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Abstract

Processes underlying genome 3D organization and domain formation in the mammalian nucleus are not
completely understood. Multiple processes such as transcriptional compartmentalization, DNA loop
extrusion and interactions with the nuclear lamina dynamically act on chromatin at multiple levels. Here,
we explore long-range interaction patterns between topologically associated domains (TADs) in several cell
types. We find that this is connected to many key features of chromatin organization, including open and
closed compartments, compaction and loop extrusion processes. We find that domains that form large TAD
cliques tend to be repressive across cell types, when comparing gene expression, LINE/SINE repeat content
and chromatin subcompartments. Further, TADs in large cliques are larger in genomic size, less dense and
depleted of convergent CTCF motifs, in contrast to smaller and denser TADs formed by a loop extrusion
processes. Our results shed light on the organizational principles that govern repressive and active domains
in the human genome.
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Introduction

Spatial organization and packaging of the genome are important for proper regulation of gene expression
and are often altered in disease [1]. Understanding the underlying organizational principles of 3D
genome architecture requires a multi-scale and multi-scope approach. At higher-order levels,
chromosomes seem to organize into two large A and B compartments which can be computed from the
first eigenvector of a principal component analysis (PCA) of a correlation Hi-C matrix at low resolution
(e.g. 1 megabase [Mb]) [2]. By definition, A compartments constitute open/active parts of the genome,
while B compartments make up the remaining inactive parts. Increasing the resolution, and thus
decreasing the bin size of a Hi-C matrix, reveals a finer delineation of compartments into
subcompartments [3]. Zooming further on the diagonal of the Hi-C matrix reveals nested levels of high-
frequency interactions delineated by relatively abrupt boundaries between them, referred to as
topologically-associated domains (TADs) [4, 5]. Several processes together likely shape the
chromosomal interaction patterns observed in Hi-C matrices. It has notably been proposed that a phase-
separation process could explain the formation of heterochromatin compartments [6, 7], and a loop-
extrusion model could explain TAD formation and dynamics [8, 9]. For most genomic regions, multiple
processes act simultaneously within and between cells in a population to spatially organize the genome
at multiple levels [10, 11].

Based on analysis of the Drosophila genome, high-resolution Hi-C data show that compartments of
very small sizes can be computed from an eigenvector analysis similar to what has previously been
applied on low-resolution Hi-C data [12]. These compartments, termed compartment domains,
correspond almost perfectly to transcription state transitions in the Drosophila genome [12]. Such
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compartment domains are also found in mammalian genomes [12]. However in addition, chromatin
looping events involving CCCTC-binding factor (CTCF) seem to play a prominent role in the formation
of TADs [3], in particular through loop extrusion processes [8, 9]. Computational simulations reveal that
small compartment domains are partially suppressed by loop extrusion processes counteracting their
segregation [10]. The view of mammalian 3D genome organization is thus becoming increasingly
complex, and further classification of the different types of chromatin domains has been suggested [13].

We have recently shown that long-range TAD-TAD interactions can occur in the form of TAD cliques,
which we have defined as an assembly of at > 3 TADs that are fully connected pairwise in Hi-C data
[14]. TAD cliques associate with key organizational processes during adipose stem cell differentiation,
notably by stabilizing heterochromatin at the nuclear periphery, through lamina-associated domains
(LADs) [14]. Here, we explore the properties of TADs engaging in TAD-TAD interactions in four
human cell lines. We find that TADs that belong to large or small cliques display distinct genomic
features. Most significantly, TADs in large cliques are depleted of convergent CTCF-motifs at their
boundaries, unlike ‘classical’ TADs explained by chromatin loop extrusion processes. Our findings shed
further light on long-range TAD-TAD interactions and indicate that they constitute an important
structural feature of the genome.

Results

Long-range interactions between linearly non-contiguous TADs, together with interactions between
TADs and the nuclear lamina via LADs, shape genome architecture during differentiation of adipose
stem cells [14]. To further explore such TAD-TAD interactions in other cell types, we analyzed TADs
in four human cell lines (HMEC, HUVEC, IMR90, K562) for which high-resolution Hi-C and gene
expression information is available [15] (see Table S1 for accession numbers). Using Armatus [16] (see
Methods), we identified a total of 5502-6008 TADs in each cell line (Table S2), consistent with our
previous findings in primary adipose stem cells using the same algorithm [14]. These TADs display
similar characteristics as shown earlier [4, 5, 14], with marked boundary structures and sizes in the range
~0.2-1 Mb (Fig. 1A).

TAD-TAD interactions, TAD cliques and gene repression

To determine the presence of TAD-TAD interactions from the Hi-C data in HMEC, HUVEC, IMR90
and K562 cells, we used the Non-central Hypergeometric model as done previously [14, 17, 18]. We
find a total of ~6000-8300 significant intra-chromosomal interactions (IMR90: 8300; HMEC: 73009;
HUVEC: 5934; K562: 7823). Interactions between TADs are configured as complex networks of strictly
pairwise interactions, or involving multiple interactions, with enrichments and depletions of contacts
across chromosomes, as exemplified for chromosome 18 in IMR9O0 cells (Fig. 1B).

TADs can engage in interactions with multiple TADs, some forming cliques (where all TADs interact
pairwise [14]), some not. In addition, a TAD can be part of one or more cliques of different size (the
size of a clique is defined by the number of TADs that comprise it). We use the term of ‘TAD maximal
clique size’, referring to the size of the largest clique a given TAD belongs to [14]. Maximal clique sizes
were determined for all four cell types, as done previously using the Bron-Kerbosch algorithm [14]. We
find that across cell lines, 1189-1554 TADs engage in associations with at least two other linearly non-
contiguous TADs, forming cliques of size > 3 (Fig. 2A; Table S2). This represents 21-27% of all TADs
in these cell lines (Fig. 2A), supporting the view that TAD cliques constitute a significant feature of
higher-order genome topology. As previously reported [14], genes residing within TADs in cliques are
expressed at a lower level than those in TADs outside cliques (Fig. 2B), corroborating the repressive
nature of TAD cliques.

Retrotransposons play an increasingly appreciated role in gene expression and chromatin structure
regulation [19, 20]. Relevant for genome architecture is evidence that long interspersed elements
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(LINEs) and short interspersed elements (SINEs) can modulate transcription by altering chromatin
composition [21] and structure [22]. Notably, LINEs and SINEs may act as euchromatin-
heterochromatin boundary elements confining gene expression to the proper compartment [22] or play
arole in the formation of silent domains [23]. The relationship between retrotransposons and long-range
TAD-TAD interactions has however not been thoroughly examined. We thus investigated the genomic
distribution of repeat classes across TADs in and outside cliques. We find a systematic enrichment of
LINE coverage, and correspondingly a depletion of SINE coverage, for TADs in cliques compared to
TADs outside cliques (Fig 2C). Other repeat classes show limited if any differential coverage (Fig. 2C).
As LINE elements are implicated in heterochromatin formation [23], this finding further establishes
TAD cliques as repressive sub-compartments of the genome.

Genomic characterization of TADs in cliques

As TADs usually are defined solely from short-range Hi-C contact enrichments separated by sharp
boundaries [4, 5], the processes underlying their formation could vary between different TADs. Several
partially independent processes have been proposed to shape TADs [11, 13]. Loop extrusion has been
proposed as an underlying process in TAD formation [8, 9], whereas phase separation has been
suggested as a mechanism of compartmentalization of chromatin [6, 7]. In the human genome, a
combination of these processes seems to underline the delineation of many TADs [12].

Visualization of Hi-C contact patterns within TADs in cliques reveals a distinct contact feature often
characterized by larger and less densely interacting domains compared to TADs not in cliques
(exemplified in Fig. 3A). To investigate this further, we determined the distribution of TAD sizes for
TADs identified as singletons, TADs interacting only in pairs (binary interacting TADs), and TADs
belonging to cliques of increasing sizes. At the whole genome level, we note a linear relationship
between clique size and median size of TADs in these cliques (Fig. 3B). Further, genome-wide analysis
of Hi-C contact densities within TADs in varying TAD clique classes indicates that TADs in larger
cliques systematically display a less dense contact pattern than singleton and binary interacting TADs
(Fig. 3C).

The presence and orientation of CTCF motifs at each TAD boundary has been shown to be indicative
of TAD formation and stability [3, 24]. Given our previous observation of higher density interactions
within small TADs than in large TADs, we explored the enrichment of convergent CTCF motifs at the
boundaries of TADs in the cell lines examined in our study. Interestingly, convergent CTCF motifs and
corner peaks seem less prominent for TADs in cliques than for TADs not in cliques (Fig. 3A, blue arrows
and black arrowheads). We therefore hypothesized that the process shaping TADs in cliques might be
distinct from that shaping TADs outside cliques.

To test this hypothesis, we computed genome-wide enrichment scores of convergent CTCF motifs for
(i) singleton TADs, (ii) TADs involved in binary interactions and (iii) TADs in cliques of increasing
size (Fig. 3D). We find that TADs engaging in interaction with only one other TAD are the most enriched
in convergent CTCF motifs at their boundaries, whereas TAD in cliques of increasing size show a
gradual decrease in convergent CTCF motif enrichment (Fig. 3D). In fact, in large cliques (> 5 TADs),
convergent CTCF motifs are depleted compared to the average convergent CTCF motif enrichment
across all TADs in the genome. For cliques of > 5-8 TADs in HMEC, IMR90 and K562 cells, this
depletion is statistically significant (Table S3). Singleton TADs are less enriched in convergent CTCF
motifs than binary interacting TADs, and also depleted compared to the genome-wide average (Fig. 3D).
These trends are systematic across the four cell lines, suggesting a general relationship. Since convergent
CTCF motifs are implicated in loop extrusion processes, our data suggest that binary interacting TADs
are more likely to form by loop extrusion compared to TADs in cliques and, to a lesser extent, singleton
TADs. The implication from our findings that TADs formed by loop extrusion are more likely to engage
in binary interactions may reflect the previously characterized nested structures of these TADs [13, 25].
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Relationship between TAD-cliques and compartments

Eigenvector analysis of high-resolution Hi-C data has previously been used to determine regions with a
genomic size similar to TADs that segregate into six different subcompartments [3]. These have been
shown to correspond to distinct types of active (subcompartment Al and A2) and inactive
(subcompartments B1-B4) regions of the genome [3]. The clique pattern of TAD-TAD interactions
suggests a relationship with these subcompartments: we hypothesized that TADs in cliques behave as
small, individual compartments, possibly suggesting localized compartmentalization as a separate
mechanism of TAD formation. To examine this possibility, we determined the overlap of
subcompartment segments to TADs in cliques. Using the Jaccard index (JI) as a measure of the relative
overlap between each TAD and its overlapping subcompartment(s), we found only a limited
correspondence between these (median JI 0.1-0.3), irrespective of subcompartment type and cell type
(Fig. 4A). Notwithstanding, for all cell types except K562, A1l subcompartment overlap diminishes as
TAD clique size increases (Fig. 4A). For all cell types, overlap with B2 and B3 subcompartments tend
to increase for larger clique sizes (Fig. 4A). We conclude from these observations that TAD cliques are
distinct from previously annotated subcompartments.

To further understand the interaction patterns of TADs, we explored the relationship between TAD-
TAD interactions and clique size, as this could shed light on whether TAD cliques might constitute an
exclusive mode of regionalization of the genome rather than highly interacting compartments. More
explicitly, we examined the relationship between the total number of TADs a given TAD interacts with
and the size of the largest clique this TAD belongs to (Fig. 4B). Figure 4C shows the ratio of (largest)
clique size to the total number (‘degree’) of interactions of each TAD, for increasing clique sizes; this
reflects how many of each TAD’s interactions are accounted for by their interactions in cliques.
Consistently across cell types, we find that larger cliques tend to interact with a greater number of other
TAD:s also outside of the clique (resulting in lower clique size / interaction degree ratios; Fig. 4C). We
speculate that this may result from heterochromatin being more compact and interacting more closely
with other heterochromatin regions, further supporting a view of preferred homotypic chromatin
associations [8, 24, 26]. In contrast, the lower density of inter-TAD interaction, manifested by high ratios
involving TAD singletons or binary interacting TADs or small cliques (Fig. 5C) reflects more open
chromatin configurations which are less interactive, except within TADs or with neighboring TADs (see
e.g. Fig. 3A).

Discussion

We report a genomic assessment of TADs in cliques, large ‘multi-TAD’ assemblies detected from
ensemble Hi-C data. Our results suggest that a subset of TADs serves regulatory function through the
formation of long-range interactions, yet the definition of TADs has recently been challenged [11]. We
also note that the nature of Hi-C contact domains is not fully understood. For example, Rowley et al.
[27] report that 1939 (23%) TAD boundaries cannot be explained by neither extrusion nor
compartmental processes. The TADs in cliques reported here are characterized by being larger and less
dense than typical TADs, and with a depletion of convergent CTCF motifs at their boundaries. This
clearly suggests that chromatin loop extrusion cannot explain the formation of these TADs. Due to their
large size, TADs in large cliques also do not fit the definition of compartment domains, which are
typically smaller than TADs [12, 27]. The question remains therefore of which processes shape these
domains. Their previously reported association with the nuclear lamina [14], and their association with
repressive chromatin marks, suggest that heterochromatin tethering protein factors such as CBX5/HP1a
[28] could be involved. Knockdown of these factors in combination with Hi-C analysis and TAD clique
identification could therefore elucidate this further.
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In a recently suggested classification of Hi-C domains, TADs in TAD cliques would probably be
classified as type 3 ‘Compartment domain only: un-nested no-corner-dot compartment domain’ [13].
The large genomic size and relatively lower interaction density of these TADs compared to previously
described compartment domains could however be indicative of a separate formation process.

We have relied on the Armatus TAD caller [16] for the delineation of TADs. This choice was based
on testing a range of TAD callers and selecting the one that provided the most reproducible and visually
pronounced TADs. It is however inevitable that some of the called TADs may be less well-defined using
this algorithm. Even if we have taken a TAD-based approach, our findings do not rule out that
compartment domains not identified as TAD cliques serve important regulatory functions.

We find that binary interacting TADs, unlike singleton TADs, are the most enriched in convergent
CTCF motifs. The explanation for this could be that binary interacting TADs are indicative of a nested
TAD structure. These nested TAD structures have been shown to often be found for domains caused by
loop-extrusion processes [13].

We find TAD-cliques across different cell types, suggesting that TAD cliques are general phenomena
not only linked to cell differentiation. In this regard, TAD cliques constitute an interesting and important
chromatin feature for further study, since they link local interaction patterns (i.e. TADs and compartment
domains) to higher order organization (i.e. compartments and LADSs). A deeper characterization of TAD
cliques across cell and tissue types might further elucidate these relationships. Also, single-cell analysis,
including high-throughput imaging, might reveal whether TAD cliques result from an aggregation of
interactions across cells, or exist within single cells. Taken together, our results shed further light on the
increasingly complex picture of multiscale chromatin organization.

Methods

Hi-C data

To uniformly process all Hi-C data used in this study, raw data were downloaded from ENCODE [15]
and processed using the HiC-Pro pipeline [29] (https://github.com/nservant/HiC-Pro). First, the paired-
end sequences were mapped to the hg38 reference genome using Bowtie2 [30] with default parameters
preset in HiC-Pro configuration file. Unmapped, multi-mapped, singletons and low map quality reads
were removed and only uniquely mapped reads were used for binning, normalizing and generating Hi-
C matrices. The pipeline produced raw and normalized interaction frequency matrices. For further
analyses, 5 kb and 50 kb resolution raw matrices were used for all cell lines. We used the
hicpro2juicebox.sh script from HiC-Pro to convert matrices into .hic files for visualization with Juicebox
[31] (https://github.com/theaidenlab/juicebox).

TAD calling

TADs were called using Armatus v2.1.0 [16] (https://github.com/kingsfordgroup/armatus) using a
gamma of 1.2 for all cell lines. Genomic regions not defined as TADs by Armatus were nevertheless
included to ensure full genome segmentation. TADs were visualized using Juicebox (Fig. 1A).

Identification of TAD-TAD interactions
TAD-TAD interactions were identified using the NCHG (Non-central Hypergeometric model) tool [17].
Hi-C contacts were aggregated to generate TAD-TAD interaction matrices for each cell line. NCHG
was used to calculate P-values for each TAD pair. Then, we performed multiple testing correction with
a false discovery rate (FDR) < 1% using the Benjamini-Hochberg method. The resulting significant
interactions were filtered by requiring a five-fold enrichment of observed over expected contacts based
on genomic distance.

The network configuration of TAD-TAD interactions (Fig. 1B) was generated using the igraph R
package [32] (https://github.com/igraph/rigraph). The igraph layout was made using the 131 TADs
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identified in chromosome 18 of IMR90 cells. We used the ‘graphopt’ algorithm setting the charge
parameter to 0.03 while the remaining parameters were left as default. Each node was colored-coded
based on the degree of interactions.

TAD clique calling

As we reported earlier [14], significant TAD-TAD interactions were represented as a graph using the
NetworkX Python library (http://networkx.github.io/). In the graph, TADs are represented by nodes and
significant interactions between them are represented by edges. Maximal TAD clique sizes were
calculated using the Bron-Kerbosch algorithm [33]. Maximal clique size (k) was assigned to each TAD,
where k is the size of the largest TAD clique to which the TAD belongs to.

Repeat analysis

The repeat mask file for the hg38 genome assembly was downloaded from the UCSC genome browser
[34] (http://hgdownload.cse.ucsc.edu/goldenpath/hg38/database/rmsk.txt.gz). From the repeat mask file,
the following repeats were selected for further analysis: LINE, SINE, LTR, retrotransposons, rRNA,
satellite, simple and DNA. The repeat contents for each TAD were calculated using the bedtools
coverage option [35] and plots generated using the ggplot2 R package.

Aggregated TADs

Intra-TAD interaction frequencies for each TAD in IMR9O0 cells at 5 kb resolution was extracted from
the Hi-C matrix. As the genomic length of TADs differs, so do the sizes of intra-TAD interaction
frequency matrices. Therefore, all TADs were resized to a 25 x 25 matrix using the ‘nearest’ algorithm
from the OpenlmageR R package (https://github.com/mlampros/OpenimageR). The element-wise mean
was calculated for all TADs of a given category (based on clique size) to produce the mean matrix for
that category.

CTCF motif orientation analysis

Processed CTCF peak files in NarrowPeak format for all cell lines were downloaded from ENCODE
[15]. The GimmeMotif [36], a transcription factor analysis tool, was used to call all motifs from the peak
files using the ‘scan’ option passing the ‘JASPAR2020 vertebrates’ PFM file. From the resulting bed
file, CTCF peaks were extracted with information on the orientation of CTCF binding. Python and R
scripts were used to calculate the CTCF orientations at TAD boundaries.

Scripting
All scripts for data analyses in this study were written using R, Python and Bash. The scripts can be
found on GitHub (https://github.com/tharvesh/paper3).
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Fig. 1. TADs and TAD interaction networks. (A) Examples of TADs identified in Hi-C matrices of IMR90
and HMEC cells. Delineation of Armatus TADs is shown as green bars. (B) TAD networks: graph
representation of TADs in clique, binary interacting TADs (TADs in pairs only) and singleton TADs for
chromosome 18 in IMR90 cells.
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Fig. 2. Genomic characterization of TADs in cliques. (A) Number of TADs (Armatus) in cliques and
outside cliques in indicated cell types, identified from publicly available Hi-C data. (B) Distribution of
gene expression levels in TADs in cliques and outside cliques. (C) Proportion of TAD coverage by
indicated repeat classes in cliques and outside cliques.
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Fig. 3. TADs in cliques display less dense interaction patterns than singleton or binary interacting TADs
and are impoverished in convergent CTCF motifs. (A) Hi-C matrices for segments of chromosomes 1
and 18 (IMR9O cells); Armatus TADs are delineated by green bars. A TAD belonging to a clique is
indicated by a red bar (gray otherwise). Small TADs containing dense chromosomal interactions display
convergent CTCF motifs at their boundaries (blue arrows); arrowheads, corner interaction peak. (B) TAD
size distribution in IMR90 cells as a function of clique size (3 to = 8) the TADs belong to. Bar, median;
dot, mean. (C) Mean interaction frequencies in aggregated and resized TADs. Each matrix is for
aggregated TADs in the indicated categories. (D) Percentage of convergent CTCF motifs at the
boundaries of TADs categorized as shown. The horizontal bar represents the average percentage of
convergent CTCF motifs in all TADs genome-wide. *Binomial test; see Table S3 for statistics.
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Fig. 4. TADs in large cliques interact with a large number of TADs also outside the clique. (A) Overlap
between singleton TADSs, binary interacting TADs and TADs in cliques (of indicated size) with A and B
compartment subtypes. (B) Concept of ‘degree’ of TAD interactions. A given TAD (purple node) can
belong to a clique of, here, size 3 (containing two other TADs [white nodes]) and a clique of size 5 (red
nodes); the latter is the ‘maximal clique size’ (see main text). The total number, or ‘degree’, of
interactions the purple TADs engages in is 7 and are materialized by 7 edges. In this example, the ratio

of (clique size / (degree+1)) is 5/(7+1)

= 0.625 (see panel C). (C) Ratios of (clique size / (degree+1)) for

TADs identified as singletons, binary interacting and in cliques. The graphs consistently show that larger
the clique size, the lower the ratio, i.e. the greater the number of inter-TAD interactions a TAD engages
in outside the clique. Note that for singleton TADSs, this ratio is (trivially) always 1.
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Supplementary Tables

Table S1. ENCODE data accession numbers

Data type IMRS0 HMEC HUVEC K562
Hi-C raw data SRR1658672 SRR1658680 SRR1658709  SRR1658693
SRR1658673 SRR1658681 SRR1658710  SRR1658694
SRR1658674 SRR1658682 SRR1658711  SRR1658695
SRR1658675 SRR1658683 SRR1658712 5RR1658696
SRR1658676 SRR1658684 SRR1658713  SRR1658697
5RR1658677 SRR1658685 SRR1658714  5RR1658698
5RR1658678 SRR1658699
SRR1658700
SRR1658701
SRR1658702
RNA-seq data ENCFF244VME  ENCFF526QYF ENCFF238WEU ENCFF104VT)
ChIP-seq data ENCFF307XFM  ENCFF641CHY ENCFF5360TV ENCFF873LHT

Table S2. Numbers of TADs in cliques and non-cliques

Number of TADs

Cell type Clique Non-clique Total

HMEC 1486 4522 6008
IMRS0 1554 4095 5649
HUVEC 1185 4313 5502
K562 1488 4332 5820
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Table S3. Statistics on the depletion of convergent CTCF sites in TADs as a function of clique size

Cligque category  Confident1 Confident2 TADs with conv. CTCF motifs No. TADs in category % TADs with conv. CTCF in genome Pvalue

IMRS0

= 0.1835 0.2405 173 820 0.1871 0.0809
=2 0.1866 0.2194 431 2374 01871 0.0547
>=3 01786 0.2189 208 1554 01871 02688
=4 0.1669 0.2135 214 1130 01871 0.8488
»>=5 0.1560 0.2084 157 867 0.1871 0.6951
>=6 0.1443 0.2021 118 687 01871 03278
=7 01321 0.1986 a2 502 01871 01880
>=B 0.1008 0.1743 43 asy 01871 0.0098
»>=0 0.0756 0.1646 25 218 0.1871 0.0053
>=10 0.0538 0.1508 15 158 01871 0.0021
HMEC

= 0.2182 0.2757 220 894 0.2008 0.0010
»=2 0.2016 0.2352 518 2380 0.2006 0.0358
>=3 01811 02225 299 1486 0.2008 094384
>=4 01744 0.2239 205 1034 0.2008 0.8766
>=5 0.1433 0.1978 128 762 0.2006 0.0299
>=6 0.1256 0.1878 85 548 0.2006 0.0065
=7 01218 0.1997 57 361 0.2008 0.0417
>=8 0.1100 0.1982 41 273 0.2008 0.0409
>=0 0.0804 0.1921 26 192 0.2006 0.0239
>=10 0.0788 0.2091 16 118 0.2006 0.0850
HUVEC

= 01749 0.2325 158 780 01785 0.0835
»=2 01733 0.2085 375 1969 01785 01667
>=3 0.1609 0.2057 217 1189 01785 07050
>=4 0.1457 0.1975 144 845 01785 0.5595
>=5 0.1399 0.1991 108 643 01785 0.5365
>=6 01312 0.2000 77 471 01785 0.4340
=7 01202 0.1998 54 344 01785 03244
>=8 0.1058 0.2140 29 188 0.1785 0.4460
>=0 0.0998 0.2400 19 118 01785 07185
>=10 0.0537 0.2490 7 54 01785 0.4760
K562

= 01763 02271 200 996 01720 0.0186
>=2 01767 0.2081 477 2434 01720 0.0091
>=3 0.1667 0.2069 277 1488 01720 0.1491
»=4 0.1491 0.1963 175 1019 0.1720 1.0000
=5 01354 0.1885 124 772 01720 0.4453
>=6 0.1259 01878 26 555 01720 03113
=7 0.1040 0.1748 53 ags 01720 0.0691
>=8 0.0651 0.1451 24 240 0.1720 0.0026
=9 0.0393 0.1344 1" 142 01720 0.0017
>=10 0.0247 0.1656 5 67 01720 0.0343
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