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ABSTRACT

Under different assumptions about the total number of genes, the number of housekeeping
and tissue-specific genes, and the difference in the number of mRNAs per cell for functional and
nonfunctional genes, significantly different results can be expected from screening random cDNA
clones. We have developed gene expression models as a guide for interpretation of experimental
results. For statistical, biological, and technical reasons, the search for 100,000 plus genes and
discrimination between nonfunctional, housekeeping, and tissue-specific genes requires the
analysis of up to 10 million clones from 20 to 50 tissues. Oligonucleotide hybridization of dense
clone blots is an inexpensive and fast way to screen such large clone sets. Our preliminary results
on control clones and thousands of eDNA clones from an infant brain library demonstrate the
feasibility of the method.

INTRODUCTION

The number of mammalian genes is usually estimated to be 50,000 to 100,000 (or
sometimes as high as 150,000) (1). Studies of gene expression have found that the number of
mRNAs transcribed from a gene can vary a few thousand times and that there is an exponential
increase of the number of genes having a small number of mRNA copies (2-4). Also, the
existence of 200-300 cell types each expressing several hundred specific (usually highly
expressed) genes is estimated. There is no clear-cut definition of what has to be considered as
an functional gene or whether there is a transcription leakage of nonfunctional genes. These
factors can seriously influence the identification of new or tissue-specific genes via the screening
of eDNA libraries.

Partial sequencing by hybridization (SBH) of random eDNA clones as a way to catalog
and define tissue specificity of genes was proposed four years ago (5). Instead of tens of
thousands of probes necessary for complete sequencing if a single genome is analyzed (6) or
3000 to 4000 if the data from similar genomes are integrated (7,8), 100-1000 probes are
sufficient for partial SBH. In the last three years, successes of single pass gel sequencing of
cDNAs have strongly demonstrated the usefulness of incomplete sequences (9-12). Partial SBH
is, in principle, a less expensive approach with the ability to analyze millions of clones. SBH
has been proven in a blind experiment (13) and recently we have developed a hybridization data
production line to score up to 32 probes on 30,000 dots per day (14,15). Similar facilities are
under development by Hans Lehrach's group (16).

In this paper, we present several models of gene expression and analyze the main factors
which can influence the hunt for new genes via the screening of random cDNA libraries. The
basic steps in the preparation and use of dense DNA dot arrays are described, and some results
that demonstrate the feasibility and efficiency of gene inventorying by oligonucleotide
hybridization are presented. Furthermore, partial SBH and single-pass gel sequencing are
compared and a gene analysis scheme that combines the two approaches is discussed.
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RESULTS AND DISCUSSION

1. Quantitative Models of Gene Expression: Implications for Screening cDNA Libraries

There are several possibilities for the distribution of genes in terms of the number of their
mR.NAs per cell in a homogenous tissue. We defined four models based on six gene expression
levels (Fable 1). Six expression levels representing averages for related parts of the distribution
are a crude approximation of reality. The level with five messengers per cell represents genes
with 1 to 10 messengers per cell, the 30 messengers level comprises genes having 11 to 90
mRNAs per cell and so on. Levels below 0.1 mRNA per cell have no significant influence on
the screening. The models (except model 4) do not differ in the two highest expression levels.
Furthermore, since there is a general agreement that a gene is not functional if there is less than
one messenger per cell, the genes belonging to the levels of 0.1 and 0.5 mRNA per cell will be
considered as transcription leakage. This is not true for complex tissues consisting of several cell
types. If 10% of cells represent one type some functional genes may have only 0.1 mRNA per
cell of whole tissue. The basic differences among the models are the level of expression (leakage)
for genes that are not functional in the given cell type and partition of housekeeping and tissue-
specific genes between low (five mRNAs on average) and moderate (30 mRNAs on average)
levels of expression.

Model 1 represents the case with a gap between the expression level of the functional and
the nonfunctional (leaky) genes. In models 2 through 4 the gap is progressively eliminated.
Consequently, less than 1% (in model 1) or up to 15.2% (in model 4) of eDNA clones represents
genes without function in the given cells, assuming a total of 112,000 genes, of which 12,000
are housekeeping and cell type specific genes. If the number of genes is 150,000 and if model
4 turns out to be con'ect, then up to 20% clones may represent genes non-specific for the given
cells.

Leakage prevents the discrimination of active and inactive genes, but it offers an
opportunity to define the catalog of all genes without analysis of all tissues. If 100,000 clones
are screened per tissue, then 79-86% of functional genes will be represented with at least one
clone. (For 200,000 clones, the range is 91-97%. The percentages are calculated by summing
number of genes in 10s or 2 x 10_ clones for the four highest expression levels and dividing by
12,000). By analyzing 10 cell types (a total of one million clones), most of the housekeeping
genes will be recognized by occurrence in two or more cell types. A fraction of cell type
specific genes having a few mRNAs per cell (or, due to statistical reasons), will be represented
with one clone and can not be discriminated from non-functional genes. Furthermore, 14% in
model 1 (1 - [120 x 0.6 + 180 x 0.99 + 50]/350) and 16% in model 3 (1 - [240 x 0.76 + 60
+ 50]/350) of tissue-specific genes will not be found in 100,000 clones. On the other hat, _, 30,
54 and 77% of the genes which do not function in any of the 10 analyzed tissues can be found
in models 2, 3, and 4, respectively (the calculation is done by the formula described in the
footnote to Table 1 where g = 109,000 and c is 10 times the total number of clones in the library
of 100,000 clones, which are expected to represent genes from the 0.1 and 0.5 mRNA-per-cell
levels).

If 10,000 clones are screened per cell type, only 27% in model 4 and 38% in model 1 of
housekeeping and cell type specific genes will be found in one library. Most of the genes from
the 5- and 30-mRNA levels will be represented by a single clone and can not be discriminated
from inactive genes. Furthermore, the number of clone,; representing one gene will be a very
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inaccurate measure of its expression level due to statistical factors. Cell type specific and
housekeeping genes can be potentially distinguished if 30-40 cell types are analyzed. Thus, by
screening a small number of clones per cell type, the majority of cell type specific genes will not
be found or recognized, and the expression level can not be determined accurately for most of
the genes. To be able to obtain these two types of data, 200,000 or more clones have to be
analyzed per cell type if any one of the models is correct and if ordinary libraries are used.

The only differences between cDNA libraries of a cell type and a complex tissue is the
reduction of clone frequency for genes specific for one cell type in the tissue. In this case, tissue
specific genes having a few mRNAs per cell of one cell type may not be possible to discriminate
from the leaky genes. The models allow calculation of the expected clone redundancy and the
expected number of genes, which will be represented by a certain number of clones if a given
number of clones is analyzed per tissue of known complexity. We are planning to develop a
program to test the influence of particular variables and to assess the agreement between
experimental and expected results.

2. Biological, Technical and Statistical Reasons Impose Screening Several Million cDNA Clones

The data collected by screening random cDNA libraries allow, in principle, the
identification of tissue-specific genes and an estimate of their expression levels. The accuracy
of the f'mdings depends on various biological, statistical, and technical factors that influence the
preparation and screening of cDNA libraries. The impact of statistical factors and transcription
leakage can be anticipated by the described models. A few other biological facts can be taken
in consideration. Cryptic promoters or transcription termination sites probably exist.
Furthermore, incomplete splicing (small introns remain in some mRNAs) or trans-splicing
(17-19) can occur. More than 2 Gb of non-coding sequences and hundreds of thousands of
primary transcripts per nucleus can produce enormous numbers of "new genes" by very rare
transcription or splicing errors. It is not impossible that 20% of the mRNAs representing
thousands of genes or "gene like" sequences can be present in a cell without function in that cell
or in any other cell. The cells will waste much less energy for this level of error than for the
transcription of intron sequences and the number of proteins for any of these unnecessary
mRNAs will be below the level which can influence cell functions.

Technical problems in library preparation (contamination with genomic DNA or external
mRNAs or DNAs, chimeric clones, false primed clones) and in library screening (deletions or
recombinations during clone amplification or PCR, cross-talk of the wells, external contamination,
sequencing or hybridization errors) will add further uncertainty in the meaning of the data. By
summing the expected levels of all these types of error, we estimate that up to 30% of the cDNA
clones in a library can be artifacts or can represent genes nonfunctional in the given tissue. The
screening of large sets of clones from various tissues is one possibility that will discriminate
between artifacts and real genes or between functional and leaky genes. It may be necessary to
consider only clones found at least twice. This requirement will increase the number of clones
to be screened several-fold.

Can normalized libraries help? The two highest expression levels represent more than
50% of the clones, and in normalized libraries these genes will be represented by a significantly
smaller fraction of clones. The average clone redundancy can be reduced up to twofold. Our

preliminary screening of 10,000 clones showed a reduction in the number of redundant clones
from 40% in the ordinary library to 20% in the normalized infant brain library (12) constructed
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by Bento Soares (Columbia University). On the other hand, very rare transcripts (comprising
2-10% of the mRNAs, which may represent transcription leakage) can be found in the
normalized libraries by screening 5- to 10-times-smaller number of clones.

The basic disadvantage of normalized libraries is the loss of information about the
expression level of genes. This information can not be determined by genome sequencing.
Because of this loss, and a relatively small saving in the number of clones, fully representative
cDNA libraries can be more important than normalized libraries. Standard methods of preparation
of cDNA libraries can introduce a bias for very short and very long mRNAs because of a narrow
cDNA size selection or a reduced transformation efficiency, respectively.

Even in a perfectly normalized library, 10 gene equivalents have to be screened to find
the last percentage of genes. To find genes having low levels of expression, and especially to
find them twice, as many as 100 gene equivalents (10 million instead of one million clones) may
be necessary.

3. Massive Clone Screening by Oligonucleotide Hybridization

To implement DNA screening, mapping, and sequencing by oligonucleotide hybridization,
we have developed facilities with a present capacity to score 8-32 probes (6-12 bases in length)
per day on 30,000-120,000 DNA fragments spotted on nylon membranes (14,15,20). Procedures
for the high throughput clone arraying, amplification, and spotting have been developed (S.
Drmanac and R. Drmanac, in preparation). The procedures involve arraying genomic or cDNA
clones (prepared in M13 or plasmid vectors) in multi-well plates (96, 384, or 864 wells) by
picking plaques or colonies, or by dispensing in the wells an optimally diluted transformation
mixture. Replica plates of the master plates are prepared by transferring 2 lal of the cultures in
the wells filled with 100 I11of water. An array of metal pins is used to transfer liquid from all

': wells simultaneously (instead of row by row using a multichannel pipet).
In the next step, cloned inserts are amplified by PCR directly from the bacterial cultures

without DNA isolation. PCR mixture is dispensed in the wells and 1 lal of each of diluted
cultures is transferred by pin array into the corresponding wells. BioOvens (BioTherm, Fairfax,
Virginia) are used for cycling six plates in parallel (14). Many parameters are optimized to be
able to routinely produce 20 ng of 2-kb clones per 1 lal of PCR reaction in 90% of the cases
(Fig.l).

Amplified DNA is used to prepare high-density dot blots. We have defined conditions
to prepare well-defined dots using an array of metal pins 0.3 mm in diameter. Interestingly,
DNA can be spotted without removing the oil usually used to prevent the evaporation of PCR
reaction mixtures. Membranes (15 x 23 cm, four 96-well plates) with 31,104 dots (4 x
[(9x9x96)]) are routinely prepared using a Biomekl000 XYZ table (Beckman, Fullerton, CA).
Several hardware modifications of the station have been made and specific software has been

developed (I. Labat et al., unpublished results). Up to 100 replica membranes can be prepared
from 15-1Jl PCR reactions.

Membranes are hybridized with (N)0_E(B)6..lo(N)0_ 2 probes (N, degenerated positions; B,
specific base positions) at 12 °C using 4 pM to 5 nM probe concentrations, and are washed for
20 min to lh at 2-20 °C, depending on the length and GC content of the probes (15). Each filter
is hybridized in a separate box with outlets for pumping out washing buffer. A setup which has
four boxes fixed to a cooling plate and mounted on a shaker is presently in use. Filters can be
reused over 50 times. The intensities of the hybridization signals are determined by our image



analysis program (DOTS) (20) from the files of pixel values generated by a Phosphorlmager
(Molecular Dynamics, Sunnyvale, CA). One dot span is covered by 30 pixels. Examples of very
different patterns obtained with two probes scored on one array of cDNA clones are shown on
Figure 2. The zinc finger consensus probe shown in this example demonstrated the possibility
of defining a subset of genes that may encode specific protein motifs.

4. Recognition of Highly Similar cDNA Clones by Comparing Hybridization Signatures

Recently we developed user friendly software (SCORES) based on X windows (N.
Stavropoulos and R. Drmanac, unpublished results) for data evaluation and normalization and for
comparison of the generated oligonucleotide sequence signatures (OSS) (21). Instead of a less
precise 0/1 scoring scheme, properly normalized hybridization intensities (scores) are used
(R. Drmanac et al., in preparation). OSS of the pairs of dots prepared in two independent PCR
reactions from the same master clones are presented on Figure 3. The scores of a particular
probe are very similar for the pairs of dots except in a few percent. For example, dot (7,75) has
score of 1 and corresponding dot (7,78) a score of 14 with probe F9. Possible reasons are dust
or the shadow of the strong surrounding dots, especially if a dot has a small amount of DNA,
which is the case for this dot (7,78); its relative mass is only 9.

Similarities of clone signatures are defined by calculating the distance parameter (Fig.4).
The distribution of the distance values for identical and random clones is shown. There is a

significant separation of the two classes of pairs, which allows accurate identification of identical
and similar pairs in a large set of clones. A. Milosavljevic (personal communication) motivated
by the success of our score-based distance calculation procedure, has developed rank scaling of
hybridization intensifies and a different procedure for OSS comparisons. Also, we have defined
an additional way to measure the similarity of the clone signatures (R. Drmanac et al., ini,

preparation). In this approach, the number of probes which have significantly similar scores for
the given pair of clones is defined. The evaluation of the advantages and limitations of these
approaches is in the progress.

Clones with significantly small distances are grouped (clustered) together. The result
obtained by the clustering procedure applied on the data from a test experiment is presented in
Table 2. For this test every clone was spotted twice. Clones having low mass and an
insignificant number of positive scores (in this case less than 4) were eliminated from the
comparisons. In this small set of 876 clones, 744 genes are represented (15% of the clones are
redundant). We confirmed by restriction mapping (Figure 5) that clusters consist of similar (not
identical) clones in the majority of cases. The differences among the similar clones can not be
explained by variation in clone size only. These clones represent either highly similar members
from the gene families or altematively spliced (or maybe trans-spliced) messengers. In the
clustering procedure used, clones which differ up to 30% in size (or have 30% m i.e., a few
exons of non-corresponding sequences) are recognized as significantly similar.

5. A Scheme for Gene Analysis by Combining Partial SBH and Single-Pass Gel Sequencing

Approximately 100,000 human cDNA clones have been sequenced from one or both ends
by single-pass gel sequencing (at a cost of about $3 million). Screening one million clones
probably can not be done in less than five years. If the reads are 300 bp on average, 600 Mb
will be produced (twofold coverage of the expected 300 Mb of expressed sequences). By a very



rough estimate based on the described models, we expect that less than 80% of the genes will
be found. For most of them, only one piece will be determined, and it will be difficult to define
the relationships of these tones and to identify artifacts. It is unlikely that more than a half a
million cDNA clones from _he all other organisms will be end-sequenced in the next five years
using presently available resources.

The described partial SBH approach is very cost- and time-effective. With our existing
facilities, half a million clones can be analyzed in one year with 200 probes for less than $1 per
clone of total cost. Further automation of the clone-managing and probe-labeling procedures, and
particularly hybridization steps can increase the screening throughput to two million clones per
year (Intelligent Automation Systems, Boston, MA, is constructing a machine to automatically
operate 24 boxes which would have a daily throughput of 3 million clone/probe scores). The
types of data expected from large-scale screening and the types of probes planned to be used are
listed in the Tables 3 and 4, respectively. We recently have screened 20,000 cDNAs from the
mentioned human brain libraries with 260 probes, and data collection for an additional 40,000
clones is in process.

Partial SBH information is distributed over the whole insert and allows an estimate of the

overall similarity of clone sequences. A smaller number of false positive or false negative clone
matches is expected than if the comparisons are based on end sequences only. Also, 200 probes
provide enough information to match the signatures with corresponding known gene sequences
(unpublished results, 22). Because it is possible to screen several millions of clones in a few
years, comprehensive gene catalogues with estimated expression levels for most of the genes in
the analyzed tissues can be established. The enormous throughput can allow the elimination of
artifacts by counting only cases represented by at least two clones. The main disadvantage of
partial SBH based on a small number of probes is impossibility of translating OSSs into protein

_ sequence. Significantly long stretches of amino acids can be defined if 1000 or more probes are
scored.

Data collected by SBH screening can be useful in several ways. Representative clones
can be used as probes for gene mapping by FISH or by screening YAC, BAC, or cosmid
libraries. In addition, a minimal set of representative clones (one gene equivalent) can be spotted
on membranes for screening by genomic probes (e.g., cosmid or YAC clones) or by mRNA
populations expressed under various physiological conditions. This can simplify the identification
of genes for genetic diseases.

Complete gene sequencing can be rationalized and significantly accelerated. First of all,
representative clones from the new families can be selected for complete sequencing. The
molecular genetics will benefit enormously from the studies of the new gene families. The family
of homeobox genes is a suggestive example. The complete sequencing of long mRNAs will be
facilitated by selecting displaced clones from the defined contigs.

In addition to cDNA screening, partial SBH with less than 1000 probes (5) and single-
pass gel sequencing can be combined to provide inexpensive overviews of genomic sequences
(15,20). Resolution of fine genome structures and the identification of genes and their probable
functions are anticipated (5,8,15,20). Partial cDNA and genomic sequences from a few species
can be generated to the end of this century for a half of the cost required to sequence the human
genome completely. A "partial sequences first" approach gives an opportunity to practice
"sequenetics" on the present level of development of sequencing techniques. An inexpensive full
sequencing (15,20) and routine individual resequencing by next-generation methods (multiplex
sequencing (23), directed sequencing by modular primers (24), capillary electrophoresis, mass



spectrometry (25), and fast SBH by compact arrays called "sequencing chips", reviewed in refs.
8 and 15) will further improve the accuracy of the predictions and extend the field of the genetic
discoveries achievable by comparative sequence analysis.
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FIGURE LEGENDS

Figure 1. cDNA inserts amplified by PCR. Row A from four 96-weUplates is tested on an agarose gel by
loading 3 lal from each well. One to two inserts per row (15% on average) give very weak or invisible bands.
Tfl polymerase (Epicentre Technologies, Madison, WI) which gives under our conditions better yield than
AmplyTaq (Perkin Elmer, Norwalk, CN) was used. The superiority of Tfl has been demonstrated by D. Grujic
and R. Crkvenjakov (personal communication).

Figure 2. Hybridization patterns of two 7-mer probes with 7776 cDNA dots. Images represent one quarter of a
filter (Gene Screen, NEN, Boston, MA) containing 31,104 dots. Caids are superimposed by our image analysis
(DOTS) program. The first image is obtained by a coding-specific probe NNTGATGGTN, and the second by a
zinc finger consensus probe (G,A)AAGCCNTI'C. Hybridization conditions (15, 26) are not full-match-specific in

' the case of the zinc finger probe.

Figure 3. Oligonucleotide sequence signatures. The column labeled "Relative Mass" represents relative
hybridization intensities obtained by a probe complementary to the coamplified vector sequence (mass probe)
with dots containing DNA in comparison to the average signal of intentionally created enipty dots. Columns
1-20 represent a subset of probes hybridized to one filter. Below the column number, the hybridization date and
probe name are specified. Each row represent hybridization score values obtained with one dot specified by the
row and column number on the filter. Pairs of dots separated by horizontal lines are generated from the same
master clone by repeated PCR. Score values are adjusted for the difference in the amount of DNA using relative
mass values (5). A score value of 1 represents dots with no detectable match.

Figure 4. Distribution of OSS distances for identical and random clone pairs. The histogram is generated by
Histo program (J. Jarvis, unpublished information). The formula for the distance calculation is written under the
histogram. P is number of probes; L and S are the larger and smaller score values obtained by a particular probe
with the given pair of clones. Bars represent how many (specified in some cases) clone pairs have distances
which fall in the given range.

_! Figure 5. Restriction mapping of two clones with highly similar hybridization signatures. Inserts are amplified
by PCR, digested by Alu I and Hae III restriction enzymes, and separated on 2% agarose gel.
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Table 1 Model distributions of genes in six levels of expression in a cell type

Number of mRNAs per gene per cell

0.1 0.5 5 30 200 2000

Model 1

Total genes 1,000 2,000 5,000 6,000 1,000 10

Cell type specific genes 0 0 120 180 45 5

Housekeeping genes 0 0 4,880 5,820 500 5
% Clones 0.0 0.2 6.0 42 47 5.0

% Genes in 105 clones' 2 10 60 99 100 100

No. Genes in 105 clones 20 200 3,000 5,940 1,000 10

Model 2

Total genes 50,000 15,000 7,000 4,000 1,000 10
% Clones 1.3 1.9 9.0 31 52 5

% Genes in 105 clones 2.5 12 72 100 100 100

No. Genes in 105 clones 1,300 1,900 4,500 4,000 1,000 10

Model 3

Total genes 80,000 40,000 9,000 2,000 1,000 10

Cell type genes 0 0 240 60 45 5

Housekeeping genes 0 0 8,760 1,940 500 5
% Clones 2.3 5.9 13 18 58 5.8

% Genes in 105 clones 2.9 14 76 100 100 100

No. Genes in 105 clones 2,300 5,500 7,000 2,000 1,000 10

Model 4

Total genes 20,000 80,000 10,000 1,500 500 20
% Clones 0.7 14.5 18 16 36 14.5

% Genes in 105 clones 3 18 83 100 100 100

No. genes in 105 clones 700 14,000 8,300 1,500 500 20

aThe percentages are calculated by equation 1-(I-I/g) c, where g is the total number of genes
in the given level and c is the number of clones representing these genes.



Table 2 Profile ef a cDNA-screening experiment

Probes 51

Dots: 3456

PCR samples 1728

Control clones 96

Low mass 590 (36%)

Analyzable 1042 (64%)

Less than four hits 166 (16%)

For pairwise comparison 876 (54%)

Single clone clusters 687 (78%)

Multiple clone clusters 57 (3.3 clones/cluster)

Distinct clusters 744 (85% of 876 clones)
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Table 3 Benefits from a large-scale cDNA secreening by oligonucleotide hybridization

1. Catalogs of genes and gene families

2. Tissue and time expression pattern for most genes

3. Compositional features (G+C, Alu, coding capacity,
motifs)

4. Identification of the longest clone for each mRNA

5. Clone contigs for long mRNAs (random priming)



Table 4 Composition of an oligonucleotide set suitable for cDNA analysis

Type No. specified bases No. probes

Coding specific 7-8 40

Alu repeat 8-7 24

Gene domains 7-8 20

Extreme G/C or A/T 7-10 16

Protein motifs 7-9 40

Overlapped 7-8 34

Exceptional 5-6 and 9-15 2_..66

200
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Relat Lv_ 1 2 3 4 3 6 7 g 9 1.0 11 12 13 14 1_ 16 17 18 19 20
Date: Maim 0413 0423 042_ 0427 0428 0429 O430 0_03 0304 0303 0307 030g 0311 0_12 0514 0_17 0319 0321 0324 0_2_
Prc_ee: 7-23 12H lI F24 r] rlO E]0 7-10 7A U21 8(: C8 r9 rll 5H !'37 7-31 7_ 3N E21

Clone..

7. 3} 19 3 l I 2 3 _ 17 9 l I 3 I I 2 I 2 1 3 I 9

7. 6) 12 3 1 1 ] 5 4 18 10 1 3 3 3 2 3 1 2 2 4 1 8
7, 12) 42 7 9 I ] 3 I 4 9 I 4 2 2 I I 7 4 I 7 2 I

7, 13) 32 7 7 1 3 4 2 5 4 1 5 ] 1 2 1 _, 3 _ 4 2 1

"I. 21) 16 3 6 2 1 3 I II ) 3 1 2 ) 1 1 8 ) 1 I 7 I0

7, 24) 12 11 10 ] J 10 2 14 _ 4 2 6 4 2 2 13 4 ] 2 10 13
7. 30) 20 I 1 4 3 1 2 1 _ 1 2 ] 1 ] 2 1 1 I l _ 2

7, 33) 14 2 2 ] 4 1 2 4 6 2 2 4 1 4 2 1 1 1 l 8 ]
7, 39) 3] 3 6 1 2 2 1 3 6 1 1 _ 1 l I 2 1 1 3 3 3

7, 42) 23 3 16 1 2 4 1 3 6 1 2 5 1 1 2 1 1 1 6 3 7
7, 48) 75 ] 1 1 1 1 2 1 1 1 2 3 1 1 8 1 1 1 2 4 2
7, 31) 41 3 1 I I i 5 I I 1 ] 3 3 I I0 1 I ] 4 6 2
7, 37) 38 1 4 1 1 1 1 3 3 6 1 3 3 1 2 2 2 2 3 2 3
7, 60) 13 1 4 3 2 1 2 4 3 5 2 ) _ 4 7 3 2 4 3 2 3

7, 66} 6_ 1 4 1 2 1 1 1 8 1 2 7 8 1 1 1 2 2 24 2 1

7, 69) 60 1 3 1 3 1 1 1 7 1 2 7 8 1 1 1 2 2 24 3 1
7, 73} 24 2 2 1 ) 1) 2 l 5 2 1 1 2 l 4 3 1 2 1 1 20

7, 78) 9 2 2 6 4 7 1 4 5 2 1 1 2 14 3 4 1 4 1 2 6
7, 04) 63 1 1 1 2 2 1 1 1 1 2 5 3 7 2 1 3 1 1 4 1
7, 87) 66 1 3 1 2 2 2 1 1 1 2 4 3 8 3 1 ] I 1 3 3

C,I/
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