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ABSTRACT

INTRODUCTION

Sequence-similarity-based methods have long been a popular, quick way to assign structures to new proteins. The recent/continuing progress in i/ genome sequencing, ii/ sequence analysis techniques and iii/ X-ray determination of protein structures is making this approach ever more effective. Here we have analyzed the sequences of 20 recently sequenced genomes in structural terms. 

Performing a comprehensive analysis of structural domains in organisms from all three domains of life can provide tremendous insight into the evolution of functional pathways, appearance of new structural folds and superfamilies and the gradually increasing complexity of living organisms in general. As a framework, we used the SCOP system, a regularly updated, comprehensive collection of structural domains. We combined the searching methods FastA and PSI-BLAST in order to maximize the number of hits. As we have shown before, this approach is comparable in efficiency to the HMM-based approaches, preferred by some other groups.

Jimmy’s intro

With the increased availability of information from completely-sequenced genomes, mRNA expression, domain fusion, phylogenetic profiles and other experimental data, bioinformaticians no longer have to rely solely on sequence similarity of single genes for tasks such as predicting protein function (Marcotte et al., 1999a), building phylogenetic trees (our paper?, Tekaia et al., 1999; Snel et al., 1999; Teichmann & Mitchison, 1999), and identifying protein pair interaction (Enright et al., 1999).

In particular, Marcotte et al. (1999a) explored the functional relationships of the yeast proteins by combining multiple methods including correlated messenger RNA expression patterns (Eisen et al., 1998), correlated evolution using phylogenetic profiles (Pellegrini et al., 1999), and patterns of domain fusion (Marcotte et al., 1999b).

On the other hand, Enright et al. (1999) uses sequence comparison and fusion (composite) proteins to identify protein-protein interaction / gene-fusion events in complete genomes.

Despite the extensive analyses, one area remains relatively unexplored, that is the use of three-dimensional structures for the investigations. The three-dimensional structure of a protein is more closely related to the function of protein 

Researchers have commented on difficulty from using structure for such analyses, because (1) only fraction of the proteins have determined structures and (2) structures are depending on the cellular environment, dynamics, and energetics (Sali, 1999).

“the functional details that can be extracted from structure but not from sequence often depend on the details of that structure in the cellular environment, as well as on its dynamics and energetics, all of which are difficult to obtain by existing experimental and theoretical techniques.”
The above is from the actual text. Is point (2) from the text a good summary for the text?
These difficulties can be eliminated by using the Structural Classification of Proteins. Release 1.39 (SCOP). Not only does it contain almost 8,000 PDB Entries and over 18,000, but it also provides the structural relationships between the proteins using manual and automated techniques, 

We analyzed the genomes of the 20 recently sequenced organisms in structural terms. Performing a comprehensive analysis of structural domains in organisms from all three domains of life provides tremendous insight into the functional pathways and the gradually growing/increasing complexity of the living organisms.
APPROACH -- fold assignments and organisms

We compared the amino acid sequences of the structural domains in the latest version of the Structural Classification of Proteins, SCOP 1.39 to the sequences of the listed 20 genomes. We used a combination of two popular methods, FastA and PsiBlast. As for psiblast, we used the method in two different ways: at first we 'trained' the profiles for each domain sequence in SCOP 1.39 running them against the 90% non-redundant protein database, nrdb90, until convergence (or for 10 iterations, whichever event occurred first), then ran the trained profiles against each of the 20 genomes. Second, we ran the untrained sequences of the SCOP domains against the 20 genomes, allowing again ten iterations. The combination of the two approaches e.g. for C.elegans produced at least one match for 4558 ORFs of the 19099. Adding the matches produced by FastA resulted in only 30 additional ORFs, amounting to the total number of 4588 ORFs. 

Table_Species shows a list of the 20 organisms and their phylogenetic classification. They represent all three domains of life (Archaea, Bacteria and Eukaryota). 19 of the 20 are single-cell organisms,  one of them a eukaryote (yeast), with their genome size varying from 479 (M.genitalium) to 6218 ORFs (yeast). The only metazoan of the 20, C.elegans has 19099 ORFs identified, as shown in Table_Coverage.

RESULTS


Table_Coverage also lists the number of the ORFs in the 20 genomes that have at least one match with one of the SCOP domains, and also the ratio of these numbers and the total number of ORFs for each genome. This latter value varies between 17.8% (for the Lyme-disease agent B.burgdorferi) and 34.6% (for Mycoplasma genitalia). It is worth to note that this number for Mycoplasma is only slightly less than the one predicted by Huynen et al (37%), inspite of the fact that we used about 100 times stricter parameters, which highlights/asserts the limitations of the current sequence-homology based prediction methods, notably Fasta and PsiBlast.

Table_Coverage also lists the total number of amino acids in the genome covered by the matches and the extent to which the matches cover the whole of the proteome (the ratio of matched and total number of amino acids, in the last column). This value is surprisingly low, only about 14% for yeast and worm. However, we didn't consider here the transmembrane proteins, which have been shown a significant presence (according to conservative estimations about 30% of the total number of ORFs have transmembrane helices) in both of these organisms.

Another possible explanation is that these organisms have the highest number of new, so far unknown folds, or that their sequences diverged beyond recognition. 

In any case, even the ‘most covered’ organism, M. thermoautotrophicum has only slightly more that one fourth (27%) of its amino acids (and ORFs) covered by known folds, leaving much room for either improvement in the structure prediction methods or discovery of new protein structures.

Table_AllMatches lists the 40 most frequent folds (Part A) and the 40 most frequent superfamilies (Part B) in the total of the 20 genomes (for a complete list of occurrence of all the folds and all the superfamilies in the 20 genomes see the WEB-site http://bioinfo.mbb.yale.edu/genome). Four of the first 5 most abundant folds are present in all the 20 genomes, however the 2.1 immunoglobulin fold is missing from several microbes. 16 of the 40 most frequent folds belong to the alpha/beta fold class, while the other fold classes are represented here only by 3-6 folds. In Part B the 40 most frequent superfamilies follow the same pattern of occurrence for the (show the same distribution for the) fold classes, however the order of the different superfamilies differs significantly from that of the folds. E.g. the most frequent fold is the 4.34, with 1426 occurrences in the 20 genomes (see the last column in Table), but the most frequent superfamily is 3.29.1, while the 4.34.1 superfamily occurs only 884 times in the 20 genomes. The reason for this anomaly is of course the breakdown of the 4.34 fold into several superfamilies in SCOP. The same is true of the 3.1 TIM-barrel fold, which occurs 858 times altogether in the 20 genomes, but the most abundant superfamily of the TIM-barrel fold, 3.1.5, is present only 233 times. The fifth most abundant superfamily, the EGF/Laminin (7.3.9) is mostly present only in C.elegans but curiously it also occurs once in three pathogen microbes, B.subtilis, M.pnumoniae and B.burgdorferi. 

Table_Duplications shows the level of duplication for the 20 organisms both in terms of folds (dividing the total number of domain matches by the number of different folds identified in each organism) and in terms of superfamilies (dividing the matches by the number of different superfamilies). Not too surprisingly, the highest number of folds, 248 (checked, Hedi), were found in the worm, followed quickly by the most-studied microorganism, E.coli, with 233 folds, yeast comes only third with 215 identified folds. What is more, E.coli has among all the genomes the highest number of superfamilies, 308, followed by the worm, with 306 superfamilies.. However, these values translate into/correspond to different levels of duplication, C. elegans having far the highest value, 31.5, with yeast coming second with a significantly lower level, 10.9, followed by M.tuberculosis with the value of 8, and E.coli with the fold duplication level of 6.9. (Should we have a graph, showing the number of ORFs, folds, duplcation level?)

Table_ClassSummary shows the total number of matches and the average occurrence of the folds (part A) and superfamilies (part B) in the different structural classes for the 17 microbial genomes, E.coli, yeast and worm. One can look at this table as a breakdown of the duplication data in Table_Duplications into structural classes. For example in E.coli the most duplications occurred in the alpha/beta fold class, with an average representation of 11.69, rendering this the most important structural class in E. coli, in contrast with the all-alpha and especially the Small class, which are represented on a 3.40 and 2.0 fold duplication level, respectively. In the worm an opposite trend is obvious/apparent: both alpha/beta and alpha+beta fold duplication levels are below the average value of 32.26 for C.elegans (24,38 and 18.5, respectively), while the all-beta and Small folds are above it (40.2 and 99.4, respectively), for the Small folds a more than 3-fold increase compared to the average. It is worth noting that the alpha+beta class is underrepresented in all genomes.

We paid special attention to the analysis of the multidomain proteins in the 20 genomes. Table_GenomesSingleMultiRep shows the distribution/breakdown of the matched ORFs into singledomain, multidomain, tentatively multidomain and repetitive proteins (for the definition of the different categories see the). As it is described in the Caption to the Table, we considered an ORF with a single match with a domain a tentatively multidomain protein if it was long enough to accommodate another (so far unidentified) domain. A protein is called repetitive if it was found to match the same type of domain only, but several times. As it is clear from the table, most of the 20 genomes have approximately the same number of single and tentatively mutidomain proteins, except for the yeast and the worm, where a protein is about twice as often tentatively multi- than singledomain. In C.elegans, only about one fourth (1161 of the 4568) of the proteins are singledomain, about the same ratio applies to the yeast (389 of the 1701). Another anomaly between these two eukaryotes and the 18 microbes appears (is apparent) in the higher relative numbers of the repetitive proteins compared to the multidomain ones: while these two values in both the worm and the yeast are comparable (826 multidomain vs. 625 repetitive proteins, and 229 vs. 209, respectively), in the microbes there are many less repetitious than multidomain ones (usually less than half, e.g. in E.coli it is hardly more than 25%, 248 vs 66, in H. influenza it is 100 vs. 33, etc.).

The increasing complexity of the higher organisms is also apparent in their tendency to have more complex and longer multidomain proteins. To illustrate this, in Table_MostComplex we listed the longest (in terms of the number of matched domains) multidomain and repetitive proteins for each of the 20 organisms. The longest multidomain protein of all is in the worm, with a total number of 61 domains, whereas the longest repetitive protein was found in M. thermoautotrophicum with 88 repeats of the 4.34.1 superfamily. This superfamily probably plays a particularly important role in this organims, as it was found an amazing 570 times in its genome (Table_AllMatches Part B).

Figure_MostCombining lists the folds that have the greatest number of folds combining with them in multidomain proteins in the 20 genomes. Part A lists the most commonly recombining folds for the total of the 20 genomes, Part B list the most common recombiners for the individual genomes. Interestingly, for the total of 20 genomes the top recombiner fold is the alpha+beta Ferredoxin-like fold (denoted D034 in the Figure), combining with 45 different folds. Although in several microorganisms (B.sub, A.aeo, M.the) this is the top recombiner, in C.elegans, yeast and E.coli it comes only as 7th, 2nd or 3rd in the line, respectively. In the worm, the most commonly recombining fold is the P-loop containing NTP hydrolase (C029 in Figure), combining with 24 different other folds, followed closely by the protein kinase fold (M001), combining with 23 different folds. In contrast, in E.coli the protein kinase fold occurs only once as a single match (not shown in Table IV) but it has already a significant presence in yeast, occurring in combination with 7 different folds.

Table_CouplingPatterns shows the superfamilies that combine with one or more superfamilies in a conserved fashion. We indicated with a star (*) when there is a mutually exclusive pattern between two combining superfamilies: that is, when two superfamilies in the genomes they are present always combine with each other only. From the rest of the patterns in the table we can draw an interesting conclusion: if a superfamily always occurs only in combination with one or more superfamily in a unidirectional way, it is plausible to assume that this superfamily in question occurred later in evolution than the one that occurs also in combination with other superfamilies. This assumption is supported by the difference in the number of different types of superfamilies with such a behavior: while there are 11 all-alpha superfamilies (1.100.1 to 1.9.1) in the table always occurring with some other superfamilies (interestingly, with either an all-beta or a mixed alpha-beta structure, never with another all-alpha one), there are only 5 alpha/beta structures that occur with other superfamilies in a unidirectional fashion (3.14.3 to 3.5.4 in the table), and three of them occur with other alpha/beta superfamilies. (It is worth noting that the total number of alpha/beta superfamilies present in any of the 20 genomes is 117, while that of the all-alpha ones is only 97.) As the alpha/beta folds are considered more ancient than the all-alpha ones, this bias in the number of different superfamilies with conserved combination patterns seems to support our hypothesis.

Comparative genome analysis can be also very productive in highlighting the unique features of the genomes, providing important information about their way of action as pathogens and/or a possible approach for treatment concentrating on these unique features. In Table_UniqMicrobialSfams we list a representative for each superfamily present in only one of the 18 microbial genomes compared to one another (leaving out yeast and worm from the comparison). (We also dropped from the Table the E.coli- and Synecocystis-specific hits, these can be found at the aforementioned WEB-site.) As it appears from this list, the majority of these unique superfamilies come from higher organims, often hijacked by the pathogens from their host or even from a virus, like the virally encoded KP4 toxin in C. pneumoniae. It is interesting to note the high prevalence of different toxins in this list, as if these pathogenic microorganims reutilized toxins that proved to be a ‘successful’ strategy already in a different pathogen, such as the Pertussis toxin in H. influenzae or a plant cytotoxin in M.tuberculosis.

CONCLUSION + DISC.

I will work on 1/ this and 2/ on the example of one big multidomain protein analyzed in terms of the structural domains and 3/ on the Figure Captions plus we will meet with Jimmy to get his stuff into the paper.
TABLES

	Aaeo
	Aquifex aeolicus
	Bacteria
	Aquificales
	Aquificaceae

	Aful
	Archaeoglobus fulgidus
	Archaea
	Euryarchaeota
	Archaeoglobales

	Bsub
	Bacillus subtilis
	Bacteria
	Firmicutes
	Bacillus/Clostridium group

	Bbur
	Borrelia burgdorferi
	Bacteria
	Spirochaetales
	Spirochaetaceae

	Cpne
	Chlamydia pneumoniae
	Bacteria
	Chlamydiales
	Chlamydiaceae

	Ctra
	Chlamydia trachomatis
	Bacteria
	Chlamydiales
	Chlamydiaceae

	Ecol
	Escherichia coli
	Bacteria
	Proteobacteria
	gamma subdivision

	Hinf
	Haemophilus influenzae Rd
	Bacteria
	Proteobacteria
	gamma subdivision

	Hpyl
	Helicobacter pylori
	Bacteria
	Proteobacteria
	epsilon subdivision

	Mthe
	Methanobacterium thermoautotrophicum
	Archaea
	Euryarchaeota
	Methanobacteriales

	Mjan
	Methanococcus jannaschii
	Archaea
	Euryarchaeota
	Methanococcales

	Mtub
	Mycobacterium tuberculosis
	Bacteria
	Firmicutes
	Actinobacteria

	Mgen
	Mycoplasma genitalium
	Bacteria
	Firmicutes
	Bacillus/Clostridium group

	Mpne
	Mycoplasma pneumoniae
	Bacteria
	Firmicutes
	Bacillus/Clostridium group

	Phor
	Pyrococcus horikoshii
	Archaea
	Euryarchaeota
	Thermococcales

	Rpro
	Rickettsia prowazekii
	Bacteria
	Proteobacteria
	alpha subdivision

	Scer
	Saccharomyces cerevisiae
	Eukaryota
	Fungi
	Ascomycota

	Syne
	Synechocystis sp.
	Bacteria
	Cyanobacteria
	Chroococcales

	Tpal
	Treponema pallidum
	Bacteria
	Spirochaetales
	Spirochaetaceae


Table 1. The list of the 20 genomes analyzed. The first column shows the 4-letter abbreviation used throughout the paper, the second column contains the full Latin names of the organisms, columns 3-5 describe the phylogenetic classification of each organism.

	Table: Coverage of the 20 Genomes In Terms of AA and ORFs
	

	
	
	
	
	
	
	

	
	ORFs
	AA

	Species
	Total
	Matching
	m/t
	Total
	Matching
	m/t

	aaeo
	1522
	528
	34.69%
	482512
	117109
	24.27%

	aful
	2409
	650
	26.98%
	663320
	146750
	22.12%

	bbur
	1638
	292
	17.83%
	432219
	66559
	15.40%

	bsub
	4100
	1121
	27.34%
	1217000
	276684
	22.73%

	cele
	19099
	4586
	24.01%
	8096713
	1137126
	14.04%

	cpne
	1052
	274
	26.05%
	361694
	66160
	18.29%

	ctra
	894
	259
	28.97%
	312553
	60778
	19.45%

	ecol
	4290
	1192
	27.79%
	1363501
	297768
	21.84%

	hinf
	1707
	528
	30.93%
	520930
	126004
	24.19%

	hpyl
	1577
	381
	24.16%
	500616
	89025
	17.78%

	mgen
	479
	166
	34.66%
	174566
	40361
	23.12%

	mjan
	1771
	471
	26.60%
	501793
	93837
	18.70%

	mpne
	677
	178
	26.29%
	237651
	48308
	20.33%

	mthe
	1871
	523
	27.95%
	526205
	144057
	27.38%

	mtub
	3924
	1200
	30.58%
	1335687
	292155
	21.87%

	phor
	2064
	461
	22.34%
	568544
	97276
	17.11%

	rpro
	837
	265
	31.66%
	280233
	60912
	21.74%

	scer
	6218
	1701
	27.36%
	2906890
	435006
	14.96%

	syne
	3168
	882
	27.84%
	1119717
	196074
	17.51%

	tpal
	1031
	253
	24.54%
	350676
	59060
	16.84%


Table 2 (Table_Coverage). The coverage of the 20 genomes by the matches to the SCOP 1.39 domains. The second column contains the total number of ORFs in the genomes, the third one denotes the number of ORFs that have at least one match with one of the SCOP domains. The fifth and sixth column denote the total number of amino acids in each proteome and the number of  amino acids matched by a domain, respectively. The fourth and seventh column contain the percentage value of the matched ORFs and matched amino acids, respectively.

	
	aful
	mjan
	mthe
	phor
	scer
	cele
	aaeo
	syne
	ecol
	bsub
	mtub
	hinf
	hpyl
	mgen
	mpne
	bbur
	tpal
	ctra
	cpne
	rpro
	

	3.29.1
	56
	62
	61
	61
	130
	223
	57
	68
	73
	64
	54
	51
	46
	34
	36
	69
	43
	36
	39
	38
	1301

	4.34.1
	77
	73
	570
	15
	1
	3
	18
	14
	62
	6
	11
	20
	9
	0
	0
	0
	3
	0
	0
	2
	884

	3.22.1
	31
	16
	26
	19
	72
	132
	33
	59
	79
	98
	126
	25
	21
	4
	5
	5
	5
	10
	10
	9
	785

	5.1.1
	2
	3
	2
	3
	129
	454
	1
	13
	1
	3
	15
	0
	1
	1
	1
	0
	0
	3
	3
	1
	636

	7.3.9
	0
	0
	0
	0
	0
	540
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	543

	2.1.1
	1
	1
	2
	0
	1
	452
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0
	2
	0
	0
	462

	3.56.1
	13
	1
	2
	5
	39
	175
	3
	24
	19
	33
	70
	5
	1
	4
	5
	2
	2
	5
	3
	9
	420

	3.53.1
	26
	36
	16
	32
	23
	4
	23
	35
	31
	30
	55
	19
	29
	3
	5
	10
	5
	9
	9
	10
	410

	3.4.1
	34
	9
	43
	18
	21
	28
	26
	20
	39
	31
	42
	11
	6
	7
	36
	4
	7
	5
	4
	9
	400

	3.54.1
	18
	16
	15
	18
	32
	40
	19
	23
	36
	43
	33
	15
	9
	2
	2
	3
	5
	8
	10
	5
	352


Table 3 (Table_AllMatches). The 40 most abundant folds (Part A) and the 40 most abundant superfamilies for the total of the 20 genomes. The number of folds and the number of superfamilies identified in the genomes are listed individually, the last column contains the total sum of folds and superfamilies found altogether in the 20 genomes.

	Table: Fold and Superfamily Duplication Levels
	

	
	
	
	
	
	

	
	Number of
	Duplication of

	Species
	Folds
	Sfams
	Matches
	Sfam
	Fold

	aaeo
	163
	206
	693
	3.36408
	4.25153

	aful
	147
	186
	850
	4.56989
	5.78231

	bbur
	127
	152
	375
	2.46711
	2.95276

	bsub
	208
	276
	1461
	5.29348
	7.02404

	cele
	248
	305
	7806
	25.5934
	31.4758

	cpne
	136
	165
	367
	2.22424
	2.69853

	ctra
	135
	164
	350
	2.13415
	2.59259

	ecol
	233
	308
	1619
	5.25649
	6.9485

	hinf
	191
	244
	713
	2.92213
	3.73298

	hpyl
	152
	193
	495
	2.56477
	3.25658

	mgen
	99
	115
	233
	2.02609
	2.35354

	mjan
	128
	166
	616
	3.71084
	4.8125

	mpne
	102
	119
	304
	2.55462
	2.98039

	mthe
	135
	180
	1250
	6.94444
	9.25926

	mtub
	199
	253
	1592
	6.29249
	8

	phor
	121
	156
	555
	3.55769
	4.58678

	rpro
	136
	162
	355
	2.19136
	2.61029

	scer
	215
	274
	2350
	8.57664
	10.9302

	syne
	199
	256
	1131
	4.41797
	5.68342

	tpal
	124
	151
	350
	2.31788
	2.82258
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Table 4 (Table_Duplications). The duplication levels for the 20 genomes in terms of folds and superfamilies. The second and third column denote the number of folds and the number of superfamilies, repectively, found in the 20 genomes. The fourth column lists the total number of matches (having eliminated the overlapping matches earlier) for each genome. In the last two columns we calculated the fold and superfamily duplication levels, by dividing the total number of matches by the number of folds and superfamilies, respectively, present in that particular genome.

	A/ Total Number And Average Occurrence of the Represented Superfamilies in Each Fold Class in the 
	
	
	
	
	
	

	17 Microbial Genomes, E.coli, Yeast and Worm (from data in ~/u1/all/*_summary_sfams.txt)
	
	
	
	
	
	
	

	
	        All-Alpha
	
	All-Beta
	
	Alpha/Beta
	
	Alpha+Beta
	
	Multi-domain
	
	Small             
	

	
	#Match
	#Sfam
	Avg
	#Match
	#Sfam
	Avg
	#Match
	#Sfam
	Avg
	#Match
	#Sfam
	Avg
	#Match
	#Sfam
	Avg
	#Match
	#Sfam
	Avg    

	17g
	1276
	513
	2.49
	933
	378
	2.47
	5949
	1154
	5.16
	2754
	848
	3.25
	717
	186
	3.85
	79
	59
	1.34

	ecol
	160
	56
	2.86
	182
	45
	4.04
	877
	106
	8.27
	319
	78
	4.09
	81
	16
	5.06
	6
	6
	1.00

	scer
	452
	56
	8.07
	336
	35
	9.60
	824
	88
	9.36
	351
	67
	5.24
	204
	14
	14.57
	187
	13
	14.38

	cele
	1330
	62
	21.45
	1648
	52
	31.69
	1487
	81
	18.36
	1147
	73
	15.71
	602
	14
	43.00
	1790
	22
	81.36

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	B/ Total Number and Average Occurrence of the Represented Folds in Each Fold Class in the 
	
	
	
	
	
	
	

	17 Microbial Genomes, E.coli, Yeast and Worm (from data in ~/u1/all/*_summary_folds.txt)
	
	
	
	
	
	
	

	
	        All-Alpha
	
	All-Beta
	
	Alpha/Beta
	
	Alpha+Beta
	
	Multi-domain
	
	Small             
	

	
	#Match
	#Fold
	Avg
	#Match
	#Fold
	Avg
	#Match
	#Fold
	Avg
	#Match
	#Fold
	Avg
	#Match
	#Fold
	Avg
	#Match
	#Fold
	Avg    

	17g
	1276
	452
	2.82
	933
	306
	3.05
	5949
	830
	7.17
	2754
	687
	4.01
	717
	186
	3.85
	79
	41
	1.93

	ecol
	160
	47
	3.40
	182
	33
	5.52
	877
	75
	11.69
	319
	59
	5.41
	81
	16
	5.06
	6
	3
	2.00

	scer
	452
	45
	10.04
	336
	27
	12.44
	824
	66
	12.48
	351
	53
	6.62
	204
	14
	14.57
	187
	10
	18.70

	cele
	1330
	52
	25.58
	1648
	41
	40.20
	1487
	61
	24.38
	1147
	62
	18.50
	602
	14
	43.00
	1790
	18
	99.44


Table 5 (Table_ClassSummary). The total number and average occurrence of the represented folds (Part A) and superfamilies (Part B) in the six soluble fold classes.

The first row in each part represents the sum values for the total of 17 microbial genomes, except E.coli, yeast and worm, which are listed separately. For each structural class three values are listed: i/ the number of matches, ii/ number of different folds (Part A) and different superfamilies (Part B) present in the organism(s) in question and iii/ the average presence of each structural class, calculated by dividing i/ (number of matches) by ii/ [number of different structural entities – folds or superfamilies - present in the organism(s) in question].

	Distribution of Single-, Multidomain and Repetitive Proteins in the 20 Genomes

	
	
	
	
	

	
	MULTI
	REALSINGLE
	TENTMULTI
	REPEAT

	aaeo
	82
	209
	197
	40

	aful
	102
	257
	240
	51

	bbur
	45
	121
	106
	20

	bsub
	190
	496
	378
	57

	cele
	823
	1161
	1977
	625

	cpne
	54
	108
	98
	14

	ctra
	52
	95
	101
	11

	ecol
	248
	488
	390
	66

	hinf
	100
	245
	150
	33

	hpyl
	61
	156
	139
	25

	mgen
	35
	57
	64
	10

	mjan
	55
	174
	199
	43

	mpne
	36
	63
	67
	12

	mthe
	63
	196
	219
	45

	mtub
	198
	435
	497
	70

	phor
	48
	170
	211
	32

	rpro
	53
	107
	91
	14

	scer
	229
	389
	874
	209

	syne
	123
	346
	361
	52

	tpal
	48
	83
	102
	20


Table 6 (Table_GenomesSingleMultiRep). The distribution of single-, multidomain, tentative multidomain and repetitive proteins in the 20 genomes. 

	Table: Conserved Superfamily Combination Patterns

	
	
	

	Sfam
	Combining_Sfam(s)
	#Occurrence

	1.100.1
	 3.5.4
	20

	1.105.8
	 2.55.1
	15 +

	1.2.1
	 4.19.4
	12

	1.2.4
	 4.26.1
	14

	1.28.1
	 3.29.1
	20

	1.58.1
	 3.17.1
	13

	1.59.1
	 2.37.1 & 3.29.1
	12

	1.75.1
	 3.17.1
	14

	1.76.1
	 3.3.1
	16

	1.79.1
	 3.22.1
	16

	1.9.1
	 2.65.1 & 3.35.1
	10

	2.33.1
	 2.32.3 & 3.29.1
	20

	2.37.1
	 3.29.1
	14

	2.37.2
	 3.1.18
	10 *

	2.44.1
	 3.1.9
	11

	2.55.1
	 1.105.8
	15 ++

	3.1.14
	 4.23.2
	12 *

	3.1.18
	 2.37.2
	10 *

	3.1.6
	 4.32.1
	19 *

	3.14.3
	 3.22.1 & 4.89.1
	14

	3.14.9
	 3.22.1
	14

	3.39.1
	 3.28.1
	14

	3.42.1
	 4.61.1
	17

	3.5.4
	 1.100.1
	20

	4.100.1
	 3.22.1
	17

	4.11.7
	 4.36.1
	14 *

	4.11.8
	 4.78.1
	11

	4.110.1
	 5.4.1
	12

	4.19.4
	 1.2.1
	12

	4.23.2
	 3.1.14
	12 *

	4.28.1
	 3.29.1
	14

	4.29.1
	 4.10.1
	17

	4.29.2
	 3.82.1
	11

	4.31.1
	 3.17.2
	15

	4.32.1
	 3.1.6
	19 *

	4.33.1
	 1.100.1 & 3.5.4
	12

	4.34.13
	 2.32.3, 3.29.1, 4.10.1
	20

	4.36.1
	 4.11.7
	14 *

	4.42.1
	 3.22.1
	19

	4.48.1
	 3.4.1
	19 +++

	4.91.1
	 4.90.1
	12

	5.13.1
	 4.72.1
	17

	5.17.1
	 3.47.1
	17

	5.4.1
	 4.110.1
	12

	
	
	

	* These superfamilies always occur with each other only, in a mutually exclusive way

	+ Besides the combinations in 15 genomes, in C.tra 1.105.8 occurs as a single domain and  

	2.55.1 is missing completely.
	

	++ Besides the combinations in 15 genomes, in M.tub 2.55.1 occurs as a single domain and 

	1.105.8 is missing completely.
	

	+++ Besides the combinations in 19 genomes, in H.pyl 4.48.1 occurs as a single domain and

	3.4.1 occurs as a single domain and also in tandem repeats.

	
	
	


Table: Conserved Superfamily Combination Patterns

	The most complex proteins in the 20 genomes
	
	
	
	
	
	
	

	A/ The longest multidomain proteins in each of the 20 genomes (in terms of number of domains)
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	aaeo
	5
	gi|2982926
	3.4.1*2
	4.34.24
	4.83.1*2
	
	
	
	
	
	

	aful
	6
	AF1274
	3.23.1
	4.89.1
	1.71.1
	3.23.1
	4.89.1
	3.15.1
	
	
	

	bbur
	4
	BB0691
	3.29.1
	2.32.3
	4.10.1
	4.34.13
	
	
	
	
	

	bsub
	7
	PksP
	5.19.1
	(3.83.1 
	& 3.22.1)*3
	
	
	
	
	
	

	cele
	61
	ZK617.1b
	2.1.1*55
	5.1.1
	2.1.1*4
	
	
	
	
	
	

	cpne
	4
	gi|4376841
	3.29.1
	2.32.3
	4.10.1
	4.34.13
	
	
	
	
	

	ctra
	5
	gi|3328868
	3.29.1
	2.32.3
	7.11.1
	4.10.1
	4.34.13
	
	
	
	

	ecol
	6
	carB
	3.23.1
	4.89.1
	1.71.1
	3.23.1
	4.89.1
	3.15.1
	
	
	

	hinf
	5
	HI1478
	1.4.3
	1.4.1*2
	3.47.3
	2.36.1
	
	
	
	
	

	hpyl
	6
	HP0919
	3.23.1
	4.89.1
	1.71.1
	3.23.1
	4.89.1
	3.15.1
	
	
	

	mgen
	4
	MG392
	1.100.1
	4.33.1
	3.5.4
	1.100.1
	
	
	
	
	

	mjan
	4
	MJ1378-C
	1.71.1
	3.23.1
	4.89.1
	3.15.1
	
	
	
	
	

	mpne
	19
	gi|1674136
	3.4.1*18
	4.48.1
	
	
	
	
	
	
	

	mthe
	30
	MTH105
	4.34.1*29
	3.1.7
	
	
	
	
	
	
	

	mtub
	11
	Rv2048c
	3.83.1
	3.13.1
	2.25.1
	3.22.1*2
	1.27.1
	3.83.1
	3.13.1
	2.25.1
	3.22.1*2

	phor
	4
	gi|3258339
	3.29.1
	2.32.3
	4.10.1
	4.34.13
	
	
	
	
	

	rpro
	4
	RP618
	3.23.1
	4.89.1
	2.65.2
	2.65.1
	
	
	
	
	

	scer
	10
	YJL130C
	3.5.3
	3.55.1
	3.23.1
	4.89.1
	1.71.1
	3.23.1
	4.89.1
	3.15.1
	3.66.1*2

	syne
	6
	sll0370
	3.23.1
	4.89.1
	1.71.1
	3.23.1
	4.89.1
	3.15.1
	
	
	

	tpal
	4
	TP0767
	3.29.1
	2.32.3
	4.10.1
	4.34.13
	
	
	
	
	


Table: The most complex proteins in the 20 genomes 

	B/ The longest repetitious proteins in each of the 20 genomes (in terms of number of domains)

	
	
	
	

	aaeo
	4
	gi|2983399
	1.91.8

	aful
	6
	AF1644
	4.34.1

	bbur
	3
	BB0633
	3.29.1

	bsub
	4
	Smc
	1.105.4

	cele
	32
	Y64G10.f
	7.3.9

	cpne
	3
	gi|4377044
	3.29.1

	ctra
	4
	gi|3329087
	3.29.1

	ecol
	3
	yacK
	2.5.1

	hinf
	3
	HI1321
	3.29.1

	hpyl
	3
	HP1553
	3.29.1

	mgen
	9
	MG218
	1.105.4

	mjan
	10
	MJ1303
	4.34.1

	mpne
	10
	gi|1674221
	1.105.4

	mthe
	88
	MTH1241
	4.34.1

	mtub
	3
	Rv3201c
	3.29.1

	phor
	2
	gi|3258419
	3.29.1

	rpro
	3
	RP734
	3.29.1

	scer
	10
	YIL149C
	1.105.4

	syne
	10
	slr2046
	2.1.5

	tpal
	10
	TP0835
	1.91.3


Table: B/ The longest repetitious proteins in each of the 20 genomes 

(in terms of number of domains)

D034  45   A107 A033 A004 B021 B025 B029 B032 B039 B047 B051 B064 C001 C013 C014 C017 C021 C022 C028 C029 C033 C038 C004 C056 C058 C069 C007 D010 D011 D013 D003 D061 D083 D090 D098 M001 M016 M018 M019 S011 S013 S003 S033 S035 S037 S004 

C029  42   A105 A015 A026 A028 A037 A038 A056 A059 A090 A091 B024 B026 B029 B032 B033 B037 B041 B051 B067 C001 C048 C049 C050 C053 C055 C062 C007 D010 D105 D013 D028 D034 D036 D055 M001 M019 S011 S031 S035 S037 S040 S006 

C001  36   A032 A037 A044 B001 B013 B002 B022 B024 B026 B037 B044 B053 B006 B064 B069 C013 C014 C018 C029 C004 C040 C005 C055 C067 D109 D023 D032 D034 D053 D054 D061 D065 D070 D089 D095 S003 

M001  25   A105 A004 A091 B001 B024 B026 B041 B051 B006 B064 C014 C022 C029 C048 C070 D034 D053 D061 D007 S011 S013 S024 S037 S040 S006 

C014  24   A024 A033 A004 A044 A082 A083 A084 B001 B032 C001 C016 C022 C031 C054 C082 D109 D034 D074 D083 D089 D097 M001 M006 S035 

C022  24   A027 A079 A082 A095 B025 B034 C013 C014 C004 C005 C052 C053 C056 C061 C063 C007 C083 C009 D100 D034 D042 D089 M001 M019 

B001  23   A038 A072 B013 B022 B024 B006 B062 C001 C014 C037 C050 C057 C007 D105 D111 D070 M001 M004 S011 S022 S003 S037 S007 

A091  20   A011 A002 A024 A039 B024 B026 B031 B041 B047 B051 C029 C007 C077 D103 D019 D002 D099 M001 S003 S037 

S003  17   A091 B001 B018 B021 B064 C001 C050 D105 D106 D034 D052 D071 M011 S011 S014 S017 S007 

A004  16   A032 A066 B024 B036 B064 C014 C047 C067 C068 D034 D039 D061 D077 M001 S031 S007 

B024  16   A037 A038 A004 A007 A090 A091 B001 B026 B041 B006 C001 C029 D053 D061 D062 M001 

C005  15   A100 A071 B069 C001 C015 C022 C023 C040 C055 C066 C071 D033 D054 D065 D089 

B032  14   A001 A015 A083 B033 C014 C016 C029 C073 D010 D011 D034 D070 M019 S011 

C007  14   A072 A091 B001 B025 B026 B051 B063 C022 C029 C038 D034 D062 D093 D098 

D089  14   A071 A082 B065 B069 C001 C014 C015 C022 C023 C005 C052 C055 C062 C066 

B026  13   A090 A091 B024 B035 B041 B006 B064 C001 C029 C037 C058 C007 M001 

S037  13   A105 A091 B001 B031 B051 C029 C034 D105 D034 M001 M018 S002 S031 

A037  12   A038 A007 A072 B024 B006 C001 C029 D019 D072 D099 S014 S040 

A105  12   A023 A090 B055 C029 D002 M001 M012 M013 M018 S032 S037 S040 

C055  12   A071 B069 C001 C015 C017 C018 C023 C029 C005 C066 D031 D089 

B051  11   A030 A091 B047 C029 C058 C007 D024 D034 D061 M001 S037 

S011  11   B001 B018 B032 C029 D010 D105 D034 M001 S013 S017 S003 

B006  10   A037 A070 A090 B001 B024 B026 C001 D053 M001 S040 

B041  10   A038 A007 A090 A091 B024 B026 C029 D053 M001 S040 

C056  10   B047 C013 C022 C049 C053 C083 D013 D034 M019 S007 

D105  10   B001 B018 B035 C029 C050 S011 S013 S017 S003 S037 

C017  9    A055 A058 A075 B040 C055 D031 D034 D095 S035 

C023  9    A071 B065 B069 C015 C005 C055 C062 C066 D089 

D011  9    B032 B039 C016 C069 D023 D034 D036 D078 D082 

M019  9    A027 B032 C013 C022 C029 C056 C083 D010 D034 

S040  9    A105 A037 A038 A090 B041 B006 C029 D053 M001 

A038  8    A037 A007 B001 B024 B041 C029 D053 S040 

B069  8    A071 C001 C015 C023 C005 C055 C066 D089 

C004  8    C001 C021 C022 C068 D034 D048 D083 D095 

C013  8    A027 B025 C001 C022 C056 C083 D034 M019 

D053  8    A038 B024 B041 B006 C001 C037 M001 S040 

D061  8    A004 B024 B029 B051 C001 C042 D034 M001 

S035  8    A025 C014 C017 C024 C028 C029 D034 D097 

A071  7    B069 C015 C023 C005 C055 C066 D089 

A090  7    A105 B024 B026 B041 B006 C029 S040 

B018  7    C050 D105 D052 S011 S017 S022 S003 

B025  7    A027 B038 C013 C022 C007 C083 D034 

C015  7    A071 B069 C023 C005 C055 C066 D089 

C047  7    A004 B036 C045 C048 M017 M009 S034 

C066  7    A071 B069 C015 C023 C005 C055 D089 

C083  7    A027 B025 C013 C022 C053 C056 M019 

D010  7    B032 C029 D029 D034 D007 M019 S011 

D052  7    A057 B018 B049 B059 C053 S019 S003 

B021  6    A020 D034 D072 M013 M018 S003 

B064  6    A004 B026 C001 D034 M001 S003 

B065  6    A009 B002 C023 C035 D055 D089 

C016  6    A001 A083 B032 C014 D011 D070 

C048  6    A043 C029 C038 C047 D066 M001 

D013  6    B022 C029 C056 D003 D034 D043 

M018  6    A105 A024 B021 D034 M007 S037 

A027  5    B025 C013 C022 C083 M019 

B022  5    B001 B013 C001 D013 D043 

B029  5    A005 A064 C029 D034 D061 

C028  5    C024 C035 C039 D034 S035 

C037  5    A019 B001 B026 C058 D053 

C038  5    A002 A043 C048 C007 D034 

C050  5    B001 B018 C029 D105 S003 

C052  5    B034 C022 C070 C009 D089 

C053  5    C022 C029 C056 C083 D052 

C058  5    B026 B051 C037 C041 D034 

C062  5    C020 C023 C029 C059 D089 

D070  5    B001 B032 C001 C016 D111 

S013  5    D105 D034 M001 S011 S004 

Table: Most Combining Folds
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FIGURE CAPTION

This schematic shows some representative “fold profiles” along with a chart of the abundance of folds of organisms. The first pair of profiles shows two profiles/patterns in which the fold is only present in one genome, while the second pair shows profiles/patterns where the fold is absent from a single organism. The graph of the abundance of folds of organisms can be used to derive more information from the two aforementioned pairs of profiles. It is expected that the organisms with more folds are more likely to have many folds which is unique to the organisms. Therefore, there is greater significance when a fold is only present in an organism with few total folds (bottom of the pair) then when a fold is present in an organism with a larger number of folds (top of the pair). The reverse applied with folds that absent from organisms with a large number of folds (bottom of pair).

The right half of the schematic shows more examples of representative “fold patterns/profiles.” The top shows complementary pattern, in which some organisms have apparently one fold, and the organisms, which do not have that particular fold, are present in another fold. This could suggest that the two different folds have the similar function, and organisms have one fold or another. However, this is less likely as folds are transferred between closely related organisms. What is more possible is complementary pattern in which one clade of organisms have one fold, while the other clade have another, which is shown on the middle right. One such example is when eukaryotes have one specific fold for a specific process (e.g.??) while prokaryotes use another fold for that purpose. The last schematic shows possible evidence for horizontal transfer (top of the pair) and gene loss (bottom of the pair). Horizontal transfer can be observed by seeing one clade of organisms having that fold, and just one member of the other clade having the same fold. It is then possible that the fold is transferred from the dominant clade to the single organism. Gene loss can be observed by seeing most members of the clade having the fold, but one or two organisms do not have the fold. It is possible that the one or two organisms lost the gene through evolutionary processes.

Fold Usage Image
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	Fold A
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	Fold B
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	Fold C
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	Fold D
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Fold M

Fold S




*** First sort on fold class, then on sum of occurs or absent in genomes

and then total percentage value sum

These above images are pictorial representation of the fold data. First, the folds are placed into their fold class. Then, they are sorted horizontally so that the folds that occur in the most number of distinct genomes (e.g. 20) are placed on the furthest right. Because there are many folds that are present in 20, 19 etc number of genomes, they were sorted further internally. The percentage of the genome the fold comprised was calculated for the genomes summed, arriving at the total percentage in all the genomes. This value was used for internal sorting.

The coloring of the block is based on the percentage of the genome the fold comprised. There are four logarithmic increments, 0.0, 0.1, 1, 5, and 100%. Between 0 and 0.1%, the cell was colored white. Between 0.1 and 1%, the cell was color light grey. Between 1 and 5%, the cell was colored dark grey. For folds that comprised of more than 5% of the genome, it was colored black.

As can be seen, Fold C has the most number of folds that is colored black, meaning that is comprised of more than 5% of the genomes, which is significant.

Super Family Usage Image
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	Superfam A
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	Superfam B

	[image: image10.png]




	Superfam C
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	Superfam D
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Superfam S




PRESENT IN A SINGLE ORGANISM

The most obvious pattern is when the fold is only present in a single organism, as shown in the figure. However, from the figure showing the Abundance of Folds or Organisms, we can see that different organisms have different number of folds.

since different organisms have different number of folds, genomes with more folds are expected to have more folds occurrences.
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	Aful
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	cpne
	Mthe
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	mjan
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	tpal
	phor
	Mpne
	mgen

	
	
	3.68
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Present in a single organism

The organisms which have the greater number of folds would be expected to have more unique folds, which are not present in the other organisms. Such a trend is consistent with our findings. Cele has the most number of unique folds, with 17, followed by Ecol, with 5, then Scer, with also 5, followed by Bsub, Mtub, Syne, and Hinf, with 3,2, and 2 unique folds respectively. Therefore, the most interesting unique folds are in organism which have smaller number of total folds. For the sake of simplicity, the 20 organisms are divided into two subsets, the top ten organisms with the greatest number of folds and the lowest ten. Therefore, the unique folds are in the bottom ten organism. The folds are listed as follows:

LISTING

Unique folds in a genome with few folds

	Mpne
	1.95
	Ligand-binding domain of nuclear receptor

	Phor
	2.19
	Osmotin, thaumatin-like protein

	Bbur
	2.23
	Rieske iron-sulfur protein (ISP)

	Mjan
	7.2
	Toxic hairpin

	Mthe
	3.4
	FAD/NAD(P)-binding domain

	Cpne
	3.68
	Rhodanese


ABSENT FROM A SINGLE ORGANISM

	cele
	ecol
	scer
	bsub
	mtub
	syne
	hinf
	Aaeo
5.8


	hpyl
	aful

	rpro
3.45

3.13


	cpne
	mthe
	Ctra
	mjan
	bbur
7.12

4.54


	tpal
1.83


	Phor
4.42


	mpne
	mgen

4.82

5.15




missing folds in CE 

	Aaeo
	5.8
	Sugar phosphatases


In the same way that organisms with larger number of folds are expected to have more unique folds, they are also expected to have fewer folds in which they are the only organism missing the specific fold, as illustrated in the SCHEMATIC. Again as expected, the genomes in the lower ten would have more folds missing only from the specific genomes. There are 8 such total folds in the bottom ten organisms. Furthermore, as predicted, there are few such folds in the top ten organisms. Only one such fold is present --  Aaeo having fold 5.8, which is a sugar phosphatase.

COMPLEMENTARY PATTERN
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From the analysis, there are actually very few examples of perfect complementary patterns and the ones observed are only different by less than 3 genomes.

Thus the ones observed are mostly a result of chance.

SINGLE CLADE ( COMPLEMENTS )

CLADES

	EU
	EU + ARCHAE
	NO EU + ARCHAE

	1.14

2.39

5.1

1.48

3.6

5.12

1.91

3.67

5.9

1.98

4.2

7.35

2.1

4.4

7.4

2.11

4.41

2.38

4.95


	4.35

1.3


	1.46

2.3

4.103

1.38

1.88

5.4



	NO E + S
	
	NO E + A + AQ

	2.66


	
	1.6



	NO M + S
	NO E + A + M
	NO E + A + MG

	2.49

2.18


	3.78

2.37

1.33


	7.15



	
	
	NO S + C + M

	
	
	1.27

3.35

3.81




The above shows a summarized schematic with the fold patterns that is present in different clades in the data. What is most interesting are the eukaryotic only folds, which is shown in the EU box. Another possible interest are folds that only eukaryotes and archae have, which is shown in the EU + ARCHAE box, which can be compared with the NOEU + ARCHAE, which means that these folds are not present in EU but present in ARCHAE. The significance of these findings are to be expanded upon. The other potential patterns are less interesting.

HORIZONTAL TRANSFER / GENE LOSS
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Fold and foldpairs figure with analysis

http://bioinfo.mbb.yale.edu/genome/20genomes/data/folds.data.txt

http://bioinfo.mbb.yale.edu/genome/20genomes/data/foldpairs.data.txt

http://bioinfo.mbb.yale.edu/genome/20genomes/data/sfams.data.txt

http://bioinfo.mbb.yale.edu/genome/20genomes/data/sfampairs.data.txt

TREES

Traditional 20 Genome Tree
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The above is the tree based on the sequence similarity of the small ribosomal subunit, which is the traditional method of generating phylogenetic trees. This is used as a comparison for the trees generated in this survey, as it is the most accurate tree to date.
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The above shows a comparison of using fold and using superfamily data of the 20 genomes for tree construction. As seen above, the superfamily tree provides a tree that is much closer to the traditional tree. Although close topology is similar, but the superfamily tree places the archea closest to the eukaryotes. However, there is still misplacements in the tree caused by what we believe to be effects of the differing size of genomes. Later attempts will try to normalize for this size effect.

20 FOLD TREES Using Alternative Distance Methods and KITCH

	[image: image16.wmf]0.1

Aaeo

Syne

Bsub

Mtub

Hinf

Ecol

Scer

Cele

Mthe

Aful

Phor

Mjan

Rpro

Hpyl

Tpal

Bbur

Mgen

Mpne

Cpne

Ctra


	
[image: image17.wmf] 

100

 

hinf

 

phor

 

hpyl

 

bbur

 

tpal

 

rpro

 

mgen

 

mpne

 

cpne

 

ctra

 

aaeo

 

mjan

 

aful

 

syne

 

ecol

 

bsub

 

mtub

 

scer

 

cele

 

mthe

 


	[image: image18.wmf]0.1

aaeo

rpro

cpne

ctra

tpal

bbur

mgen

mpne

hpyl

phor

hinf

aful

mthe

mjan

syne

ecol

bsub

mtub

cele

scer



	DISTANCE – PAUP
	RAW – KITCH 
	PERCENTAGE – KITCH

	[image: image19.wmf]0.1

aaeo

hpyl

rpro

cpne

ctra

tpal

bbur

mgen

mpne

aful

mthe

mjan

phor

syne

bsub

mtub

hinf

ecol

cele

scer


	[image: image20.wmf]0.1

hinf

cpne

ctra

mgen

mpne

bsub

aaeo

syne

rpro

hpyl

mtub

tpal

bbur

ecol

mthe

mjan

aful

phor

cele

scer


	[image: image21.wmf]0.1

hpyl

rpro

cpne

ctra

tpal

bbur

mgen

mpne

phor

aful

mjan

mthe

aaeo

hinf

ecol

syne

bsub

mtub

cele

scer



	HAMMING – KITCH
	SMALL – KITCH
	OCCURRENCE – KITCH


In order to try to normalize for the size effects, different distance measures were used to generate distance matrices, which are later changed to a tree using kitch in the phylip package. This way, we are certain of the distance measure used. We still need to find out the distance measure used in PAUP. The first tree shows the PAUP tree using the presence or absence of folds in the genomes, as previously mentioned. The second was a basic rudimentary test on the data using the most simple distance measure. Instead of using presence or absence, the differing number of folds was incorporated into this measure. Distance between two genomes was calculated by taking the square root of the sum of the square of the different number of folds in the two genomes. There are definitely biases in this method, as the genomes with larger number of folds would be placed much further away from the other genomes, as seen from the placement of Scer in the tree. Therefore, to minimize the effect of the size of the genomes, instead of the differing number of folds, the difference in the percentage of the genome the fold represented was used. Having twos folds in a certain fold in Mgen has more significance than two folds in Cele and can be represented in the percentage value. Therefore, in the third tree, the difference of the percentage values were calculated, squared, and summed. The total distance was the square root of that number. This resulted in a better tree, which was, however, still very different from the traditional tree.

Having found that the distance of multidirectional vectors did not work, a different method was used, that incorporated the shared and non-shared folds. The first distance measure in this attempt was using the Hamming distance, which is expressed as the fraction of unshared characters divided by the total number of characters in the genomes -- i.e.  (A+B-2S)/(A+B), where A and B are the characters in the first and second genomes respectively and S is the number of shared characters between A and B. This resulted in a better tree than the vector distance measures, but was still not as good as the PAUP distance tree. Another distance measure used was one used by Hutenen, Snel, and Bork in the technical comment in science, which used a distance measure based on the number of genes shared between two genomes divided by the number of genes in the smallest genome. However, this distance measure gave a worst tree than the Hamming distance. 

Finally, we calculated the final distance measure using the vector difference method with just 0 and 1 for absence and presence, perhaps a method that PAUP uses. The distance matrix generated was then translated into kitch into a tree. This tree is shown as the last figure. Interestingly, it was very similar distance tree generated with PAUP. Further examination with superfamilies will confirm this hypothesis.
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species.data

		

		Aaeo		Aquifex aeolicus		Bacteria		Aquificales		Aquificaceae

		Aful		Archaeoglobus fulgidus		Archaea		Euryarchaeota		Archaeoglobales

		Bsub		Bacillus subtilis		Bacteria		Firmicutes		Bacillus/Clostridium group

		Bbur		Borrelia burgdorferi		Bacteria		Spirochaetales		Spirochaetaceae

		Cpne		Chlamydia pneumoniae		Bacteria		Chlamydiales		Chlamydiaceae

		Ctra		Chlamydia trachomatis		Bacteria		Chlamydiales		Chlamydiaceae

		Ecol		Escherichia coli		Bacteria		Proteobacteria		gamma subdivision

		Hinf		Haemophilus influenzae Rd		Bacteria		Proteobacteria		gamma subdivision

		Hpyl		Helicobacter pylori		Bacteria		Proteobacteria		epsilon subdivision

		Mthe		Methanobacterium thermoautotrophicum		Archaea		Euryarchaeota		Methanobacteriales

		Mjan		Methanococcus jannaschii		Archaea		Euryarchaeota		Methanococcales

		Mtub		Mycobacterium tuberculosis		Bacteria		Firmicutes		Actinobacteria

		Mgen		Mycoplasma genitalium		Bacteria		Firmicutes		Bacillus/Clostridium group

		Mpne		Mycoplasma pneumoniae		Bacteria		Firmicutes		Bacillus/Clostridium group

		Phor		Pyrococcus horikoshii		Archaea		Euryarchaeota		Thermococcales

		Rpro		Rickettsia prowazekii		Bacteria		Proteobacteria		alpha subdivision

		Scer		Saccharomyces cerevisiae		Eukaryota		Fungi		Ascomycota

		Syne		Synechocystis sp.		Bacteria		Cyanobacteria		Chroococcales

		Tpal		Treponema pallidum		Bacteria		Spirochaetales		Spirochaetaceae





GenomesSingleMultiRepOrfs

		Distribution of Single-, Multidomain and Repetitive Proteins in the 20 Genomes

				MULTI		REALSINGLE		TENTMULTI		REPEAT

		aaeo		82		209		197		40

		aful		102		257		240		51

		bbur		45		121		106		20

		bsub		190		496		378		57

		cele		823		1161		1977		625

		cpne		54		108		98		14

		ctra		52		95		101		11

		ecol		248		488		390		66

		hinf		100		245		150		33

		hpyl		61		156		139		25

		mgen		35		57		64		10

		mjan		55		174		199		43

		mpne		36		63		67		12

		mthe		63		196		219		45

		mtub		198		435		497		70

		phor		48		170		211		32

		rpro		53		107		91		14

		scer		229		389		874		209

		syne		123		346		361		52

		tpal		48		83		102		20





duplications.data

		Table: Fold and Superfamily Duplication Levels

				Number of						Duplication of

		Species		Folds		Sfams		Matches		Sfam		Fold

		aaeo		163		206		693		3.36408		4.25153

		aful		147		186		850		4.56989		5.78231

		bbur		127		152		375		2.46711		2.95276

		bsub		208		276		1461		5.29348		7.02404

		cele		248		305		7806		25.5934		31.4758

		cpne		136		165		367		2.22424		2.69853

		ctra		135		164		350		2.13415		2.59259

		ecol		233		308		1619		5.25649		6.9485

		hinf		191		244		713		2.92213		3.73298

		hpyl		152		193		495		2.56477		3.25658

		mgen		99		115		233		2.02609		2.35354

		mjan		128		166		616		3.71084		4.8125

		mpne		102		119		304		2.55462		2.98039

		mthe		135		180		1250		6.94444		9.25926

		mtub		199		253		1592		6.29249		8

		phor		121		156		555		3.55769		4.58678

		rpro		136		162		355		2.19136		2.61029

		scer		215		274		2350		8.57664		10.9302

		syne		199		256		1131		4.41797		5.68342

		tpal		124		151		350		2.31788		2.82258
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Fold



orf_aa_coverage.data

		Table: Coverage of the 20 Genomes In Terms of AA and ORFs

				ORFs						AA

		Species		Total		Matching		m/t		Total		Matching		m/t

		aaeo		1522		528		34.69%		482512		117109		24.27%

		aful		2409		650		26.98%		663320		146750		22.12%

		bbur		1638		292		17.83%		432219		66559		15.40%

		bsub		4100		1121		27.34%		1217000		276684		22.73%

		cele		19099		4586		24.01%		8096713		1137126		14.04%

		cpne		1052		274		26.05%		361694		66160		18.29%

		ctra		894		259		28.97%		312553		60778		19.45%

		ecol		4290		1192		27.79%		1363501		297768		21.84%

		hinf		1707		528		30.93%		520930		126004		24.19%

		hpyl		1577		381		24.16%		500616		89025		17.78%

		mgen		479		166		34.66%		174566		40361		23.12%

		mjan		1771		471		26.60%		501793		93837		18.70%

		mpne		677		178		26.29%		237651		48308		20.33%

		mthe		1871		523		27.95%		526205		144057		27.38%

		mtub		3924		1200		30.58%		1335687		292155		21.87%

		phor		2064		461		22.34%		568544		97276		17.11%

		rpro		837		265		31.66%		280233		60912		21.74%

		scer		6218		1701		27.36%		2906890		435006		14.96%

		syne		3168		882		27.84%		1119717		196074		17.51%

		tpal		1031		253		24.54%		350676		59060		16.84%





class_summary.data

		A/ Total Number And Average Occurrence of the Represented Superfamilies in Each Fold Class in the

		17 Microbial Genomes, E.coli, Yeast and Worm (from data in ~/u1/all/*_summary_sfams.txt)

				All-Alpha						All-Beta						Alpha/Beta						Alpha+Beta						Multi-domain						Small

				#Match		#Sfam		Avg		#Match		#Sfam		Avg		#Match		#Sfam		Avg		#Match		#Sfam		Avg		#Match		#Sfam		Avg		#Match		#Sfam		Avg

		17g		1276		513		2.49		933		378		2.47		5949		1154		5.16		2754		848		3.25		717		186		3.85		79		59		1.34

		ecol		160		56		2.86		182		45		4.04		877		106		8.27		319		78		4.09		81		16		5.06		6		6		1.00

		scer		452		56		8.07		336		35		9.60		824		88		9.36		351		67		5.24		204		14		14.57		187		13		14.38

		cele		1330		62		21.45		1648		52		31.69		1487		81		18.36		1147		73		15.71		602		14		43.00		1790		22		81.36

		B/ Total Number and Average Occurrence of the Represented Folds in Each Fold Class in the

		17 Microbial Genomes, E.coli, Yeast and Worm (from data in ~/u1/all/*_summary_folds.txt)

				All-Alpha						All-Beta						Alpha/Beta						Alpha+Beta						Multi-domain						Small

				#Match		#Fold		Avg		#Match		#Fold		Avg		#Match		#Fold		Avg		#Match		#Fold		Avg		#Match		#Fold		Avg		#Match		#Fold		Avg

		17g		1276		452		2.82		933		306		3.05		5949		830		7.17		2754		687		4.01		717		186		3.85		79		41		1.93

		ecol		160		47		3.40		182		33		5.52		877		75		11.69		319		59		5.41		81		16		5.06		6		3		2.00

		scer		452		45		10.04		336		27		12.44		824		66		12.48		351		53		6.62		204		14		14.57		187		10		18.70

		cele		1330		52		25.58		1648		41		40.20		1487		61		24.38		1147		62		18.50		602		14		43.00		1790		18		99.44





coupling_patterns.data

		Table: Conserved Superfamily Combination Patterns

		Sfam		Combining_Sfam(s)		#Occurrence

		1.100.1		3.5.4		20

		1.105.8		2.55.1		15 +

		1.2.1		4.19.4		12

		1.2.4		4.26.1		14

		1.28.1		3.29.1		20

		1.58.1		3.17.1		13

		1.59.1		2.37.1 & 3.29.1		12

		1.75.1		3.17.1		14

		1.76.1		3.3.1		16

		1.79.1		3.22.1		16

		1.9.1		2.65.1 & 3.35.1		10

		2.33.1		2.32.3 & 3.29.1		20

		2.37.1		3.29.1		14

		2.37.2		3.1.18		10 *

		2.44.1		3.1.9		11

		2.55.1		1.105.8		15 ++

		3.1.14		4.23.2		12 *

		3.1.18		2.37.2		10 *

		3.1.6		4.32.1		19 *

		3.14.3		3.22.1 & 4.89.1		14

		3.14.9		3.22.1		14

		3.39.1		3.28.1		14

		3.42.1		4.61.1		17

		3.5.4		1.100.1		20

		4.100.1		3.22.1		17

		4.11.7		4.36.1		14 *

		4.11.8		4.78.1		11

		4.110.1		5.4.1		12

		4.19.4		1.2.1		12

		4.23.2		3.1.14		12 *

		4.28.1		3.29.1		14

		4.29.1		4.10.1		17

		4.29.2		3.82.1		11

		4.31.1		3.17.2		15

		4.32.1		3.1.6		19 *

		4.33.1		1.100.1 & 3.5.4		12

		4.34.13		2.32.3, 3.29.1, 4.10.1		20

		4.36.1		4.11.7		14 *

		4.42.1		3.22.1		19

		4.48.1		3.4.1		19 +++

		4.91.1		4.90.1		12

		5.13.1		4.72.1		17

		5.17.1		3.47.1		17

		5.4.1		4.110.1		12

		* These superfamilies always occur with each other only, in a mutually exclusive way

		+ Besides the combinations in 15 genomes, in C.tra 1.105.8 occurs as a single domain and

		2.55.1 is missing completely.

		++ Besides the combinations in 15 genomes, in M.tub 2.55.1 occurs as a single domain and

		1.105.8 is missing completely.

		+++ Besides the combinations in 19 genomes, in H.pyl 4.48.1 occurs as a single domain and

		3.4.1 occurs as a single domain and also in tandem repeats.





LongestMultidomainProteins

		The most complex proteins in the 20 genomes

		A/ The longest multidomain proteins in each of the 20 genomes (in terms of number of domains)

		aaeo		5		gi|2982926		3.4.1*2		4.34.24		4.83.1*2

		aful		6		AF1274		3.23.1		4.89.1		1.71.1		3.23.1		4.89.1		3.15.1

		bbur		4		BB0691		3.29.1		2.32.3		4.10.1		4.34.13

		bsub		7		PksP		5.19.1		(3.83.1 & 3.22.1)*3

		cele		61		ZK617.1b		2.1.1*55		5.1.1		2.1.1*4

		cpne		4		gi|4376841		3.29.1		2.32.3		4.10.1		4.34.13

		ctra		5		gi|3328868		3.29.1		2.32.3		7.11.1		4.10.1		4.34.13

		ecol		6		carB		3.23.1		4.89.1		1.71.1		3.23.1		4.89.1		3.15.1

		hinf		5		HI1478		1.4.3		1.4.1*2		3.47.3		2.36.1

		hpyl		6		HP0919		3.23.1		4.89.1		1.71.1		3.23.1		4.89.1		3.15.1

		mgen		4		MG392		1.100.1		4.33.1		3.5.4		1.100.1

		mjan		4		MJ1378-C		1.71.1		3.23.1		4.89.1		3.15.1

		mpne		19		gi|1674136		3.4.1*18		4.48.1

		mthe		30		MTH105		4.34.1*29		3.1.7

		mtub		11		Rv2048c		3.83.1		3.13.1		2.25.1		3.22.1*2		1.27.1		3.83.1		3.13.1		2.25.1		3.22.1*2

		phor		4		gi|3258339		3.29.1		2.32.3		4.10.1		4.34.13

		rpro		4		RP618		3.23.1		4.89.1		2.65.2		2.65.1

		scer		10		YJL130C		3.5.3		3.55.1		3.23.1		4.89.1		1.71.1		3.23.1		4.89.1		3.15.1		3.66.1*2

		syne		6		sll0370		3.23.1		4.89.1		1.71.1		3.23.1		4.89.1		3.15.1

		tpal		4		TP0767		3.29.1		2.32.3		4.10.1		4.34.13

		B/ The longest repetitious proteins in each of the 20 genomes (in terms of number of domains)

		aaeo		4		gi|2983399		1.91.8*4

		aful		6		AF1644		4.34.1*6

		bbur		3		BB0633		3.29.1*3

		bsub		4		Smc		1.105.4*4

		cele		32		Y64G10.f		7.3.9*32

		cpne		3		gi|4377044		3.29.1*3

		ctra		4		gi|3329087		3.29.1*4

		ecol		3		yacK		2.5.1*3

		hinf		3		HI1321		3.29.1*3

		hpyl		3		HP1553		3.29.1*3

		mgen		9		MG218		1.105.4*9

		mjan		10		MJ1303		4.34.1*10

		mpne		10		gi|1674221		1.105.4*10

		mthe		88		MTH1241		4.34.1*88

		mtub		3		Rv3201c		3.29.1*3

		phor		2		gi|3258419		3.29.1*2

		rpro		3		RP734		3.29.1*3

		scer		10		YIL149C		1.105.4*10

		syne		10		slr2046		2.1.5*10

		tpal		10		TP0835		1.91.3*10





MostCombining

		D034		45		A107		A033		A004		B021		B025		B029		B032		B039		B047		B051		B064		C001		C013		C014		C017		C021		C022		C028		C029		C033		C038		C004		C056		C058		C069		C007		D010		D011		D013		D003		D061		D083		D090		D098		M001		M016		M018		M019		S011		S013		S003		S033		S035		S037		S004

		C029		42		A105		A015		A026		A028		A037		A038		A056		A059		A090		A091		B024		B026		B029		B032		B033		B037		B041		B051		B067		C001		C048		C049		C050		C053		C055		C062		C007		D010		D105		D013		D028		D034		D036		D055		M001		M019		S011		S031		S035		S037		S040		S006

		C001		36		A032		A037		A044		B001		B013		B002		B022		B024		B026		B037		B044		B053		B006		B064		B069		C013		C014		C018		C029		C004		C040		C005		C055		C067		D109		D023		D032		D034		D053		D054		D061		D065		D070		D089		D095		S003

		M001		25		A105		A004		A091		B001		B024		B026		B041		B051		B006		B064		C014		C022		C029		C048		C070		D034		D053		D061		D007		S011		S013		S024		S037		S040		S006

		C014		24		A024		A033		A004		A044		A082		A083		A084		B001		B032		C001		C016		C022		C031		C054		C082		D109		D034		D074		D083		D089		D097		M001		M006		S035

		C022		24		A027		A079		A082		A095		B025		B034		C013		C014		C004		C005		C052		C053		C056		C061		C063		C007		C083		C009		D100		D034		D042		D089		M001		M019
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