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Online Resource 2.

This file contains the phylogenetic evidence supporting paralogy relationships between the 
Homo sapiens RGS1/RGS16 region gene ohnologs shown on Figure 2.

Online Resource 2.01 – Gives an overview of ohnologs for the genes in RGS1/RGS16 region. 
Includes paralogs in genomic locations termed by (Flajnik et al. 2012) as „minor paralogons“ 
(Flajnik MF, Tlapakova T, Criscitiello MF, Krylov V, Ohta Y (2012) Evolution of the B7 family: co-evolution of 
B7H6 and NKp30, identification of a new B7 family member, B7H7, and of B7's historical relationship with the 
MHC. Immunogenetics 64:571-90)

Online Resource 2.02 – 2.33 

Phylogenetic evidence for both Figure 2 and the table in Online Resource 2.01. All 
phylogenys are Maximum Likelihood trees calculated with 1000 bootstrap replicates as 
described in Materials and Methods.



 Phylogeny

NEK7 1q31.3 NEK6 9q33.3
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DENND1B 1q31.3 DENND1A 9q33.3 DENND1C 19p13.3

CRB1 1q31.3 CRB2 9q33.3

ZBTB41 1q31.3

ASPM 1q31.3

F13B 1q31.3

CFHR5 1q31.3

CFHR2 1q31.3

CFHR4 1q31.3

CFHR1 1q31.3

CFHR3 1q31.3

CFH 1q31.3

KCNT2 1q31.3 KCNT1 9q34.3

B3GALT2 1q31.3

CDC73 1q31.2

GLRX2 1q31.2 GLRX 5q15 TXNRD3 3q21.3

TXNRD1 12q23.3

TROVE2 1q31.2

UCHL5 1q31.2

RGS2 1q31.2 RGS3 9q32

RGS13 1q31.2 RGS3 9q32

RGS1 1q31.2 RGS3 9q32

RGS21 1q31.2 RGS3 9q32

RGS18 1q31.2 RGS3 9q32

FAM5C 1q31.1 DBC1 9q33.1

Online Resource 2.01. Genes of the human RGS1/RGS16 region have many paralogs

on the „Major“ and „Minor“ MHC paralogous regions, as defined by (Flajnik et al. 2012).
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0.1

Online Resource 2.02. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein NEK7. This tree was constructed with 1000 bootstrap replicates from the protein sequences of NEK7 
and 20 best hits obtained with the first iteration of DELTA BLAST against NCBI human reference sequences.
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Online Resource 2.03. Maximum Likelihood tree showing the paralogues of Homo sapiens 
proteins LHX4 and LHX9. This tree was constructed with 1000 bootstrap replicates from the protein 
sequences of LHX4, LHX9 and all 10 results of DELTA BLAST’s first iteration that had a similar domain 
structure.
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Online Resource 2.04. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein DENND1B. This tree was constructed with 1000 bootstrap replicates from the protein sequences 
of DENND1B and 15 results of DELTA BLAST’s first iteration that had a similar domain structure.
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Online Resource 2.05. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein CRB1.This tree was constructed with 1000 bootstrap replicates from the protein sequences of CRB1 
and 20 best hits obtained with the first iteration of DELTA BLAST against NCBI human reference sequences.
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Online Resource 2.06. Maximum Likelihood tree showing the paralogues of Homo sapiens 
proteins F13B, CFH, CFHR1, CFHR2, CFHR3, CFHR4 and CFHR5. This tree was constructed with 
1000 bootstrap replicates from the corresponding protein sequences and 15 additional hits obtained with 
the first iteration of DELTA BLAST for all of these 7 proteins.



1q31.3 KCNT2|NP_940905.2

9q34.3 KCNT1|NP_065873.2

1.0000

10q22.3 KCNMA1|NP_001014797.1

8p11.23 KCNU1|NP_001027006.2

0.1

Online Resource 2.07. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein KCNT2. This tree was constructed with 1000 bootstrap replicates from the protein sequences of 
KCNT2 and all 3 hits of DELTA BLAST’s first iteration that had a similar domain structure.
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2q37.1 B3GNT7|NP_660279.1

16q22.1 B3GNT9|NP_171608.2

12q24.31 B3GNT4|NP_110392.1

0.9650

11q13.5 B3GNT6|NP_619651.3

19p13.11 B3GNT3|NP_055071.2

2p15 B3GNT2|NP_006568.2

19q13.2 B3GNT8|NP_940942.1

0.5330

3q27.1 B3GNT5|NP_114436.1

0.9800

0.9570

1q31.2 B3GALT2|NP_003774.1

2q24.3 B3GALT1|NP_066191.1

0.9680

3q26.1 B3GALNT1|NP_003772.1

21q22.2 B3GALT5|NP_006048.1

6p21.32 B3GALT4|NP_003773.1

0.8490

1p36.33 B3GALT6|NP_542172.2

1q42.3 B3GALNT2|NP_689703.1
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Online Resource 2.08. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein B3GALT2. This tree was constructed with 1000 bootstrap replicates from the protein sequences of 
B3GALT2 and all the hits of DELTA BLAST’s first iteration with e values lower than 1e-20; all of which also
have a galactosyltransferase domain.
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3q21.3 TXNRD3|NP_443115.1

12q23.3 TXNRD1|NP_001087240.1

1q31.2 GLRX2|NP_057150.2

5q15 GLRX|NP_002055.1

0.6810

4p13 GRXCR1|NP_001073945.1

0.9530

14q32.13 GLRX5|NP_057501.2

10q26.3 GLRX3|NP_006532.2

0.1

Online Resource 2.09. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein GLRX2. This tree was constructed with 1000 bootstrap replicates from the protein sequences of 
GLRX2 and DELTA BLAST hits with the lowest e values. The figure suggest GLRX not to be the closest 
paralogue of GLRX2. This is in contradiction with Ensembl Release 68, where it is listed as the only 
paralogue. For the purpose of the current study, it is considered one of the closer paralogues of GLRX2.



1q31.2 UCHL5|NP_057068.1

3p21.1 BAP1|NP_004647.1

1.0000

13q22.2 UCHL3|NP_005993.1

4p13 UCHL1|NP_004172.2

0.1

Online Resource 2.10. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein UCHL5. This tree was constructed with 1000 bootstrap replicates from the protein sequences of 
UCHL5 itself and the DELTA BLAST first iteration hits that were clearly more similar to UCHL5 than others.
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1q31.2 RGS21|NP_001034241.1
1q31.2 RGS1|NP_002913.3
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0.4740
1q25.3 RGS8|NP_203131.1

1q25.3 RGS16|NP_002919.3

0.1150

9q32 RGS3|NP_652759.3

0.2150
1q23.3 RGS4|NP_001095915.1

1q23.3 RGS5|NP_001241678.1

0.0860

0.8630

6q25.2 RGS17|NP_036551.3

0.3700
20q13.33 RGS19|NP_005864.1

8q11.23 RGS20|NP_733466.1

0.1690

0.1830

0.5400

0.9450
16p13.3 RGS11|NP_899180.1

17q24.1 RGS9|NP_003826.2

0.9490
14q24.2 RGS6|NP_001191345.1

1q43 RGS7|NP_002915.3

0.8300

10q26.11 RGS10|NP_001005339.1

0.9720
5q35.3 RGS14|NP_006471.2

4p16.3 RGS12|NP_937872.1

0.3070

6q14.3 SNX14|NP_722523.1

0.3310
7p21.1 SNX13|NP_055947.1

4q35.1 SNX25|NP_114159.2

0.2300

1q25.3 RGSL1|NP_001131141.1

0.9440

0.4260
13q34 GRK1|NP_002920.1

3q23 GRK7|NP_631948.1

0.4500

0.9030
11q13.2 ADRBK1|NP_001610.2

22q12.1 ADRBK2|NP_005151.2

0.5370

10q26.11 GRK5|NP_005299.1

0.3450
5q35.3 GRK6|NP_002073.2

4p16.3 GRK4|NP_892027.2

0.1380

0.3070
17p11.2 AKAP10|NP_009133.2

8q22.2 RGS22|NP_056483.3

0.1700

1q23.1 ARHGEF11|NP_937879.1

0.9980
16p13.3 AXIN1|NP_003493.1

17q24.1 AXIN2|NP_004646.31.0
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
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Online Resource 2.11. Maximum Likelihood tree showing the paralogues of Homo sapiens 
RGSL1 and the R4 RGS proteins in RGS1/RGS16 region (RGS1, 2, 8, 13, 16, 18 and 21). This tree was 
constructed with 1000 bootstrap replicates from the protein sequences of the known human RGS-domain 
proteins  using the first iteration of DELTA BLAST.



0.6250

0.9400

0.6060

1q31.1 FAM5C|NP_950252.1

9q33.1 DBC1|NP_055433.2

1q25.2 FAM5B|NP_066988.1

0.9220

9q33.1 ASTN2|NP_054729.3

1q25.2 ASTN1|NP_004310.1

11q12.1 MPEG1|NP_001034485.1

0.9270

5p13.1 C6|NP_000056.2

0.4790

10q22.1 PRF1|NP_005032.2

0.4120

5p13.1 C7|NP_000578.2

0.7910

5p13.1 C9|NP_001728.1

0.7570

1p32.2 C8A|NP_000553.1

1p32.2 C8B|NP_000057.1
1.0

Online Resource 2.12. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein FAM5C. This tree was constructed with 1000 bootstrap replicates from the sequences of FAM5C
and the best hits obtained with the first iteration of DELTA BLAST.



0.9540

0.9510

0.7500

15q15.1 PLA2G4D|NP_828848.3

15q15.1 PLA2G4B|NP_001108105.1

15q15.1 PLA2G4E|NP_001193599.1

15q15.1 PLA2G4F|NP_998765.3

1q31.1 PLA2G4A|NP_077734.1

15q15.1 PLA2G4C|NP_001152794.1

0.1

Online Resource 2.13. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein PLA2G4A. This tree was constructed with 1000 bootstrap replicates from the sequences of
PLA2G4A itself and the best hits obtained with the first iteration of DELTA BLAST 
(PLA2G4C had an e-value on 9,00e-112 and coverage of 77%; the next hit had an e-value of 1e-28
and coverage of 16%).
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Online Resource 2.14. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein PTGS2. This tree was constructed with 1000 bootstrap replicates from the sequences of PTGS2 
itself and the best hits obtained with the first iteration of DELTA BLAST that also had a peroxidase domain.
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Online Resource 2.15. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein PDC. This tree was constructed with 1000 bootstrap replicates from the sequences of
PDC itself and the best hits obtained with the first iteration of DELTA BLAST with a cutoff of 1e-20.
However, based on domain structure alone only PDCL, PDCL1, PDCL2, PDCL3 are paralogs of PDC.
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Online Resource 2.16. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein TPR. This tree was constructed with 1000 bootstrap replicates from the sequences of
TPR itself and some of the best hits obtained with the first iteration of DELTA BLAST. However, even 
these sequences have very low identity to TPR itself (12%) and are thus likely not real paralogs.
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Online Resource 2.17. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein PRG4. This tree was constructed with 1000 bootstrap replicates from the sequences of
PRG4 itself and the best hits obtained with the first iteration of DELTA BLAST. However, all except VTN
have less than 30% identity and similarity, and even that protein is not very similar Phylogeny confirms this.
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Online Resource 2.18. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein IVNS1ABP. This tree was constructed with 1000 bootstrap replicates from the protein sequences 
of IVNS1ABP itself and 20 best hits obtained with the first iteration of DELTA BLAST. IVNS1ABP consists 
mainly of kelch-like domains, which is a common feature of many proteins.



1q25.3 FAM129A|NP_443198.1

9q34.11 FAM129B|NP_073744.2

19p13.11 FAM129C|NP_775815.2
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Online Resource 2.19. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein FAM129A. This tree was constructed from the protein sequences of FAM129A itself and the only 
two sequences with some identity and low e-values. Bootstrapping the phylogeny was not possible due to 
insufficient number of sequences.
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3p26.1 EDEM1|NP_055489.1
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Online Resource 2.20. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein EDEM3.This tree was constructed with 1000 bootstrap replicates from the protein sequences of 
EDEM3 itself and the 6 best results of DELTA BLAST’s first iteration against human reference sequences.
 All other hits had very low coverage.
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Online Resource 2.21. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein GLT25D2.This tree was constructed from the protein sequences of GLT25D2 itself and the only two
hits of DELTA BLAST’s first iteration against human reference sequences that had a similar domain structure.
In addition, these were the only hits with low e values. Due to insufficient number of sequences, bootstrapping
was not possible.
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6p21.1 APOBEC2|NP_006780.1

22q13.1 APOBEC3H|NP_001159475.1

0.8830

22q13.1 APOBEC3G|NP_068594.1

0.9590

22q13.1 APOBEC3B|NP_004891.4
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12p13.31 APOBEC1|NP_001635.2

1q25.3 APOBEC4|NP_982279.1
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Online Resource 2.22. Maximum Likelihood tree showing the paralogues of Homo sapiens 
proteins APOBEC4. This tree was constructed with 1000 bootstrap replicates from the sequences of all
the known human proteins with an APOBEC domain and an additional cytidine deaminase AICDA 
with the first iteration of DELTA BLAST.
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0.9630
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5q31.1 RAPGEF6|NP_001157858.1
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5q35.3 RASGEF1C|NP_778232.2
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4q21.21 RASGEF1B|NP_689758.1

10q11.21 RASGEF1A|NP_660356.2

9q34.13 RAPGEF1|NP_941372.1

22q11.23 RGL4|NP_705843.1
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5q14.1 RASGRF2|NP_008840.1

15q25.1 RASGRF1|NP_002882.3
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2p22.3 RASGRP3|NP_733772.1

11q13.1 RASGRP2|NP_722541.1
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1q25.3 RGL1|NP_055964.3

9q34.2 RALGDS|NP_006257.11.0

Online Resource 2.23. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein RGL1.This tree was constructed with 1000 bootstrap replicates from the protein sequences of RGL1 
itself and 25 best hits obtained with the first iteration of DELTA BLAST. All of them had some domain
similarities with RGL1; but only RALGDS, RGL2 and RGL3 had e values lower than 1e-140.
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17q21.2 SMG6|NP_060045.4

1q25.3 SMG7|NP_775179.1
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Online Resource 2.24. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein SMG7. This tree was constructed from the protein sequences of SMG7 itself and both proteins with 
some similar domains (first two DELTA BLAST first iteration hits when blasting against human reference 
sequences). Bootstrapping was not possible for this phylogeny due to insufficient number of sequences.



1p36.22 NMNAT1|NP_073624.2

3q23 NMNAT3|NP_835471.1

1q25.3 NMNAT2|NP_055854.1
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Online Resource 2.25. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein NMNAT2. This tree was constructed from the protein sequences of NMNAT2 itself and both proteins 
with some domain similarity (first two DELTA BLAST first iteration hits when blasting against human reference
sequences. Bootstrapping was not possible due to insufficient number of sequences.
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18p11.23 LAMA1|NP_005550.2

6q22.33 LAMA2|NP_000417.2

18q11.2 LAMA3|NP_937762.1

20q13.33 LAMA5|NP_005551.3

6q21 LAMA4|NP_001098676.2
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Online Resource 2.26. Maximum Likelihood tree showing the paralogues of Homo sapiens 
proteins LAMC1 and LAMC2. This tree was constructed with 1000 bootstrap replicates from the protein 
sequences of LAMC1, LAMC2 and 10 results of DELTA BLAST’s first iteration that had a similar domain 
structure (laminin proteins). They also had the lowest e values.
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10q26.2 DHX32|NP_060650.2

2p13.1 DQX1|NP_598376.2
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Online Resource 2.27. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein DHX9.This tree was constructed with 1000 bootstrap replicates from the protein sequences of 
DHX9 itself and all 17 results of DELTA BLAST’s first iteration that had a similar domain structure.



11q24.3 TMEM45B|NP_620143.1

3q12.2 TMEM45A|NP_060474.1

1q25.3 TEDDM1|NP_741997.3
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Online Resource 2.28. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein TEDDM1.This tree was constructed from the protein sequences of TEDDM1 itself and the only two
hits of DELTA BLAST’s first iteration against human reference sequences that had low e values. Due to 
insufficient number of sequences, bootstrapping was not possible.
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9q34.3 CACNA1B|NP_000709.1
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Xp11.23 CACNA1F|NP_005174.2

3p21.1 CACNA1D|NP_000711.10.1

Online Resource 2.29. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein CACNA1E.This tree was constructed with 1000 bootstrap replicates from the protein sequences 
of CACNA1E itself and 20 best hits obtained with the first iteration of DELTA BLAST against NCBI human 
reference sequences.



1q25.3 IER5|NP_057629.2

9q34.11 IER5L|NP_982258.2

19p13.2 IER2|NP_004898.2
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Online Resource 2.30. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein IER5.This tree was constructed from the protein sequences of IER5 itself and the only two
hits of pblast against human reference sequences that had the characteristic IER domain. pblast was used
instead of DELTA BLAST for this gene because DELTA BLAST failed to recognize the IER domain and 
therefore did not produce accurate results.Due to insufficient number of sequences, bootstrapping was not 
possible for this phylogenetic tree.
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Online Resource 2.31. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein MR1.This tree was constructed with 1000 bootstrap replicates from the protein sequences of MR1 
itself and 9 additional sequences amongst DELTA BLAST hits against NCBI human reference sequences.
These sequences all had coverage > 90% and e values < 1e-90, being therefore clearly better matches
than the other hits.
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12q24.33 STX2|NP_919337.1

16p11.2 STX1B|NP_443106.1

7q11.23 STX1A|NP_004594.1

1.0000

1q25.3 STX6|NP_005810.1

19p13.2 STX10|NP_003756.1
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Online Resource 2.32. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein STX6. This tree was constructed with 1000 bootstrap replicates from the protein sequences of STX6
itself and all the hits of DELTA BLAST’s first iteration against human reference sequences that had 
the syntaxin domain and e value < e-10.



9_unknown LOC100996390|XP_003846476.1

9q34.2 FAM163B|NP_001073984.1

1q25.2 FAM163A|NP_775780.1
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Online Resource 2.33. Maximum Likelihood tree showing the paralogues of Homo sapiens 
protein FAM163A.This tree was constructed from the protein sequences of FAM163A itself and the only two
hits of DELTA BLAST’s first iteration against the only two human reference sequences that had e values 
e values < 1e-20 (next hit was e-04). Due to insufficient number of sequences, bootstrapping
was not possible.
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