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HOR S1C1/5/19H1L in chromosomes: 1, 5, and 19
Variant #1 of HOR S1C1/5/19H1L in GJ212203.1 Structural variants of HOR S1C1/5/19H1L in 

GJ212203.1Mon 1 2 3 4 5 6
Type A B A B A B Var

#
Order of monomers Number of 

copiesClass J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 1 1 2 3 4 5 6 362

2 1 2 3/5 6/4 5 6 149
Variant #2 of HOR S1C1/5/19H1L in GJ212203.1 3 1 2 3 4 5 2/6 118
Mon 1 2 3 4 5 6 4 1 2 3 6/4 5 6 73
Type A B A B A B 5 1 2/4 5 6/4 5 6 42
Class J1 J2 J1 J2 J1 J2 6 1 2 3/5 6/4 5 2/6 40
Num 1 2 3/5 6/4 5 6 7 1 2 3 4 5 6/4 5 6 35

8 1 2 5/3 4 5 6 33
Variant #3 of HOR S1C1/5/19H1L in GJ212203.1 9 1 2 5 6/4 5 6 28
Mon 1 2 3 4 5 6 10 1 2/4 5 6 26
Type A B A B A B 11 1 2 3 4 5 6/4 5/1 2 3 4 5 6 22
Class J1 J2 J1 J2 J1 J2 12 1 2/4 5/3 4 5 6 22
Num 1 2 3 4 5 2/6 13 1 2 3 6/4 5 2/6 17

14 1 2 3 4 5 6/4 5 2/6 16
Variant #4 of HOR S1C1/5/19H1L in GJ212203.1 15 1 2 3/5 4 5 6 16
Mon 1 2 3 4 5 6 16 1 2/4 5 6/4 5 2/6 16
Type A B A B A B 17 1 2/4 5 2/6 12
Class J1 J2 J1 J2 J1 J2 18 1 2 5/3 4 5 2/6 12
Num 1 2 3 6/4 5 6 19 1 2 3 4 5 2/4 5 6 10

20 1 2 5 6/4 5 2/6 10
Variant #5 of HOR S1C1/5/19H1L in GJ212203.1 21 1 2 3 4 5 6/4 9
Mon 1 2 3 4 5 6 22 1 2 3/1 2/4 5 6 8
Type A B A B A B 23 1 2 3/1 2/4 5 2/6 7
Class J1 J2 J1 J2 J1 J2 24 1 2 3 4 5 6/4 5/1 2 3 4 5 2/6 7
Num 1 2/4 5 6/4 5 6 25 1 2 3 4 S1C16H1L.5 6 7

26 1 2/4 5/3 4 5 2/6 7
Variant #6 of HOR S1C1/5/19H1L in GJ212203.1 27 1 2 5/3 4 5 6/4 5 6 7
Mon 1 2 3 4 5 6 28 1 2/6 7
Type A B A B A B 29 1 2 3 4 5 6 1/5 2 3 4 5 6 6
Class J1 J2 J1 J2 J1 J2 30 1 2 3 4 5 6/4 5 6/4 5 6 6
Num 1 2 3/5 6/4 5 2/6 31 1 2 3/5 4 5 2/6 6

32 1 2 3/5 6/4 5 6/4 5/1 2 3 4 5 6 6
Variant #7 of HOR S1C1/5/19H1L in GJ212203.1 33 1 2 3/5 6/4 5 6/4 5 6 6
Mon 1 2 3 4 5 6 7 8 34 1 2 5/3 6/4 5 6 6
Type A B A B A B A B 35 1 2 3/5 2/4 5 6 5
Class J1 J2 J1 J2 J1 J2 J1 J2 36 1 2 3/5 6/4 5 6/4 5
Num 1 2 3 4 5 6/4 5 6 37 1 2 3 6/4 5 6/4 5 6 5

38 1 2/4 5/3 6/4 5 6 5
Variant #8 of HOR S1C1/5/19H1L in GJ212203.1 39 1 2/6 3 4 5 6 5
Mon 1 2 3 4 5 6 40 1 2 3 4/2 5 6 4
Type A B A B A B 41 1 6/2 3 4 5 6 2
Class J1 J2 J1 J2 J1 J2 42 1 2 3 4/6 5 6 1
Num 1 2 5/3 4 5 6 43 1 2 3 4 5 6 1/5 6 1/3 4 5 6 1

Full map and stats

https://docs.google.com/spreadsheets/d/1tXdV9Q5DcvY7SqY0SLTW_Tqp5oP6FUX8BrbdRs1ob20/edit?usp=sharing
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Variant #9 of HOR S1C1/5/19H1L in GJ212203.1 Note: (1) Unusually polymorphic HOR structure may be due to mixing of slightly 
different sequences from 3 chromosomes. Low copy HOR variants are shown 
without PERCON schemes just to demonstrate identified hybrids. (2) Sometimes 
hybrids occur in hybrid context and sometimes in a context of a basic monomer 
(see Supplementary note 1 for discussion).

Mon 1 2 3 4 5 6
Type A X A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 2 5 6/4 5 6 Variant #17 of HOR S1C1/5/19H1L in GJ212203.1

Mon 1 2 3 4
Variant #10 of HOR S1C1/5/19H1L in GJ212203.1 Type A B A B
Mon 1 2 3 4 Class J1 J2 J1 J2
Type A B A B Num 1 2/4 5 2/6
Class J1 J2 J1 J2
Num 1 2/4 5 6 Variant #18 of HOR S1C1/5/19H1L in GJ212203.1

Mon 1 2 3 4 5 6
Variant #11 of HOR S1C1/5/19H1L in GJ212203.1 Type A B A B A B
Mon 1 2 3 4 5 6 7 8 9 10 11 12 Class J1 J2 J1 J2 J1 J2
Type A X A B A B A B A B A B Num 1 2 5/3 4 5 2/6
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6/4 5/1 2 3 4 5 6 Variant #19 of HOR S1C1/5/19H1L in GJ212203.1

Mon 1 2 3 4 5 6 7 8
Variant #12 of HOR S1C1/5/19H1L in GJ212203.1 Type A B A B A B A B
Mon 1 2 3 4 5 6 Class J1 J2 J1 J2 J1 J2 J1 J2
Type A B A B A B Num 1 2 3 4 5 2/4 5 6
Class J1 J2 J1 J2 J1 J2
Num 1 2/4 5/3 4 5 6 Variant #20 of HOR S1C1/5/19H1L in GJ212203.1

Mon 1 2 3 4 5 6
Variant #13 of HOR S1C1/5/19H1L in GJ212203.1 Type A B A B A B
Mon 1 2 3 4 5 6 Class J1 J2 J1 J2 J1 J2
Type A B A B A B Num 1 2 5 6/4 5 2/6
Class J1 J2 J1 J2 J1 J2
Num 1 2 3 6/4 5 2/6

Variant #14 of HOR S1C1/5/19H1L in GJ212203.1
Mon 1 2 3 4 5 6 7 8
Type A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6/4 5 2/6

Variant #15 of HOR S1C1/5/19H1L in GJ212203.1
Mon 1 2 3 4 5 6
Type A B A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 2 3/5 4 5 6

Variant #16 of HOR S1C1/5/19H1L in GJ212203.1
Mon 1 2 3 4 5 6
Type A B A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 2/4 5 6/4 5 2/6



Figure S1. The structure of SF1 HORs S1C1/5/19H1L

3

Variant #44 of HOR S1C1/5/19H1L in chr1_FP565591.6 Structural variants of HOR S1C1/5/19H1L in chr1_FP565591.6
Mon 5 6 Var

#
Order of monomers Number of 

copiesType A B
Class J1 J2 44 5 6/4 70
Num 5 6/4 Full map and stats

Note: (3) Variant #44 and the statistics below are shown to illustrate the discussion of 5-6/4 dimer in section 1.2.2 of Supplementary Note 1.

Genome-wide statistics of S1C1/5/19H1L.6/4 hybrid (see discussion in Supplementary note 1).
Hybrid S1C1/5/19H1L.6/4 has 1458 copies in the assembly.

It occurs mostly in the variant n/5-6/4-5/m that has 
1168 copies (where n=1,3, and m=1,3). Full 
statistics is provided below.

# Order of monomers Number of copies
1 5 6/4 5 565
2 3/5 6/4 5 340
3 5 6/4 5/1 229
4 1/5 6/4 5 18
5 5 6/4 5/3 9
6 3/5 6/4 5/1 3
7 1/5 6/4 5/1 2
8 3/5 6/4 5/3 2

Also, it occurs in the variant: n/3-6/4-5 that has 210 
copies (where n=1,5).

Also, it occurs in the variant: n/1 6/4 5/m that 
has 3 copies (where n=3, and m=1).

# Order of monomers Number of copies # Order of monomers Number of copies
1 3 6/4 5 179 1 1 6/4 5 1
2 5/3 6/4 5 30 2 1 6/4 5/1 1
3 1/3 6/4 5 1 3 3/1 6/4 5 1

Also, it occurs in the variant: n/5 6/4 1/m that has 
40 copies (where n=3, and m=5). Other variants:
# Order of monomers Number of copies # Order of monomers Number of copies

1 5 6/4 1 35 1 3 6/4 S1C16H1L.5 3
2 5 6/4 1/5 3 2 3/5 6/4 S1C16H1L.5 5
3 3/5 6/4 1/5 2 3 5 6/4 S1C16H1L.5 5

4 S1C16H1L.5 6/4 5/1 5
Also, it occurs in the variant: n/3 6/4 3/m that has 3 
copies (where n=5, and m=5).

5 S1C16H1L.5 6/4 5 9
6 S1C16H1L.5 6/4 S1C16H1L.5 1

# Order of monomers Number of copies
1 3 6/4 3/5 2
2 5/3 6/4 3/5 1

Also, it occurs in the variant: n/5 6/4 3/m that has 5 
copies (where n=3, and m=5).

# Order of monomers Number of copies
1 5 6/4 3 2
2 5 6/4 3/5 2
3 3/5 6/4 3 1

https://docs.google.com/spreadsheets/d/1OsXdQPnfifRk-LUDPKtkO7BVk-yut336XgrjHHVBfYk/edit?usp=sharing
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HOR S1C3H1L in chromosome 3
Variant #1 of HOR S1C3H1L in GJ211871.1 Structural variants of HOR S1C3H1L in GJ211871.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Var

#
Order of monomers Number of 

copiesType A B A B A B A B A A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 Um J2 J1 J2 J1 J2 J1 J2 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 544
Num 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 2 1 2 3 4 12/5 6 7 8 9 10 11 12 13 14 15 16 17 70

3 1 2 3 4 5/7 8 9 10 11 12 13 14 15 16 17 38
4 1 2 3 4 5 6 5 6 7 8 9 10 11 12 13 14 15 16 17 10

Variant #2 of HOR S1C3H1L in GJ211871.1 5 1 2 3 4 7 8 9 10 11 12 13 14 15 16 17 10
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Full map and stats
Type A B A B X B A B A A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 Um J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 12/5 6 7 8 9 10 11 12 13 14 15 16 17

Variant #3 of HOR S1C3H1L in GJ211871.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Type A B A B A B A A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 Um J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5/7 8 9 10 11 12 13 14 15 16 17

Variant #4 of HOR S1C3H1L in GJ211871.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Type A B A B A B A B A B A A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 Um J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 5 6 7 8 9 10 11 12 13 14 15 16 17

Variant #5 of HOR S1C3H1L in GJ211871.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Type A B A B A B A A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 Um J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 7 8 9 10 11 12 13 14 15 16 17

Note: (1) Monomers 8-9-10 branch with archaic SF1, others with modern SF1 (Fig. S2a 
Group1). (2) Hybrid monomer 12/5 is a dramatically different variant of monomer 5, its 
right half is very similar to monomer 5  and the left part is similar to monomers 12 and 
16 (slightly more to 12), but with a lot of own mutations. However, it never occurs in its 
legitimate context (between monomers 11 and 6), but always in place of monomer 5 
(between 4 and 6).

https://docs.google.com/spreadsheets/d/1uRRIsaOWZVhguDMYAc4WRG5OTL1-HPRPANouq1NfPVs/edit?usp=sharing
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HOR S1C3H2 in chromosome 3
Variant #1 of HOR S1C3H2 in GJ211866.1 Structural variants of HOR S1C3H2 in GJ211866.1

Mon 1 2 3 4 5 6 7 8 9 10
Var
#

Order of monomers Number of 
copies

Type A B A A A A B A B A 1 1 2 3 4 5 6 7 8 9 10 250
Class R2 J2 J1 R1 J1 R2 J2 J1 J2 J1 2 1 2 S1C3H3.3 4 5 6 7 8 9 10 8
Num 1 2 3 4 5 6 7 8 9 10 Full map and stats

Note: (1) PERCON misclassification of monomer 4 
shown as R1 type A instead of type B.

Structural variants of HOR S1C3H2 in GJ211867.1
Var
#

Order of monomers Number of 
copies

1 9/7 8 15
2 9 10/8 7

Comparison of monomers 
in GJ211866.1 and 
GJ211867.1

3 9/7 8/6 7 8 2
4 7 8 1
5 9 1
6 9 10/6 7 8 1
7 9 10/6 7 8 S1C3H3d.4 8 1
8 9 10/7 8/6 7 8 1
9 9/7 3/10 1/7 8 1

10 9/7 8/10 1/7 8 1
11 9/7 8/6 S1C3H3d.2 10/7 8 1

Full map and stats
Monomers in GJ211867.1

Note: (2) RM GJ211867.1 has 
only monomers 6, 7, 8, 9, 10, 
1 or their hybrids. Monomers 
10/7 and 1/7 are A/B hybrids.

https://docs.google.com/spreadsheets/d/1v7Opb1urshZih25xSWEtKWu2ShB5Z_cO7yU2PakQuI0/edit?usp=sharing
https://docs.google.com/spreadsheets/d/14UwEXusUJkD7itPPDynL2HJYeIvGqG3xkzh77XbxKnw/edit?usp=sharing
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HOR S1C3H3d in chromosome 3
Variant #1 of HOR S1C3H3d in ABBA01004655.1 Structural variants of HOR S1C3H3d in ABBA01004655.1
Mon 1 2 3 4 5 Var

#
Order of monomers Number of 

copiesType A B A B A
Class R2 R1 J1 R1 J1 1 1 2 3 4 5 61
Num 1 2 3 4 5 2 1 2 5 12

3 1 4 5 10
Full map and stats

Variant #2 of HOR S1C3H3d in ABBA01004655.1 Notes: (1) In divergent HORs, the statistics of structural 
variants shown here is not representative due to their 
ruined structure. View the full map via the link provided.Mon 1 2 3

Type A B A
Class R2 Um J1 (2) Forward strand monomer order is shown instead of 

reverse strand order.Num 1 2 5
(3) Unstable PERCON classification in various genomic 
contigs: mon2 - J2/R2/Um, mon4 - J2/R1/Um, mon5 - 
J1/Um.Variant #3 of HOR S1C3H3d in ABBA01004655.1

Mon 1 2 3
Type A B A
Class R2 R1 J1
Num 1 4 5

https://docs.google.com/spreadsheets/d/1YgxpyErMs5SyBDTHwshp86J42Dnj289aSRfhEcnI1So/edit?usp=sharing
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HOR S1CMH1d in chromosome 3
Variant #1 of HOR S1CMH1d in ABBA01004652.1
Mon 1 2 3 4
Type A B A B
Class R2 Um J1 R1
Num 1 2 3 4

Variant #3 of HOR S1CMH1d in ABBA01004652.1
Mon 1 2
Type A B Structural variants of HOR S1CMH1d in 

ABBA01004652.1Class R2 J2
Num 1 2 Var

#
Order of monomers Number of 

copies

Variant #2 of HOR S1CMH1d in ABBA01004652.1 1 1 2 3 4 7
Mon 1 2 3 2 1 2 7
Type A X A 3 1 2 3 5
Class R2 R1 J1 Full map and stats
Num 1 2 3 Note: (1) In divergent HORs, the statistics 

of structural variants shown here is not 
representative due to their ruined structure. 
View the full map via the link provided.
(2) Forward strand monomer order is 
shown instead of reverse strand order.Chromosome 6

Variant #2 of HOR S1CMH1d in FP325349.3 Structural variants of HOR S1CMH1d in 
FP325349.3Mon 1 2 3

Type A U A Var
#

Order of monomers Number of 
copiesClass R2 J2 J1

Num 1 2 3 2 1 2 3 6
Full map and stats

Chromosome 7
Variant #1 of HOR S1CMH1d in AC019063.4 Structural variants of HOR S1CMH1d in 

AC019063.4Mon 1 2 3 4
Type A B A X Var

#
Order of monomers Number of 

copiesClass R2 J2 J1 R1
Num 1 2 3 4 1 1 2 3 4 2

Full map and stats

Chromosome 8
Variant #2 of HOR S1CMH1d in AC144576.3 Structural variants of HOR S1CMH1d in 

AC144576.3Mon 1 2 3
Type A B A Var

#
Order of monomers Number of 

copiesClass J1 R1 J1
Num 1 2 3 2 1 2 3 6

3 1 2 5
4 1 4 3
1 1 2 3 4 2

Full map and stats

https://docs.google.com/spreadsheets/d/1g5p2iYUVv3QXw_6Tb9qSPdmWV8PBPqXRPFKaBGRxCmk/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1hix6CpApj8SeZayuooqyIVX_PtOPvyil3VkKIGgcg28/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1_vP7RV2aW08HE0XtPpOhG2V5QgWeD_UdRo1J_Hyv-Fw/edit?usp=sharing
https://docs.google.com/spreadsheets/d/12SVwFGjjXJe9KfteqKKbztGUhcOpzXb1xTzvdrrX7Wc/edit?usp=sharing
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Variant #3 of HOR S1CMH1d in AC144576.3 Variant #1 of HOR S1CMH1d in AC144576.3
Mon 1 2 Mon 1 2 3 4
Type A B Type A B A A
Class R2 R1 Class R2 R1 J1 R2
Num 1 2 Num 1 2 3 4

Variant #4 of HOR S1CMH1d in AC144576.3
Mon 1 2
Type A B
Class R2 R1
Num 1 4

Chromosome 10
Variant #2 of HOR S1CMH1d in ABBA01020707.1 Structural variants of HOR S1CMH1d in 

ABBA01020707.1Mon 1 2 3
Type A X A Var

#
Order of monomers Number of 

copiesClass R2 R1 J1
Num 1 2 3 2 1 2 3 4

Full map and stats

Chromosome 12
Variant #2 of HOR S1CMH1d in AC144535.4 Structural variants of HOR S1CMH1d in 

AC144535.4Mon 1 2 3
Type A B A Var

#
Order of monomers Number of 

copiesClass R2 R1 J1
Num 1 2 3 2 1 2 3 6

1 1 2 3 4 6
Variant #1 of HOR S1CMH1d in AC144535.4 Full map and stats
Mon 1 2 3 4
Type A B A B
Class R2 R1 J1 R1
Num 1 2 3 4

Chromosome 20
Variant #1 of HOR S1CMH1d in 
chr20_AL358116.7

Structural variants of HOR S1CMH1d in 
chr20_AL358116.7

Mon 1 2 Var
#

Order of monomers Number of 
copiesType A B

Class R2 R1 3 1 2 2
Num 1 2 Full map and stats

https://docs.google.com/spreadsheets/d/1vK09pEK1j0lODdDZcWo2UQIle2qNaM9xF2zconL3NEA/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1gYM-RPErkAo0z-OUelln95-4PG04d1O4i4qgz_ta-ik/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1GUf4gSOZE_MC3Z1RJXdfPjcwx-QH5M3y8lMkP0_PaZU/edit?usp=sharing
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HOR S1C5pH2 in chromosome 5
Variant #1 of HOR S1C5pH2 in GJ211887.1 Structural variants of HOR S1C5pH2 in GJ211887.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Var

#
Order of monomers Number of 

copiesType B A B X B A B A U A B A B A B A
Class J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 39
Num 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 2 1 2 3 4 5 6 7 8 9 12 13 14 15 16 4

Full map and stats

https://docs.google.com/spreadsheets/d/1iFdbhvIC3Ommfc1Cw3J2jA4F_e0hJbkHf-Vqa0l1n60/edit?usp=sharing
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HOR S1C6H1L in chromosome 6
Variant #1 of HOR S1C6H1L in GJ211907.1 Structural variants of HOR S1C6H1L in GJ211907.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Var

#
Order of monomers Number of 

copiesType A B A A B A B A B A B A B A B B A B
Class J1 J2 J1 J1 J2 J1 J1 J1 J2 J1 J2 J1 J2 J1 J2 J2 J1 J2 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 402
Num 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 18 3

Full map and stats

Note: On the tree, monomer 7 is in J2 branch, 
but PERCON classes it J1. It also branches with 
S1CMH1.4 (J2, B) in Fig. S2a Group1 tree and 
matches S1CMH1.4 haplotype (Fig. S1). It is 
likely a PERCON misclassification.

https://docs.google.com/spreadsheets/d/1IsnSrGb0PFV6nP20CgNgx3TEy11FjtBN036B8OlaSVQ/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C7H1L
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HOR S1C7H1L in chromosome 7
Variant #1 of HOR S1C7H1L in GJ211908.1 Structural variants of HOR S1C7H1L in 

GJ211908.1Mon 1 2 3 4 5 6
Type A B A B A B Var

#
Order of monomers Number of 

copiesClass J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 1 1 2 3 4 5 6 2279

2 1 2 3 6 52
3 1 2 3 2 3 4 5 6 45

Variant #2 of HOR S1C7H1L in GJ211908.1 4 1 2 3 4 5 2 3 4 5 6 35
Mon 1 2 3 4 5 1 2 3 4 32
Type A B A B 6 1 2 5 6 15
Class J1 J2 J1 J2 7 1 2 3 4 3 2 3 4 5 6 13
Num 1 2 3 6 Full map and stats

Variant #3 of HOR S1C7H1L in GJ211908.1
Mon 1 2 3 4 5 6 7 8
Type A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 2 3 4 5 6

Variant #4 of HOR S1C7H1L in GJ211908.1
Mon 1 2 3 4 5 6 7 8 9 10
Type A B A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 2 3 4 5 6

Variant #5 of HOR S1C7H1L in GJ211908.1
Mon 1 2 3 4
Type A B A B
Class J1 J2 J1 J2
Num 1 2 3 4

Variant #6 of HOR S1C7H1L in GJ211908.1
Mon 1 2 3 4
Type A B A B
Class J1 J2 J1 J2
Num 1 2 5 6

Variant #7 of HOR S1C7H1L in GJ211908.1
Mon 1 2 3 4 5 6 7 8 9 10
Type A B A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 3 2 3 4 5 6

https://docs.google.com/spreadsheets/d/1mz34_e4I-rvJYcSh_ITvHLK_-fg1uyZRZYDEhp0B9Hc/edit?usp=sharing
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HOR S1C10H1L in chromosome 10
Variant #1 of HOR S1C10H1L in GJ211932.1 Structural variants of HOR S1C10H1L in 

GJ211932.1Mon 1 2 3 4 5 6 7 8
Type A B A B A B A B Var

#
Order of monomers Number of 

copiesClass J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 7 8 1 1 2 3 4 5 6 7 8 365

2 1 2 3 4/6 7 8 155
3 1 2/4 5 6 7 8 146

Variant #2 of HOR S1C10H1L in GJ211932.1 4 1 2 5 6 7 8 140
Mon 1 2 3 4 5 6 5 1 2 3/5 6 7 8 123
Type A B A B A B 6 1 4 5 6 7 8 44
Class J1 J2 J1 J2 J1 J2 7 1 6 7 8 32
Num 1 2 3 4/6 7 8 8 1 2/4 5/3 4/6 7 8 20

9 1 2 5 6/8 18
Variant #3 of HOR S1C10H1L in GJ211932.1 10 1 2 5/3 4/6 7 8 16
Mon 1 2 3 4 5 6 11 1 2 3/5 6/2/4 5 6 7 8 14
Type A B A B A B 12 1 2 3 4 5/3 4 5 6 7 8 13
Class J1 J2 J1 J2 J1 J2 13 1 2/6 7 8 12
Num 1 2/4 5 6 7 8 14 1 2 3 4 5 6 7 8 1/3 4 5 6 7 8 6

15 1 2 3/1 6 7 8 5
Variant #4 of HOR S1C10H1L in GJ211932.1 16 1 2 3/5 6 7/5 6/8 4
Mon 1 2 3 4 5 6 17 1 2 3 4/2/4 5 6 7 8 3
Type A B A B A B 18 1 2 3/5 6/8 1/7 8 3
Class J1 J2 J1 J2 J1 J2 19 1 2 3 4/8 7 8 2
Num 1 2 5 6 7 8 20 1 2/4 5 6 7 8 1/5 6/2/4 5 6 7 8 2

21 1 2/8 2
Variant #5 of HOR S1C10H1L in GJ211932.1 22 1 2 3 4 5 6 7/1 2 5 6 7 8 1
Mon 1 2 3 4 5 6 23 1 2 3 4 5 6 7 8 1/3 4 5 6 7 8/2 

3 4 5 6 7 8
1

Type A B A B A B
Class J1 J2 J1 J2 J1 J2 24 1 2 3 4 5 6 7 8/6 7 8 1
Num 1 2 3/5 6 7 8 Full map and stats

Variant #6 of HOR S1C10H1L in GJ211932.1 Notes: (1) There are two dramatically different 
variants of monomer 6. (2) Low copy HOR 
variants are shown to demonstrate identified 
hybrids.

Mon 1 2 3 4 5 6
Type A B A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 4 5 6 7 8

Variant #7 of HOR S1C10H1L in GJ211932.1
Mon 1 2 3 4
Type A B A B
Class J1 J2 J1 J2
Num 1 6 7 8

Variant #8 of HOR S1C10H1L in GJ211932.1
Mon 1 2 3 4 5 6
Type A B A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 2/4 5/3 4/6 7 8

https://docs.google.com/spreadsheets/d/1OFPXf9hJ8CAZEQrdwPoFM7YJF4bzHHUPrRbcxHXKwCE/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C10H1
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Variant #9 of HOR S1C10H1L in GJ211932.1 Variant #12 of HOR S1C10H1L in GJ211932.1
Mon 1 2 3 4 Mon 1 2 3 4 5 6 7 8 9 10
Type A B A B Type A B A B A B A B A B
Class J1 J2 J1 J2 Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 5 6/8 Num 1 2 3 4 5/3 4 5 6 7 8

Variant #10 of HOR S1C10H1L in GJ211932.1 Variant #13 of HOR S1C10H1L in GJ211932.1
Mon 1 2 3 4 5 6 Mon 1 2 3 4
Type A B A B A B Type A B A B
Class J1 J2 J1 J2 J1 J2 Class J1 J2 J1 J2
Num 1 2 5/3 4/6 7 8 Num 1 2/6 7 8

Variant #11 of HOR S1C10H1L in GJ211932.1
Mon 1 2 3 4 5 6 7 8
Type A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3/5 6/2/4 5 6 7 8

Variant #1 of HOR S1C10H1-B in GJ211933.1 Structural variants of HOR S1C10H1-B in GJ211933.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Var

#
Order of monomers Number of 

copiesType A B A B A B A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 1 1 2 3 4 5 2 3 4 5 6 7 6 7 8 10
Num 1 2 3 4 5 2 3 4 5 6 7 6 7 8 2 1 2 3 4 5 2 3 4 S1C10H1L.5 6 7 6 7 8 3

3 1 2 3 4 5 2 3 4 5 6 S1C10H1L.7 8 2
4 1 2 3 4 5 S1C10H1-C.2 3 4 5 6 7 6 7 8 2

Full map and stats

Note: In SF1, this is the only case where 
the straight monomer order in a HOR differs 
from the basic monomer numbering used 
for the HOR-track. Hence, there are 2 
copies of monomers 2 to 7 in the HOR 
which is indicated in the first tree.

https://docs.google.com/spreadsheets/d/1nuyAzFGZBwEswCHUMM4DZr_XGxQ9RDZUZ_cbMHDetl0/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C10H1
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Variant #1 of HOR S1C10H1-C in GJ211936.1 Structural variants of HOR S1C10H1-C in GJ211936.1
Mon 1 2 3 4 5 6 7 8 Var

#
Order of monomers Number of 

copiesType A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 1 1 2 3 4 5 6 7 8 21
Num 1 2 3 4 5 6 7 8 2 1 2 3 4 5 S1C10H1L.6 S1C10H1L.7/5 6 7 8 3

3 1 2 3/5 6 7 8 1
Full map and stats

Variant #2 of HOR S1C10H1-C in GJ211936.1
Mon 1 2 3 4 5 6 7 8 9 10
Type A B A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5S1C10H1L.6S1C10H1L.7/5 6 7 8

Variant #3 of HOR S1C10H1-C in GJ211936.1
Mon 1 2 3 4 5 6
Type A B A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 2 3/5 6 7 8

https://docs.google.com/spreadsheets/d/1OtQe1LVZs8ryFnc2SEAULxRwjj0z23Tbliw6oz7Qoao/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C10H2
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HOR S1C10H2 in chromosome 10
Variant #1 of HOR S1C10H2 in GJ211930.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Type A B A B A B A B A B A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Structural variants of HOR S1C10H2 in GJ211930.1
Var# Order of monomers Number of copies

1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 48
2 1 2 3 4 5 6 7 8 17 18 3

Full map and stats

Note: Monomer 9 is rather close to 17 so they recombine to produce variant #2 
where 17 is likely to be a 9/17 hybrid.

https://docs.google.com/spreadsheets/d/18JLu4UIBWuZvRo9p1qPYhV4LkkmJKSQB9N5vulvwOag/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C12H1L
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HOR S1C12H1L in chromosome 12
Variant #1 of HOR S1C12H1L in GJ211954.1 Structural variants of HOR S1C12H1L in 

GJ211954.1Mon 1 2 3 4 5 6 7 8
Type A B A B A B A B Var

#
Order of monomers Number of 

copiesClass J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 7 8 1 1 2 3 4 5 6 7 8 1360

2 1 6 7 8 91
3 1 2 3 4 5 6 7 2 3 4 5 6 7 8 28

Variant #2 of HOR S1C12H1L in GJ211954.1 4 1 4 5 6 7 8 28
Mon 1 2 3 4 5 1 2 3 8 20
Type A B A B 6 1 2 3 4 18
Class J1 J2 J1 J2 7 1 8 15
Num 1 6 7 8 8 1 2 3 2 3 4 5 6 7 8 13

9 1 2 3 4 5 6 7 6 7 8 11
Variant #3 of HOR S1C12H1L in GJ211954.1 10 1 2 3 4 5 6 5 6 7 8 10
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Full map and stats
Type A B A B A B A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 7 2 3 4 5 6 7 8

Variant #4 of HOR S1C12H1L in GJ211954.1
Mon 1 2 3 4 5 6
Type A B A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 4 5 6 7 8

Variant #5 of HOR S1C12H1L in GJ211954.1 Variant #8 of HOR S1C12H1L in GJ211954.1
Mon 1 2 3 4 Mon 1 2 3 4 5 6 7 8 9 10
Type A B A B Type A B A B A B A B A B
Class J1 J2 J1 J2 Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 8 Num 1 2 3 2 3 4 5 6 7 8

Variant #6 of HOR S1C12H1L in GJ211954.1 Variant #9 of HOR S1C12H1L in GJ211954.1
Mon 1 2 3 4 Mon 1 2 3 4 5 6 7 8 9 10
Type A B A B Type A B A B A B A B A B
Class J1 J2 J1 J2 Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 Num 1 2 3 4 5 6 7 6 7 8

Variant #7 of HOR S1C12H1L in GJ211954.1 Variant #10 of HOR S1C12H1L in GJ211954.1
Mon 1 2 Mon 1 2 3 4 5 6 7 8 9 10
Type A B Type A B A B A B A B A B
Class J1 J2 Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 8 Num 1 2 3 4 5 6 5 6 7 8

https://docs.google.com/spreadsheets/d/1BGZ3Q8BBuX1doU1nFbkkzeTL3VAk2hFhCjjvqQ644m4/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C12H2
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HOR S1C12H2 in chromosome 12
Variant #1 of HOR S1C12H2 in GJ211949.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Type A B A B A B A B A B A B A B A B X B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Variant #2 of HOR S1C12H2 in GJ211949.1
Mon 1 2 3 4 5 6
Type A B A B X B
Class J1 J2 J1 J2 J1 J2
Num 1 2

S
1C

12
H

3.
1 16 17 18

Structural variants of HOR S1C12H2 in GJ211949.1
Var# Order of monomers Number of copies

1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 4
2 1 2 S1C12H3.1 16 17 18 2

Full map and stats

https://docs.google.com/spreadsheets/d/1OmUd6Jux74xJ-SDN4M-r60s5oBiMbFMtxdNtPkaq3pU/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C12H3d
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HOR S1C12H3d in chromosome 12 q-arm Structural variants of HOR S1C12H3d in 
AEKP01211346.1

Variant #1 of HOR S1C12H3d in AEKP01211346.1
Mon 1 2 3 4 5 6 7 8 Var

#
Order of monomers Number of 

copiesType A B A B X A B A
Class R2 J2 J1 J2 Um Um Um J1 1 1 2 3 4 5 6 7 8 2
Num 1 2 3 4 5 6 7 8 2 1 2 3 5 4 5 4 5 6 7 8 1

Full map and stats
Note: In divergent HORs, the statistics of 
structural variants shown here is not 
representative due to their ruined structure. 
View the full map via the link provided.

Variant #2 of HOR S1C12H3d in AEKP01211346.1
Mon 1 2 3 4 5 6 7 8 9 10 11 Structural variants of HOR S1C12H3d in 

AUXG01000432.1*Type A B A A B X B A A X A
Class R2 J2 Um J1 J2 J1 J2 J1 J1 R1 J1 Var

#
Order of monomers Number of 

copiesNum 1 2 3 5 4 5 4 5 6 7 8
3 1 2 3 4 5 6 S1CMH1d.2 

S1CMH1d.3 S1CMH1d.2 
8

1

Chromosome 12 p-arm
Variant #3 of HOR S1C12H3d in AUXG01000432.1 4 1 2 S1CMH1d.3 3 4 5 4 4 

5 4 5 4 3 2
1

Mon 1 2 3 4 5 6 7 8 9 10
Type A B A B X A B X B A 5 1 8 7 6 5 4 5 4 3 2 1
Class R2 J2 J1 R1 R2 J1 J2 J1 J2 J1 Full map and stats
Num 1 2 3 4 5 6S1CMH1d.2S1CMH1d.3S1CMH1d.2 8

* Part of the sequence of this contig is in 
reverse complement direction.

Variant #4 of HOR S1C12H3d in AUXG01000432.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Type X B A A X X B B X B X X A B
Class R2 J2 J1 J1 J2 Um J2 Um J1 R1 J1 R1 J1 J2
Num 1 2S1CMH1d.3 3 4 5 4 4 5 4 5 4 3 2

Variant #5 of HOR S1C12H3d in AUXG01000432.1
Mon 1 2 3 4 5 6 7 8 9 10
Type A A B A X X X B A B
Class R2 J1 R1 J1 Um R1 J1 J2 J1 J2
Num 1 8 7 6 5 4 5 4 3 2

https://docs.google.com/spreadsheets/d/13c7xhppgGX_fdMwiuFMxTGLZzaINjb2SGyRz3Amf_0U/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1--37DRZR_JBarbgO6iLEjtQAsuqlGKIJ7BqG6JzRr8A/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C10/12H1d
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HOR S1C10/12H1d in chromosome 10
Variant #1 of HOR S1C10/12H1d in ABBA01020707.1
Mon 1 2
Type A B
Class J1 J2 Note: In divergent HORs, the statistics of 

structural variants shown here is not 
representative due to their ruined structure. 
View the full map via the link provided.

Num 1 2

Structural variants of HOR S1C10/12H1d in ABBA01020707.1
Var# Order of monomers Number of copies

1 1 2 20
Full map and stats

Chromosome 12
Structural variants of HOR S1C10/12H1d in ABBA01049496.1
Var# Order of monomers Number of copies

1 1 2 29
Full map and stats

Chromosome 7
Structural variants of HOR S1C10/12H1d in ABBA01032025.1
Var# Order of monomers Number of copies

1 1 2 6
Full map and stats

Chromosome 19
Structural variants of HOR S1C10/12H1d in ABBA01017837.1
Var# Order of monomers Number of copies

1 1 2 6
Full map and stats

Chromosome 3
Structural variants of HOR S1C10/12H1d in ABBA01000935.1
Var# Order of monomers Number of copies

1 1 2 3
Full map and stats

https://docs.google.com/spreadsheets/d/1b0wGKogx59lyizmMQ8BrUqlGcAuy4fRGZUHMsTTN4LE/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1x1TjfARAWQCBckZYn53bh22HYF1L0KZuG4swG2YuzRs/edit?usp=sharing
https://docs.google.com/spreadsheets/d/17_NvKqoCtbq7mN9crOBWgxnnbhj_Tx_Q8Y1KFeEV0vY/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1DqbVf1wJNl3OZJRJzHOZ3LlowK650n8ivsIeCCk0310/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1ReT-cWd5AeokBSk6AMFXzAdqJ0XpSbo479fKtHFW3GY/edit?usp=sharing


Figure S1. The structure of SF1 HORs S1C16H1L
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HOR S1C16H1L in chromosome 16
Variant #1 of HOR S1C16H1L in GJ212051.1 Structural variants of HOR S1C16H1L in GJ212051.1
Mon 1 2 3 4 5 6 7 8 9 10 Var

#
Order of monomers Number of 

copiesType A X A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 1 1 2 3 4 5 6 7 8 9 10 930
Num 1 2 3 4 5 6 7 8 9 10 2 1 2 3 4 5 6 9 2 3 4 5 6 7 8 9 10 30

3 1 2 3 8 9 10 28
4 1 2 3 4 5 6 7 8 12
5 1 2 3 4 5 6 9 10 10
6 1 2 3 6 7 8 9 10 10
7 1 2 5 6 7 8 9 10 9
8 1 2 3 4 S1C1/5/19H1L.5 8 9 10 8
9 1 10 6

10 1 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 10 6
Full map and stats

Variant #2 of HOR S1C16H1L in GJ212051.1
Mon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Type A X A B A B A X A B A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 9 2 3 4 5 6 7 8 9 10

Variant #3 of HOR S1C16H1L in GJ212051.1
Mon 1 2 3 4 5 6
Type A X A B A B
Class J1 J2 J1 J2 J1 J2
Num 1 2 3 8 9 10

Variant #4 of HOR S1C16H1L in GJ212051.1
Mon 1 2 3 4 5 6 7 8
Type A X A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 7 8

Variant #5 of HOR S1C16H1L in GJ212051.1
Mon 1 2 3 4 5 6 7 8
Type A X A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 4 5 6 9 10

Variant #6 of HOR S1C16H1L in GJ212051.1
Mon 1 2 3 4 5 6 7 8
Type A X A B A B A B
Class J1 J2 J1 J2 J1 J2 J1 J2
Num 1 2 3 6 7 8 9 10

https://docs.google.com/spreadsheets/d/1pP8UDqu96CKT4U8nNurITw1kTH5JIu_vKV0i2L5eOt8/edit?usp=sharing


Figure S1. The structure of SF1 HORs Figure S1. Note
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Figure S1. The structure of SF1 HORs
The Figure presents the data on HOR structure obtained in this work. It 
contains the following elements for each HOR: (1) Colored panels which show 
the structure of a master HOR (variant #1) and of a number of most abundant 
structural variants (if any). The panel shows each monomer of a HOR with its 
PERCON class assignment (J1, J1, R1, R2 or Um for unclassed). It also 
indicates the independent PERCON assignment of A or B type of a monomer 
[1]. “Mon” indicates the straight numbering of the monomers in this particular 
variant, and “Num” indicates the numbering according to the basic HOR. In 
most cases, it is the numbering of variant #1. In S1C10H1, where two 
sequence variants are present (S1C10H1-B and S1C10H1-C), the basic HOR 
is variant #1 of S1C10H1L and the monomers in the B and C variants are 
numbered accordingly; (2) Two kinds of phylogenetic trees of monomers may 
appear for each HOR. One is the tree of the monomers present in the master 
HOR which is a copy with a basic HOR structure that was selected as a 
standard (fist tree). The number of branches in the first tree equals the number 
of monomers in a HOR. There may also be a tree which shows a larger 
number of monomers, if any additional HMM profiles were added to the master 
HOR monomers to ensure complete coverage (second tree). The number of 
branches in the second tree is greater than the number of monomers in a 
HOR and some hybrid monomers may be present. For divergent HORs, the 
tree of consensus HOR monomers is shown as the first tree. In case of 
S1C3H2, which is represented by two different RMs, additional trees are 
shown to illustrate the fact (see section 1.1.6 of Supplementary Note 1); (3) If 
there is a clear inner structure within a HOR, the closely related monomers are 
shown in a special color panel beneath the panel (1) and respective branches 
of the first tree are marked with the same color; (4) The statistics Table shows 
a number of the most abundant variants in respective RM or in selected 
contigs containing a HOR, if it is not represented by a RM; (5) A link to “Full 
map and stats” allows to view a full map of a RM (Map page) and a complete 
statistics of HOR variants in a RM (Stats page) in a separate document. Note 
that in RMs, AS is always in the forward strand, but if a HOR is not 
represented by a RM, the sample contigs may have AS in reverse strand. In 
such case, in a statistics Table, the order of monomers in a variant is shown 
as it would be in the forward strand, but in the full map, which is constructed 
automatically, the order of monomers should be read from end to start, and 
monomer 1 appears at the end. Also, for divergent HORs, the statistics Table 
does not represent the map adequately, since there may be a large number of 
different rearranged HORs each present only in few (or even one) copies. 
Such low copy variants are not shown in the Table, so one has to view the full 
map to see the composition and the size of the locus.


