGCCCCTAGGACGGCCTTECCCCTTCACRCACRGECGETECTGCT 180
Pl 548 GCAAGTGRCL-ACTGIGLCICIAETIGHLCIGLLLLTTCAIACACAGRGRCTGLIECT 606

CHIP-H#75 181  GGGECTTGACC-AGGAGCAGCCIGACAGACTCTGECTCACCCGRAGCTCICTGATGRTGIAG 2389
L1111 LR Ty Peereen 1l [TLTTTIT] LTI
FM-satll 607  GGETTTTTCCCATGAGCTGCCTGRACATACTCTGEATCACCTGAGCTCTCTGACGGTGCAS €68

CHIP-H#7s 240  GGEGCAGEARGATTCGTGIGCATGTGETICTGCCTTGGCCTEGRAGTITGRAGCCCCTAG 258

LD TRTEE PR EEREERT LR LRt Ll FLIE ]
FM-satll 687  AGGGCCGGARGAGACGTGGGCATGTGETICIGCCTIGECCTGEEAGTGTGEATCCOCTAG T2d

CHIP-H#75 300 TETCACCCAGGCTCAGGGECAAGGCCCT GAGAGGEGACCA--CACARGCACTTTTICICC 337
| [T EEEEr Ll e b | L1101
FM-satll 727 TETACCCAR GG AR TTGGLCAAGGGECCT GAGAGCGGACGRACTTGATGCGCTATTGICC  TE

CHIP-H#75 338 TGGEGCTTGGGRAGCAGRGGGCATGGCTTACAGERARARGCEGECCTCCCTCAETRRGGGAGE 417
ELLERTEER e e e LRl i
FM-satl 737  TIGGCTTGGRAGCAGRGTGCGTGGCTTGCGGEARATGCEGETCTCCCTCG-——-——-———- 336

CHIP-H#75 418  GGTAGCCAACCAGCATGAGTGCTIGCARLCCGGLCTTIGGAAGCTGCTIGETTARGTICTIC 477
I LEVERELE P PV eeeer | L1111
FM-satll 237 GGTA-------—-—-—m- GRGTGCTTGARARCTGGCCTTTGGRGECAGCCGAGETGETCTITC 384

CHIP-H#75 478  CRRCAGCRCAATCCTCCTTCTCTTCCGRAGCCCC-GAGERLAGEGECAGETCCCAGCARG 5348
| R LEDEETERLLTELLn |
FM-satll B35  CRAGCGCCAGRGTGCTGGATTIGCICTGTGGCCCCRCAGTCCTGEGECAGGTCCCAGCATE  B44

CHIP-H#75 537  GRTCCTGLCCCAGGCCAGCCTIGACAAGRCCTTCCTGECCTCCGGEAGTACAGCCCCATG 5594
FEV P T Tt CERETE TREEEE P e 1
FM-satll 945  GATACTGCTCCAGACCAGCCITGCCGAGACCTACCTGGCTTCCEGGAGTACTGCCCCATG 1004

CHIP-H#75 537  AAGGEGCAGGECAGCAGGGACTCTGTCCAGRCACECCCAAGCACCTCCCCTETATCATT  £54
PELL LD THL 1 AR e O A RN A
FM-satll 1005 AAGGAGCIGGCIGTGGEGTCTGTIGTCCATACATRAACCAGGCGCCTCCCCAGGCTICATT 10462

Fig. 2: The DNA sequences of CHIP-H#75 aligned with the satellite Il DNA
sequences of Formosan muntjac (FM-satll)

4. Ex-vivo protein-DNA binding assay.

The five candidate CHIP-H DNA clones was introduced into HeLa cells for 48
hours incubation; subsequently, simultaneously immunofluorescence with CENPs and
FISH with satellite DNA would be performed to visualize whether the signals of
immunofluorescence and FISH colocalized. The result showed that the FISH signals
of these five candidate CHIP-DNA and CENP-B box colocalized with the
immunofluorescence signals of the human centromeric proteins; while the FISH
signals of the pBSK (vector only) doesn’t colocalize with the immunofluorescence
signals of the human centromeric proteins (Figure 3). These suggested that the
CHIP-H DNAs could associate with human centromeric proteins ex-vivo.



Figure 3: Ex-vivo protein-DNA binding assay:

Briefly, the DNA clones pBSK (a); pPBSK-CENP-B box (b); CHIP-H-65 (c);
CHIP-H-66(d); and CHIP-H-75 (e) was each introduced into HeLa cells for 48 hours
incubation; subsequently, simultaneously immunofluorescence of CENPs (human
centromeric proteins) and FISH of introduced DNA were performed. In (a), the arrow
heads indicate that the FISH signals (red signals) doesn’t colocalize with the
immunofluorescence signals (green signals). In (b), (¢), (d) and (e), yellow
hybridization signals were observed (denoted by arrows). They represented that the
FISH signals colocalized with the immunofluorescence signals.

5. Identifying the protein-binding activity of candidate CHIP-H clones by
gel-retardation:

First, we would like to set up the standard protocol of non-isotopic gel-retardation
combination with western blotting. After try and error many times, we finally find
an appropriate method for non-isotopic gel-retardation combination with western
blotting. This method is able to present more precisely the specific shift
DNA -protein band than the previous non-isotopic gel-retardation combination without
western blot (Fig. 4). It also benefit without the isotopic usage. Our data showed
that the specific shifted bands were presented in the specific DNA fragment incubated



with the nuclear extract by method of the non-isotopic gel-retardation combination
with western blotting (Fig.5).

Fig 4: non-isotopic gel-retardation combination without western blot:
DNA amount
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The non-isotopic DNA fragment with 250bp-size was incubated with the crude
nuclear extract in 1X binding buffer for 20min at room temperature. After
incubation, the incubated protein-DNA mixtures were run on 2% agarose at 50V on
ice for 70 min. The visualizing bands were stained with Ethidium bromide dye.
Lane M denoted as the standard DNA marker. Lanel : only 30ng of CENP-B DNA;
lane 2 : 30ng of CENP-B DNA was incubated with crude nuclear extract 12.6 (£ g; lane
3 : 45ng of CENP-B DNA was incubated with crude nuclear extract 12.6 (£ g; lane 4 -
75ng of CENP-B DNA was incubated with crude nuclear extract 12.6 ;£ g; lane 5 -
105ng of CENP-B DNA was incubated with crude nuclear extract 12.6 £ g; lane 6 :
30ng of vehicle DNA was incubated with crude nuclear extract 12.6 ;£ g. The result
showed that the protein was shifted in lane 2 to lane 6. It doesn’t matter with what
kind of DNA fragment was incubated with crude nuclear extract. It suggested that
the shifed protein bands is a non-specific shift band.
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Fig 5: non-isotopic gel-retardation combination with western blot:
DNA amount
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Unspecific shift band

The non-isotopic DNA fragment with 250bp-size was incubated with the crude
nuclear extract in 1X binding buffer for 20min at room temperature. After



incubation, the incubated protein-DNA mixtures were run on 2% agarose at 50V on
ice for 70 min. The agarose was performed with the regular western blot and the
protein bands were detected by CENP-B antibodies and visualized by
chemiluminiscence assay. Lane M denoted as the standard DNA marker. Lanel :
only 30ng of CENP-B DNA; lane 2 : 30ng of CENP-B DNA was incubated with crude
nuclear extract 12.6 ¢ g; lane 3 : 45ng of CENP-B DNA was incubated with crude
nuclear extract 12.6 £ g; lane 4 : 75ng of CENP-B DNA was incubated with crude
nuclear extract 12.6 £ g; lane 5 : 105ng of CENP-B DNA was incubated with crude
nuclear extract 12.6 12 g; lane 6 : 30ng of vehicle DNA was incubated with crude
nuclear extract 12.6 ;£ g. The result showed that the specific shift band is only
presented in lane 2 to lane 5 which the CENP-B DNA was incubated with crude
nuclear extract. The signals of specific shift bands were stronger as the amount of
CENP-B DNA was increased.

6. Screening the centromeric BAC clones by dot blot hybridization

We screened 135 centromeric BACs clones by dot blot hybridization using a mix
probe of five CHIP-H clones. We obtained three positive BAC clones. These three
BAC clones were identified by FISH experiments. The FISH results showed the
centromeric location of BACs (Fig.6).

Fig. 6: FISH of BAC clones: (a) IM04-816E6; (b) IM04-496H12; (c) IM04-1296A1




7. Sequencing the candidate centromeric BAC clones

Because the centromeric BAC clones contain significant repetitive DNA
sequences, it is not easy to completely sequencing using the shot-gun sequencing or
directly walking sequencing. Three candidate centromeric BAC clones were
sequenced by the hierarchical sequencing strategy using restriction enzyme. One of
three BACs’ sequences was assembled 95% complete. However, it has some
problems in assembling the sequence of subclones, because considerable repetitive
DNA presented. Other two BACs were sequenced 80% completely.
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Self-evaluation:

Our major aim is to characterizing the genomic organization of the CENP-H
associating centromeric DNA sequence. We had successfully constructed a
mini-library of CENP-H associating DNA by chromatin immunoprecipitation. We
obtained five clones, designated as CHIP-H#53, 55, 65, 66, and 75. Ex-vivo protein
assay showed that the isolated clones have CENP-H binding activity. Additionally,
we also established a method of non-isotopic gel-retardation combination with
western blot that is more efficient and more precise. It is very valuable to identify
the CENP-binding activity of CHIP-H DNA clones. Furthermore, we screened the
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centromeric BAC DNA using these five clones and CENP-A associating DNA as
probes. Three positive BAC clones were further sequencing. Because the BAC
DNA clones contain the significant repetitive DNA, it is not easy to complete
sequence BAC DNA by shot-gun sequencing or second-generation sequencing. We
had finished all sequences of subclones. It takes us a lot of time to assemble the
sequences of subclones. Once we finished sequences assemble of the candidate
BAC DNA, it will shed more light on the genomic organization of the CENP-H
associating centromeric DNA sequence. In addition, we compared all sequences of
subclones each other and compared them with the nucleotides collected in GeneBank
of NCBI. The sequences comparison result showed that the CENP-H associating
DNA and CENP-A associating DNA shared more 80% identity to centromeric satellite
II. These evidences indicated that the CENP-H recruited CENP-A and C through
associating centromeric satellite II to form an active centromere. Therefore, we had
achieved the purpose what we want to explore in this project.

During the term of carrying out this project, we had 5 papers published, two
papers accepted in press, one paper submitted and two papers in preparation.

Appendix:

Zoological Studies 47(3): 282-292 (2008)

Zoological
Studies

Construction of an Indian Muntjac BAC Library and Production of the

Most Highly Dense FISH Map of the Species
Chyi-Chyang Lin", Pei-Ching Hsu'?, Tzai-Shiuan Li', Shu-Ju Liao?, Ya-Ming Cheng’, Lie-Jiau
Hsieh', and Yueh-Chun Li **

‘Department of Medical Research, China Medical University Hospital, Taichung 402, Taiwan
*Department of Biomedical Sciences, Chung-Shan Medical University, 110 Sec. 1, Jianguo N. Rd., Taichung 402, Taiwan

(Accepted October 19, 2007)

Chyi-Chyang Lin, Pei-Ching Hsu, Tzai-Shivan Li, Shu-Ju Liao, Ya-Ming Cheng, Lie-Jiau Hsieh, and Yueh-
Chun Li (2008) Construction of an Indian muntjac BAC library and production of the most highly dense FISH
map of the species. Zoological Studies 47(3): 282-292. Following completion of the genome sequences of
some mammalian species, comparative genomic studies in mammals have been actively conducted to assess
gene changes or to identify syntenic conservation during eveolution. The Indian munijac (Muntiacus muntjac
vaginalis) (2n = 6 in the female and 7 in the male) may have evolved from an ancient deer species with a
karyotype 2n = 70 through extensive chromosome rearrangements creating the lowest chromosome number of
a mammalian species. Therefore, the species has become a good resource for studying syntenic conservation
among deer species. An Indian muntjac bacterial artificial chromosome (BAC) library that contains 126,336
individual BAC clones with an average insert size of B0 kilobases was obiained in this study. The frequency
of clones with inserts was 88%, and thus this library corresponds to approximately 4x coverage of the Indian
muntjac genome. Individual chromosomal locations of 1619 BAC clones on the Indian muntjac metaphase
chromosomes were identified by fluorescence in situ hybridization (FISH). Among these clones, 1517 BAC
clones were mapped onto specific loci, and 102 BAC clones were mapped onto the centromeric region. This
provides the most highly dense FISH BAC clone map for the species. This densely ordered map can be used as
a blueprint for comparative FISH mapping studies of other deer species in order to investigate the mechanism of
genomic rearangement and karyotypic evolution. Moreover, centromeric BAC clones will provide an excellent
resource for studying the structure and function of mammalian centromeres.
hitpz/fzoolstud sinica.edu tw/Journals/47_3/282 pdf

Key words: BAC library, FISH mapping.
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Abstract A 69-kb Indian muntjac bacteril artificml
chmmosome (BAC) clone that screened positive for
Cervid satellites | and IV was selected for comple
soquence analysis and further charactenzation. The
sequences of this BAC clome wene found in the
centromeres and in some mierstitial sites of Indian
mumtac chromosomes. Sequence analyses showed
that the BAC clone contained a 145 kb Cervid
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satellite klike DMA element and a 9 kb Cerad
satellite IV-like DNA clement. In addition, it
contained 51 regions cach organized o2 comple
fashion, with sequences homology to intersperse
mepotitive sequences such as LINEs, SINEs, LTRs,
other published DMA clements, and unassigned
sequences. The FISH patterns of seven non-satellite
sequence clements generated from the BAC clone
showed mainly specific to centromeres of the Indian
muntjac representing novel centromeric DMNAs of the
species. Furthermore, FISH signals and Southem blot
pattems of these clements suggest the existence of a
not yet identified repetitive sequence with gant
repeated monomers. Positive FISH signals of these
elements were also detected in the cemtromeric
regions of Formosan muntjac. This suggests that
these newly identified mon-Cervid satellite DNA
sequences have been conserved in the centromene of

the Formosan muntjac.
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DMA - Cervid satellite DMNA - BAC clone - Indian
muntjac
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BAC  Bactenal artificial chromosome

FISH  Fluorescence in siu hyvbrdeation
LIMEs Long interspersed nucleotide elements
SIMEs  Short interspersed nucleotide clements
LTRs  Long terminal repeats
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Small supernumerary marker chromosomes [sSMC) originating
from chromosome 10 are rare. Only seven cases have been
documented, and among thos three cases were diagnosed pre-
natally. We reported on another prenatal diagnosis of a de novo
mosale SMC in an apparently normal female fetus whose
mither had conceived with assisted reproductive technology
[ART) procedures. G-banding analysis of amniotc cells was
performed. Spectral karpotyping (SKY) and fuorescence im
situ hybridization (FISH) studies with chromosome 10-specific
alphoid satellite DNA probe were used to identify the chromo-
some 10 orign of the sSMC Further FISH study with telomeric
sequence probes showed that the s5MC lacked a hybridizatbon
stgmal, sugpesting that the marker could be a ring chromosome
FISH studies using BAC cdone probes specific for the regions
within 10p11.2, 10g11.1, and 10g1L2 showed that the short
arm breakpoint was located between 29.8 and 30.7Mb from
the 10p telomere, and that the long arm breakpoint was
located less than 43.6Mb from the 10p telomere. The karyobype
of the fetus was 47,3, + mar. ish der( 10)(SKY+ CEP 10+, CTD-
213007+, RP11-89123— /4633 Oligomucleotide microarray-
based copy number variations (CNV]) analysis was also per-
formed and showed a 6.7 Mb duplication from 10p11.2 to
1ikgl 1.2 [ 36,24 2.9 Mb ) with A fiymetrix SN P-aremy 6.0 genotype:
arr ¢ghe 10p11.2g1 1. 2ICN_519%687 — CN_541524) X 3. At the
1-year follow-up, the baby did not havwe any findings of
the trisomy 10p syndrome. This observation provided further
credence to the concept that additional chromosome material
of proximal 10p11.2 may not contribute to the trisomy 10p
symdrome phenotype. & 2009 WilsyLis, Inc

Key words: marker chromosome 10; small supernumerary mark-
er chromosomes [8SMCs); spectral karvotyping (SKY); Auores-
cence in situ hybrAdization (FISH); genome-wide oligonudeotide
microarray; trisomy 10p syndrome
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INTRODUCTION

Supemumerary small madeer chromosomes (SSMC) are definedas
extra, structurally aboo mal chromosomesin which no part canbe
identified unambiguowsly by conventional cytogenetic technigues
[ Shaffer and Tommerup, 2005]. The incidence of al SMC was re-
ported to range from 00471, 000 to 1.5/1,000 inlive birth [Ferguson-
Smmith and Yates, 1984; Sachs et al., 197; Hook and Cross, 1987;
Warburton, 1991]. Small supernumerary marker chromosomes
(s88MCs), which are equal in size or sealler than a dhomosome
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A satellited short arm of the ¥ chromosome (Yps) is rare. Only
one de novocase of Ypshas been documented Here we re port the
prematal diagnosis of Yps n a male fetus with a karyotype,
46,XYps. Family chromosome study showed that the father and
a dster had a satellited short arm of the X chromosome (Xps). A
phenotypically normal male child with the Yps was delivered
This is the firs familial case showing a satellite * jumping” from
Xpto Yp. We propose that it resulted from a crossover within the
pee ud canto somal reglon 1 (PARL) on the distal Xp and Yp during
pate roal melosis, Lo addition to the rare translocat lon me ot loned
above, relocationof the SRY gene onto an autosome in XX males
is also a rare event. Herein we report a phenotypically normal
male Fetus witha 46, XX karyotype. Fluorescence in sit hybrid-
fzation (FISH) study showed that the SRY locus had been
transferred to the terminal short arm of a chromosome 3. The
terminal short arm deletion of this chromosome 3 was ako
confirmed by FISH study with a subtelomeric probe and the
break point of the termimal deletion was estimated between
446 and b4 kb from the 3p telomere by real-time qPCR sudy
with a gene sequence and S5TS markers in this region. A healthy
boy was delivered at 37 weeks of gestation. At 1-yvear folow-up,
the child's growth pattern and development were appropriate for
age. & 1 Wilep L, Ine

Key words: Grmilial “jumping translocation”; satellited Xp; -
tellited Yps 300 msale; Y™ antosome transho cation; Fluorescence
in situ hybridization (FISH); multiplex ligation-dependent probe
amplification (MLFPA): real-time quantitative-PFCR (RT-gPCR)

INTRODUCTION

Iin ggeets el , bl oocan tio i o o ivscestoiieg e it ts 0 oours Spoeadi-
cally and randomly. Pseudoautosomal regions (PARL) located on
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gene inan XX male.
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the tips of the short arms of human X and ¥ dwomosomes are
known to achieve X and ¥ chromosame pairing and recombimation
[crosing-over) during meiosis [Rappold, 1993; Mangs and
Maorris, 2007]. Some duplicated DNA elements at centromeric/
pericentromeric regions and telomeric/subtelomernic regions can
also facilitate chromosome rearcangement in thes regons invoaly-
ingdifferent human chromosomes [Baley et al, 2060; Samonte and
Eichler, 2002; Linardopoulou et al, 2005 ). Recently, a trandocation
breakpoint hot spot in human dymomesome regon 2g11, was
wolated and found to have a palindromic structure which leads o
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TO THE EDITOR:

Interchromosomal  imsertion  (insertion between two non-
Tl ogo s chiromosomes ) i arare dymomosonmal rearran ge ment
withanincidence of 1in 806k ive births [Van Hemel and Eussen,
2(WMH. At Jeast three breaks are required for the generation of the
imgertion. This may account in part for its rareness. A carder of
an interchromoesomal insertion has a theoretical risk of 5% of
producing offspring with genomic imbalance (deletion or duplica-
tion of dhromosome material ) in each pregrancy. Herein we report
on a patient with a 9q deletion duve to a familial insertion
[189)ql2.3g33.1g31.1). The proposita presented at the age of
& to the pediatric dinic with mental retardation and dysmorphic
craniofacial features induding a repaired deft lip and palate,
hypertelorism, strabismus, low-set ears, downdanting palpebral
fissures, and tapered fingers (Fig. 1A). She is the first child of
nopcosanguinesus parents and was born when the mother was
19 years and the father was 26 years of age. Her body weight i 18kg
and her height & 95cm (<3nd centilel. The mother denied
exposure to teratogens or drugs during pregrancy. The results of
a second-trimester screening br Down syndrome were normal. A
mid-trimester ulirasound detected a fermale fetus with unilateral
cleft lip and palate but the mother did not underge any invasive
prenatal diagnostic testing procedures. The proposita was born at
38 weeks' gestation with a body weight of 2,750 g During delivery,
meconium apiration syndrome with respiratory distress, facial
dysmorphism, unlate ral defilip and palate and cephal oherma torma
over biparietal regions were diagnosed. Echocardiography revealed
mitral valve prokapse. Unilateral defi lip and palate was repairedat
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9g31.1-8q33 1 deletion inagid witha deft lip
and palate,
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the age of 1 year. The patient has a history of delayed motor
development. She began to sit without support at 12 months and
could stand unaided at X months, Hearing impaiment was
ident ified at 20 months. At the ageof2 years, the patient underwent
correction of strabismus. At present, she can only speak single
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Abstract: Mosaicism with an isodicentric 8 with a breakpoint at p23.3 [idic(8)(p23.3)] is very rare. We
report the first prenatal case on a male fetus in which obstetric ultrasound revealed multiple
congenital anomalies at 28 weeks of gestation. Cytogenetic analysis of amniocytes showed mos 45XY,-
8,psu idic(8)(p23.3)[16]/ 46,XY,psu idic(8)(p23.3)[4] and that of cord blood lymphocytes revealed
mos 45XY,-8,psu idic(8)(p23.3)[13]/ 46,XY, psu idic(8)(p23.3)[37]. FISH studies revealed that the
break-reunion occurred at the cytoband 8p23.3 within the physical position 2.08 Mb from the 8p
telomere. Chromosal microarray analyses further assigned the duplication/deletion breakpoint at 2.16
Mb (Agilent 244K) and at 2.19 Mb (Affymetrix SNP6.0). Analysis of microsatellite DNA indicated that
the psu idic(8)(p23.3) was derived from the maternal chromosome 8. Together, these findings indicate
that the fetus was nullisomic for ~2.2 Mb from 8pter, trisomic for the rest of chromosome 8 in mosaic
condition and likely had breaks in MYOMZ2 repeats of the maternal chromosome 8.
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Five satellite DMNA families (designated as satellite I-V) have been identified in the
Cenvidae so far. Among those, satellite 1, Il and IV are centromere spedfic. Satellite |
and |l are shared by large number of deer species, where satellite IV is highly
conserved among several deer spedes examined. Satellite 11l was initially thought to
be roe deer specific but later identified in Chinese water deer as well. SatelliteV is Y-
chromosome specific for several Asian deer species examined but also found in the
percentric regicn of Indian muntiac chremosome 3 and in X chromosome. The
observation of interstitial hybridization sites on Indian muntiac chromosomes with
satellite DMA | probe generated from Chinese munfjac provides the first molecular
evidence supporting the tandem fusion theory that 2n=6Q/7 Jof Indian muntjac
karyotype could derive from an ancestral Chinese muntjac-like species with 2n=46.
Interspecies chromosome painting study and the maximum number of interstitial
hybridization detected with satellite | and satellite | DNA probes lend support to the
hypothesis that the Indian muntjiac karyotype could evolve directly from an ancestral
Chinese water deer-like species with 2n=70. Such hypothesis is further substantiated
by the finding of satellite v signals presented in specific chromosome regions bebween
the Chinese water deer and the Indian munfjac chromosomes.
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The European Cytogenetics Conference is an annual congress which has gathered high level experts
in chromosomal biology. This conference has reached a worldwide dimension and plays a paramount
role in the international scientific life: allowing the gathering of high level specialists, it encourages the
exchange of ideas and stimulates the works of the researchers all through the world.

This is my first time to attend this meeting.  This meeting is different from the ASHG annual
meeting that | used to attend before. Although this meeting is smaller than ASHG annual meeting, it
mainly focuses on the chromosomal biology related topics, including clinical cytogenetics session that
discus diseases related to telomeres, epigenetics and DNA repair, 3D nucleus, and genomic instability and
animal cytogenetics session. In this conference, | learned what has been achieved in clinical cytogenetics
by the new molecular cytogenetic technique, aCGH. This new powerful tools would become available in
clinical cytogenetic diagnosis in the future.  Another lectures in the animal cytogenetic session also
stimulated my new ideas in animal comparative cytogenetics studies.

In this meeting, | found that the animal cytogenetics study was more encouraged in European than in
Taiwan. This is positive thinking, studying the genome in various organism not only in human species



would realize how the gene works in different organism and would further shed more light on the
mechanism of disease-gene in human
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1. Chromosome Research 2011 vol.19 Supplement 1: a publish journal for all abstracts of lectures,
oral presentation, poster presentation in 8" European Cytogenetics Conference

2.Molecular Syndromolgy 2010 Vol.1:159-210: a publish journal for research articles, short reports
and reviews on the molecular basis of genetic syndromes, genotype-phenotype correlations, natural history,
strategies in disease management and novel therapeutic approaches linked to molecular basis.
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Our major aim 1s to characterizing the genomic organization of the CENP-H
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associating centromeric DNA sequence. We had successfully constructed a
mini-library of CENP-H associating DNA by chromatin immunoprecipitation. We
obtained five clones, designated as CHIP-H#53, 55, 65, 66, and 75. Ex-vivo protein
assay showed that the isolated clones have CENP-H binding activity. Additionally,
we also established a method of non-isotopic gel-retardation combination with
western blot that is more efficient and more precise. It is very valuable to
1dentify the CENP-binding activity of CHIP-HDNA clones. Furthermore, we screened
the centromeric BAC DNA using these five clones and CENP-A associating DNA as
probes. Three positive BAC clones were further sequencing. Because the BAC DNA
clones contain the significant repetitive DNA, it is not easy to complete sequence
BAC DNA by shot-gun sequencing or second-generation sequencing. We had finished
all sequences of subclones. It takes us a lot of time to assemble the sequences
of subclones. Once we finished sequences assemble of the candidate BAC DNA, it
will shed more light on the genomic organization of the CENP-H associating
centromeric DNA sequence. In addition, we compared all sequences of subclones
each other and compared them with the nucleotides collected in GeneBank of NCBI.

The sequences comparison result showed that the CENP-H associating DNA and CENP-A




associating DNA shared more 80% identity to centromeric satellite II. These
evidences indicated that the CENP-H recruited CENP-A and C through associating
centromeric satellite Il to form an active centromere. Therefore, we had
achieved the purpose what we want to explore in this project. This result will
shed more light on the function of centromere and might provide more 1information

on constructing an artificial chromosome for gene therapy.
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