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Natural selection drives the accumulation of amino acid tandem repeats in human proteins. Mularoni, L., Ledda, A., Toll-Riera, M., Albà, M.M. 

S1

	
	Highly hydrophobic  


	
	F
	L
	I
	M
	V
	W
	C

	repeats
	0.004
	0.118
	0.006
	0.000
	0.022
	0.000
	0.004

	AAs
	0.038
	0.100
	0.046
	0.022
	0.061
	0.012
	0.021

	repeats/AAs
	0.093
	1.177
	0.127
	0.013
	0.364
	0
	0.163


	
	Partially hydrophobic or not hydrophobic


	
	T
	A
	Y
	H
	Q
	N
	K
	D
	E
	P
	S
	R
	G

	repeats
	0.020
	0.106
	0.002
	0.009
	0.046
	0.007
	0.066
	0.031
	0.159
	0.131
	0.168
	0.040
	0.062

	AAs
	0.052
	0.069
	0.028
	0.026
	0.047
	0.038
	0.059
	0.050
	0.071
	0.059
	0.082
	0.055
	0.063

	Repeats/AAs
	0.380
	1.531
	0.073
	0.363
	0.986
	0.191
	1.110
	0.614
	2.257
	2.204
	2.045
	0.727
	0.984


S1. Relative frequencies of amino acid tandem repeats formed by different amino acids. The frequency of different human amino acid repeat types (size 4 or longer) is compared to the amino acid distribution (AAs) in the human protein dataset under analysis (6,477 human proteins with one to one vertebrate orthologues). A repeats/AAs ratio > 1 means that the amino acid is found within repeats at a higher frequency than expected given its overall abundance. The amino acids have been divided in two groups depending on their hydrophobicity status to highlight the fact that, with the exception of leucine, highly hydrophobic amino acid very rarely form repeats.

S2

	Functional group
	
	A
	E 
	G
	K 
	      L
	P
	Q
	S
	Other
	All

	Transcription Factor, Development
	Observed

Expected

% difference
	139

101.5

37
	127

153.3

-17
	59

59.3

-1
	64

63

2
	75

113.1

-34
	135

125.48
	73

44.4

64
	160

161.7

-1
	129

139.2

-7
	961

	Receptor, Membrane
	Observed

Expected

% difference
	102

115.2

-11
	156

173.9

-10
	68

67.3

1
	65

71.5

-9
	197

128.2

54
	151

142.3

6
	34

50.4

-33
	162

183.4

-12
	155

157.9

-2
	1090

	Metabolism


	Observed

Expected

% difference
	22

26.6

-17
	47

40.2

17
	16

15.6

3
	22

16.5

33
	28

29.6

-6
	20

32.9

-39
	6

11.7

-49
	43

42.4

1
	48

36.5

31
	252


S2. Relative frequency of different amino acid tandem repeat types in human proteins from different functional groups. Repeats of size 4 or longer were considered. Observed: observed number of repeats; Expected: expected number of repeats given the repeat distribution in all human proteins in the dataset (S1). %difference: percentage difference between observed and expected. “Development, Transcription Factor” includes all genes with Gene Ontology annotations related to development, genesis and transcription. ”Membrane, Receptor” comprises terms related to membrane, receptor and transport related functions. “Metabolism” comprises genes involved in metabolic processes and/or with transferase activity. To avoid redundancy, genes already classified in the “Development, Transcription Factor” group were eliminated from the other two groups. Similarly, genes classified as “Membrane, Receptor” and “Metabolism” were eliminated from the “Metabolism” group.

S3

	Functional group
	
	A
	E 
	G
	K 
	      L
	P
	Q
	S
	Other
	All

	Transcription Factor, Development
	Observed

Expected

% difference
	67

46.1

45
	54

66.4

-19
	31

26.2

18
	19

21.9

-13
	16

31.7

-50
	52

52.7

-1
	39

24.9

57
	51

50.4

1
	27

35.7

-24
	356

	Receptor, Membrane
	Observed

Expected

% difference
	37

43.4

-15
	60

62.5

-4
	22

24.6

-11
	21

20.6

2
	46

29.9

54
	62

49.6

25
	17

23.4

-27
	40

47.4

-16
	30

33.6

-11
	335

	Metabolism


	Observed

Expected

% difference
	6

7.8

-23
	22

11.2

97
	4

4.4

-9
	1

3.7

-73
	7

5.3

31
	4

8.9

-55
	2

4.2

-52
	10

8.5

18
	4

6

-33
	60


S3. Relative frequency of different amino acid tandem repeat types in proteins from different functional groups, considering only repeats of size 5 or longer. Observed: observed number of repeats; Expected: expected number of repeats given the repeat distribution in all human proteins in the dataset (S1). %difference: percentage difference between observed and expected. See the legend of S2 for a description of the functional groups. 

S4

	Repeat Type
	Primata
	Euarch. 
	Eutheria
	Mammalia 
	Amniota
	Tetrapoda
	Vertebrata
	Total

	Coding - Observed

	A (GCN)
	25
	19
	55
	25
	20
	17
	50
	211

	E (GAR)
	17
	13
	61
	41
	48
	38
	56
	274

	G (GGN)
	14
	9
	31
	27
	10
	10
	30
	131

	K (AAR)
	2
	3
	14
	14
	15
	27
	62
	137

	L (TTR/CTN)
	20
	7
	41
	37
	34
	41
	78
	258

	P (CCN)
	17
	10
	55
	33
	27
	52
	78
	272

	Q (CAR)
	1
	6
	12
	9
	14
	17
	32
	91

	S (AGY/TCN)
	41
	20
	70
	42
	40
	55
	91
	359

	others
	20
	8
	45
	40
	31
	50
	97
	291

	all
	157
	95
	384
	268
	239
	307
	574
	2024

	Non-coding - Observed

	GCN (“A”)
	22
	5
	28
	11
	2
	1
	2
	71

	GAR (“E”) 
	9
	2
	6
	1
	1
	2
	1
	22

	GGN (“G”)
	24
	6
	7
	0
	1
	0
	0
	38

	AAR (“K”)
	32
	12
	11
	2
	1
	0
	3
	61

	TTR/CTN (“L”)
	92
	13
	35
	20
	30
	19
	13
	222

	CCN (“P”)
	11
	5
	10
	3
	4
	0
	0
	33

	CAR (“Q”)
	4
	2
	10
	0
	0
	4
	1
	11

	AGY/TCN (“S”)
	51
	12
	39
	5
	7
	11
	39
	164

	others
	94
	26
	19
	8
	7
	5
	18
	177

	all
	339
	83
	155
	50
	53
	42
	77
	799

	Coding – Expected under Neutrality

	A (GCN)
	25
	5,68
	31,80
	12,49
	2,27
	1,14
	2,27
	80,66

	E (GAR)
	17
	3,77
	11,31
	1,88
	1,88
	3,77
	1,88
	41,50

	G (GGN)
	14
	3,51
	4,09
	0,00
	0,58
	0,00
	0,00
	22,19

	K (AAR)
	2
	0,76
	0,69
	0,13
	0,06
	0,00
	0,19
	3,83

	L (TTR/CTN)
	20
	2,86
	7,69
	4,39
	6,59
	4,17
	2,86
	48,57

	P (CCN)
	17
	7,81
	15,61
	4,68
	6,24
	0,00
	0,00
	51,34

	Q (CAR)
	1
	0,51
	2,53
	0,00
	0,00
	1,01
	0,25
	5,29

	S (AGY/TCN)
	41
	9,65
	31,35
	4,02
	5,63
	8,84
	31,35
	131,84

	others
	20
	5,56
	4,07
	1,71
	1,50
	1,07
	3,85
	37,76

	all
	157
	38,83
	72,52
	23,39
	24,80
	19,65
	36,02
	372,21


S4.  Number of repeats classified in different phylogenetic groups by amino acid repeat type. Euarch.: Euarchontoglires. The relative frequencies for all repeats from ‘Coding - Observed’ and ‘Non-coding – Observed’ are graphically shown in Figure 3 of the main manuscript. Coding – Expected under Neutrality is calculated considering that Primata repeats are neutrally evolving (see main manuscript text for more details). The differences between ‘Coding – Observed’ and ‘Non-coding – Observed’ were highly significant (p<10-3, chi-square test).

S5
	Ensembl Prot. ID
	AA
	Repeat position
	Repeat size
	Description Protein

	ENSP00000362887
	A
	775
	4
	Disabled homolog 2-interacting protein 

	ENSP00000269200
	A
	69
	4
	Pituitary adenylate cyclase-activating polypeptide 

	ENSP00000361473
	A
	481
	4
	Lysine-specific demethylase 4A 

	ENSP00000299764
	D
	223
	4
	WD repeat-containing protein 16 

	ENSP00000258530
	D
	647
	4
	DCC-interacting protein 13-beta (Dip13-beta

	ENSP00000311336
	I
	166
	4
	Probable phospholipid-transporting ATPase IK 

	ENSP00000369715
	K
	285
	4
	AP-3 complex subunit beta-1 

	ENSP00000283351
	L
	767
	4
	Protein TRS95 homolog

	ENSP00000265909
	L
	876
	4
	Sorting nexin-19

	ENSP00000258654
	L
	821
	4
	Conserved oligomeric Golgi complex subunit 3 

	ENSP00000298832
	N
	826
	4
	Tubulin polyglutamylase TTLL5 

	ENSP00000353794
	P
	188
	4
	F-box/LRR-repeat protein 22 

	ENSP00000330606
	P
	19
	4
	Heparan sulfate glucosamine 3-O-sulfotransferase 

	ENSP00000313029
	P
	316
	4
	Chromosome transmission fidelity protein 18 homolog 

	ENSP00000373946
	P
	292
	4
	Unknown function

	ENSP00000365016
	P
	1269
	5
	Insulin receptor substrate 2 (IRS-2)

	ENSP00000374268
	R
	67
	4
	Glycosyltransferase 8 domain-containing protein 4 

	ENSP00000364354
	S
	344
	4
	Uncharacterized protein KIAA0090 Precursor

	ENSP00000352271
	S
	202
	4
	DNA repair protein XRCC2

	ENSP00000302851
	S
	575
	4
	Solute carrier family 23 member 1 

	ENSP00000313171
	S
	1595
	4
	ATPase family AAA domain-containing protein 5 

	ENSP00000262585
	T
	769
	4
	DENN domain-containing protein 3

	ENSP00000350717
	T
	2970
	5
	Laminin subunit alpha-2 Precursor

	ENSP00000333602
	T
	2786
	4
	E1A-binding protein p400


S5. Proteins containing human-specific amino acid tandem repeats. The repeats were of size 4 or longer in the human protein, and less than 4, or non-existent, in the orthologous protein from eleven other vertebrate species (see main manuscript text for details). 
S6
	Repeat Type
	Primata
	Euarch. 
	Eutheria
	Mammalia 
	Amniota
	Tetrapoda
	Vertebrata
	Total

	Coding - Observed

	A (GCN)
	25
	19
	55
	25
	20
	17
	50
	211

	E (GAR)
	17
	13
	61
	41
	48
	38
	56
	274

	G (GGN)
	14
	9
	31
	27
	10
	10
	30
	131

	K (AAR)
	2
	3
	14
	14
	15
	27
	62
	137

	L (TTR/CTN)
	20
	7
	41
	37
	34
	41
	78
	258

	P (CCN)
	17
	10
	55
	33
	27
	52
	78
	272

	Q (CAR)
	1
	6
	12
	9
	14
	17
	32
	91

	S (AGY/TCN)
	41
	20
	70
	42
	40
	55
	91
	359

	others
	20
	8
	45
	40
	31
	50
	97
	291

	all
	157
	95
	384
	268
	239
	307
	574
	2024

	Coding - Expected under distribution in “all”

	A (GCN)
	16
	10
	40
	28
	25
	32
	60
	211

	E (GAR)
	21
	13
	52
	36
	32
	42
	78
	274

	G (GGN)
	10
	6
	25
	17
	15
	20
	37
	131

	K (AAR)
	11
	6
	26
	18
	16
	21
	39
	137

	L (TTR/CTN)
	20
	12
	49
	34
	30
	39
	73
	258

	P (CCN)
	21
	13
	52
	36
	32
	41
	77
	272

	Q (CAR)
	7
	4
	17
	12
	11
	14
	26
	91

	S (AGY/TCN)
	28
	17
	68
	48
	42
	54
	102
	359

	others
	23
	14
	55
	39
	34
	44
	83
	291


S6. Frequencies of coding repeats formed by different amino acids compared to a uniform distribution. ‘Coding – Observed’ is the same as in S4. ‘Coding – Expected under distribution in “all”’ is the expected number of repeats at each phylogenetic level if the distribution was uniform. 

S7
	Functional group
	
	Primata
	Euarch. 
	Eutheria
	Mammalia 
	Amniota
	Tetrapoda
	Vertebrata
	Total

	Transcription Factor, Development
	Observed

Expected

% difference
	31

46.4

-33
	28

28.1

0
	118

113.5

4
	85

79.2

7
	71

70.6

1
	79

90.7

-13
	186

169.6

10
	598

	Receptor, Membrane
	Observed

Expected

% difference
	52

51.6

1
	26

31.2

-17
	114

126.2

-10
	91

88.1

3
	76

78.5

-3
	110

100.9

9
	196

188.6

4
	665

	Metabolism


	Observed

Expected

% difference
	14

10.5

34
	3

6.3

-53
	26

25.6

2
	13

17.9

-27
	19

15.9

19
	16

20.5

-22
	44

38.3

15
	135

	Other
	Observed

Expected

% difference
	60

48.6
24
	38

29.4
29
	126

118.8
6
	79

82.9
-5
	73

73.9
-1
	102

95
7
	148

177.5
-17
	626

	All
	
	157
	95
	384
	268
	239
	307
	574
	2024


S7. Depth of conservation of amino acid tandem repeats by protein functional group. Euarch.: Euarchontoglires. 

S8

	triplet (AA)
	intergenic
	promoter
	5 UTR
	first intron
	intron
	3 UTR
	NC gene

	GCN (“A”)
	0.487
	0.089
	0.071
	0.070
	0.257
	0.019
	0.008

	GAR (“E”)
	0.633
	0.014
	0.005
	0.051
	0.284
	0.008
	0.002

	GGN (“G”)
	0.543
	0.035
	0.011
	0.064
	0.333
	0.012
	0.002

	AAR (“K”)
	0.595
	0.011
	0.001
	0.052
	0.335
	0.006
	0.000

	TTR/CTN (“L”)
	0.651
	0.009
	0.002
	0.045
	0.285
	0.008
	0.001

	CCN (“P”)
	0.545
	0.030
	0.008
	0.063
	0.343
	0.010
	0.001

	CAR (“Q”)
	0.645
	0.011
	0.002
	0.045
	0.288
	0.008
	0.001

	AGY/TCN (“S”)
	0.632
	0.013
	0.003
	0.048
	0.292
	0.010
	0.002

	others
	0.613
	0.014
	0.003
	0.051
	0.313
	0.006
	0.001


S8.  Frequency of genomic locations of human non-coding repeats. The non-coding repeats were consecutive repetitions of synonymous triplets, of size 4 or longer.

S9

A










    repeat size

H.sapiens
    GAAAGCTG—-CA---CCC-CCT-CCTCCC-----TT

4
P.troglodytes   GAAAGCTG—-CA---CCC-CCT-CCTCCC-----TT

4
M.mulatta       GAAAGCTG—-CA---CCC-CCT-CCTCCC-----TT

4
M.musculus      GAAAGCTG--CA---TCC-CCT-CCTCCT--GCCTT
   
3

R.norvegicus    GAAAGCCA--CA---CCC-CCT-CCTCCT—-ACCTC

4

B.taurus        GAAAGCTG--CA----CC-CCT-CCTCCT—-CCCTT

4

C.familiaris    GAAA-----------CCC-CCT-CCTCCC-----TT

4

M.domestica     GAAAGCTGGTCG---CCC-CCC-CCACCTCACCCAT

4
G.gallus        GAAAGCTG—-CA—-TTCC-CCTCCCTCCT—-CCTTT

3
X.tropicalis    GAAAGCAA—-AACCGCCCACCCACCCCCC-----TT

2
D.rerio         GAAAGCAC--AC---CCC-CAT-CCT--------TT        1
class: Mammalia

B










    repeat size

H.sapiens       GAAAGCTG—-CA---CCCCCTCCTCCC---TT

4
P.troglodytes   GAAAGCTG—-CA---CCCCCTCCTCCC---TT

4
M.mulatta       GAAAGCTG—-CA---CCCCCTCCTCCC---TT

4
M.musculus      GAAAGCTG--CA---TCCCCTCCTCCTGCCTT
   
3

R.norvegicus    GAAAGCCA--CA---CCCCCTCCTCCTACCTC

4

B.taurus        GAAAGCTG--CA---CCCCCTCCTCCTCCCTT

5
C.familiaris    GAAA-----------CCCCCTCCTCCC---TT

4

M.domestica     GAAAGCTGGTCG---CCCCCCCCACCTCCCAT

5
G.gallus        GAAAGCTG—-CA—-TTCCCCTCCTCCTCCTTT

4
X.tropicalis    GAAAGCAA—-AACCGCCCCCCCCCCCC---TT

5
D.rerio         GAAAGCAC--AC---CCCCATCCT------TT       
1
class: Tetrapoda

S9.  Example of a re-classification of a non-coding repeat if there were conservation of frame restrictions. The repeat would be equivalent to proline in a coding region. A. Original alignment, putative deletions and insertions of size 1 or 2 in the repeat region are indicated (in blue and red, respectively). B. Reconstructed alignment after eliminating the effect of the insertions and deletions. Note that the classification changes from Mammalia to Tetrapoda.

S10
	Repeat Type
	Primata
	Euarch. 
	Eutheria
	Mammalia 
	Amniota
	Tetrapoda
	Vertebrata
	Total

	Coding - Observed

	A (GCN)
	25
	19
	55
	25
	20
	17
	50
	211

	E (GAR)
	17
	13
	61
	41
	48
	38
	56
	274

	G (GGN)
	14
	9
	31
	27
	10
	10
	30
	131

	K (AAR)
	2
	3
	14
	14
	15
	27
	62
	137

	L (TTR/CTN)
	20
	7
	41
	37
	34
	41
	78
	258

	P (CCN)
	17
	10
	55
	33
	27
	52
	78
	272

	Q (CAR)
	1
	6
	12
	9
	14
	17
	32
	91

	S (AGY/TCN)
	41
	20
	70
	42
	40
	55
	91
	359

	others
	20
	8
	45
	40
	31
	50
	97
	291

	all
	157
	95
	384
	268
	239
	307
	574
	2024

	Non-coding - Observed

	GCN (“A”)
	22
	5
	28
	11
	2
	1
	2
	71

	GAR (“E”) 
	9
	2
	6
	1
	1
	2
	1
	22

	GGN (“G”)
	24
	6
	7
	0
	1
	0
	0
	38

	AAR (“K”)
	32
	12
	11
	2
	1
	0
	3
	61

	TTR/CTN (“L”)
	92
	13
	35
	20
	30
	19
	13
	222

	CCN (“P”)
	11
	5
	10
	3
	4
	0
	0
	33

	CAR (“Q”)
	4
	2
	10
	0
	0
	4
	1
	11

	AGY/TCN (“S”)
	51
	12
	39
	5
	7
	11
	39
	164

	others
	94
	26
	19
	8
	7
	5
	18
	177

	all
	339
	83
	155
	50
	53
	42
	77
	799

	Non-coding – Estimated if there were conservation of frame constraints

	A (GCN)
	20
	3
	30
	11
	2
	3
	2
	71

	E (GAR)
	9
	2
	6
	1
	1
	2
	1
	22

	G (GGN)
	18
	6
	8
	3
	2
	1
	0
	38

	K (AAR)
	26
	11
	15
	3
	3
	0
	3
	61

	L (TTR/CTN)
	86
	16
	35
	19
	32
	19
	15
	222

	P (CCN)
	10
	3
	11
	3
	5
	1
	0
	33

	Q (CAR)
	4
	2
	0
	0
	0
	4
	1
	11

	S (AGY/TCN)
	50
	13
	38
	5
	6
	10
	42
	164

	others
	84
	24
	28
	10
	5
	7
	19
	177

	all
	307
	80
	     171
	55
	56
	47
	83
	799


S10. Inference of the conservation on non-coding repeats if there were conservation of frame restrictions. Euarch.: Euarchontoglires. The relative frequencies for all repeats from ‘Coding - Observed’ and ‘Non-coding – Observed’ are graphically shown in Figure 3 of the main manuscript. Non-coding –Considering frame constraints is calculated by not taking into account the mutations within the repeat that would have caused a change of frame or premature termination in a coding sequence (see S8 for an example of a reclassified repeat). Differences between ‘Coding-Observed’ and ‘Non-coding – Estimated if there were conservation of frame constraints’ were highly significant (p<10-3, chi-square test).

S11
	AA
	Ensembl Gene ID
	Ensembl Protein ID
	Neural
	Pos.
	Size
	Or. size
	Description

	Eutheria
	
	
	
	
	

	A
	ENSG00000148704
	ENSP00000358207
	Yes
	225
	8
	7-10
	Ventral anterior homeobox 1

	A
	ENSG00000197587
	ENSP00000353132
	Yes
	294
	8
	4-9
	Diencephalon/mesencephalon homeobox protein 1 

	A
	ENSG00000107859
	ENSP00000359019
	Yes
	241
	9
	8-9
	Pituitary homeobox 3 

	A
	ENSG00000107864
	ENSP00000265997
	NA
	226
	9
	6-11
	Cytoplasmic polyadenylation element-binding protein 3 

	A
	ENSG00000106689
	ENSP00000362717
	Yes
	186
	10
	7-10
	LIM/homeobox protein Lhx2 

	E
	ENSG00000122986
	ENSP00000349181
	NA
	47
	8
	5-8
	hydrogen voltage-gated channel 1 

	E
	ENSG00000166848
	ENSP00000300086
	NA
	296
	8
	5-9
	Telomeric repeat-binding factor 2-interacting protein 1

	E
	ENSG00000172273
	ENSP00000318085
	Yes
	48
	8
	5-8
	MBD2-interacting zinc finger protein 

	E
	ENSG00000100604
	ENSP00000216492
	Yes
	227
	9
	5-9
	Chromogranin A precursor 

	E
	ENSG00000110429
	ENSP00000265651
	No
	423
	10
	7-10
	F-box only protein 3

	E
	ENSG00000180592
	ENSP00000326863
	NA
	323
	10
	10-12
	Novel protein (FLJ16611)

	E
	ENSG00000066248
	ENSP00000264051
	NA
	215
	11
	4-11
	Ephexin-1 

	E
	ENSG00000155846
	ENSP00000312649
	Yes
	433
	11
	11-14
	Peroxisome proliferator-activated receptor a

	G
	ENSG00000136352
	ENSP00000353918
	Yes
	233
	8
	6-9
	Thyroid transcription factor 1 

	G
	ENSG00000120093
	ENSP00000308252
	Yes
	153
	11
	7-16
	Homeobox protein HOXB3 

	G
	ENSG00000153266
	ENSP00000283268
	Yes
	101
	16
	7-16
	zinc finger protein 312

	G
	ENSG00000165655
	ENSP00000361602
	Yes
	188
	16
	15-19
	zinc finger protein 503 

	P
	ENSG00000139718
	ENSP00000267197
	Yes
	427
	9
	9
	SET domain-containing protein 1B

	P
	ENSG00000170145
	ENSP00000305976
	No
	822
	10
	7-10
	Serine/threonine-protein kinase SNF1-like kinase 2 

	P
	ENSG00000151612
	ENSP00000281318
	NA
	328
	15
	8-15
	CDNA FLJ16555 fis

	P
	ENSG00000182742
	ENSP00000328928
	Yes
	72
	15
	5-15
	Homeobox protein HOXB4 

	Q
	ENSG00000111676
	ENSP00000349076
	NA
	483
	19
	5-19
	Atrophin 1 

	S
	ENSG00000187957
	ENSP00000345229
	Yes
	108
	8
	5-10
	Delta and Notch-like epidermal growth factor-related receptor 

	S
	ENSG00000105866
	ENSP00000222584
	Yes
	121
	9
	7-9
	Transcription factor Sp4 

	S
	ENSG00000038358
	ENSP00000351811
	No
	618
	11
	11-21
	Enhancer of mRNA-decapping protein 4 

	S
	ENSG00000205250
	ENSP00000368686
	Yes
	310
	13
	6-19
	Transcription factor E2F4 

	S
	ENSG00000012174
	ENSP00000368798
	NA
	113
	23
	13-25
	Membrane-bound transcription factor site-2 protease 

	Mammalia
	
	
	
	
	

	A
	ENSG00000180182
	ENSP00000323720
	Yes
	37
	8
	8
	CRSP complex subunit 2 

	A
	ENSG00000136574
	ENSP00000371772
	No
	117
	9
	9
	Transcription factor GATA-4 

	A
	ENSG00000141448
	ENSP00000269216
	Yes
	172
	11
	11-12
	Transcription factor GATA-6 (GATA-binding factor 6)

	A
	ENSG00000163013
	ENSP00000295133
	NA
	50
	11
	4-11
	F-box only protein 41

	A
	ENSG00000188620
	ENSP00000350549
	Yes
	60
	13
	11-3
	H6 homeobox 3

	A
	ENSG00000106031
	ENSP00000222753
	Yes
	37
	14
	7-14
	Homeobox protein HOXA13

	E
	ENSG00000120645
	ENSP00000374042
	No
	571
	8
	4-8
	IQ motif and Sec7 domain-containing protein 3

	G
	ENSG00000119638
	ENSP00000238616
	NA
	751
	9
	5-12
	Serine/threonine-protein kinase Nek9 

	G
	ENSG00000120738
	ENSP00000239938
	No
	67
	9
	7-9
	Early growth response protein 1 

	G
	ENSG00000185129
	ENSP00000332706
	No
	30
	12
	12-13
	Transcriptional activator protein Pur-alpha 

	H
	ENSG00000141448
	ENSP00000269216
	NA
	323
	10
	4-10
	Transcription factor GATA-6 

	K
	ENSG00000181585
	ENSP00000324775
	NA
	122
	9
	6-7
	Transmembrane inner ear expressed protein precursor

	P
	ENSG00000138771
	ENSP00000264907
	NA
	1525
	8
	6-9
	shroom family member 3 protein 

	Q
	ENSG00000079308
	ENSP00000171887
	NA
	650
	9
	7-12
	Tensin-1

	S
	ENSG00000128714
	ENSP00000249505
	Yes
	76
	8
	6-8
	Homeobox protein HOXD13

	S
	ENSG00000111676
	ENSP00000349076
	NA
	385
	10
	5-10
	Atrophin 1 

	S
	ENSG00000163635
	ENSP00000295900
	Yes
	716
	12
	4-13
	Ataxin-7 


(it continues)

	AA
	Ensembl Gene ID
	Ensembl Prot. ID
	Neural
	Pos.
	Size
	Ort. size sSiSizesize
	Description

	Amniota
	
	
	
	
	

	A
	ENSG00000174279
	ENSP00000312385
	NA
	397
	11
	4-11
	Homeobox even-skipped homolog protein 2 

	A
	ENSG00000128714
	ENSP00000249505
	NA
	48
	15
	10-15
	Homeobox protein HOXD13 

	E
	ENSG00000025796
	ENSP00000357998
	NA
	749
	8
	7-8
	Translocation protein SEC63 homolog

	E
	ENSG00000132792
	ENSP00000355050
	Yes
	67
	8
	4-8
	Beta-catenin-like protein 1

	E
	ENSG00000140525
	ENSP00000300027
	NA
	688
	8
	4-9
	membrane protein KIAA1794

	E
	ENSG00000116731
	ENSP00000235372
	NA
	267
	9
	4-10
	PR domain zinc finger protein 2 

	E
	ENSG00000141506
	ENSP00000369285
	Yes
	320
	9
	5-13
	Phosphoinositide 3-kinase regulatory subunit 5 

	E
	ENSG00000172780
	ENSP00000317477
	NA
	222
	9
	5-9
	Ras-related protein Rab-43 

	E
	ENSG00000149970
	ENSP00000368824
	No
	876
	10
	4-11
	Connector enhancer of kinase suppressor of ras 2 

	H
	ENSG00000116544
	ENSP00000362444
	NA
	222
	12
	7-14
	Disks large-associated protein 3 

	P
	ENSG00000078687
	ENSP00000301624
	Yes
	1264
	8
	4-8
	Trinucleotide repeat-containing gene 6C protein

	P
	ENSG00000137710
	ENSP00000342830
	Yes
	469
	8
	7-8
	Radixin

	Q
	ENSG00000067248
	ENSP00000251636
	NA
	500
	8
	4-9
	Putative ATP-dependent RNA helicase DHX29 

	Q
	ENSG00000183495
	ENSP00000333602
	NA
	2757
	29
	5-38
	E1A-binding protein p400

	S
	ENSG00000066084
	ENSP00000301180
	NA
	226
	8
	5-8
	DIP2 disco-interacting protein 2 homolog B 

	S
	ENSG00000148840
	ENSP00000278070
	NA
	1440
	11
	5-12
	peroxisome proliferator-activated receptor gamma

	Tetrapoda
	
	
	
	
	

	A
	ENSG00000170549
	ENSP00000305244
	Yes
	28
	10
	7-13
	Iroquois-class homeodomain protein IRX-1 

	A
	ENSG00000164107
	ENSP00000352565
	No
	20
	12
	4-12
	Heart- and neural crest derivatives-expressed prot.2

	A
	ENSG00000143970
	ENSP00000337250
	Yes
	670
	13
	9-13
	additional sex combs like 2 

	E
	ENSG00000173905
	ENSP00000309893
	NA
	673
	8
	4-9
	golgi phosphoprotein 4

	H
	ENSG00000158321
	ENSP00000344087
	Yes
	1125
	8
	5-9
	Autism susceptibility gene 2 protein

	H
	ENSG00000187672
	ENSP00000373226
	NA
	931
	9
	7-9
	ERC protein 2

	L
	ENSG00000178473
	ENSP00000369798
	NA
	7
	8
	5-8
	Urocortin-3 precursor 

	P
	ENSG00000136848
	ENSP00000362887
	NA
	919
	10
	8-10
	Disabled homolog 2-interacting protein 

	P
	ENSG00000164944
	ENSP00000297591
	NA
	138
	11
	11
	KIAA1429 

	S
	ENSG00000148840
	ENSP00000278070
	NA
	1479
	20
	5-20
	peroxisome proliferator-activated receptor gamma

	Vertebrata
	
	
	
	
	

	A
	ENSG00000100320
	ENSP00000342831
	Yes
	340
	8
	4-9
	RNA-binding protein 9  

	A
	ENSG00000109132
	ENSP00000371160
	Yes
	158
	9
	9
	Paired mesoderm homeobox protein 2B 

	A
	ENSG00000165659
	ENSP00000367057
	Yes
	326
	9
	7-9
	Dachshund homolog 1 

	A
	ENSG00000174279
	ENSP00000312385
	Yes
	358
	12
	9-13
	Homeobox even-skipped homolog protein 2 

	A
	ENSG00000087095
	ENSP00000262393
	Yes
	58
	13
	11-13
	Serine/threonine kinase NLK

	E
	ENSG00000113368
	ENSP00000261366
	Yes
	551
	8
	4-9
	Lamin-B1

	G
	ENSG00000100201
	ENSP00000216019
	No
	555
	8
	5-9
	Probable ATP-dependent RNA helicase DDX17 

	G
	ENSG00000138795
	ENSP00000265165
	Yes
	5
	8
	4-10
	Lymphoid enhancer-binding factor 1 

	G
	ENSG00000164548
	ENSP00000297071
	Yes
	215
	16
	7-18
	Transformer-2 protein homolog 

	H
	ENSG00000006283
	ENSP00000352011
	NA
	495
	9
	6-9
	Voltage-dep. T-type calcium channel sub. alpha-1G 

	H
	ENSG00000077458
	ENSP00000351631
	NA
	170
	10
	9-10
	Protein FAM76B

	H
	ENSG00000157540
	ENSP00000340373
	Yes
	597
	13
	11-13
	DYRK1A

	L
	ENSG00000115155
	ENSP00000369878
	NA
	1968
	11
	4-11
	Otoferlin 

	P
	ENSG00000077420
	ENSP00000365411
	No
	554
	8
	7-9
	Amyloid beta A4 precursor protein-binding family B 

	P
	ENSG00000120549
	ENSP00000365637
	Yes
	1044
	8
	6-8
	KIAA1217

	P
	ENSG00000182263
	ENSP00000333836
	NA
	101
	9
	4-9
	Fidgetin

	P
	ENSG00000184922
	ENSP00000327442
	No
	601
	11
	4-9
	Formin-like protein 1

	P
	ENSG00000157827
	ENSP00000334991
	NA
	552
	21
	6-22
	formin-like 2

	S
	ENSG00000204820
	ENSP00000366786
	NA
	286
	8
	8
	CDNA FLJ30092 fis

	S
	ENSG00000171843
	ENSP00000369695
	Yes
	382
	9
	7-9
	Protein AF-9 c:P42568]

	S
	ENSG00000070495
	ENSP00000302916
	No
	345
	10
	10
	JmjC domain-containing protein 6 

	S
	ENSG00000100941
	ENSP00000216832
	Yes
	576
	11
	5-16
	Pinin 


S11. Human amino acid tandem repeats conserved in vertebrates. AA: amino acid. Neural: developmental neural tissue expression (Yes/No, Theiler Stage 21-27). NA: non-applicable, expression data not available. Pos.: position of the repeat within the protein. Size: repeat length ((8). Ort. size: repeat length in the orthologous proteins ((4). 

S12

	Stage
	Tissue
	N 
	 % 

	TS 21
	cerebral cortex
	25
	47%

	TS31
	spinal cord
	24
	45%

	TS31
	retina
	23
	43%

	TS31
	hindbrain
	22
	41%

	TS31
	corpus striatum
	22
	41%

	TS31
	brain; ventricular layer
	22
	41%

	TS31
	midbrain
	19
	36%

	TS31
	Embryo; head
	19
	36%

	TS31
	thalamus
	18
	36%

	TS31
	Dorsal root ganglion
	18
	36%


S12. Neural expression of genes with repeats. Top 10 most frequently occurring developmental expression domains in mouse for the set of genes with repeats in S11, according to the Edinburgh Mouse Atlas. TS31: embryonic Theiler Stage 21, which corresponds to about 12 dpc. N: number of genes. %: percentage of genes. 53 out of the 92 genes in S11 were annotated in the Edinburgh Mouse Atlas.







