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Chapter IV. Comparative mapping, sequencing and analysis.

4.1 Introduction

The challenges that arise after sequencing the human genome include finding and
verifying all genes, obtaining their expression patterns and functional characteristics and
studying how they interact with each other and the environment. The mouse has served
over the past century as an excellent experimental system for studying mammalian
genetics and physiology and is expected to greatly enhance these efforts (Dietrich et al.,

1995).

Blocks of synteny between the human and mouse genomes can provide an insight into
genome organisation and evolution. Comparative analysis at the DNA level can be used
to identify coding exons or regulatory elements, which are often highly conserved. Once
established, the resources can be used to further characterise genomic regions (for
example gene knockouts to assess function) and if applicable, provide an animal model

for a human disease (Hardison et al., 1997; O’Brien et al., 1999; Murphy et al., 2001).

4.1.1 The mouse genome

The mouse genome is roughly 3,000 Mb in size and a number of genetic maps have been
constructed. Dietrich et al. (1996) published a high-density, intermediate-resolution
genetic map of the mouse genome. The map contained 7,377 genetic markers consisting
of 6,580 microsatellite markers integrated with 797 RFLPs in mouse genes (Dietrich et
al., 1996; Jordan and Collins, 1996). The construction of a high-resolution genetic map

incorporating 3,368 microsatellites was reported two years later (Rhodes et al., 1998).
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The available genetic maps provided the scaffold for the construction of a YAC-based
physical map of the mouse genome (Nusbaum et al., 1999). STSs were screened against
21,120 YAC clones with an average insert length of 820 Kb and the STS-content
information was integrated with the genetic map. The resulting map showed the location
of 9,787 loci with an average spacing of approximately 300 Kb and affording YAC

coverage of approximately 92% of the mouse genome (Nusbaum et al., 1999).

Van Etten et al. (1999) described the construction of an RH map of the mouse genome.
The map contained 2,486 loci screened against an RH panel of 93 cell lines. Most (93%)
were microsatellite loci taken from the genetic map, thereby providing direct integration

between these two key maps.

ESTs are key in providing rapid access to the gene repertoire of an organism. To provide
a broad overview of genes expressed throughout the mouse development, ESTs were
sequenced from fifteen normalised libraries and 26 early-stage libraries (Marra et al.,
1999). In a more systematic effort, RIKEN sequenced and annotated 21,076 cDNA
clones from 160 “full-length”, normalised and subtracted cDNA libraries from various
tissues and developmental stages (The RIKEN Genome Exploration Research Group

Phase II Team and the FANTOM Consortium, 2001).

Genomic clone resources are vital for genome studies. Clones from the RPCI-23 and

RPCI-24 mouse BAC libraries (Osoegawa et al., 2000, http://www.chori.org/bacpac/)

were fingerprinted at the Genome Sequence Centre (GSC) of British Columbia Cancer

Research Center at Vancouver, Canada (http://www.bcgsc.be.ca/projects/mouse
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mapping/) and end-sequenced at The Institute for Genomic Research (TIGR) (Zhao et al.,

2001, http://www.tigr.org/).

The available resources were used to assemble a microsatellite-marker anchored BAC
framework map of the mouse genome (Cai et al., 2001). The map was subsequently
improved by aligning mouse BAC-end sequences to the human genome (Gregory et al.,

unpublished; http://mouse.ensembl.org/assembly.html). The mouse map database

currently contains a total of 554 contigs providing an estimated coverage of 3,028 Mb

and is available at http://mouse.ensembl.org/.

In May 2002, the Mouse Sequencing Consortium (http:/www.sanger.ac.uk/

Info/Press/001006.shtml) reported a draft sequence of the mouse genome. The mouse
strain C57BL/6]J was wused and the coverage is estimated at ~seven-fold

(http://www.ensembl.org/Mus_musculus/). Completion of the mouse genome is

scheduled for 2005. Raw sequence data (traces) is publicly available from the Ensembl

trace server (http://trace.ensembl.org/). The large volumes of mouse sequence data can be

searched using new homology search methods such as SSAHA (Ning et al., 2001),

Exonerate (Slater, unpublished) or BLAT (Kent, 2002).

4.1.2 Comparative studies

Human:mouse comparative sequence analyses have been performed for a number of gene
loci (Collins and Weissman, 1984; Shehee et al., 1989; Lamerdin et al., 1995; Koop and

Hood, 1994; Blechschmidt et al., 1999; Brickner et al., 1999). The findings suggest that
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coding regions are generally well conserved, whilst conservation at the intronic and

intergenic regions varies extensively.

Comparative analysis of 1,196 orthologous mouse and human full-length mRNA and
protein sequences showed that protein sequence conservation varies between 36% and
100% identity, with an average value of 85%. The average degree of nucleotide sequence
identity for the corresponding coding sequences was also approximately 85% whilst 5'
and 3' UTRs were found to be less conserved (Makalowski et al., 1996). A
comprehensive study of 77 orthologous mouse and human gene pairs revealed that the
proportion of the non-coding regions covered by blocks of over 60% identity was 36%
for upstream regions, 50% for 5° UTRs, 23% for introns and 56% for 3° UTRs (Jareborg

etal., 1999).

Comparative analyses of sequence from the human and mouse a/6 T-cell receptor loci
(Koop and Hood, 1994) revealed a high degree of conservation across both coding and
non-coding regions. In contrast, studies at the XRCC1 locus (Lamerdin et al., 1995), the
B-globin gene cluster (Collins and Weissman, 1984; Shehee et al., 1989), the ERCC2
gene region (Lamerdin et al., 1996), the AIRE (Blechschmidt et al, 1999) and the ADA
genes (Brickner et al., 1999) found less conservation across non-coding sequences.
Sequence analysis of regions encoding for several genes, such as the human and murine
Bruton’s tyrosine kinase loci and a gene rich cluster at human chromosome 12 syntenic to
mouse chromosome 6, revealed that the extent of conservation between the non-coding

regions of neighbouring genes can vary (Oeltjen et al., 1997; Ansari-Lari et al., 1998).
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Comparative mapping and sequencing aims to identify new genes and detect regulatory
elements (Koop and Hood, 1994; Lamerdin et al., 1995; Oeltjen et al., 1997; Hardison et
al., 1997; Jackson, 2001) on the basis that these sequences are highly conserved during
evolution. Wasserman et al. (2000) reported that 98% of experimentally determined
binding sites of skeletal-muscle-specific transcription factors were found in the highest
fraction (19%) of conserved sequence in the orthologous genomic segments (human and
mouse). Novel regulatory elements of the SCL (Gottgens et al., 2000, 2001), the
interleukins 4, 13 and 5 loci (Loots et al., 2000), the a-synuclein genes (Touchman et al.,
2001) and the ABCA1 genes (Qiu ef al., 2001) were identified through comparative

analysis and further validated by experimental approaches.

The promise of comparative studies to contribute to the in-depth analysis and
characterisation of genomic regions prompted the construction of several syntenic maps.
This was followed by sequencing and comparative sequence analysis (Wenderfer et al.,
2000; Martindale et al., 2000; Mallon et al., 2000; Footz et al., 2001; Pletcher et al.,
2001; Wilson et al., 2001). This homology-based approach for map construction was
successfully used to generate megabase-long mouse contigs for regions encoding genes
homologous to those found on human chromosome 4 (Crabtree et al., 2001), 7 (Thomas
et al., 2000) and the whole euchromatic portion of human chromosome 19 (Kim et al.,
2001; Dehal et al., 2001). The generated data was used to determine gene order, identify
novel genes, compare GC and repeat content and characterise breakpoints of evolutionary
rearrangements. The need to compare genomic sequences (reviewed in Miller, 2001)

resulted in the development of new software such as PipMaker (Schwartz et al., 2000),
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Vista (Mayor et al., 2000), GLASS (Batzoglou et al., 2000) and SynPlot (Gottgens et al.,

2001).

Finished sequence is the ideal tool for the exhaustive search and accurate annotation of
gene features. The finished and annotated sequence can then be further analysed by
comparison to the genome sequence of other species. For example, it was shown by
mouse sequence comparison to finished, annotated human sequence that some human
genomic regions tend to accumulate changes due to both point mutation and
retrotransposition at a higher rate than others which appear to be protected from these two

types of sequence alteration (Chiaromonte et al., 2001).

4.1.3 Overview

Comparative studies promise to be an essential tool in furthering our understanding of the
emerging human genome sequence. The aim of this chapter is to test this approach
through the systematic analysis of the mouse genomic region that is syntenic to human
20q12-13.2. The use of a gene based, homology-driven approach to construct a 10 Mb-
long mouse clone contig spanning this region is described. The contig is located on
mouse chromosome 2 and the comparative mapping data suggests gene order

conservation between human and mouse.

The clone map was used to select a tiling path (66 clones) for sequencing the entire
region. At the time of analysis, 38 and 27 mouse clones had finished and unfinished
sequence, respectively. The available mouse clone sequences were used in comparative

analyses with the orthologous human sequence. Similarity searches were used to
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investigate the extent of synteny between annotated human gene features and mouse
genomic sequences. Non-exonic conserved sequences were also examined to determine
the presence of un-annotated exons and provide an estimate of the completeness of the

human annotation. A comparison of the GC and repeat content is also reported.

As described for human (section 3.2), finished mouse sequence undergoes systematic
computational analysis and gene annotation. Data from these analyses was used to
perform size comparisons between orthologous exon (and intron) pairs. In addition, three
orthologous gene pairs were selected for in-depth analyses of their DNA and predicted

protein sequences.
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4.2 Mouse clone map construction

Since YACs are generally considered-sub optimal substrates for genomic sequencing due
to chimerism and deletions (Green et al., 1991; Nagaraja et al., 1994), I used the RPCI-23
mouse BAC library (Osoegawa et al., 2000) for map construction. Bacterial contig
construction was performed by a parallel approach (Figure 4.1) of landmark-content
mapping (Green and Olson, 1990) and restriction enzyme fingerprinting (Marra et al.,

1997; Humphray et al., 2001).

Landmark content mapping is based on the detection of the presence or absence of a
DNA marker in a set of clones. The major advantages of this method are that it allows the
ordering of clones based on their landmark content and the detection of overlaps of any
length (typically >100 bp) between clones. Fingerprinting assesses clones over their
entire length and provides a size estimate of their DNA inserts. As a result, the extent of
overlap between the two clones can be estimated (unlike landmark content mapping,
fingerprinting does not detect small overlaps). The parallel use of the two methods
provides an accurate means to confidently construct contig maps of specific genomic

regions.
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Figure 4.1: Strategy for contig construction, involving landmark content mapping and
restriction enzyme fingerprinting.
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4.2.1 Marker selection and development

To target the mouse regions of interest (i.e. syntenic to the 10 Mb region of human
chromosome 20q12-13.2), I identified mouse-expressed sequences sharing extensive
homology with the annotated genes in the human region. Selected mouse sequences were
then used to develop STS-based markers. Where possible, mouse sequences were

selected at 70-100 Kb intervals on the basis of the human sequence.

Mouse-expressed sequences (53 in total, showing homology to 47 genes) were selected
and used to design 71 STS primer pairs (Figure 4.2); primer design was performed as
described in chapter II. Primer pairs were tested at three annealing temperatures (55°C,
60°C and 65°C) for PCR amplification of mouse genomic DNA. Gel electrophoresis was
used to separate the PCR products on an agarose gel (Figure 4.3). The expected size

bands were excised and stored in water (probes).

The 66 working STSs show homology to exons of 47 human genes and are listed in Table

4.1 (also see Appendix 9). The average size of the generated probes is 143 bp.
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Figure 4.2: Design of mouse STSs. (A) Blixem view of homology clusters. Sequences
homologous to the genomic region coding for TOP1 (human) are shown at the top part of
the window as black lines whereas their sequence can be viewed at the bottom part of the
window. The high quality genomic sequence is highlighted yellow (+1 forward strand; -1
reverse strand). The percentage identity of each sequence is also shown on both the top and
bottom part of the window (as %]ID). The gene structure is coloured blue and is shown
between the top and bottom stands, at the top part of the window (exons are shown as
boxes, introns as lines). The (highlighted) sequence with the accession number D10061 is an
mRNA submission for the mouse topoisomerase I gene. (B) Part of the efetch window
under which the EMBL submission for this sequence is stored. Regions of this mouse
mRNA sequence homologous to exon 12 and the 3° UTR of the annotated human TOP1
gene were used to design the stSG77003 and stSG77004 STSs respectively.
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Table 4.1: Gene based (working) STS markers. Human genes are listed according to the
order with which they map on human chromosome 20. The names of mouse-specific STS
markers are listed in the next column. Where available, the orthologous mouse gene names
were obtained from LocusLink (http://www.ncbi.nlm.nih.gov/LocusLink/).

Human gene name  Primer name  Mouse gene name

1 KRML stSG77035 Mafb
2 TOP1 stSG77002 Topl
3 TOP1 stSG77003 Topl
4 TOP1 stSG77004 Topl
5 PLCG1 stSG77005 Plcgl
6 LPIN3 stSG85200 N/A
7 KIAA1335 stSG77006 5430439G14Rik
8 KIAA1335 stSG77057 5430439G14Rik
9 PTPRT stSG77008 Ptprt
10 PTPRT stSG77009 Ptprt
11 PTPRT stSG77010 Ptprt
12 PTPRT stSG77011 Ptprt
13 PTPRT stSG77012 Ptprt
14 PTPRT stSG77013 Ptprt
15 PTPRT stSG77062 Ptprt
16 SFRS6 stSG77014 1210001E11Rik
17 C200rf9 stSG77001 N/A
18 MYBL2 stSG85201 Mybl2
19 MYBL2 stSG77037 Mybl2
20 C200rf100 stSG77063 N/A
21 C20o0rfl11 stSG77015 N/A
22 GDAPIL1 stSG77033 N/A
23 HNF4A stSG77038 Hnf4A
24 HNF4A stSG85202 Hnf4A
25 TDEI1 stSG77024 Tdel
26 ADA stSG77023 Ada
27 YWHAB stSG77025 Ywhab
28 TOM34 stSG77061 N/A
29 STK4 stSG85301 Stk4
30 SLPI stSG77030 Slpi
31 MATN4 stSG77029 Matn4
32 SDC4 stSG77028 Sdc4
33 C200rf169 stSG77027 N/A
34 PIGT stSG77026 N/A
35 C200rf167 stSG77032 N/A
36 TNNC2 stSG77031 Tncs
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Figure 4.3: Primer testing. PCR products generated using the stSG77025, stSG77026,
stSG77027, stSG77028, stSG77029 and stSG77030 primer sets were resolved on an agarose
gel. The PCR products generated at 55°C, 60°C and 65°C annealing temperatures are
shown on Rows I, II and III respectively. The expected size bands (indicated by arrows)

were excised and stored in water.
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4.2.2 Bacterial clone identification

An overview of the strategy followed for BAC clone identification and isolation is shown

in Figure 4.4.

The generated probes (section 4.2.1) were labelled radioactively, pooled together (up to a
maximum of 23) and used to hybridise clone filters from the RPCI-23 BAC library. All
gene based probes were used in four pooled hybridisation experiments to identify 749
positive BAC clones. Data is stored in the mouse chromosome 2 ACeDB database

(2musace). An example of clone identification and scoring is shown in Figure 4.5.

Positive clones were picked and grown as liquid cultures in 96-deep-well plates. Aliquots
of the liquid cultures were used for fingerprinting and to generate mouse chromosome 2-

specific grids (polygrids) for landmark content mapping.

Figure 4.4 (next page): Overview of BAC identification strategy. (A) Virtual region
encoding three human genes. Exons are shown as green boxes, introns as green lines,
intergenic regions as dotted blue lines. Mouse homologous sequences (pink boxes) were used
to design mouse STS primers. (B) Pools of probes from gene-based STS markers were used
to screen 30 filters representing the RPCI-23 library to identify positive clones. (C) Positive
clones were picked and grown in 96-well plates. (D) The cultures were used to generate
polygrids.
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Figure 4.5: Positive clone identification and scoring. (A) Autoradiograph of filter bM-B-14
(from filter set 23) hybridised with a pool of radioactively labelled probes (stSG85199,
stSG85204, stSG85205, stSG85301, stSG85302 and stSG85303; probe pool 4). Positive
clones are indicated by arrows. (B) Part of grid display from 2musace. The positive clones
are scored on the virtual grid (virtual grid 14). Each square represents a clone on the grid.

Dark blue indicate positives and light blue indicate weak positives.

177




Chapter IV. Comparative mapping, sequencing and analysis.

4.2.3 Fingerprint analysis

BAC DNA templates were digested in 96-well plates using HindlIl (Marra et al., 1997,
Humphray et al., 2001). A tandem 121-lane agarose gel format was used, allowing the
simultaneous electrophoresis of 25 ‘marker’ DNA samples and 96 BAC restriction

digests. DNA fragments were visualised using Vistra-green staining.

Importing and editing the data in Image (Humphray et al., 2001) is an interactive and
multi-step process (Figure 4.6). Editing of the digitised raw gel image (Figure 4.6 A)
starts with lane tracking (Figure 4.6 B). Lines are manually traced along each lane across
the length of the gel. The next step is band calling (Figure 4.6 C); the position of true
bands is registered and spurious band calls are removed. Marker locking (Figure 4.6 D) is
the final step in Image; marker lane data is normalised across the whole gel. This is used

for the automatic normalisation of BAC fingerprint band values.

Figure 4.6 (next two pages): Viewing and editing fingerprint data in Image. (A) Interface
for viewing the raw gel image. The grey arrow indicates the loading order, the green arrow
migration. (B) Lanetracking. Blue circles show marker lanes whose corresponding lines are
also traced with red coloured open boxes. (C) Bandcalling. The lane number of the selected
BAC is highlighted red. (D) Standard marker locking. The number of the selected marker
lane is highlighted red.
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4.2.4 Landmark content mapping

Landmark content mapping was used in parallel to fingerprint analysis to obtain
additional mapping information. The BAC clones identified by the pooled hybridisation
approach were gridded on chromosome 2 specific filters, polygrids (section 4.2.2). The
polygrids were hybridised using one gene-specific probe at a time (Figure 4.7) and

hybridisation results were scored in 2musace.

4.2.5 BAC contig assembly in FPC

Fingerprint and landmark content mapping data was imported in an FPC database.
Following automated assembly, manual editing (Ian Mullenger and Lisa French) resulted

in the construction of eleven seed contigs 0.4-1.4 Mb long.
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Figure 4.7: Example of landmark content mapping. (A) Hybridisation of polygrid filter 1
with STS stSG77013 (primer set designed using the mouse Ptprt mRNA sequence with
EMBL accession number AF152556). Arrows indicate positive BAC clones. (B) 2musace
view of polygrid filter 1. Each square represents a clone on the grid whereas dashes
represent empty spaces. The dark blue filled squares indicate positives. (C) The positive
clone names can be viewed in 2musace from the window of STS stSG77013.
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4.2.6 Gap closure

New STS markers were designed at the ends of each contig, using the publicly available
BAC end sequences (Zhao et al., 2001; see Appendix 10). Clones having end-sequences

for both ends were usually preferred.

Marker development, library screening, clone identification and analysis were performed
as described for the gene based markers. The process was repeated until all gaps were

closed, resulting in a single contig.

When only a few STS markers were available for library screening, BACs were identified
by PCR screening of BAC DNA pools and selective hybridisation of the corresponding

positive library filters (Figure 4.8).
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Figure 4.8: Example of PCR-based library screen. (A) End-STS stSG102484 was used to PCR
screen the 30 DNA pools representing all RPCI-23 BAC clones. DNA pools representing
BAC:s on filters 3, 7, 8, 16, 20, 21, 24 and 25 were positive. These filters were hybridised with
the stSG102484 probe to identify the individual positive clones. (B) Autoradiograph of filter
24. Arrows indicate positive clones. In total, eleven positive BACs were identified on the eight
filters.
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4.2.7 Genetic markers

The synteny between human chromosome 20 and mouse chromosome 2 is well
established (Peters et al., 1999; Carver and Stubbs, 1997; DeBry and Seldin, 1996).
Markers from the mouse chromosome 2 genetic map (Dietrich et al., 1996, http://www-

genome.wi.mit.edu/) were used to position the generated BAC contig on the

chromosome. Initially, markers mapping at various positions on the genetic map were
tested by hybridisation to the polygrids. Testing the genetic markers surrounding the
positive ones followed that preliminary step. In total, 33/84 genetic markers tested were
incorporated into the clone map. An example is shown in Figure 4.9 (for more details
regarding these positive markers see Appendix 11). Besides the 44 markers that map
outside the region of the clone map, seven markers were not placed either due to PCR
failure, or non-specific hybridisation. The 33 mapped markers place the contig between

77.6-84.2 ¢cM on the mouse chromosome 2 genetic map.
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Figure 4.9: Hybridising marker D2MIT413 (stSG104981) to BAC polygrid 2. Arrows
indicate the ten positive clones.
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4.3 The sequence-ready bacterial clone map

The final sequence-ready map spans 9.8 Mb, based on an empirical, average-size
estimate of 5 Kb per fingerprinting band (Figure 4.10). The map contains 66 gene based,
91 end-STS and 33 genetic markers. The genetic markers confirm the position and
orientation of the contig on mouse chromosome 2 and allow integration to other maps,
such as the genetic (Dietrich et al., 1996) and YAC physical (Nusbaum et al., 1999)

maps.

The clone map contains 996 BACs. 524 are RPCI-23 clones and were placed on the map
as described. A set of 472 RPCI-24 BACs was incorporated into the map (Ian Mullenger)
using fingerprint data obtained from the publicly available database at GSC

(http://www.bcgsc.be.ca/projects/mouse_mapping/).

The order of the gene based STS markers on the clone map was compared to the order of
the orthologous genes in the human sequence. Gene order was found to be conserved

between the two species.
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4.4 Tile path selection and sequencing

A set of 66 minimally overlapping BAC clones, the tile path, was selected and is
currently being sequenced. To date, 5,541,112 bp of finished and 4,778,718 bp of
unfinished (redundant) sequence have been generated from 38 and 27 clones,
respectively. The unfinished sequence is in 105 contigs (>1 Kb long) with a minimum of
six-fold sequence coverage per clone. The combined 10.3 Mb of mouse sequence is

available at ftp://ftp.sanger.ac.uk/pub/mouse/.

All mapping and sequencing data reported here have been incorporated into the Ensembl

mouse genome browser (v7.3b.2; http://www.ensembl.org/Mus _musculus/). In this

release, the co-ordinates of the sequence contig on mouse chromosome 2 are between
159.8 Mb and 168.56 Mb. The size estimate of 8.76 Mb of non-redundant sequence is
likely to be an underestimate because of the sequence gaps that remain in the unfinished
clone sequence. At the time of analysis, one clone (bM338H13) was still in pre-

sequencing.

Figure 4.10 (foldout): The mouse clone map. The STS markers are shown at the top, genetic
markers are prefixed with D2Mit, whereas gene and clone end-sequence-based markers
with stSG. Markers from the whole mouse-genome mapping effort, prefixed with st, are
also shown but were not used during the construction of the clone map. BAC clones are
represented as lines and prefixed with bM (RPCI-23 library) and bN (RPCI-24 library).
BACs with identical fingerprints are not shown. Highlighted BAC clones are part of the tile
path (blue, pre-sequencing stage; grey, being sequenced (includes those in finishing); and
red, finished). The scale is in fingerprint bands (5 Kb per band).
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4.5 Long range comparative sequence analysis

4.5.1 Repeat content analysis

The 10,319,830 bp of redundant (finished and unfinished) mouse sequence has an
average GC content of 46.2% compared to 45.2% of the human sequence. The results of
RepeatMasker (Smit and Green, unpublished) analysis of both human and mouse
sequences (Table 4.2) suggest that in both organisms approximately 38% of repeat
sequence is due to SINE elements. The more abundant LINE element in both organisms

is L1, whereas the sequence coverage of LTRs is approximately the same.

The lower repeat content (32.1%) detected in the mouse sequence compared to the human
(49.6%) does not necessarily imply a higher percentage of non-repetitive sequence in the
mouse. For example, it is known that the faster rate of substitution per million years in
rodent lineages compared to hominid lineages (Li et al., 1996) makes the detection of
ancient elements more difficult (IHGSC, 2001). In addition, the list of known repeats in

the mouse may be less complete than for the human (IHGSC, 2001).
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Table 4.2: Repeat content analysis. 10,099,164 bp of non-redundant human sequence and
10,319,830 bp of redundant mouse sequence were analysed using RepeatMasker v_6_2001.

HUMAN MOUSE

Total length Percentage  Total length  Percentage

(base pairs) of sequence  (base pairs)  of sequence

SINE 1,989,403 19.70 1,227,560 11.9
Alu 1,473,655 14.59 - -
MIR 515,748 5.11 111,621 1.1
B1 - - 377,268 3.6
B2-B4 - - 716,333 6.9
ID - - 22,338 0.2
LINE 1,663,145 16.47 776,355 7.5
L1 1,045,075 10.35 687,572 6.6
L2 588,625 5.83 83,821 0.8
L3/CR1 29,445 0.29 4,962 0.05
LTR 788,760 7.81 776,223 7.5
MaLRs 424,261 4.20 467,951 4.5
ERVL 147,960 1.47 59,827 0.6
ERVL classl 209,244 2.07 12,527 0.12
ERVL classIl 5,218 0.05 130,359 1.2
DNA elements 396,682 3.93 101,820 1
MERTI type 248,047 2.46 79,110 0.76
MER?2 type 80,503 0.80 10,733 0.1
Unclassified 13,667 0.14 18,377 0.17
Total IR 4,851,657 48.04 2,900,335 28.1
Small RNA 5,180 0.05 7,986 0.08
Satellites 10,786 0.11 305 0.00
Simple repeats 96,377 0.95 332,003 3.2
Low complexity 48,731 0.48 76,552 0.74
Total bases 5,010,905 49.62 3,316,142 32.1
masked

190



Chapter IV. Comparative mapping, sequencing and analysis.

4.5.2 BLAST searches

The finished human sequence was used to perform BLAST searches against the available
mouse sequence of each clone. At a 60% identity cut-off, a redundant set of 6,213 mouse
BLAST hits was obtained (893 BLAST hits were duplicates because of the sequence
redundancy, thus the non-redundant BLAST hit set was 5,320). The size distribution of

BLAST hits is shown on Figure 4.11.

40
35 1

30

25 -

20 -

15

10

. I

o m B

20-70 71-120 121-170 171-220 221-270 >270
BLAST hit sizes (bp)

% of BLAST hits

Figure 4.11: Size distribution of mouse BLAST hits

Results were imported in 20ace and inspected manually (Figure 4.12). At the 60%
identity cut-off, mouse matches were obtained for all (at least one exon) of the 99
annotated human coding genes (Table 4.3). Overall mouse hits were obtained for >96%

of annotated coding gene exons.
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The high number of mouse BLAST hits across exonic regions of coding genes contrasts
sharply with the very low number of hits across the exonic regions of annotated putative
genes and pseudogenes. Putative genes have been annotated on the basis of spliced ESTs
although no open reading frame was determined (Deloukas et al., 2001). Matches were
obtained for only five of the 30 putative genes and only two of the 36 annotated

pseudogenes.

On the basis of the mouse clone map and human annotation, (coding) gene order is fully
conserved between human and mouse, suggesting absence of major (>1 Mb)
rearrangements in this region. However, until we obtain the full finished mouse sequence

we cannot exclude the presence of any small local rearrangements.
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Figure 4.12: ACeDB view of human:mouse BLAST search results. The graphic overview
shows the annotated features present in the human sequence between 3,890-3,904 Kb. This
region encodes for a novel gene (C200rf67) that is similar to the Drosophila melanogaster
gene CG11399. Sequence analysis identified a large number of splicing ESTs and an
IMAGE clone sequence (clone 3640928 (BC013365)) that shows high homology to this
sequence. The evidence was used to determine the exon/intron boundaries of the
transcribed mRNA (structure shown in red). A 2,112 bp long putative ORF was also
annotated (shown in green). Other features shown (from left to right) include a GC-content
plot, Genscan (light blue) and FGENESH (light red) predictions, LINE repeats (blue), SINE
repeats (green), predicted CpG islands (yellow), PromoterInspector results (light blue), and
Eponine predicted TS sites (black). Homologies with Tetraodon nigroviridis identified using
Exofish are shown in violet. BLAST search results against the mouse genomic sequence are
shown at the far right (red). The size of the boxes indicates the extent and percentage
identity of sequence homology (box length and width respectively). All red boxes (mouse
hits) correspond to sequences from the mouse clone bM6103. Other sequence features are
not shown for clarity.
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Table 4.3: Human:mouse BLAST searches. Column one reports all annotated human
coding genes in the order they map in the sequence of 20q12-13.2. Column two reports the
type of coding gene (known or novel). Column three reports the names of mouse clones, the
sequence of which was found to share homology with the exons of genes in column one.

Human gene name Type of human gene  Mouse BAC clone
KRML Known 333A18
TOP1 Known 47119
PLCG1 Known 393F23
TIX1 Novel 393F23
LIPN3L Novel 393F23
C200rf130 Novel 393F23
KIAA1335 Novel 384K10
PTPRT Known 466K24
SFRS6 Known 206114
KIAA0681 Known 335N12
SGK2 Novel 335N12
C200rf9 Novel 335N12
MYBL2 Known 335N12
C200rf65 Novel 335N12
C200rf100 Novel 117011
JPH2 Novel 117011
C20orfl111 Novel 215C14
GDAPILI1 Novel 36P22
C200rf142 Novel 36P22
R3HDML Novel 36P22
HNF4A Known 36P22
C20o0rf121 Novel 36P22
TDEI Known 144020
PKIG Known 144020
ADA Known 144020
WISP2 Known 217C2
KCNK15 Known 217C2
C200rf190 Novel 321M14
YWHAB Known 321M14
C200rf119 Novel 321M14
TOMM34 Known 321M14
STK4 Known 346D16
KCNS1 Known 346D16
PRG5 Known 346D16
C200rf122 Known 346D16
PI3 Known 462016
SEMG1 Known 462016
SEMG2 Known 462016
SLPI Known 462016
MATN4 Known 462016
RBPSUHL Known 462016
SDC4 Known 462016
C200rf169 Novel 140D14
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Human gene name Type of human gene  Mouse BAC clone
C200rf10 Novel 140D14
C20o0rf35 Novel 140D14

PIGT Novel 140D14
WEFDC2 Known 140D14
SPINT3 Known 140D14

C20o0rf171 Novel 140D14
SPINLW1 Novel 140D14
C200rf170 Novel 140D14
C200rf146 Novel 140D14
C200rf137 Novel 370H21
C200rf168 Novel 370H21
WFDC3 Novel 370H21
C200rf167 Novel 370H21
UBE2C Known 370H21
TNNC2 Known 370H21
C20orf161 Novel 370H21
PTEI Known 370H21
C20o0rf164 Novel 370H21
C20o0rf162 Novel 6103
C200rf165 Novel 6103
C200rf163 Novel 6103
PPGB Known 6103
PLTP Known 6103
C20o0rf67 Novel 6103
ZNF335 Novel 6103
MMP9 Known 6103
SLC12A5 Novel 6103
NCOA5S Novel 6103
TNFRSF5 Known 428M13
C200rf25 Novel 428M13
C20orf5 Novel 41B20
KIAA1834 Novel 41B20
C200rf157 Novel 41B20
ZNF334 Novel 41B20
C200rf123 Novel 395E 18
SLC13A3 Known 395E 18
C20orfo4 Novel 395E 18
SLC2A10 Novel 90N15
EYA2 Known 138C10
PRKCBP1 Known 138C10
NCOA3 Known 120P1
KIAA1247 Novel 120P1
KIAA1415 Novel 183N8
ARFGEF2 Known 216D20
CSEIL Known 216D20

STAU Known 19L12

DDX27 Novel 19L12
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Human gene name Type of human gene  Mouse BAC clone

KIAA1404 Novel 19L12

KCNBI Known 105M23

PTGIS Known 105M23

B4GALTS Known 105M23
KIA0939 Novel 328KS5
SPATA2 Known 46516
ZNF313 Novel 46516
SNAIl Known 118A2
UBE2V1 Known 118A2

4.5.3 An evaluation of the current human sequence annotation

Of all the annotated coding exons in the region, 72.2% are identical to exons predicted by
both FGENESH (Salamov and Solovyev, 2000; optimised for human gene prediction,
Solovyev, unpublished) and Genscan (Burge and Karlin, 1997). Identical predictions by
both programs were also obtained in 226 loci outside annotated exons (155 in intergenic
regions and 71 in intragenic regions). These loci may represent un-annotated coding
exons. When assessed, only 28 of these double predictions are supported by mouse-
conserved sequences (eleven map in introns and seventeen in intergenic regions). Since
more than 96% of the annotated coding exons are supported by mouse hits it is likely that
most of the 198/226 FGENESH-Genscan predictions, which are not supported by mouse

hits, do not represent real exons.

Furthermore, STSs were designed for five of the seventeen loci that map outside
annotated genes and used to PCR screen seven cDNA libraries. No positives were
obtained for the five loci tested. In contrast, screening of the 51 novel coding genes
identified at least one positive cDNA library in 46 cases (90% detection; chapter III).

These findings imply that the 28 loci either do not correspond to exonic sequences or do
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correspond to parts of transcripts not represented in the screened cDNA libraries. In fact,
the recently released mouse mRNA BC002161 supports two of the seventeen loci as
exons of C200rf130 suggesting that this set of 28 loci may be enriched in un-annotated
exons. Even if we assume that all 28 loci represent coding exons, then they would only
represent 3% of annotated coding exons in the region. This is in agreement with our

published estimate (Deloukas et al., 2001).

4.5.4 PipMaker analysis

PipMaker (Schwartz et al., 2000) was used to align the complete human sequence with
9.4 Mb of finished and unfinished mouse sequence (Webb Miller, Pennsylvania State
University; this earlier sequence version consisted of 410 sequence contigs). Part of the
generated Pip plot is shown in Figure 4.13. At the time of analysis, three regions at 120-
145 Kb, 2,845-3,235 Kb and 4,670-4,710 Kb from the human reference sequence had no

mouse sequence and were excluded from the statistical analysis.

Table 4.4 reports the percentage of nucleotides covered by PipMaker alignments for the
following types of regions: (1) exons of the annotated genes (including UTRs but
excluding pseudogenes and transcripts), (2) introns, (3) the 200 bp upstream of the
annotated TS site, (4) the 1,000 bp upstream of the annotated TS site, and (5) intergenic
regions. For the same regions, we also determined the percentage of nucleotides
contained in “strongly aligning regions” (at least 100 bp that align without a gap and at

least 70% nucleotide identity).
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Figure 4.13. Pip plots for two genomic regions. (A) The region containing the PLCG1 and TIX genes and the pseudogene dJ511B24.4 (within
the intron of TIX1). (B) The region containing the HNF4A gene, part of the C20orfl21 gene, the putative genes (or parts of) dJ881L22.4,
dJ1013A22.2 and C200rf62 and the dJ1013A22.4 pseudogene. The positions of gap-free segments of alignments are plotted along the
horizontal axis by using co-ordinates in the human sequence, and the percent identity is plotted along the vertical axis (from 50% to 100%).
Features of the human sequence are annotated along the top of each graph. Annotated features are labelled above arrows showing the
direction of transcription, and exons are shown as numbered black rectangles. Low rectangles denote CpG islands, shown as white if 0.6 <
CpG/GpC < 0.75 and as grey if CpG/GpC = 0.75. Interspersed repeats are shown by the following icons: light grey triangles are SINEs other
than MIRs, black triangles are MIRs, black pointed boxes are LINE2s, and dark grey triangles and pointed boxes are other kinds of
interspersed repeats, such as long terminal repeat elements and DNA transposons. Areas within the pip are coloured yellow for introns, green
for exons of coding genes, blue for exons of putative genes, orange for pseudogenes and light red for matches longer than 100 bp in non-
coding, non-repetitive regions with percent identities of at least 70%.
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Table 4.4: PipMaker analysis. Column two reports the percentage of non-repetitive
nucleotides that align in various classes of genomic segments. Column three reports the
percentage of non-repetitive nucleotides contained in regions of at least 100 bp that align
without a gap and at least 70% nucleotide identity.

Regions studied Aligns Strong
Exon 93.7 53.7
Intron 51.5 4.5
Upstream 200 83.2 13.5
Upstream 1000 68.4 7.1
Intergenic 42.4 4.1

Excluding exons, the regions 200 bp upstream of the annotated gene-starts show the
highest alignability. This is not unexpected, since these regions probably correspond

to un-annotated 5° UTRs.
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4.6 Finished mouse sequence analysis

The sequence of all finished clones is subjected to the standard Sanger Institute
analysis (section 3.2). Manual annotation of gene structures is performed by Dr.
Laurens Wilming (Sanger Institute). As for the human chromosome 20 sequence, |
conduct the interactive checking process. As of June 2002, 26 mouse clones were

analysed and an additional five were also annotated.

The computational analysis and annotation of approximately 700 Kb of mouse
sequence (five clones) resulted in the identification of >100 mouse exons
(approximately 10% of the total number expected in the whole region). A size
correlation of 103 pairs of orthologous human and mouse coding exons (fully
supported by human expressed data) is shown in Figure 4.14, whereas the equivalent
comparison of 96 introns is shown in Figure 4.15. The average exon and intron sizes
were 198.5 bp and 4,478.1 bp for the human, and 200.6 bp and 3,531.8 bp for the

mouse respectively.

In total, size differences were found in ten of the 103 orthologous pairs examined and
in all cases they are either three, or a multiple of three nucleotides, indicating
conservation of the open reading frame. As shown in Figure 4.15, orthologous introns
lack size conservation. Absence of size conservation was also observed across non-
coding exons such as 5’ and 3° UTRs. In addition, differences were also observed in
the number of 5’ untranslated exons. On average, introns were 1.27-fold longer in
human, suggesting that genic regions are more compact in the mouse genome. This
could be due to differences in the type of repetitive elements in the sequence of each

species as well as the relative abundance of repeats.
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Figure 4.14: (A) Scatter plots for the exon sizes between human and mouse. (B) Detailed
view of the 0-300 bp window. The only significant size deviation is between the first exon
of human C200rf100 (39 bp) and the orthologous bM117011.1 (225 bp). Note that the
C200rf100 exon is incomplete (no starting methionine has been found).
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Figure 4.15: (A) Scatter plots for the intron sizes between human and mouse.
(B) Detailed view of the 0-3,000 bp window.
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As an example, the sequences of three orthologous human:mouse gene pairs
(PLCGI1:Plcgl, TIX1:bM393F23.2 and C200rfl111:bM117011.3) were studied in

more detail. The various features of these genes are reported in Table 4.5.

PLCGI1 and Plcgl have similar genomic sizes and encode for the same number of
exons. The same is also true for C20orfl11 and bM117011.3. In contrast, TIX1 and
bM393F23.2 differ both in size and exon number. These differences are due to mouse
ESTs that splice further upstream and identify two additional 5° UTR exons (exons la
and 1b). Human ESTs and vectorette sequences do not support these exons, which
also lack human:mouse sequence homology. In the mouse sequence, a rat splicing
EST (AI071486) supports an alternative transcript that has an alternative 5’ exon for
bM393F23.2 (exon 1a’), upstream of exon la. BLAST searches with exon 1a’ against
the human sequence obtain a hit ~113 Kb upstream of the annotated TIX1 start.
Whether this sequence is part of the TIX1 gene remains to be experimentally verified.

This extended TIX1 genomic sequence was used for the analysis described below.

It is worth mentioning that two pseudogenes have been annotated within the
orthologous sequences of TIX1 and bM393F23.2. The human pseudogene
(dJ511B24.4) resides within the intron of TIX1 and is similar to the 60S ribosomal
protein L23A. The mouse pseudogene (bM393F23.3) resides between exons la and
1b of bM393F23.2 and is similar to the glyceraldehyde-3-phosphate dehydrogenase
protein (Gapd). bM393F23.3 and dJ511B24.4 are not present in the corresponding

human and mouse sequences, respectively.

Nucleotide alignments of the orthologous CDSs are shown in Figure 4.16 whereas
predicted-protein alignments are shown in Figure 4.17. The 15 bp difference in CDS

size between TIX1 and bM393F23.2 is due to two insertions of 12 and 3 bp in human

203



Chapter IV. Comparative mapping, sequencing and analysis.

exon 1. Compared to bM117011.3, the CDS of C200rf111 also has a 3 bp insertion in
exon 4. DNA and protein sequence identities per gene are given in Table 4.6. In all

three cases, coding regions (CDSs) share higher homology than untranslated regions.
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Table 4.5: Sequence features of three gene pairs

Locus size Exons mRNA CDSsize Noof5’ No of 3’ Stop Poly (A) signal Size 5 Protein
(bp) (total) size (bp) (bp, UTR UTR exons codon (bp) differences CpGs size (aa)
including  exons of splicing
stop exons
codon)
PLCG1 38,146 32 5,151 3,873 1 (68bp) 1(1,210bp)  tag AATAAA(-23) - yes 1,290
Plcgl 31,554 32 5,107 3,873 1 (84bp)  1(1,150bp) tag AATAAA(-22) - yes 1,290
TIX1 26,726 2 9,871 2,871 1(260bp)  1(6,740bp)  tga AATAAA(-22) exl' no 956
(extended,
139,530) yes
bM393F23.2 106,671 4 9,109 2,856  3(420bp) 1(5,833bp)  tga AATAAA(-25) ex3! yes 951
C20orfl111 14,296 4 1,572 879 2(137bp)  1(556bp) tga AATAAA(-25) ex2(118bp)*  yes 292
bM117011.3 13,707 4 1,620 876 2(161bp)  1(583bp) tga AATAAA(-31) ex2(121bp)*  yes 291
Splice site differences 3’ intron/5’ exon Splice site differences 3’ exon/5’ intron
Human Mouse Human  Mouse
PLCG1- Plcgl (ex8) ag/gg ag/ga PLCGI1- Plcgl (ex14) ac/gt at/gt
PLCG1- Plcgl (ex10) ag/tt ag/ct PLCG1- Plcgl (ex23) tg/gt cg/gt
PLCGI- Plcgl (ex16) ag/gt ag/gc PLCGI- Plcgl (ex26) tg/gt ag/gt
C20o0rfl111- bM117011.3(ex2) ag/tg ag/ta PLCG1- Plcgl (ex28) gg/gt ag/gt

'The annotated TIX1 is in two exons whereas the orthologous bM393F23.2 is in four (1a, 1b, 3 and 4. Exon 1a’, which is based on rat homologies is not
included because it is part of an annotated isoform). Exon 1 of TIX1 corresponds to exon 3 of bM393F23.2. The coding part of the TIX1 exon 1 is 2,860 bp
whereas the corresponding size for bM393F23.2 exon 3 is 2,845 bp.

2 The size difference is in the 5> UTR.
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A. PLCG1:Plcgl (CDS)
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ATGGCGGGCGCCGCGT CCCCTTGEGCCARCGLGET GLGGECCLGECGEGCCCTCGGACGLLGAGGT GETGCACCTCTGCCGEAGLCTCGAGRT GRECACCGTCATGACTTT
ATGGCGGGEGTCGEGACCCCCTGEGECARCGGETGEGREECT RGCGEACCCTCCGARGECGAGGT GETGCACCTCTGECGEAGECTCGAGGT GRECACCGTCATGACTTT

GTTCTACTCCAAGARGT CGCAGCGACCCGAGLGGAAGACCTTCCAGGTCAAGCT GRAGACGCGCCAGAT CACGTGEAGCCGLGEECGECGACARGATCGAGGGGELGECATTG
GTTCTACTCCAAGARGT CGCAGCGGLCAGARCGGAAGACCTTCCAGGTCARGT TGEAGACGCGCCAGAT CACAT GGAGCCGCGELGEGGACARAAT CGAGGGETCCATTG

ACATTCGTGAAAT TRAAGGAGATCCGCCCAGGGARGACCTCACGGGACTTTGATCGETAT CARGAGGACCCAGCT TTCCGECCGRACCAGTCACATTGCTTTGTCATTLTE
ATATCCGAGARAT CARGGAGATCCGTCCAGGGARGACTTCTCGEGACTTTGACCECTACCARGAAGACCCT GCCTTCCGECCAGATCAATCACACTGCTTTGTCATCLTE

TATGGARTGGAAT TTCGCCT GARARCGCT GAGCCTGEARGCCACAT CTGAGGAT GRAGT GRACAT GT GEAT CARGGGCTTAACTTGGLT GAT GEAGGATACATT GCAGGE
TATGGAATGGAATTCCGCTTGARGACCCT GAGCCTGCARGCCACAT CTGAGGAT GAAGTGAACATGT GRAT CARGGGCTTAACTTGGLTAAT GEAGGATACACTGCAGGE

ACCCACACCCCTGCAGATT GAGAGGT GGET CCGGAAGCAGT TTTACTCAGTGGATCGGAATCGT GAGGATCGTATAT CAGCCAAGGAC CTGAAGARCATGCTGTCCCAGG
AGCCACACCCCTRCARATTGAGAGGT GGCT CLGGAAGCAGTTCTACTCAGTGGATCGTAACCGAGAGGATCGTATATCAGCCAAGGACTTRARGAACATGCTGTCTCAGS

TCAARCTACCGGGTCCCCARCATGCGETTCCTCCGAGAGE GGET GACGGACCT GGAGCAGCGCAGCGEGACATCACCTACGGGCAGT TTGETCAGCTGTACCGCAGCCTE
TCAACTACCGAGTCCCCAATATGCGCTTCCTCCGAGAGE GEET GACGGACCTTGARCAGCGCAGCGEGEACATCACCTACGGGCAGTTTGCTCAGCTGTACCGCAGCCTE

ATGTACAGCGCCCAGAAGACGATGGACCT CCCCTTCTTRGEARGCCAGTACTCT GAGGGET GRGEAGCEGCCGGAGCTT TGECGAGTGT CCCTTCLTGAGT TCCAGCAGTT
ATGTACAGCGCCCAGARGACGATGGACCTTCLCTTCTTRRAAACCARCGCTTTGAGGACTGGAGAGCET CCGGAGCATTECCAGGTGTCCCTTTCTGAGTTCCAGCAGTT

CCTTCTTGACTACCAGGGGEGAGCT GTGGECTGTTGATCGCCTCCAGGT GCAGGAGTTCATGETCAGCTT CET CLGAGACCCCTTACGAGAGAT CRAGGRAGCCATACTTCT
CCTCCTTGARTACCAGGGEGAGCTGTGGECTGTCGACCGGCT CCAGGT GCAGGARTTCATGETCAGCTT CETTCGAGACCCCTTHEGAGAGAT THAGGAGCCATACTTCT

TCCTGGATGAGTTTGTCACCTTCCTGTTCTCCARAGAGAACAGT GTGTGGAACTCGCAGCTGGATGCAGT AT GECCGEACACCATGARCAACCCTCTTTCCCACTACTGR
TCTTGGATGAGCTTGTCACCTTCCTGTTCTCCARAGAGAACAGCGT GTGGARCTCACAGCTGGATGET GTGT GECCGEACACCATGARCARCCCACTCTCTCACTATTGR

ATCTCCTCCTCGCACAACACGTACCTGACCGGGGACCAGT TETCCAGTGAGTCCTCLTTGEARGCCTAT GETCGETGCCTGCGGATGEEETGT CGETGEATTGAGT TREA
ATCTCCTCCTCACATAATACGTACCTGACT GRGGACCAGT TCTCCAGT GAGTCCTCCCT GEARGCCTAT GETCGETGCCTGAGRATGGEETGT CECTGEATTGAGT TREA

CTGECTGGEGACGGLCCGGATGEGATGCCAGT TATTTACCAT GRGCACACCCTTACCACCAAGATCAAGTTCTCAGATGTCCTGCACACCATCARGGAGCATGCCTTTETGE
CTGRCTGGGATGEGCCAGAT GGEEATGCCAGT CATTTACCAT GRGCACACT CTCACCACCAAGATCARGTTCTCTGACGT CCTGCACACCATCARGGAGCATGCTTTCGTAG

CCTCAGAGTACCCAGT CATCCTGTCCATTGAGGACCACT GCAGCATTGCCCAGCAGAGAAACAT GECCCAATACTTCAAGARGGETGET GRGEGEACACACTCCTCACCAAG
CCTCAGAGTACCCAGT CATCCTGTCCATCGRGGACCACT GCAGCATTGCCCAGCAGAGAARCAT GRCTCAGCACTTCAGARRRGRTGET TRECGACACACTCCTTRCCARG

CCCGTGGAGATCTCTGCCGACGGGCTCCCCTCACCCARCCAGCTTAAGAGGARGATCCT CATCAAGCACAAGAAGCT GECTGAGGGCAGT GECTACGAGGAGETGCCTAC
CCTGTGGACATTGETGCTGAT GGCCTTCCTTCTCCCARCCAGLT CAGGAGGARGATCCTTATTAAGCACAAGARGCTGECTGAGGGCAGT GECTAT GAGGAGETGCCTAC

ATCCATGATGTACTCT GAGAACGACATCAGCAACTCTATCAAGAATGGCATCCT CTACCTGGAGGACCCTGTGAACCACGART GETATCCCCACTACTTTGTTCTGACCA
CTCTGTGATGTACTCCGAGAATGACATCAGTAACTCCATCAAGAATGETATCCTCTACT TRGAGGACCCCGT GARTCATGAGT GGTATCCCCACTACTTCGTTCTGACTA

GCAGCAAGATCTACTACTCT GAGGAGACCAGCAGT GACCAGGGCAACGAGGATGAGGAGGAGCCCAAGGAGRT CAGCAGCAGCACAGAGCTGCACTCCARTGAGARGT GG
GCAGCAAGATCTACTACTCT GAGGAGACCAGCAGT GACCAGGGCAAT GAGGATGARGAGGAGCCHARGGAGGCCAGCAGCAGCACAGAGLCTGCACTCGAGT GAGARGT GG

TTCCATGGGEAAGCT AGGGEECAGRGLGTGACGGEEGTCACAT CGET GAGCGECTGETTACTGAGTACT GLAT CGAGACCGEAGCCCCT GACGGLTCCTTCCTCGT GLGAGH
TTCCACGGGAAGCT CRGGGECT GRACGTGACGGELGLECACATT GETGAGCGCCTRCTCACTGAGTACT GLATAGAGACT GGG ECTCCTGAT GECTCCTTCCTAGT GLGAGA

GAGTGAGACCTTCGT GGGCGACTACACGCT CTCTTTCTGRCGEAACGEGEARRGT CCAGCACTGCCGTAT CCACTCCCGGECRARGATGET GEGACCCCCARGTTCTTCTTGA
AAGTGAGACCTTCRT GGGETGACTACACGCT GTCTTTLTGRECGEAAT GEGARRGT CCAGCACTGCCGCAT CCACTCCCGECAGGATGET GRGACTCCTARGTTCTTCTTGA

CAGRCAACCTCGTCTTTGACT CCCTCTATGACCTCATCACGLACTACCAGCAGGT GECCCTGEGCTRT AATGAGT TTGAGAT GCGACTTTCAGAGCCTGTCCCACAGACT
CAGATAACCTTGTCTTTGACTCTCTCTATGACCTCATCACACATTAT CAGCARGTACCCCTREGCTGCAATGAGT TTGAGAT GCGCCTTTCAGAGCCTGTTCCACAGALCG

AACGCCCACGAGAGCARAGAGT GRTACCACGLGAGCLTGACCAGAGCACAGGCT GAGCACATGCTART GEGCGTCCCTCGTGATGGGGECTTCLT GGT GEGGARGLGEAR
AATGCCCATGAGAGCARAGAGTGGTACCACGCARGCCTGACT AGAGCT CAGGCT GARCATATGCT GATGCGAGT GECCCGGGATGRRGCCTTCLTGETGEGGAARCGCARA

TGRAACCCARCTCATATGCCATCTCTTTCCGRGET GAGGGCARGAT CARGCATTGCCGT GTCCAGCAAGAGGGCCAGACAGT GATGCTAGGGAACT CGGAGT TCGACAGED
TGRGCCTARCTCATATGCCATCTCTTTCCGRGET GAGGGARAGAT CARGCACT GCCGAGTACAGCAGGARGGCCAGACAGT GATGCT GEEGAACT CTGAGT TTGACAGCD

TTGITGACCTCATCAGCTACTAT GAGAARCACCCGLTATACCGCARGAT GARGCTGCGLTATCCCAT CARCGAGGAGGCACT GGAGARGAHT THECACAGCTGRGCCTGAC
TGETTGACCTCATCAGCTACTATGAGARGCACCCCCTGTACCGCARAAT GARGCTRCGCTRCCCCAT CARCGAGGAGGCACT GGAGARGAT CRGEACAGCTGARCCCGAT

TACGGGGCCCTGTAT GAGGGACGCARCCCTGGETTCTAT GTAGAGGCARACCCTATGCCARCTTTCAAGT GT GEAGT CARRGCCCTCTT TGACTACAAGGCCCAGAGLGA
TATGGGEECACTATACGAGGGCCGCARCCCTRGTTTLTAT GTGEAGGCARACCCTATGCCARCTTTCAAGT GT GEAGTARRARGCCCTCTTCGACTACARGGCCCAGAGAGA

GEACGAGCTGACCTTCAT CARGAGCGCCAT CATCCAGAAT GT GEAGARGCARGAGGGAGELTGET GRCGAGGEGACTACGGAGGEAAGARGCAGLTGT GGTTCCCATCAR
GEATGAGCTGACCTTCACCARGAGT GCCATCATCCAGAAT GTREAAAAGCARGAT GET GELTGRT GRCGAGGEGACTAT GRT GREAAGARGCAGCTGT GGTTCCCCTCAR

ACTACGT GGAAGAGHT GGTCARCCCCGTGRICCT GRAGLCL GRAGAGGEAGCACT THGAC GAGAACAGCCCCCTAGGGGACTTGLTGEGGGGGETLTT GGATGTGECGEET
ACTATGTGGAAGAGAT GATCAAT CCAGCAGTCCTAGAGCCT GAGAGGEAGCACCTGEAT GAGAACAGCCCACT GRGGGACTTGCTGEGAGGGGTCTTAGAT GTGCCAGCT

TGTCAGATTGCCATCCGT CLTGAGGGCARGARCAACCGGCTCTTCGT CTTCTCCATCAGCATGGEGTCGGET GRECCACTGETCCCTGGATGTTGET GECGACTCACAGGA
TGTCAGAT CGCCATCCGT CLTGAGGGCARRAACARCCGGCTCTTCGT CTTCTCCAT CAGCATGECATCAGT GECT CAGTGETCCCTGGAT GTTGCAGCT GACTCACAGGA

GGAGCTGCAGGACTGGGT GARAAAGATCCGTGAAGT GGECCAGACAGCAGACGCCAGGLTCACT GARGGGAAGAT ART GGARCGEAGGAAGAAGAT T GCCCTGGAGCTCT
GEAGTTACAGGACTGGGT GARARAGATCCGTGAARGT TGCCCAGACT GLAGATGCCAGGCTCACT GAGGGARRGAT GAT GEAGAGEAGGARGAAGAT CGCCTTGEAGCTCT

CTGAACTTGTCGTCTACTGCCGGECTGTTCCCTTTGATGAAGAGAAGAT T GGCACAGARCGTGCTTGCTACCGGEGACATGTCATCCTTCLCGGAARCCAAGGCTGAGAAA
CCGRAGCTTGTGETCTACTGCCGGECCETTCCCTTTGATGAAGAGAAGATT GGCACAGAACGTGCTTRT TACCGGGACATGTCCTCCTTTCCGGARACCARGGCTGAGAAG

TACGTGARCAAGGCCARAGGCAAGAAGTTCCTTCAGTACAAT CRACT GCAGCTCTCCCGCATCTACCCCARGGRGCCAGCGACTGEGATTCCTCCAACTACGATCCTTTGED
TATGTGARCARGGCCARAGGCARGARGT TCCT CCAGTACARCCGGET GEAGCTCTCGEGCATCTACCLTARGGRGCCAGAGGETAGACTCCTCCARTTAT GACCCTCTGED

CATGTGGATCTGTGGCAGTCAGCTTGTGGCCCTCAACTTCCAGACCLCT GACAAGCCTATGCAGATGAACCAGGCCCTCTTCATGACGGECAGGLACT GTGGCTACGTGE
CATGTGEATCTGLGGTAGCCAGETTGTAGCACTCARTTTCCAGACCCCAGACAAGCCTATGEAGATGAACCAGGCCCTCTTCATRGET GRTGRELATTGTGGETATGTGE

TGCAGCCAAGCACCATGCGEEAT GAGGCCTTCGACCCCTTTGACARGAGCAGCCTCCGCGGGETGRAGCCATRTGCCATCTCTATTGAGGTGET GRGEGCCCGACATCTR
TGCAGCCAARGCACCATGAGAGACGAAGCCTTTGACCCCTTTGATARGAGCAGTCTCCGAGGTCTGGAACCCTGTGTCATTTGEATTGAGGTGET GRGEGCCAGGCATETR

CCARAGAATGGCCGAGGCATTGTGTGTCCTTTTGT GGAGATTGAGGT GGCTGGAGCTGAGTAT GACAGCACCAAGCAGARGACAGAGTTTGTGETGGACAAT GGACT CAA
CLGAAGAATGGCLGGGETATTGTGTGTCCTTTTGT GGAGATTRAGGT GGCTGREGECTGAGTACGACAGCACCARGCARRAGACGEAGT TTGTAGT GGACARCGGACT GAA

CCCTGTATGGCCAGCCAAGCCCTTCCACTTCCAGATCAGT AACCCT GARTTTGCCTTTCTGEGCTTCRT GRTRTATGAGGARGACATGTTTAGT GACCAGAATTTCCTGE
CCCTGTGTGGECTGETAAGCCCTTCCACTTCCAGATCAGTAACCCAGAGT TTGCCTTTCTGEGETTTGT GRTGTATGAGGARGACATGTTTAGT GACCAGAACTTCTTGR

CTCAGGCTACTTTCCCAGT ARAAGGCCTGAAGACAGGATACAGAGCAGT GCCTTTGARGAACAACTACAGT GAGGACCTGGAGT TGGCCTCCCTGET GATCAAGATTGAC
CTCAGGCTACTTTCCCAGTARAAGGCCTGAAGACAGGATATAGAGCAGT GCCTTTGARGAACAACTACAGT GAAGACCTGGAGT TGGCCTCCCTGETCATCARGATTGAC

ATTTTCCCTGCCARGGAGAAT GGTGACCTCAGTCCCTTCAGT GET ACGT CCCTGLGEGAGLGEGEGLETCAGAT GCCTCAGGECAGCTGTTTCAT GECCGAGCCLGREARAGE
ATTTTCCCTGCTARGGAGAACGGET GACCTCAGTCCTTTCAGT GECATAT CCCTAAGGGAACGEGCCTCAGATGCCTCCAGCCAGCTGTTCCAT GT CCGEGECCGERARGT

CTCCTTTGAATCCCGCTACCAGCAGCCGTTTGAGGACTTCCGLAT CTCCCAGGAGCAT CTCGCAGACCATTTT GACAGT CGAGARCGAAGGGCCCCARGARGGACT CGGG
GTCCTTTGAAGCCAGATACCAGCAGCCATTTGARGATTTCCGCAT CTCGCAGGAGCAT CTAGCAGACCATTTT GACAGT CGGEAACGAAGGGCCCCARGARGGACTCGEE

TCAARTGGRGACAACCGCCTCTAG 3873
TCAATGGAGACAACCGCCTCTAG 28732
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B. TIX1:bM393F23.2 (CDS)

TIXL,cds
bM393F23, 2, cds

TIXL, cds
bM393F23,2, cds

TIXL, cds
hM393F23, 2, cds

TI®l,cds
hM393F23,2, cds

TIXL, cds
bM393F23, 2, cds

TIXL,cds
bM393F23, 2, cds

TIXl, cds
bM393F23,2, cds

TIXL, cds
hM393F23, 2, cds

TIxl,cds
hM3593F23, 2, cds

TIXL, cds
bM393F23, 2, cds

TIXL, cds
bM393F23, 2, cds

TIXl, cds
bM393F23,2, cds

TIXL, cds
hM393F23, 2, cds

TIxl,cds
bM393F23, 2, cds

TIXL, cds
bM393F23, 2, cds

TIXL, cds
hM393F23, 2, cds

TIXl, cds
bM393F23,2, cds

TIXL, cds
hM393F23, 2, cds

TIxl,cds
bM393F23, 2, cds

TIXL, cds
bM393F23,2, cds

TIXL, cds
hM393F23, 2, cds

TI®l,cds
hM393F23,2, cds

TIXL, cds
hM393F23, 2, cds

TIXL,cds
bM393F23, 2, cds

TIXL, cds
bM393F23,2, cds

TIXL, cds
hM393F23, 2, cds

TI®l,cds
hM393F23,2, cds

e

111
111

221
221

331
331

441
441

551
539

661
649

771
799

381
865

991
979

1101
1089

1211
1199

1321
1309

1431
1416

1541
1526

1651
1638

1761
1746

1871
1856

1981
1966

2091
2076

2201
2138

2311
2298

2421
2406

2531
2516

2641
2626

2751
2738

2861
2848

ATGGCCAGCARGAGGARATCCACCACACCAT GCAT GAT CCCAGT GRAGACT GTGETGT TRCARGAT GCCAGCAT GEAGLCCCAGCCCGCTGAGACCTTRECTGRARGACE
ATGGCCAGCARAAGRARGTCCACCACCCCATGCATGAT CCCCRTTARGACCRTGRTGLTGCCGGLTGCCAGCACAGAGCCTCAGCCTGTGGAGT CTCTRCCTGAARGTCD

CCAGCAGGATCTGECCCCAGARGCATCTGCTGCCAGCAGT GARGCAGCACAGARCCCCAGCAGTACT GATGRECTCTACACTGGCCAART GRGCAT CRGARCACT TTAGATG
CCAGCAGGATCT TCCCTCAGAGGCACCTGATGCGAGCAGC GARGCAGCCCCARACCCCAGCAGCACT GATGEET CTRECCTGRCAAAT GRGCACCGEARCACT TTHEATG

GCTATTTATATTCCTGTARATACTGCGATTTCAGAT CCCAT GACATGACCCARTTTGT GGGACAT AT GARCT CAGAGCACACAGACT TTARTARAGACCCARCCTTTETA
GCTATGTATATTGETGTARAGAGT GTGAGTTCAGGT CCCAGGAT GTGACCCACTTTATAGGACAT AT GAACT CAGAGCACACAGACTTTARTARAGACCCARCTTTTETA

TECAGTGGEGTGCAGTTTTCTRECARARACCCCTGAGGGHCTTTCCTTGCACART GCCACATGTCACT CCGGGGAAGCCAGCTTTET AT RGAACGT GLECARGCCAGACAA
TGTACAGGGTGCAGTTTCCTRECARRRARCCCTGAAGGACTTTCCCTGEATARTGECARRT GTCACT CAGGGGAAGCCAGCTTTTTET GGAATGTGACCARGCCAGACAA

TCATGTGGTTGTGGAGCAGRGCATCCET GAGAGCACCAGCACT CETGACCTAGCGEGTGAGCCCAGT GET GARGGEGET GAT GLACAGECAGARATCATCATTACCAARA
TCATGTAGTAGT GGAGCAGAGT GTCCCTGACAGT GETAGCTCATCTETCCTAGCARGTGAGT CTACTACGGARGGEACTEA. . ..oy v v+ v . LARTCATCATTACCAAGA

CTCCAATCATGARGATAAT GARAGGCAAAGCT GAAGCCARARARATTCATACACTCARGGAGAAT GT CCCTAGCCAGCCTRT GEGTGAGGCCTTACCARAGCT GTEGACT
CTCCARTCATGARGATAART GARAGGCAAAGCT GARGCCARAAARATCCATATGCTTARAGAGAAC GCTCCTART CAGCCTRRGAGT GAGGCCTT GLCTAAGCCATTGECA

GGAGAAAT GEAGGT GAGRGAGEGEGACCATTCCTTCAT CART GRGEGCAGTTCCAGT CAGCCAGGCAT CTRCCAGCTCT GCARRARACCCCCATGCCGCCARCGRGCCCET
GGLGAGAGAGAGGT TARAGAGGGEGACCACACTTTCAT CART GRGERCAGCTCCAGGCAGT CAGGCAT CTRCTARGTCCACARAACCCCCTCCTGET GECART GRGECCET

GATAGGARCAGT GECAGT TTTGCCAGCT GGCATAGCACAGT TCCTCTCCCTCCAGCAGCAGCCCCCAGT GEATGECCARCACCATGTCCACCAGCCACTGECCACEGECA
GATAGGARCAGTGECTGTCTTGCCAGCTGETATAGCACAGT TCCTCTCCCTCCAGCAGCAGCCCCCART ACATGECCARCACCACACCCACCARCCCCTRGECTACATECA

AGGCCCTTCCCARAGT GATGATCCCCCTGAGCAGCATT CCARCGTACAAT GCAGCCATGGACTCTAACAGCTTCCTGAAGARCTCCTTCCACAAGTTCCCCTACCCCACE
AGACCCTTCCGARAGT CATGATCCCCTTGAGCAGCAT CCCARCATATAART GCAGCTATGGACT CCARCAGCTTTCTGARGARCTCCTTCCACARATTCCCCTACCCARCE

ARAGCCGAGCTCTGETATTTGACTGTGGTGACCAAGTATCCAGAAGARCAGCTCAAGATCTGLTTCACAGCCCARAGGLT GAAGCAGGGGAT CAGCTGRT CCCCT GAGGA
ARAGCTGAGCTCTGETATTTGACT GTGGTGACCARGTATCCAGAAGARCAGCT TARARTCTGLTT CACAGCCCAGAGRCT GRAGCARGGART CAGCTGRTCTCET GAGGA

GATTGAGGATGCCCGEARARAGATGTTCAATACAGT CATCCAGTCTGTGECTCAGCCCACAARTTACGETTCTARATACCCCACTCGTCGCCAGT GLTGREAAT GTCCAGE
GATTGAAGATGCCAGGARARAGATGTTCARTACAGT CATCCAGTCTGTGCCTCAGCCCACAAT CACAGTTCTARACACCCCGCTTGTTGCCAGT GETGRECAAT GTACAGE

ATCTCATCCAGGCCGETCTTCCAGGTCACGTTGT GLGLCAGCCAGAGGEGET ACAGGAGGGGEEACTTCTRETCACT CAGCCATTGATGHCCART GRGTTGCARGCARCARGT
ACCTCATCCAGRCTACTCTCCCAGGTCATGCTGT GRGACAGCET GAGGECACAGCAGGGGGGET GTTRETCACT CARCCACT GATGGCCART GRGTTACARGCAT CARGE

TCCCCTCTCCCCCTCACGGTGACATCCGTCCCCARGCAGCCAGRT GT GRCACCCAT TRACACTGTGTGTTCARATACAACGT CAGCTGTGAAGGT GGTCAATGCGRECCA
TCATCTCTCCCTCTGACAACT GEATCTGTTECCARGE, , , CAACTGT GECACCCATTRACACTGTGTGTTCARATTCEGEATCAGCTGTGARAGT TGTCAARTGCARCLCA

GTCGCTCCTCACGGCCTGCCCCAGCATAACCTCCCARGLCTTCCTTGATGETAGCATCTACARAART ARGARAT CTCATGARCAGCTGTCAGCTCT GARAGGEAGCTTCT
GTCACTCCTCACAGCATGCCCCAGCATARCTTCCCARGCTTTCCTTGATGCARACATCTACARARAT ARGAAGT CTCATGARCAGCTCTCGGCT CT GARAGGRAGCTTCT

GTCGLAACCAGT TCCCAGGGCAGAGCGARGTTGAACAT CTCACAARAGT GACGGGCCTCAGTACCAGAGAGET GEGGARATGGTTCAGT GATCGTAGATACCACT GCCGG
GTCGGARCCAGTTTECT GRECAGAGT GARGTAGAGCATCT GACCARAGT GACAGGCCTCAGTACCAGAGAGET GEGGARGTGGTTCAGT GACCGGAGATAT CACT RECGG

AACTTGARGRGCTCCAGAGEGATGATACCT GRAGAT CACARTTECATCATCATTGACTCTGTGCCAGAGETHTEETTCTECCCATCGTCCARGRT CCCTGRAGETARCETG
AATCTGARGRGCTCCAGGRECATGAT GECCRRAGAGCAT GRCTETGT TCTCATTGACTCTGTGCCAGAGETGCECTTT CECCT GGEATCTARAGT TCCAGAGET GRCCTG

CATTCCGACARCAGCCACACTAGCARCCCACCCTTCT GLCARACGACART CTTGGCACCAGACT CCT GACTTCACACCARCCAARTACAAGLAGAGAGCCCCT GARCAGE
TATCCCARCAGCARCCTCACTAGTARGCCACCCTGCCACCAARCGACAAT CTTRGCACCAGACCCCAGACTTCACACCARCCARAT ACARAGAAAGAGCCCCAGAGCAGL

TCAGAGCCCTGGAGAGCAGT TTTGCACARARCCCTCTTCCTCTTGAT GRGRARCT GGACCGCCT GAGAAGT GAAACCAARAT GACCCGACGAGARATTGATAGCTGETTT
TGCGAGTCCTAGAGAACAGET TTGCACARARCCCACTTCCCCCCGAGGRGEAGLT BGACCGCCTARGAAGT GAAAC GAARAT GACT CGARGGGARATTGAT GGCTRETTC

TCAGAGAGACGGAARAARGT GAAT GCTGAGEAGACCAAGAAGGLT GAGEAGART GCCTCTCAGGAGGAAGAGGAGE CTGCTGAGGATGAGRGRT GEAGAAGAGGATTTREE
TCAGAGAGGCGGAARAAGGT GAATACT GAGEAGACARAGARAGCT GAT GAECACAT GECTARGRAGGAGGAGGAGE T GCTGAGCARGAGRRTAGAGAT GAAGAGT THEL

CAGTGAGCT ARGGETCTCTGETGARARTGGCTCTCT GRARATGCCCAGCAGCCATATCTTGGCAGAGCGCARAGTCAGCCCCATTARART CAARCCT GARGRACCT GAGGG
CARTGAGCT GAGGETCCCTGRTGARAATGGCTCTCCTGARATGTTTCTTAGCCATGCCTTGGCAGARCGGARGETCAGCCCCATCARARTCARCCT CARGAACCT GEGGG

TCACTGARGCCART GRCAGEARCEAGAT TCCAGGGCT GRGT GCCTRT GACCCT GARGAT GATGAGT CARACARALCT GECAGAGCAGET CCCAGGCARAGT GAGCT GCARA
TCACTGARGCCAGTGRCAAGAGT GAGTTTCCAGGGATGRGT GTCTRT GAGECT GRARGAAGATGGTTTGAACARGTTGET AGRACAGECACCARGCARAGTARGCTACARA

AAGACTGCCCAGCAGCGECACTTGCTGCGGCAGCTCTTTGT CCAGACACAGT GGCCARGCAACCAGGACTATGACTCCATCATGGCCCAGACGRGT CTRCCACGEECAGA
AAGACCGCACAGCAGCGTCATTTGCTTCGGCAGCTCTTTGT CCARACACAGT GRCCARGCAARCCAGGACTATGACTCCAT TATGGCCCAARCAGGLCTRCCCCGECCAGA

GGTGLTGCGETGETTTGEAGATAGCAGGTACGCACT GARGARCGGEECARCT CARRT GRTACGAAGACTATARGCGAGGCARCT TCCCACCAGGLCTACTGRTCAT TGECE
GGETGGTACGCTGRTTTREAGATAGCAGGTATGCCCTTARGAAT GGECAGCTCARGT GRTACGAAGACTATARGAGGGEARACT TCCCACCAGGT TTGETGRTCATAGEED

CTGGCAACCRGEAGETCCTGCAGGACTATTACAT GACACACARGATGETGTATGAAGAGGACCTGCAGARCCTCTGTGACARGACCCAGAT GAGCT CCCAGCAGGTCARG
CTGGCAACCGAGAGCTGCTGCARGATTATTACAT GACACACAAGATGTTETGTGAGGAAGAT CTGCAGACCCTCTGTGATARGACCCAGAT GAGT GLCCAGCAGETCARG

CAGTGRETTTGETGAGARAAT GEGEGAGGAGACCAGAGL CGTGECAGACACAGGCAGT GAGGAC CAGGGCCCTGETACTGET GAGCT CACAGCAGT TCACARAGGGAT GGG
CAGTGGETTTGETGAGARGATGEGT GAAGAGACCC GLGET GTGECAGATATARGCAGT GAGGAT CAGGGCCCTAGAART GEAGAGCCTGTGGCAGTTCACARGET GETRGG

TGACACCTATTCAGAGGT GTCTGAGARCAGT GAGTCGTGRGAGCCCCGTRT CECT GAGGCCAGCT CAGAGCCCTTT GACACATCGAGT CCCCAGGCT GGACGT CAGCTCR
TGATGCCTATTCGGAGCT GTCTGAGARCAGCGAAT CATGGGAGCCARGT GETCCT GAGGCCAGCTCAGAGCCTTTT GACACT TCARGTCCCCAGTCTGGACGT CARCTCR

AAACAGACTGA 2871
AAGCAGACTGA 2856
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C. C200rf111:bM117011.3 (CDS)

ATGARATCLCGAAGCCARGGATGEAGRGGAGGAGAGT CTACAGACTGCTTTCARRRRRTTARGAGTGEATGLAT CAGGGTCTGTAGCATCTCTGTCTGTTGRAGAAGECAC
ATGARATCLGARGCCARGGATGEAGAGGAGGARAGT CTGCARACTGCCTTCARGARATTARGAGT GEACGCAT CAGGGTCCATCATATCTCTGTCTGTTGRAGAAGELCE

C20orflll, cds

1
k117011, 3, cds 1

C20orflil,cds 111 AGGTGTCAGAGCACCAGTCAGAACAGCARCAGAT GATACCAARCCTAARACCACATGTGCATCTARAGACAGT TGEEACGGGTCTACARGEARGTCTTCACGAGGAGLAG
k117011, 3, cds 111 ARGTGTCAGAGCATCAGCCAGARCAGCAGCCGAT GATACCARRCCGAARACCATGTGTGCATCTARAGACAGT TGEEATGEGTCTACARGEARGTCTTCACGARGAGLAG

C20orflil,cds 221 TGAGARCTCAGCGTCGETCGACGTTCTARAGTCTCCTGTCCTTCATCCTCCARAGTTTATACATTGCAGTACAATAGCGTCTTCTTCCAGCAGT CAACT CARGCACARRAGE
k117011, 3, cds 221 TGAGARCCCAGCGTCETAGACGGTCTARGTCTCCTGTTCTTCATCCTCCCAARTTCATACATTGCARTACAACAGCACCTCCTTCCAGCAGCCAGETTARGCACAGRAGE

C20orfl11l,cds 331 CAGACTGACTCACCTGATGGCAGCAGTGRGCTGEEAATTTCATCCCCTAAAGAGT TCAGTGEAGGAGARAGCTCTACTTCTCTCRATGCTAATCACACAGGGECARTCGT
k117011, 3, cds 331 CAGACTGAGCCACCCEATGGEATCAGT GRACGEEGAATTTCARCACCCARAGAGTTCARCGEAGGAGARRACT CTACTTCTCTTGATGT TRAATCACACAGGAGCAGCCAT

C20orflll,cde 441 TRAGCCTTTGAGAACTTCTGTTCCARGGCTCCCATCAGAGAGTAAGAAGGAAGACT CCTCTGACGCTACCCAAGTCCLCCARGCARGTCTCARAGCCAGTGATETLTLTG
k117011, 3, cds 441 CGAGCCTCTGAGRAGCTCGGTTLT GRAGGCTCCCATCAGAGAGT ARARCAGAAGAGCTCTCTGATGETACCCARGTCET CCCARGRARGTCT TACGGETAACGATCTCTLTG

C20orflll,cds 551 ACTTTCARTCAGTTTCCARGCTAAACCAGGGCARGCCATGCACATGCATAGGCARGGAATGECAGT GTARGAGAT GGLATGATAT GGARGTGTATTCCTTTTCAGGCCTG
bt117011,3, cds 551 ACTTTCAATCTGTTTCCARGCTAAGT CAGGGCARGCCATGETGT GTET GTAGGCAAGGAGT GECAGT GTARGAG T GECATGACATGGARGTGTATTCCTTTTCAGGTCTG

C20orfl1l,cds 661 CAGAGTGTCCCTCCCTTGGECTCCAGAACGARGAT CCACACTTGAGEACTACTCTCAGTCGETGLACGLCAGARCTCT GTCTGECTCTCCCCGATCCTRTTCTGAGCRAGE
bt117011,3, cds 661 CAGAATGTCCCTCLTCTGGCCCCAGAACGARGATC, | . ACTTGAGEACTACTCTCAGTCACTGCACACCAGARCTCT GTCTGECTCGCCTCGATCCTRTTCCGAGCRAGE

C20orflll,cds 771 TCGAGTCTTCGTGGATGATGTGACCATTGAGGACCT GTCAGGCTACATGGAGTATTACTTGTATATTCCCAAGAARAT GTCCCACAT GREAGARATGATGTACACCTGA 879
k117011, 3, cds 768 TCGTGTCTATGTGGATGATGTGACCATTGAGGACCT AGCAGGCTACATGGAGTATTACTTGTATAT CCCT ARGAARAT GTCCCACAT GRCAGAGATGATGTACACCTGA 376

Figure 4.16: Coding sequence alignments (A-C). DNA sequences were aligned using
CLUSTAL W (Thompson et al., 1994) and the output was formatted using Belvu
(Sonnhammer, unpublished). Identical base pairs are highlighted blue.

A. PLCG1:Plcgl (protein)

FPLCGL, pep
Flcgl, pep

MAGAASPCANGCGPGAPSDAEYLHLCRSLEVGTYMTLF Y SKKSHURFERKTFUVKLETRAITWSREGADKIEGAIDIRETKE

1
1 MAGYATPCANGCGPGAPSEAEYLHLCRSLEVGTYMTLFY SKKSEURPERKTF UWKLETRAITWSRGADKIEGSIDIREIKE

PLCGL, pep 31 IRPGKTSREDFDREYLEDPAFRFPDUSHCFYILYGMEFRLETLSLAATSEDEYMMWIKGLTWLMEDTLUAFTPLATIERWLRER
Plocgl.pep 31 IRPGKTSRDFDRYQEDPAFRFDASHCFYILY GMEFRLETLSLAATSEDEYMMWIKGLTIWLMEDTLAARTPLATIERWLEED

PLCGL. pep 161 FYSYDENREDRISAKDLEMMLSEVNYRYPHMEFLRERELTDLEARSGDITY GAFADLYRSLMY SAUKTMOLPFLEASTLRA
Plcgl.pep 161 FYSYDRENREDRISAKDLKEMMLSEWNYRYPHMEFLRERLTDLEARSGDITY GAFADLYRSLMY SAUKTMOLPFLETHALRT

PLCGL, pep 241 GERPELCRYWSLFPEFQMFLLDYRGELWAYDRLAWHEFMLSFLEDFLEETEEPYFFLDEFWTFLFSKEMSYIWNSHLDAVCPD
Flcgl, pep 241 GERPEHCUWSLSEFQUFLLEYAGELWAYDRLOWHEFMLSFLEDFLREIEEPYFFLDELWTFLFSKEMSWIWNSHLDAYCPD

PLCGL.pep 321 TMHNPLSHYWISSSHHMTYLTGDAFSSESSLERYARCLEMGCRCIELDCWDGPDGMPY IYHGHTLT TKI KFSDYLHT IKEH
Plcgl.pep 321 TMHNPLSHYWISSSHHMTYLTGDAFSSESSLERYARCLEMGCRCIELDCWDGPDGMPY IVHGHTLTTEKI KFSDYLHT IKEH

PLCGL.pep 401 AFYASEYPYILSIEDHCSIAGURNMALYFEEVLGDTLLTKPYEISADGLPSPHULKEKTILIKHEKLAEGSAY EEYPT St
Plcgl.pep 401 AFYASEYRPYILSIEDHCSIAGORNMAGHFREVLGDTLLTKPYDIAARDGLPSPHUOLRRKILIKHKEKLAEGSAYEEYPT S

PLCGL, pep 481 Y¥SEWMDISHSIKMGILYLEDPWHHELYPHYFYLTSSKIYYSEETSSOAMGHEDEEEPKEYSSSTELHSHEKWFHGKLGAGRD
Flcgl, pep 481 Y¥SEWDISHSIKMGILYLEDPWHHELYPHYFYLTSSKIYYSEETSSOAGHEDEEERPKEASSSTELHSSERWFHGKLGAGRD

PLCGL, pep 551 GEHIAERLLTEYCIETGAPDGSFLWRESETFWGDYTLSFUWRNGKYUHCRIHSRUDAGTPKFFLTONLYFDSLYDLITHYE
Plcgl.pep 561 GRHIAERLLTEYCIETGAFPDGSFLYRESETFWGDYTLSFLRENGKYUHCRIHSRUDAGT PKFFLTONLY FDSLYDLITH YR

PLCGL.pep 641 GWPLRECNEFEMELSERYFUTHAHESKEWYHASLTRADAEHMLMEYPRDGAF LYRKENEPHSYAISFRAEGKIKHCRY QQE
Plocgl.pep 641l OWPLRECNEFEYRELSERPYFPOTHAHESKEWYHASLTRADAEHMLMEYPRDGAF LYRKENEPHSYAISFRAEGKIKHCRY QQE

PLCGL . pep 721 GETYMLGHSEFDSLYDLISYYEKHPLYRKMKLRYPINEEALEKTI GTRAEPDY GALYEGRNPGF Y WERMPMPTFKCAYKALF
Flcgl, pep 721 GETWMLGHSEFDSLWDLISYYEKHFLYRKMKLRYPINEEALEKTIGTAEPDY GALY EGRMPGFYWERMPMPTF KCAVKALFE

PLCGL, pep 201 DYKARREDELTFIKSAI IUMYEKQEGGWWRGDY GGKKALWFPSHYWEEMYNPYALEPEREHLDENSPLGDLLREGYLDWPA
Flcgl, pep 201 DYKARREDELTFTKSAI IAMYEKADGGEWWRGDY GGKKALWFRSHYWEEMINPAVLEPEREHLDENSPLGDLLRGYLDWPA

PLCGL.pep 2281 CUIAIRPEGKNNELFYFSISMASYAHWSLIYVARDSHEEL HDWYKKIREYANTADARLTEGKIMERRKKIALELSEL WYY T
Plocgl.pep 831 CUIAIRPEGKNMELFYFSISMPSYALUWSLIVARDSOEEL QDMWY KKIREYAATADARLTEGKMMERRKKIALELSEL WYY T

PLCGL . pep 961 EPYPFDEEKIGTERACYRDMSSFRETKAERYWHEAKGKKFLAYHRELALSREIYPRGARLDSSHYDPLPMWICGSALYALHF
Plcgl.pep 961 RRYPFDEEKIGTERACYRDMSSFRETKAEEYYHEAKGKKFLAYHRLALSREIYPEGARLDSSHYDPLPMWICGSALYALHF

FLCGL,per 1041 GATPDKPMAMMEALFMTGRHCGYWLAPSTMRDEAFDPFOKSSLRGLEPCATSIEYL GARHLPKNGRGIY CPFWETIEVAGRE
Flcgl,pep 1041 ATPDKPMAMMNEALFMAGGHCGYWLAPSTMRDEAFDPFOKSSLRGLEPCY ICIEYL GARHLPKNGRGIY CPFWEIEVAGAE

PLCGL.pep 1121 YDSTKEKTEFYYDNGLHPWIIPAKPFHFUISHPEFAFLEFWYYEEDMFSDENFLAMATFPYKGLET GYRAYPLEKNNYSEDL
Plecgl.pep 1121 YDSTEOKTERVYDNGLHPWIIPAKPFHFUISHPEFAFLEFWYYEEDMFSDENFLAMATFPYKGLET GYRAYPLEKNNY SEDL

PLCGL.pep 1201 ELASLLIKIDIFPAKENGDLSPFSGTSLEERGSDASGELFHGRAREGSFESEYRAPFEDFRI SAEHLADHFDSEERRAPE
Plcgl.pep 1201 ELASLLIKIDIFPAKENGDLSPFSGISLRERASDASSELFHYRAREGSFERRYLAPFEDFRI SAEHLADHFDSEERREAPE

PLCGl,per 1281 RTRVNGDHEL 1290
Flcgl,per 1281 RTRVNGDHEL 1290
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B. TIX1:bM393F23.2 (protein)

TIXL,pep 1 MASKEKSTTPCMIPWYETWYLLDASMEANPAET LPEGPUADLPFERSARSSERRAUMFSSTOGST LANGHRSTLDGY LY SCK
bM3E93F 23, 2, pep 1 MASKRKSTTRCMIPVETWYLPGASTEPERPYESLPEGPEUGADLPSEAPDRASSEARPNRPSSTDGSALANGHRSTLDG YWY CEK

TIX1l.pep 21 YCDFRSHDMTUFYGHMHSEHTDFMKDPTFWCSGECSFLAKT PEGLSLHMATCHSGEASE LMY AKPDMHWVWWYERNSIPESTS
bM393F 23,2, pep 21 ECEFRSUDVTHFIGHMHSEHTDFMKDPTEYCTGCSFLAKMPEGL SLHMAKCHSGEASELWMYTKPDMHWVWYERSYPDSAS

TIXLl,pep 161 TPOLAGEFSREGRDGLUAEITITETPIMKIMKGEKAERKEIHT LKEMYPSUPY GEALPELST GEMEYREGDHSFINGRYFYS
bMEI3F2Z, 2, pep 161 SSWLAGESTTEG, . . . TEITIITKTRIMKIMKGKAERKETHMLKEMARPHUPGSEALPEPLAGEREYKEGDHT FINGRARGS

TIXl.pep 241 BASASSAKNPHAARMGPLIGTYPYLPAGIALFLSLAGLUPPYHADHHYHAPLPTAKALPKYMIPLSSIPTYMAAMDSNSFLK
bM393F23, 2, pep 237 BRSAKSTEKPRPAANGPLIGTYPYLPAGIREFLSLEAARPFYHARHHTHAPLPTSET LPEKYMIPLSSTPTYHARMDSHSELE

TIX1l.pep 221 HSFHKFPYPTKAELCYLTWVTRYPEEULKIWFTANRLKAGISWSPEETEDARKKMFNTYIASYPEPTITYLNTPLYASAG
bM293F 23,2, pep 317 HSFHKFPYPTKAELCYLTWVTKYPEEULKIWFTANRLKAGISWSPEEIEDARKKMFNTY IASWPUPTITYLNTPLYASAG

TIXL,pep 401 NWEHLIGORALPGHYYGUPEGT GEELLYTAPLMANGLAATSSPLPLTY TSYPKOPGWAPTIHTYCSHT TSAYEVYNARGSLL
bM393F23, 2, pep 397 MVAHLIGATLPGHAVGEPEGTAGGLLYTAUPLMANGLEARSSSSLELTTASYRE , FTWAPIMTYCSHSASAYEVYHARESLL

TIXl.pep 481 TACPSITSAAFLDASIYVKMKKSHEALSALKGSFCRNAUFPGESEYEHLTKYTGLSTREVREWF SDRRYHCRHMLKGSRAMIP
bM3E93F 23,2, pep 476 TACPSITSAAFLDANIYKMKKSHEGLSALKGSFCRNAFPGASEVEHLTEYTGLSTREVREWFSDRR YHCRHLKGSRAMMP:

TIXl,pep 56l GDHSSIIIDSWPEWSFSPSSKWPEWVTCIPTTATLATHPSARKRESWHATPDFTPTKYKERAPERLRALESSFAMNPLPLDE
bM333F 23,2, pep 5596 GEHGSYVLIDSWPEWFPEFLASEWPEVTCIFTATSLY SHREATERUSWHATEDETPTEYKERAPELLEY LEHSFALNFPLPFEE

TIXL,pep 641 ELDRLRESETKMTEREIDSWFSERREKWNREETKKREENASUEEEERAEDEGEEDLASELRY SGENGSLEMPSSHILAER
bM393F23, 2, pep 636 ELDRLRSETKMTREEIDGWESEREKKMHNTEETKKADGHMFKEEEEGRAELNEGRDEELAHELRY PGENGSFEMFLSHALAER

TIX1l.pep 721 KWSPIKINLKMLEWTEAMNGRMEIPGLGACDPEDDESHELAEALP GRYSCKKTARMRHLLREALFYET QWPSHEADY DS THMAG
bM3393F23. 2. pep 716 KMSPIKINLKNMLRWTEASGKSEFFGMGYCEPEEDGLNELYERFRSEVSYKKTARARHLLREALFVETALWPSHADY DSTHAR

TIXl,pep 201 TGLPRPEWVRWFGDSEYALKMGALKWYEDYKRGNFPPGLLYIAPGHNRELLADYYMTHKMLYEEDLAMLCDKTUME SRV
bM393F23.2,pep 795 TGELPRPEWYRWFGDSEYALKNGULKWYEDYKEGNFPPELLYIAPGHRELLEDY Y MTHEMLCEEDLATLCDRTEMSAREY K

TIXL,pep 881 GWFAEKMGEETRAWADT GSEDHGPGTGELT AYHKGMGDT Y SEY SEMSESWERPRYPEASSEPFDTSSFPUAGRALETD 956
bM393F23, 2, pep  B76 LWFAEKMGEETRAVADISSEDLUGRRHGERY AYHKYLGDAYSELSEMSESWERSAPERASSERPFDTSSPASGRALEAD 951

C. C200rf111:bM117011.3 (protein)

CZ0orflll, pep 1 MKSEAKDGEEESLATAFKKLRYDASGEYASLSVGEGT GWRAPYRTATODTKPKTTCASKDSWHGSTRKSSRGAYRT ARRR
bM117011, 3, pep 1 MKSEAKDGEEESLATAFKKLRYDASGESI ISLSVREGPSWRASARTAARDDT KFKTMCASKDSWHGSTRKSSRGAYRT ARRRE

CZ0orflll, pep 21 RSKSPYLHPPKFIHCSTIASSSSSALKHKSATDSPOESSGLGISSPKEF SAGESSTSLDANHT GAVYERPLRET SYPRLPSE
bM117011,3,pep 21 RESKSPYLHPPKFIHCSTTAFPPESEALKHREATEFPDEISGRGISTPKEFMAGEMSTSLDYHHTGAAIEPLESSYLRLPSE

C20orflll, pep 161 SKKEDSSDATAVPRASLKASDLEDFASYSKLNAGKPCTCI GKECHCKRWHDMEY Y SFSGELASYPPLAPERESTLEDYSAS
bM117011,3,pep 161 SKTEELSDATAWSHESLTANDLSDFASYSKLSRGKECY CYGKECACKRWHDMEY Y SESELANYPPLARPERR , SLEDYSAS

CZ0orflll, pep 241 LHARTLSGSPRSCSEQARYFYDDYTIEDLSGYMEYY LY IPKKMSHMAEMMYT 292
bM117011,3,pep 240 LHTRTLSGSFRSCSEQARYYWDDYTIEDLAGYMEYYLY IPKEMSHMAEMMYT 231

Figure 4.17: Protein sequence alignments (A-C). Sequences were aligned using CLUSTAL
W (Thompson et al., 1994) and the output was formatted using Belvu (Sonnhammer,
unpublished). Identical aa are highlighted blue and similar, grey.
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Table 4.6: Percentage identities of human and mouse sequences.

Orthologous gene pair CDS sequence identity (%) Amino acid sequence identity (%)

PLCGI:Plcgl 90.5 97
TIX1:bM393F23.2 84.9 85.8
C200rf111:bM117011.3 88 86.6

The 5° UTRs of all three gene loci overlap with predicted CpG islands (CPGFIND; Micklem,
unpublished). The orthologous CpG-island pairs have similar GC content; for PLCG1:plcgl, CpG

islands differ considerably in size (Figure 4.18).
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Figure 4.18: CpG island comparison. (A) GC content and (B) Length.

All orthologous gene pairs have similar GC content (exons and introns; Figure 4.19 A)
and differ in repeat content, which is higher in the human genes (Figure 4.19 B-D).
Interestingly, the LTR content is higher in the mouse for each of the orthologous gene
pairs considered. Whole genome human:mouse repeat content analyses have shown that
the age distribution of human and mouse transposons is strikingly different (IHGSC,
2001). Transposon activity in the mouse genome has not undergone the decline seen in
humans and proceeds at a much higher rate. This phenomenon may be responsible for the
LTR coverage differences in Figure 4.19 B-D, but the sequence sets studied are far too
small to suggest a similar trend across the whole mouse genome. In fact, the human and

mouse LTR coverage across the whole region is quite similar (Table 4.2).
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C. TIX1:bM393F23.2

60

50 -

40 |

30

Coverage (%)

20 -

10 -

SINEs LINEs LTR DNA Simple
elements elements repeats

Repeat type

D. C200rf111:bM117011.3

Total repeats

40
35
30
T 251
Q
& 20 -
o
3
O 154
10 -
| J
0 n T
SINEs LINEs LTR DNA Simple Total repeats
elements elements repeats
Repeat type

Figure 4.19 (A-D): (A) GC content. (B-D) Repeat content analysis.
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4.7 Discussion

This chapter has described the construction, sequencing and comparative sequence
analysis of approximately 10 Mb of the mouse genome, spanning a region of synteny
with human chromosome 20q12-13.2. The final map consists of a single clone contig,
with no gaps, that according to fingerprint estimates spans 9.8 Mb. It consists of 996
BAC clones, 66 gene based markers, 91 end based markers and 33 genetic markers. All
data has been incorporated into the mouse chromosome 2 physical map produced by the

MGSC (http://mouse.ensembl.org).

The annotation of human chromosome 20q12-13.2 was utilised during the initial
selection of mouse landmark STSs. The use of mouse-expressed sequences (MRNA and
ESTs) that shared extensive homology with annotated human genes provided an easy

means to target the mapping efforts to the region of interest.

Landmark content mapping and fingerprinting data were used for the rapid assembly of
eleven seed clone contigs. Unlike landmark content mapping, restriction enzyme
fingerprinting allows analysis over the length of the clone and the construction of contigs
relies on the number of bands shared between overlapping clones. Unfortunately
fingerprinting does not allow the orientation of the contigs relative to each other, but
incorporating landmark content data can alleviate this problem. This combined approach
offered the best strategy for contig construction, accurately determining the overlap

between clones.
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Chromosome walks were performed to close the remaining gaps. With the availability of
public data, this process was significantly accelerated. It is worth noting that the presence
of gene deserts longer than 250 Kb long did not pose any problems, since all gaps were
closed with chromosome walks. The choice of genomic library greatly aided this effort
because of the large average insert size of the RPCI-23 BACs (197 Kb). Nevertheless,
chromosome walks are time-consuming and extended gene deserts (>1 Mb) would have

delayed the mapping process.

Comparisons between the generated mouse map and human genes confirmed the high
degree of synteny between mouse chromosome 2 and human chromosome 20 (as
proposed by earlier studies, Peters ef al., 1999; Carver and Stubbs, 1997; DeBry and
Seldin, 1996). Markers corresponding to 48% of annotated human coding genes were
used in this mapping effort. The landmark content data from these markers suggests that

there are no megabase-long rearrangements between these human and mouse regions.

A set of 66 overlapping BACs is being sequenced and as of May 2002, 10.3 Mb of mouse
sequence has been generated (5,541,112 bp of finished and 4,778,718 bp of unfinished
(redundant) sequence). According to the mouse genome assembly at Ensembl, the region
is 8.76 Mb. This suggests that the mouse region is 10-15% smaller than the syntenic

human region, which is in agreement with previous studies (Mural et al., 2002).

The GC content of the human and mouse sequences is similar but the repeat content
differs (49.6% in humans and 32.1% in mice). It has been suggested that the observed
difference in repeat content is probably due to the failure of the current algorithms to

detect all repeats, rather than the presence of more additional unique sequence in mouse.
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Mouse homologous sequences were identified for all annotated human coding genes and
in some cases, supported new exons (e.g. C200rf130, TIX1). Gene order is completely
conserved in human and mouse, but the presence of small local rearrangements cannot be
excluded until finished mouse sequence is obtained across the whole region. Complete
conservation of gene order has recently been reported for other large human and mouse
syntenic regions. For example, Mural et al. (2002) identified two such regions, both
residing on HSA3 and MMU16. Both regions are >10 Mb long and contain >100 genes

each.

The high degree of conservation observed across the exons of coding genes is absent
from pseudogenes. It may be that the non-functional sequences of pseudogenes have
diverged more quickly in the mouse genome, possibly because of the much shorter
generation time of the mouse. Alternatively, most of the pseudogenes may have arisen in

the human lineage after divergence from the common human:mouse ancestor.

Human putative genes were not conserved in the mouse; against our expectations the
mouse sequence did not highlight additional un-annotated exons for these structures in
the human sequence. The lack of sequence conservation across exonic regions of human

putative genes may mean that:

i.  The orthologous structures are altogether absent from the mouse genome.

ii.  Orthologous structures exist but because of the absence of coding constraints

they have diverged to such an extent that searches do not identify them.

iii.  They represent mistakes in the transcription machinery.
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This study has shown that putative gene structures differ significantly from coding genes
and further computational and experimental analysis will be required to address their
significance as functional elements. In fact, in a preliminary investigation of
approximately 4 Mb of mouse finished and computationally analysed sequence from this
region, | did not identify any splicing ESTs to indicate the presence of mouse putative

genes.

The mouse sequence was used to provide an estimate for the degree of completeness for
the 20q12-13.2 annotation. Analysis and correlation of gene predictions and mouse hits
suggest that at least 97% of exons in this region have been annotated, which is in
agreement with our published estimate (Deloukas et al., 2001). The putative coding, un-
annotated exons identified by this analysis require experimental verification (isolation of
cDNA sequences or identification of homologous ESTs). The benefit of using
comparative sequence analysis and prediction programs to identify coding regions is that
it is not limited by spatial or temporal restrictions on transcription. However, this also

means that expression of these regions is difficult to confirm.

PipMaker was used to perform “global” comparative analysis. If only strong alignments
are considered (>70% identity), the percentage of exonic regions that align is ~twelve-
fold higher compared to introns and intergenic regions, respectively. Excluding exons,
the regions upstream of annotated gene-starts show the highest alignability. Promoter
analysis (chapter III) indicates that most annotated genes have virtually complete gene
structures, which suggests that these regions correspond to either 5> UTRs or promoter

sequences, enriched in various protein-binding signals.
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The emerging finished mouse sequence is subject to the established high standards of
sequence analysis and annotation. Comparison of gene features found in the finished
sequence of human and mouse showed that the lengths of coding exons are conserved,
whereas those of introns are not. All size differences identified across orthologous exons
involve 3 bp (or multiples of) insertions/deletions suggesting conservation of the ORF.
Overall, the total lengths of human introns were found to be 1.27-fold longer, compared
to that of mouse. Finished sequence across the region will be required to investigate

features such as untranslated exons and intergenic regions.

The sequence features of three orthologous gene pairs were studied in more detail. In all
cases, the orthologous ORFs shared extensive homology (>84%) both at the nucleotide
and protein level. Gene pairs had the same number of coding exons and used the same
translation stop codon. The UTR sizes were not conserved, but the same polyA signal

was found at approximately the same position, within their 3° UTRs.

For the three gene pairs studied, most (62/70) of the orthologous splice site junctions
were identical. Exceptions include four 3’ exon/5” intron and four 3’ intron/5’ exon sites.
The GC content of the orthologous regions was similar. CpG islands were identified at
the gene-starts of all genes. CpG islands of orthologous genes have similar GC contents
but on average, in the human sequence, CpG islands are 17% longer than in the mouse
sequence. Whether this is true for all CpG island pairs in the whole region remains to be

investigated.

This study shows that comparative sequence analysis can be used to systematically

identify coding exons; the identification of non-coding functional features is less efficient
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because of the large number of conserved regions identified by homology searches. Even
in a region previously subjected to extensive computational and experimental gene
annotation (chapter III) this approach contributes new, although very few, exons. In my
opinion, the combination of the methods described in this and the previous chapter
(computational annotation, experimental verification/extension and comparative analysis)
provide the most robust approach for large-scale identification of sequence features. In
addition, I would favour the parallel analysis with additional genomes to further

investigate the non-coding conserved regions.
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