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Abstract

The Complement Factor B gene (CFB) of the alternative complement pathway has been
identified in the sheep Major Histocompatibility Complex (MHC) and its genomic
sequence determined. CFB is located approximately 600bp upstream of the complement
C2 gene, contains 18 exons, and manifests the domain signature characteristic of CFB
protein. Thirteen single nucleotide polymorphisms were identified in merino sheep and
interbreed variation was identified by comparison with International Sheep Genomics
Consortium data. Two predicted non synonymous substitutions were observed and in-silico
analysis indicates that these are likely to have a destabilising effect on the protein structure.
Sheep and cattle CFB were compared and shown to contain a common nine nucleotide
deletion in exon 18 relative to human CFB. Predicted CFB amino acid sequences for these
two species contain 761 aa relative to 764 aa in the human orthologue. Sequencing of the
cosmid and BAC clones used in this study permitted the relative positions of three adjacent
loci to be determined and showed that the previously described microsatellite locus (BfMs)

is located within SKIV2L.

Keywords: sheep, cattle, CFB, SNP, MHC

The MHC is the most important region in the vertebrate genome with respect to regulating
adaptive immunity, and many studies have identified diverse disease susceptibility loci
within this chromosomal region in a variety of mammals (Kumanovics, et al. 2003). The
MHCs of mammals also include numerous non histocompatibility genes, many of which
are closely associated with immune effector mechanisms. In the human MHC, many of
these genes occupy an approximately 1 Mb region between the well characterised class |
and class 1l regions and are generally referred to as the central or class 111 region. Similar

structures exist in other mammals including sheep and cattle (Schwaiger, et al. 1996),
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although an inversion of central region genes has been reported in cattle (Liu et al., 2006).
The description of a local inversion of the subregion containing sheep complement C4 and

the CYP21 loci has been reported previously (Qin et al., 2008).

There is also evidence that the genomes of many species are comprised of blocks within
which recombination is restricted (Dawkins, et al., 1999; Dawkins, et al., 1983; Gabriel, et
al., 2002). However, Subrahmanyan et al. (2001) have shown that sampling variance of the
genealogical process may result in linkage disequilibrium-identified block like structures
even in the presence of uniform recombination across the region under study. The presence
of block like structures in the human MHC has been supported by numerous haplotyping
studies (Daly, et al., 2001), and through sperm genotyping which identified so called “hot
spots” of recombination (Jeffreys et al., 2001). Therefore, in order to identify MHC
haplotypes for disease and productivity studies, it should be possible to genotype markers
characteristic of the blocks rather than typing multiple markers at greater cost that would

provide redundant information.

Complement Factor B is a single polypeptide that is an essential component of the
alternative pathway of complement activation. Polymorphisms in genes within the central
regions of mammalian MHCs, including CFB, should help to identify central region blocks
or sub-blocks characteristic of sheep MHC haplotypes. In this report, the genomic
sequences of sheep and cattle CFB are compared with their human orthologues. Single
nucleotide polymorphisms (SNP) in sheep CFB were identified and a panel of these is

reported herein.

A total of 35,000 colonies from a male sheep cosmid library (Clontec) were plated out and

transferred onto nylon membranes (Hybond N+, Amersham). Cosmid clones containing
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sheep CFB sequence were identified through screening of these colonies using a *2P
labelled human CFB cDNA clone as a probe (M. Carroll, Oxford). The insert from one of
the positive clones (BfC4.2.20) was digested with BamHI and subcloned into pGEM-4Z

vector (Promega Life Science).

Sequences were generated using Big Dye chemistry and a 3730 DNA Analyser (Applied
Biosystems). Primers were designed from first pass sequences and the remainder of the
CFB gene was sequenced progressively in both directions. Final sequence contigs were
generated using Vector NTI contig express (Invitrogen). The identification of putative
Factor B DNA was performed using BLAST software, while the intron/ exon organization
of genes was derived using servers for Twinscan (http://mblab.wustl.edu/query.html) (Hu
and Brent, 2003) and GAP (http://deepc2.psi.iastate.edu/aat/align/align.html) and also

DNA Strider software (cmarck@cea.fr) (Douglas, 1994). Multiple sequence alignments

were generated using ClustalX software (Thompson et al., 1994).

Eleven pairs of oligonucleotide primers (Supplementary Table S1) were identified from
sheep CFB and used to amplify the entire genomic sequence in approximately 500bp
overlapping fragments. PCR products generated from at least five randomly selected
Australian Merino sheep were sequenced. SNPs were confirmed when at least two
heterozygotes and one of each homozygote were observed. SNP typing was performed
using PCR and pyrosequencing with Pyro Gold reagents on the PSQ™96MA System (see
supplementary Table 2). SNP allele frequencies and inferred haplotypes were determined
for two SNP loci (ShCFB 4 and 7) in a panel of 58 merino sheep. The web server versions
of iPTree-STAB algorithm (Huang et al., 2007) and ‘iMutant’ (Capriotti et al., 2004;
Capriotti et al.,2005; Capriotti et al., 2008) were used to predict in-silico the effects of

amino acid substitutions on the stability of the protein.
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Sequence at the 5’ end of cosmid BfC4.2.20 (containing CFB) exhibited homology with
human SKIV2L, while the 3’ end exhibited homology with the human complement C2
gene, thereby confirming the relative order and distance between these loci (Qin et al.,
2008). Further sequencing of overlapping subclones showed the presence of RDBP close
to SKIV2L (EF197843). The RDBP locus was on the complementary strand relative to the
other two loci. Furthermore, the previously described microsatellite locus (Groth and
Wetherall, 1995) was identified as being within an intron of the SKIV2L. Thus cosmid
BfC4.2.20 contained sequences for several genes present in the equivalent region of the
human MHC. A diagrammatic representation of the structure of this clone is shown in
Figure 1. Furthermore, a detailed map of this central region of the sheep MHC has

previously been published (Qin et al., 2008; Liu et al., 2006).

Sequence data from cosmid BfC4.2.20 showed that sheep CFB comprises 5857 bp with 17
introns separating 18 exons. The predicted coding sequence was 2283 bp encoding a
peptide of 761 aa. An annotated genomic and cDNA sequence of the cattle CFB locus was
available from GenBank (NW 930219 and XM 591873) together with a predicted CFB
peptide of 741 aa (XP 591873.2). Comparison of human and sheep CFB with the cattle
CFB showed the presence of an additional cytosine base at position 790 in the 2284 bp
CFB cattle sequence. Re-sequencing of a 224 bp PCR amplified segment of cattle CFB
spanning this region confirmed the error in the reported GenBank sequence. When the
corrected cattle sequence was aligned to the sheep and human CFB, the similarity of cattle
CFB (and its deduced CDS) became apparent (Supplementary Figure 1). Cattle and sheep
CFB both share a common nine nucleotide deletion in exon 18. An alignment of the
predicted CFB peptides from sheep and cattle with the known amino acid sequences of
mouse, chimpanzee and human CFB is shown in Figure 2. Both human and chimp CFB

proteins have 764 aa whereas the other three species have 761 aa each. Mouse CFB has a

5
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nine bp deletion (three amino acids) near the amino terminal end of the peptide. It was
noted that the 3 UTR for CFB overlaps the 3’ end of the sheep RDBP, indicating that

these two genes are located on opposing strands.

Nine SNPs were identified within sheep CFB (Table 1). Each SNP manifested a minimum
allele frequency of > 0.05 and all three genotypes were observed. The availability of 454
raw sheep sequences from the International Sheep Genomics Consortium (ISGC -

https://isgcdata.agresearch.co.nz/) permitted pairwise BLAST alignments with the CFB

sequence reported herein, thereby identifying additional SNPs. Five of the SNPs identified
in this study were present in the ISGC sequences, together with additional information
concerning the breed of sheep. Four additional SNPs were discovered in the ISGC
sequences although their frequency in unrelated sheep is unknown (Table 1). It was noted
that the ISGC sequences contained a C/T SNP at position 3147 in the CFB sequence which
was present in the Awassi, Texel and Poll Dorset sequences but not present in either of the
two Merino sheep sequences. This SNP was not observed in our study based on Merino
sheep, where its presence would be predicted to change the non-synonymous SNP at
position 3149 into a synonymous SNP. In-silico analysis of the two non-synonymous
SNPs was performed using iMutant (Huang et al., 2007) and iTree-STAB (Capriotti et al.,
2004; Capriotti et al., 2005; Capriotti et al., 2008) and predicted that the mutations L423F
and the K544T are probably destabilising to the protein structure. The iMutant AA Free
energy was calculated to be -1.54 kcal/mol and -0.28 kcal /mol respectively, with only high
confidence support for the L423F mutation. The effects of these mutations on the protein

function will require additional investigation.

It was also observed that for two of the genotyped SNPs present in sheep CFB (ShCFB5

and ShCFB8), all four possible haplotypic combinations were observed. Since double
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recombination events at such a relatively close proximity within a gene are very rare, this
observation implies an ancestral inter-allelic gene conversion within the CFB locus. Direct
evidence for inter-allelic gene conversion has been described for HLA-DPB1 haplotyes
using direct sperm analysis (Zangenberg et al., 1995). Indirect evidence also occurs at the
human ABO locus (Yip, 2002) and within the class Il region of the human MHC
(International Immunogenetics Project HLA database) where at least 500 HLA-DRB1
alleles have been reported. In the latter instance, most polymorphisms occur with exon 2,
which is associated with antigen recognition and therefore may be under positive selection.
The panel of sheep SNPs described in this report will assist in the identification of MHC
haplotypes associated with productivity traits (Bot, 2000; Stear et al., 2009) and
supplement existing MHC microsatellite and SNP markers (Groth and Wetherall, 1994;

Groth and Wetherall, 1995; Siva Subramaniam et al. 2010; Worley et al., 2006).
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Tablel

Table 1: SNPs identified in the CFB gene in sheep.

Present in

. ISGC

SNP Position* | Allele 1 | Allele 2 | Type*

sequence &

breed type

. Yes

ShCFB1 757 A G Intronic

Mer, Rom
ISGC_1 1358 A G Tex

Yes
ShCFB2 | 2245 C T Syn (S) Tex, SBF,

AW, PD, Mer
ISGC_2 | 2320 A C Tex
ShCFB3 | 2423 A G Intronic ves

Mer Rom
ISGC_3 2479 T C Rom

. Yes

ShCFB4 | 2922 C (0.08) | T (0.92) | Intronic SBF, AW
ShCFB5 | 2985 C T Intronic no
ISGC_4 | 3147 C T AW, Tex, PD
ShCFB6 | 3149 C G NS (F->L) No
ShCFB7 | 4222 C(0.17) | T (0.83) | Intronic X?NS
ShCFB8 | 4413 A C NS (K->T) | No
ShCFB9 | 5515 C G Intronic No

Notes: 'Position*’ refers to base number in the genomic sequence described in this
report. Allele frequencies in a panel of 58 unrelated sheep are shown in parentheses.
ISGC refers to SNPs identified from the genomic sequence available from the
International Sheep Genomics Consortium (https://isgcdata.agresearch.co.nz/). Syn =
synonymous substitution. NS = non synonymous substitution. Breeds: SB Scottish
blackface, AW Awassi, PD Poll Dorset, Tex Texel, Mer Merino, Rom Romney.
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Figurel

Cosmid BfC42.2.20

< >

C2 RDBP  SKVZL
> < >
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Figure 1: A diagrammatic representation of the cosmid clone and the intron and exon structure of CFB. The arrows represent the
direction of transcription of the respective genes C2, CFB, RDBP and SKIVZ2L. The intron and exon structure of the CFB with exons being
represented as shaded boxes and introns as lines between the exons.
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Figure 2: Multiple sequence alignment for five mammalian CFB peptides. The reference
peptide is human CFB (Accession No. gi67782358). Chimpanzee(Patr) Acc. No.
0i29690185. Mumu Acc No. gi6996919. Ovar this study (Acc No. EF446375.1) and Bota
Acc. No XP 591873.2 plus this study. The three amino acid deletions present in sheep, cattle
and mouse CFB are highlighted as grey shaded dashes.



Supplementary Figure 1

Supplementary Figure 1: Multiple sequence alignment of human, sheep and cattle CFB

genomic DNA showing exons and SNPs
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HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

EXON 1

ATGGGGAGCAATCTCAGCCCCCAACTCTGCCTGATGCCCTTTATCTTGGGCCTCTTGTCT
ATGGGGAGCAATCTCAGCCCCCAACTCTGCCTGATGCCCTTTATCTTGGGCCTCTTGTCT
ATGAGGATTGGTCACAACCCCCGACTCTGCCTGGTACCCTTGATCCTGGGCCTCTTGTGT
ATGAGGATTGGTCACAACCCCCGACTCTGCCTGGTACCCTTGATCCTGGGCCTCTTGTGT
ATGGGGATTGGTCACAACCCCCGACTCTGCCTGGTACCCTTGATCCTGGGCCTCTTGTGT

ATGGGGATTGGTCACAACCCCCGACTCTGCCTGGTACCCTTGATCCTGGGCCTCTTGTGT
*kk kkk hk kk kkkkk hkkkkkkkkk *k kkkkk kkk khkkkkkkkkkkk *

EXON 2
TGGCCTTTTGGGGCCAGGCTTCATCAGCCTTTCTCTTCAGGTGTGACCACCACTCCATGG
———————————————————————————————————————— GTGTGACCACCACTCCATGG
CGGCCTTGTGAGGCTGGGCCTCACCAACTTTTCTCTTTAGGTGTGGGCATGACACCACTG
---------------------------------------- GTGTGGGCATGACACCACTG
CGGCCTTGTGAGGCTGGGCCTCACCAACTTTTCTCTTTAGGTGTGGGCATGACGCCATTG

———————————————————————————————————————— GTGTGGGCATGACGCCATTG
*kkkkx * % *k kk*k *

TCTTTGGCCCGGCCCCAGGGATCCTGCTCTCTGGAGGGGGTAGAGATCAAAGGCGGCTCC
TCTTTGGCCCGGCCCCAGGGATCCTGCTCTCTGGAGGGGGTAGAGATCAAAGGCGGCTCC
CCTGAGGCTGGGCCTCAAAGCCCCTGCTCTCTGGAGGGAGTAGAGATCAAAGGTGGCTCC
CCTGAGGCTGGGCCTCAAAGCCCCTGCTCTCTGGAGGGAGTAGAGATCAAAGGTGGCTCC
CCTGAGGCTGGGCCCCAAAGCCCCTGCTCTCTGGAGGGAGTAGAGATCAAAGGTGGCTCC

CCTGAGGCTGGGCCCCAAAGCCCCTGCTCTCTGGAGGGAGTAGAGATCAAAGGTGGCTCC
hk  kkk  kkkk kk ok kkkkkkkkkkkkhkkkk Kkhkkkkkkkkkkkk kkkkkk

TTCCGACTTCTCCAAGAGGGCCAGGCACTGGAGTACGTGTGTCCTTCTGGCTTCTACCCG
TTCCGACTTCTCCAAGAGGGCCAGGCACTGGAGTACGTGTGTCCTTCTGGCTTCTACCCG
TTCCGGCTTCTCAAGGCGGGCCAGGTGCTGGAGTACTTGTGTCCTTCTGGCTTCTACCCA
TTCCGGCTTCTCAAGGCGGGCCAGGTGCTGGAGTACTTGTGTCCTTCTGGCTTCTACCCA
TTCCGGCTTCTCAAGGCGGGCCAGGTGCTGGAGTACTTGTGTCCTTCTGGCTTCTACCCA

TTCCGGCTTCTCAAGGCGGGCCAGGTGCTGGAGTACTTGTGTCCTTCTGGCTTCTACCCA
hkkkk hkkhkkk Kk Kk Khkkkkkkk  hkkkkkhkkk kkkkrkhkrkhkrhkrhkrhkrkn

TACCCTGTGCAGACACGTACCTGCAGATCTACGGGGTCCTGGAGCACCCTGAAGACTCAA
TACCCTGTGCAGACACGTACCTGCAGATCTACGGGGTCCTGGAGCACCCTGAAGACTCAA
TATCCTGTGCAGATTCGCACCTGCAGATCCACAGGGTCCTGGAGCACCCTGCAGACTCAA
TATCCTGTGCAGATTCGCACCTGCAGATCCACAGGGTCCTGGAGCACCCTGCAGACTCAA
TACCCCACGCAGATTCGCACCTGCAGATCCACAGGGTCCTGGAGCACCCTGCAGACTCAA

TACCCCACGCAGATTCGCACCTGCAGATCCACAGGGTCCTGGAGCACCCTGCAGACTCAA
*k kK kkkkk  kk kkkkkkkkhkkk kk khkkkkkkkhkkhkkhkkk *hkkkkkkk

GACCAAAAGACTGTCAGGAAGGCAGAGTGCAGAGGTTTGAGGGCAATGAGTGTGGGCAGT
GACCAAAAGACTGTCAGGAAGGCAGAGTGCAGAG--———————=—————————————————
GACAGAAAGATTGTCAAGAGGGCTGAATGCAAAGGTTGGAGGGCAGTGAGGATGGGCATG
GACAGAAAGATTGTCAAGAGGGCTGAATGCAAAG--——————————————=——————————
GACAGAAAGATTGTCAAGAGGGCTGAATGCAAAGGTTGGAGGGCAGTGAGGATGGGCATG

GACAGAAAGATTGTCAAGAGGGCTGAATGCAAAG--——————————————=——————————
kkk  kkkkk kkkkk kk kkk kk kkkk kk

GGCAGGCGGAAAGGGGGCAAGAAAAAGCGGAGTTAACCCTTACTAAGCATTTACCCTGGG
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144
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CTTCCAGGCAGCCCTGGAAGTCAAGAGAACACTCAGAAATGGGGAGGGAGAAGCAGTGGA

(@)

EXON 3
CCTTTCCCTCTTGATGACTTCTACTTG--—-~-—~ TCCCCCCTTCTCAAAGCAATCCACT
——————————————————————————————————————————————————— CAATCCACT
CCCTTCCCTTCCAGTAACTTCTACTTGGTTTCCACCTCCTTGCCCCCAAAGCAATTCGCT
——————————————————————————————————————————————————— CAATTCGCT
CCCTTCCCTTCCAGTAACTTCTACTTGGTCTCCACCCCCTTGCCCCCAAAGCAATTCGCT
——————————————————————————————————————————————————— CAATTCGCT

*kkk * k%
GTCCAAGACCACACGACTTCGAGAACGGGGAATACTGGCCCCGGTCTCCCTACTACAATG
GTCCAAGACCACACGACTTCGAGAACGGGGAATACTGGCCCCGGTCTCCCTACTACAATG
GTCCCAGACCACAGGATTTTGAGAATGGGGAGTACTGGCCCCGCGCTGCCTACTACAATT
GTCCCAGACCACAGGATTTTGAGAATGGGGAGTACTGGCCCCGCGCTGCCTACTACAATT
GTCCCAGACCACAGGATTTTGAGAATGGGGAGTACTGGCCCCGGGCTGCCTACTACAATT

GTCCCAGACCACAGGATTTTGAGAATGGGGAGTACTGGCCCCGGGCTGCCTACTACAATT
kkkk Kkkkkkkk kk kk kkkkk Khkkkk Khkkkkkkkkkk  kk kkkkkkkkkkk

TGAGTGATGAGATCTCTTTCCACTGCTATGACGGTTACACTCTCCGGGGCTCTGCCAATC
TGAGTGATGAGATCTCTTTCCACTGCTATGACGGTTACACTCTCCGGGGCTCTGCCAATC
TGAGCGATGAGATCTCTTTCCGCTGCTATGATGGCTACACTTTTCGGGGCTCTGCCAATC
TGAGCGATGAGATCTCTTTCCGCTGCTATGATGGCTACACTTTTCGGGGCTCTGCCAATC
TGAGCGATGAGATCTCTTTCCGCTGCTATGATGGCTACACTCTTCGGGGCTCTGCCAATC

TGAGCGATGAGATCTCTTTCCGCTGCTATGATGGCTACACTCTTCGGGGCTCTGCCAATC
hkkk Khkkkhkkkhkhrkhhhkhhhk khkhkkhkhhhkh *k *khkkkkk * *khkrkkkrkhkrhkrhkr

GCACCTGCCAAGTGAATGGCCGATGGAGTGGGCAGACAGCGATCTGTGACAACGGAGGTG
GCACCTGCCAAGTGAATGGCCGATGGAGTGGGCAGACAGCGATCTGTGACAACGGAG---
GCACCTGCCTAGGGAATGGTCGGTGGGATGGGGAAACGGCCATCTGTGATGATGGAGGTG
GCACCTGCCTAGGGAATGGTCGGTGGGATGGGGAAACGGCCATCTGTGATGATGGAG- -~
GCACCTGCCAAGGGAATGGTCGGTGGGATGGGGAAACGGCCATCTGTGATGATGGAGGTG

GCACCTGCCAAGGGAATGGTCGGTGGGATGGGGAAACGGCCATCTGTGATGATGGAG--—
kkkkkhkhkkk kk kkkkkk kk kkk  kkkk k kk kk Kkkkkkkkk Kk kkkk

AGAAGCATCCCCTC---CCCCTACATTGCTGTCTCCCTGACGGCGCCCAGCCCGAGGAGT

EXON 4
TTCAGTGCTTACCTCGATGTCTCATACCTCTGCAGCGGGGTACTGCTCCAACCCGGGCAT
----------------------------------- CGGGGTACTGCTCCAACCCGGGCAT
TTTGGCCCTCACCAGTGTGTCTTACACTTCTGCAGCGGGGTACTGCCCCAACCCGGGCAT
——————————————————————————————————— CGGGGTACTGCCCCAACCCGGGCAT
TTTGGCCCTCACCAGTGTGTCTTACACTTCTGCAGCGACGTACTGCCCCAACCCGGGCAT

——————————————————————————————————— CGACGTACTGCCCCAACCCGGGCAT
* % khkkkkkk hhkkkkkkkhkhkkkk

CCCCATTGGCACAAGGAAGGTGGGCAGCCAGTACCGCCTTGAAGACAGCGTCACCTACCA
CCCCATTGGCACAAGGAAGGTGGGCAGCCAGTACCGCCTTGAAGACAGCGTCACCTACCA
CCCCCTTGGCACGAGGAAGGTGGGCAGCCAGTACCGCCTTGAAGATCGTGTCACCTACTA
CCCCCTTGGCACGAGGAAGGTGGGCAGCCAGTACCGCCTTGAAGATCGTGTCACCTACTA
CCCCCTTGGCACGAGGAAGGTGGGCAGCCAGTACCGCCTTGAAGACCGTGTCACCTACTA

634
656
657

684
716

717

742

776

776

794
307
836
307
836
307

854
367
896
367
896
367

914
427
956
427
956
427

974
484
1016
484
1016
484

1031
1074

1075

1091
1122

1123

1151
509
1182
509
1183
509

1211
569
1242
569
1243



BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB _genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB _genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA

CCCCCTTGGCACGAGGAAGGTGGGCAGCCAGTACCGCCTTGAAGACCGTGTCACCTACTA
hhkkk Khhkkhkhk KRk kRhk Rk kkhkkhkkhkkhkkhkkhkrkhkkx  * kkkkkkkkk *

CTGCAGCCGGGGGCTTACCCTGCGTGGCTCCCAGCGGCGAACGTGTCAGGAAGGTGGCTC
CTGCAGCCGGGGGCTTACCCTGCGTGGCTCCCAGCGGCGAACGTGTCAGGAAGGTGGCTC
CTGCAACCGGGGGCTCACTCTACGTGGTTCCCAGCAGCGAACATGCCAGGAAGGTGGCTC
CTGCAACCGGGGGCTCACTCTACGTGGTTCCCAGCAGCGAACATGCCAGGAAGGTGGCTC
CTGCAACCGGGGGCTCACTCTACGTGGTTCTGAGCAGCGAACATGCCTGGAAGGTGGCTC

CTGCAACCGGGGGCTCACTCTACGTGGTTCTGAGCAGCGAACATGCCTGGAAGGTGGCTC
Ihkdkkk khkkkkkkkk Kk kk khkkhkk kk  kkk kkkkkk Kkk k kkkkkkhkhkkk

TTGGAGCGGGACGGAGCCTTCCTGCCAAGGTGACCTTTG- - ~ACCTGTACCCCCAGGTCA
TTGGAGCGGGACGGAGCCTTCCTGCCAAG-———==—========————————————————
TTGGAGTGGAACAGAGCCTTCCTGCCAAGGTGACCCTTACTTATCTGTACCCTCAGGTCA
TTGGAGTGGAACAGAGCCTTCCTGCCAAG-———=============——————————————
TTGGAGTGGAACGGAGCCTTCCTGCCAAGGTGACCCTTA- - - ~TCTGTACCCTCAAGTCA

TTGGAGTGGAACGGAGCCTTCCTGCCAAG-—=—=============—=————————————
khkkkkk *k kk kkkkkhkkkkkkkhkkkk

GATCCTGGTCTTCCATCCTACTGTCTTCTCTCCCCACCTCAACCCTGCTCTTTCCTCACT

EXON 5
TGAC-TCTCCCAG-ACTCCTTCATGTACGACACCCCTCAAGAGGTGGCCGAAGCTTTCCT
—————————————— ACTCCTTCATGTACGACACCCCTCAAGAGGTGGCCGAAGCTTTCCT
TGACCTCTCCCAG-ACTCCTTTATGTACGACACTCCTGCAGAGGTGGCCGAAGCCTTCCT
—————————————— ACTCCTTTATGTACGACACTCCTGCAGAGGTGGCCGAAGCCTTCCT
TGATCTCTCCCAGAACTCCTTTATGTACGACACTCCTGCAGAGGTGGCCGAAGCTTTCCT

—————————————— ACTCCTTTATGTACGACACTCCTGCAGAGGTGGCCGAAGCTTTCCT
kkkkkkk Khkkkkkkkkkk *hkk  kkkkkkkkkkkkkkk *kkkk

GTCTTCCCTGACAGAGACCATAGAAGGAGTCGATGCTGAGGATGGGCACGGCCCAGGTTT
GTCTTCCCTGACAGAGACCATAGAAGGAGTCGATGCTGAGGATGGGCACGGCCCAG---—
GTCTTCCCTGACAGAGACCATAGAAGGAGTTGATGCCGAGGATGGACACAGCCCAGGTTT
GTCTTCCCTGACAGAGACCATAGAAGGAGTTGATGCCGAGGATGGACACAGCCCAG--—--
GTCTTCCCTGACAGAGACCATAGAAGGAGTTGATGCCGAGGATGGACATAGCCCAGGTTT

GTCTTCCCTGACAGAGACCATAGAAGGAGTTGATGCCGAGGATGGACATAGCCCAG--—--
hkkkkkkkkhkhkhkkhkkhkkhkkhkkhhhx khkkkk kkkkrkkkk *k  *kkkkk

GAAGACAGAGA----AGGGAGGCAGGGCAGGGAACTGGGGGAAAATGGAGAAGGGACAGA

EXON 6
ACTGTTAATGCTGGAGCCTGAGCCACTCTCCTGGCACCCAGGGGAACAACAGAAGCGGAA
————————————————————————————————————————— GGGAACAACAGAAGCGGAA
CCTATTTGTTCTGGAGCCTGAGCCTCTCTGATGGCATCCAGGGGAACAACAGAAGAGAAA
————————————————————————————————————————— GGGAACAACAGAAGAGAAA
CCTCTTTGTTCTGGAGCCTGAGCCTCTCTGGTGACATCCAGGGGAACAACAGAAGAGAAA

————————————————————————————————————————— GGGAACAACAGAAGAGAAA
*khkkkkkkkkkhkhkkk * *%

GATCGTCCTGGACCCTTCAGGCTCCATGAACATCTACCTGGTGCTAGATGGATCAGACAG
GATCGTCCTGGACCCTTCAGGCTCCATGAACATCTACCTGGTGCTAGATGGATCAGACAG
GATTGTCCTGGACCCCTCAGGCTCCATGAACATCTACCTGGTATTGGATGGATCAGACAG
GATTGTCCTGGACCCCTCAGGCTCCATGAACATCTACCTGGTATTGGATGGATCAGACAG
GATTGTCCTGGACCCCTCAGGCTCCATGAACATCTACCTGGTATTGGATGGATCAGACAG

GATTGTCCTGGACCCCTCAGGCTCCATGAACATCTACCTGGTATTGGATGGATCAGACAG
hkk kkkkkkkhkhkhkhk khkkkhkkkhkhkhhkhkkrhkrhkrkkr  * kkkkkkkrkkrkkx

CATTGGGGCCAGCAACTTCACAGGAGCCAAAAAGTGTCTAGTCAACTTAATTGAGAAGGT
CATTGGGGCCAGCAACTTCACAGGAGCCAAAAAGTGTCTAGTCAACTTAATTGAGAAG--
CGTGGGGGCCCACAACTTCACAGGGGCCAAGAATTGTCTCAGAGATTTCATTGAGAAGGT
CGTGGGGGCCCACAACTTCACAGGGGCCAAGAATTGTCTCAGAGATTTCATTGAGAAG- -
CGTGGGGGCCCACAACTTCACAGGGGCCAAGAATTGTCTCAGAGATTTCATCGAGAAGGT
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CGTGGGGGCCCACAACTTCACAGGGGCCAAGAATTGTCTCAGAGATTTCATCGAGAAG--
* ok kkkkkk  hkkkkkkkkkkk kkkkk Kkk kkkkk * kk kk kkkkkk

GGAATCCTCCTATCCCTGAACTCGGGGGAATGGAA---TCTCGCTGATCTTCCAGGACTA

EXON 7
AGGTGGCAAGTTATGGTGTGAAGCCAAGATATGGTCTAGTGACATATGCCACATACCCCA
--GTGGCAAGTTATGGTGTGAAGCCAAGATATGGTCTAGTGACATATGCCACATACCCCA
AGGTGGCAAGCTACGGGGTGAAGCCAAAATATGGGCTAGTGACATATGCCACAGAACCCA
--GTGGCAAGCTACGGGGTGAAGCCAAAATATGGGCTAGTGACATATGCCACAGAACCCA
AGGTGGCAAGCTATGGGGTGAAGCCAAAATATGGTCTAGTGACATATGCCACAGAACCCA

--GTGGCAAGCTATGGGGTGAAGCCAAAATATGGTCTAGTGACATATGCCACAGAACCCA
hkkkhkkkhk hk hk hkkkkkkkhkk khkhkkk hkkkkkhkkrkhkrhkrhkrx * kkkk

ARATTTGGGTCAAAGTGTCTGAAGCAGACAGCAGTAATGCAGACTGGGTCACGAAGCAGC
ARATTTGGGTCAAAGTGTCTGAAGCAGACAGCAGTAATGCAGACTGGGTCACGAAGCAGC
AAGTTTTGATCAAAGTGTTCGATCCAAAGAGCAG|T|GAAGCAGACTGGGTCACAGAGCAGC
| [acT/s -> acc/s]
AAGTTTTGATCAAAGTGTTCGATCCAAAGAGCAG|T|GAAGCAGACTGGGTCACAGAGCAGC
AAGTTTTGATCAGAGTGTCCGACCCAAAGAGCAGCGAAGCAGACTGGGTCACAGACCAGC

AAGTTTTGATCAGAGTGTCCGACCCAAAGAGCAGCGAAGCAGACTGGGTCACAGACCAGC
kk kkk Kk kkk kkkkk  kk  kk Kk kkkkk Kk Kkkkkkkkkkkkkkk Kk kkkk

TCAATGAAATCAATTATGAAGGTCAGAGGTTAGGGAATGGTGGGAGGTTCACTTTGGGGT
TCAATGAAATCAATTATGARG-— === === === === === = = = = =
TCAACCGAATCAACTACGCAGGTCAGAAGTCAGGGAAGGGTGGGAGGTTCACTTTAGGGT
TCAACCGAATCAACTACGCAG-—============= ===~ — oo
TCAACCAAATCAACTACGCAGGTCAGAAGTCAGGGAAGGGTGCAAGGTTCACTTTGGGGT

TCAACCAAATCAACTACGCAG-——=—======———— === == —mm— o
%* % %k %k khkkkkk kk *x ki

GTCGTGGGGAGGGTGTAGTGAGACCATGTGGTGGGGCAGGGAGGACTACTTTTTAATCCA
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EXON 8

GAGGTGATGGTCTCTTCCCTCTCCACAGACCACAAGTTGAAGTCAGGGACTAACACCAAG
———————————————————————————— ACCACAAGTTGAAGTCAGGGACTAACACCAAG
----TGATGACATCTTCCCTGTTCACAGATCACAAGCTGAAAGCAGGGACCAACACCAAG
———————————————————————————— ATCACAAGCTGAAAGCAGGGACCAACACCAAG
GAGGTGACGACACCTTCCCTGTTTCCAGATCACAAGTTGAAGGCAGGGACCAATACCAAG

———————————————————————————— ATCACAAGTTGAAGGCAGGGACCAATACCAAG
Kk kkkkkk kkkk  kkkkkkk kk kkkkkk

AAGGCCCTCCAGGCAGTGTACAGCATGATGAGCTGGCCAGATGACGTCCCTCCTGAAGGC
AAGGCCCTCCAGGCAGTGTACAGCATGATGAGCTGGCCAGATGACGTCCCTCCTGAAGGC
AGGGCTCTCCTGGAAGTGTACAACATGATGAGCAGAGATATAAACAACCTCAAAGAGACC
AGGGCTCTCCTGGAAGTGTACAACATGATGAGCAGAGATATAAACAACCTCAAAGAGACC
AGGGCTCTCCTGGAAGTGTACAACATGATGAGCAGGGAAGTAAACCAGTTCAAAGAGACC

AGGGCTCTCCTGGAAGTGTACAACATGATGAGCAGGGAAGTAAACCAGTTCAAAGAGACC
* kkk kkkk kk kkkkkkkk kkkkkkkkkk * *x *k *

TGGAACCGCACCCGCCATGTCATCATCCTCATGACTGATGGTCAGAAGGGACCTCTCTCC
TGGAACCGCACCCGCCATGTCATCATCCTCATGACTGATG--—-—-———————————=——=—
TGGAACCGCACGCGCCACGTCATTATCATCATGACTGATGGTAAGAGGGG---CTTTTCT
TGGAACCGCACGCGCCACGTCATTATCATCATGACTGATG-——————————————————=—
TGGAACCGCACGCGCCACGTCATCATCATCATGACTGACGGTAAGAGGGG---CTTTTCT

TGGAACCGCACGCGCCACGTCATCATCATCATGACTGACG--——————————————————
hkkkkkkkkhkk hhkkkk hkkkk hkk kkkkkkkkkx *

TGTCCCAGCCTCCCCACCTTCTCAGACCAGCATGTGGCCCTTAAGTCCACTTGTAACACT

EXON 9
ATGGTCCTGTCTCTTCTGCAGGATTGCACAACATGGGCGGGGACCCAATTACTGTCATTG
————————————————————— GATTGCACAACATGGGCGGGGACCCAATTACTGTCATTG
ACGGTCC-GTCTCTCCTGCAGGTTTGCACAACATGGGTGGGGATCCAGTCACTGTCATTC
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--------------------- GTTTGCACAACATGGGTGGGGATCCAGTCACTGTCATTC
ACTGTCC-GTCTCTCCTGCAGGTTTGCACAACATGGGTGGGGATCCAGTCACTGTCATTC

————————————————————— GTTTGCACAACATGGGTGGGGATCCAGTCACTGTCATTC
k kkkkkkkkkkhkhkkk kkhkkk kkk *k hkkkkkkkk

ATGAGATCCGGGACTTGCTATACATTGGCAAGGATCGCAAAAACCCAAGGGAGGATTATC
ATGAGATCCGGGACTTGCTATACATTGGCAAGGATCGCAAAAACCCAAGGGAGGATTATC
ATGATATTCGGTACTTGCTAGACATTGGTAGAAATCGCAAAAACCCCAGGGAGGATTATT
ATGATATTCGGTACTTGCTAGACATTGGTAGAAATCGCAAAAACCCCAGGGAGGATTATT
ACGATATTCGGTACTTGCTAGACATTGGTAGAAATCGCAAAAACCCCAGGGAGGATTATC

ACGATATTCGGTACTTGCTAGACATTGGTAGAAATCGCAAAAACCCCAGGGAGGATTATC
* kk kk hkk kkkkkkkk kkkkkkk X

TGGGTGAGTAAC-CTGCCTAGGACCCAGCACCCCACTTCCTCAGGGCTTGGACCCTCA--

T[GGGTGAGT TTTACTGCCTAGGACCCAGCACCCCAGTTTATTAGCTTCTTGCCTGTGCCA
T[GJG— =~ === — = m
c| TTG/L -> TTC/F

TGGGTGAGTTTTACTGCCTAGGACCCAGCACCCCACTTTACTAGCTTCTTGCCTGCGCCA

EXON 10
-------------- TCCTTCCTTTTTATCCCTCAGATGTCTATGTGTTTGGGGTCGGGCC
——————————————————————————————————— ATGTCTATGTGTTTGGGGTCGGGCC
GGGCCAAGATAC--TCACTGTTTTTTCTCTCTCAGACATCTATGTGTTCGGGGTTGGACC
——————————————————————————————————— ACATCTATGTGTTCGGGGTTGGACC
GGGCCAAGACTCTCACTCTGTTTTTTCTCTCTCAGATATCTATGTGTTCGGGGTTGGACC

——————————————————————————————————— ATATCTATGTGTTCGGGGTTGGACC
* *khkkhkhkkkkhkk khkkkk **x X%k
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*kkkkokkkkkkkk ************T/C
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BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB _genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

TTTGGTGAACCAAGTGAACATCAATGCTTTGGCTTCCAAGAAAGACAATGAGCAACATGT
TTTGGTGAACCAAGTGAACATCAATGCTTTGGCTTCCAAGAAAGACAATGAGCAACATGT
TCTAGTGAACCAAGAGAACATCAATGCTTTGGCCTCCAAGAAGGATAAAGAGCAACACGT
TCTAGTGAACCAAGAGAACATCAATGCTTTGGCCTCCAAGAAGGATAAAGAGCAACACGT
TCTAGTGAACCAAGAGAACATCAATGCTTTGGCTTCCAAGAAGGATAAAGAGAAACACGT

TCTAGTGAACCAAGAGAACATCAATGCTTTGGCTTCCAAGAAGGATAAAGAGAAACACGT
k ok kkkkkkkhkhkk hkkkhkkkkkkkhkkkkkkk kkkkkkhkk kk kk kkk kkkk kk

GTTCAAAGTCAAGGATATGGAAAACCTGGAAGATGTTTTCTACCAAATGATCGGTAGGGA
GTTCAAAGTCAAGGATATGGAAAACCTGGAAGATGTTTTCTACCAAATGATCG--—---—-—
GTTCAAACTCCAGGGCATGGAAAACCTGGAGGATGTTTTCGTCCAAATGCTTGGTAAGAA
GTTCAAACTCCAGGGCATGGAAAACCTGGAGGATGTTTTCGTCCAAATGCTTG—————-——
GTTCAAACTCCAAGGCATGGAAAACCTGGAGGATGTTTTCGTCCAAATGCTTGGTAGGAA

GTTCAAACTCCAAGGCATGGAAAACCTGGAGGATGTTTTCGTCCAAATGCTTG—-—-——-——
kkkkhkhkk Khk Kk Kk  kkkkkkkkkkhkkkk khkkkkkkkk hkkkkkk * *

CCAGGCCTCTGACAGCTTGATCCCAAGTTCTTTCCCTTTTCAGTCCACCATAGCAGTTTT
CCAGGTCTCTGAGTT~— === === === === === = = —mm e TAGT
CCAGGTCTCTGAGCT ~ = === === === === == = = e e TAGT

EXON 11
AGCACATTCTCCTTCTCTGCCAGATGAAAGCCAGTCTCTGAGTCTCTGTGGCATGGTTTG
——————————————————————— ATGAAAGCCAGTCTCTGAGTCTCTGTGGCATGGTTTG
AGCACAATCTCCTTTCTTGCCAGATGAAAGCCGGACACTGGGTCTCTGTGGCATGGTTTG
——————————————————————— ATGAAAGCCGGACACTGGGTCTCTGTGGCATGGTTTG
AGCACAATCTCCTTTCTTGTCAGATGAAAGCCGGACACTGGGTCTCTGTGGCATGGTTTG

——————————————————————— ATGAAAGCCGGACACTGGGTCTCTGTGGCATGGTTTG
hkkkkhkkkhk Kk Kk kkk hkkkkkkkhkkkrkkkhkkkhk

3283
1355
3325
1355
3344
1355

3343
1408
3385
1408
3404
1408
3390
3445

3464

3450
3501
3520

3507
3561
3580

3565
3621
3640

3625
3679

3698

3685
3698

3717

3745
3758

3777

3805
3817

3836

3865
1445
3877
1445
3896
1445



HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA

SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS

BovCFB_genDNA
BovCFB_CDS

HumCFB _genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB genDNA
BovCFB_CDS

GGAACACAGGAAGGGTACCGATTACCACAAGCAACCATGGCAGGCCAAGATCTCAGTCAT
GGAACACAGGAAGGGTACCGATTACCACAAGCAACCATGGCAGGCCAAGATCTCAGTCAT
GGAGCACAAGGATGGTACTCCCTACCACAAGCAACCATGGCACGCCAAGATCTCAGTCAT
GGAGCACAAGGATGGTACTCCCTACCACAAGCAACCATGGCACGCCAAGATCTCAGTCAT
GGAGCACAAGGATGGTACTGCCTACCACAAGCAACCGTGGCAGGCCAAGATCTCGGTCAC

GGAGCACAAGGATGGTACTGCCTACCACAAGCAACCGTGGCAGGCCAAGATCTCGGTCAC
*kk kkkk k Kk kkkkk Ihkkkkhhhhhhhkkhk *hkkk khkkkkhkhkhkh *hkkk

TGTAAGCACAGAATCCCAGTAGTGGGGACTTGGGGGAGGTGAGGTCAAGGTGAAATGGGA

EXON 12
TCTACTGTTGTGTCCCCAGCGCCCTTCAAAGGGACACGAGAGCTGTATGGGGGCTGTGGT
------------------- CGCCCTTCAAAGGGACACGAGAGCTGTATGGGGGCTGTGGT
CCTCTGCTGCTGCTCCCAGCGCCCTTCGAAGGGGCATGAGAGCTGTATGGGTGCTATCGT
——————————————————— CGCCCTTCGAAGGGGCATGAGAGCTGTATGGGTGCTATCGT
CCTCTGCTGCTGTCCCCAGCGCCCTTCAAAGGGGCATGAGAGCTGTATGGGTGCTATTGT

——————————————————— CGCCCTTCAAAGGGGCATGAGAGCTGTATGGGTGCTATTGT
hkkkkkkk hhkkkk kk hkkkkkkkkkkrkkk kkk * kk

GTCTGAGTACTTTGTGCTGACAGCAGCACATTGTTTCACTGTGGATGACAAGGAACACTC
GTCTGAGTACTTTGTGCTGACAGCAGCACATTGTTTCACTGTGGATGACAAGGAACACTC
GTCTGAGTACTTCGTGCTGACGGCTGCACACTGTTTCACTGTGGATGATGAGAAACACTC
GTCTGAGTACTTCGTGCTGACGGCTGCACACTGTTTCACTGTGGATGATGAGAAACACTC
GTCTGAGTACTTTGTGCTGACGGCTGCACACTGTTTCACTGTGGATGATGAGAAACACTC

GTCTGAGTACTTTGTGCTGACGGCTGCACACTGTTTCACTGTGGATGATGAGAAACACTC
hkkhkkhkhhhkhhhk hhkhkhkrkhkk *k khkhkkk krkkkrkhkrkhkrkhkrkhkx  *k *khkkkkkx

AATCAAGGTCAGCGTAGGTAAGGATGCAACTGAAG-GTCCTGGGCTGCACCTATGCTCTC
AATCAAGGTCAGCGTAG— == === === === === = = = e e
AATCAAGGTCAGCGTGGGTAAGGATGCAATCCATCCATTCTGATTCTGCAGTGCCCTC

T
AATCAAGGTCAGCGTGG === === === === == = = = e
AATCAAGGTCAGCCTGGGTAAGGATGCAACCCATCAATTCTGAGCTTCTGCGGTGCCCTC

AATCAAGGTCAGCCTGG-—============= === === ———————— o
*hkkkkkkkkhkkkk * *

CAGGCAACACCTCCCACTTTCTACAGATCCTACACTCCACCCATCCTCAATGCAGCCCCA

3925
1505
3937
1505
3956
1505

3985
1506
3997
1506
4016
1506

4045
4057

4076

4105
1547
4117
1547
4136
1547

4165
1607
4177
1607
4196
1607

4224
1624
4237

1624
4256
1624
4284
4289

4308

4344
4349

4368

EXON 13

GCCAGAGGC----AGGAAGCTGCCCACAAAGAGGTGGTACCTACTCTCCTACTTCAGGAG

GGGAGAAGCGGGACCTGGAGATAGAAGTAGTCCTATTTCACCCCAACTACAACATTAATG
GGGAGAAGCGGGACCTGGAGATAGAAGTAGTCCTATTTCACCCCAACTACAACATTAATG
GAAJGAGGCAGGAGTGGGAGGTAGAAGAAGTCCTATTTCATCCAAACTACAACCTCAATG
GAAR|GAGGCAGGAGTGGGAGGTAGAAGAAGTCCTATTTCATCCARACTACAACCTCAATG
[ [aae/x -> ace/T]
GACAGAGGAAGGAGTGGGAGGTAAAAGAAATCCTATTTCATCCGAAGTACGACCTCAATG

GACAGAGGAAGGAGTGGGAGGTAAAAGAAATCCTATTTCATCCGAAGTACGACCTCAATG
*  kkk Kk kkk hkkk kk kkk Kk Khkkkkkkkkk kk kk kkk *kk *k kkkk

GGAAAAAAGAAGCAGGAATTCCTGAATTTTATGACTATGACGTTGCCCTGATCAAGCTCA
GGAAAAAAGAAGCAGGAATTCCTGAATTTTATGACTATGACGTTGCCCTGATCAAGCTCA
CAAAAAAAGCAAAAGGCATTCCTGAGTTTTATGACTATGACGTGGCCCTCATCAAGCTCA
CAAAAAAAGCAAAAGGCATTCCTGAGTTTTATGACTATGACGTGGCCCTCATCAAGCTCA
CAAAAAAAGCAAAAGGCATTCCTGAGTTTTATGACTATGACGTGGCCCTCGTCAGGCTCA
CAAAAAAAGCAAAAGGCATTCCTGAGTTTTATGACTATGACGTGGCCCTCGTCAGGCTCA

4400
1627
4409
1627
4428
1627

4460
1687
4469
1687

4488
1687

4520
1747
4529
1747
4548
1747



HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB _CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB _genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB _genDNA
BovCFB_CDS

kkkkkkk * khkk Khkhkkhkkkhkk Khhkkkkhkkkkkhkkhkkkkk khkkkk *kk khkkkk

AGAATAAGCTGAAATATGGCCAGACTATCAGGTGAGAGCGTCCAGATCCCTGAGGAAAGG
AGAATAAGCTGAAATATGGCCAGACTATCAG- ———========= === ——————mmmmm =
CAAAGAAGCTCAAGTATGAGACCACCATCAGGTGAGCCATCTGGATTCCGAGAGAARAGG
CAAAGAAGCTCAAGTATGAGACCACCATCAG-————======= === === === —————
AGGAAAAGCTCAAGTATGAGACCACCATCAGGTGAGCCATCTGGATTCTGAGAGAAAAGG

AGGAAAAGCTCAAGTATGAGACCACCATCAG-—————=======——————————
* kkkkk hk hhkkk *k hhkkkk

EXON 14
CCTTGTCCTTTATAGGCCCATTTGTCTCCCCTGCACCGAGGGAACAACTCGAGCTTTGAG
——————————————— GCCCATTTGTCTCCCCTGCACCGAGGGAACAACTCGAGCTTTGAG
ATCTCTCCTCAACAGGCCCATTTGTCTCCCCTGCACTGAGGGATCGATTCAAGCCTTGAG
--------------- GCCCATTTGTCTCCCCTGCACTGAGGGATCGATTCAAGCCTTGAG
ATCTCTCCTCAACAGGCCCATTTGTCTCCCCTGCACTGAGGGATCGATTCAAGCCTTGAG

——————————————— GCCCATTTGTCTCCCCTGCACTGAGGGATCGATTCAAGCCTTGAG
hkkkkkkkhhkhhkhhkhhkh dkhkkkkk * K kk kkk dkkkkk

GCTTCCTCCAACTACCACTTGCCAGCAACAAAGTAAGACATACTTGGCAAGAGGA----T
GCTTCCTCCAACTACCACTTGCCAGCAACAAA--——————————————————————————
GCTTCCAAGATCAACTACGTGCCAGCAACAGAGTAAGACACGTTCAGGGAGAGCGGCT-T
GCTTCCAAGATCAACTACGTGCCAGCAACAGA--——————————————————————————
GCTTCCAAGGTCAACCACATGCCAGCAACAGAGTAAGAGACATTCAGGGAGAGCAGCTTG

GCTTCCAAGGTCAACCACATGCCAGCAACAGA--——————————————————————————
hokkokkk * kk kk kkkkkkkkkkk *

AAGGATGAGATCCCAAGAGACAAGTGGGGCATGAGAGGGAGGTGCAATAGGAAGAGATGA

4580
1778
4589
1778
4608
1778

4631

4649
4668

4691
1823
4709
1823
4728
1823

4747
1855
4768
1855
4788
1855
4807
4827

4842

4867
4887
4902

EXON 15

AATGGGGAGATGACAGTGGTGGGAGCAGCTGAAGTGAC--GCAGTCTATTCGTCCAGAGG

4925
1858
4947
1858
4958
1858



HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB _genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB _genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA

SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB _genDNA
HumCFB_CDS
ShCFB genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA

AAGAGCTGCTCCCTGCACAGGATATCAAAGCTCTGTTTGTGTCTGAGGAGGAGAAAAAGC
AAGAGCTGCTCCCTGCACAGGATATCAAAGCTCTGTTTGTGTCTGAGGAGGAGAAAAAGC
AAGAGCTACTCCCTGCCAAGGACATCGAAGCTCTGTTTGTGTCTGAGTCTAAGAAGACCC
AAGAGCTACTCCCTGCCAAGGACATCGAAGCTCTGTTTGTGTCTGAGTCTAAGAAGACCC
AAGAGCTACTCCCTGCAAAGGACATTGAAGCTCTGTTTGTGTCTGAGTCTAAGAAGACCC
AAGAGCTACTCCCTGCAAAGGACATTGAAGCTCTGTTTGTGTCTGAGTCTAAGAAGACCC

khkkkkkk kkkkkkkk

*hkkk k%

khkkkkkkkhkkkhkkkkkkkx

* % *hkkk * *

TGACTCGGAAGGAGGTCTACATCAAGAATGGGGATAAGGTGAGAAACGGGCATCCTAAGG
TGACTCGGAAGGAGGTCTACATCAAGAATGGGGATAAG---—-——
TGACTCGGAAGGCAGTCTACATCAAAAATGGGGACAAGGTGAGGAAGGTGGGATCCT--G
TGACTCGGAAGGCAGTCTACATCAAAAATGGGGACAAG-——--———
TGACTCGGAAGGCAGTCTACATCAAGAATGGGGACAAGGTGAGGAATGTGGGATCCT--G
TGACTCGGAAGGCAGTCTACATCAAGAATGGGGACAAG-——--———

Kk kkkkkkokkkkk

khkkkhkhkhkkhkkk hhkkkkkkk kkk

AGGCACTCTAGGCCCCAATCCTTCCTAAGCCACTTCTGTTCATTACTTCTCCATGC----

EXON 16

-TTCCCACCTCCCCTACAGAAAGGCAGCTGTGAGAGAGATGCTCAATATGCCCCAGGCTA
AAAGGCAGCTGTGAGAGAGATGCTCAATATGCCCCAGGCTA
TTCCCCATCTCACCTACAGAAAGCCAGCTGTGAGAGAGACGCTCTGCATGCCCCAGGTTA
AAAGCCAGCTGTGAGAGAGACGCTCTGCATGCCCCAGGTTA
TTCCCTATCTCACCTACAGAAAGCCAGCTGTGAGAGAGATGCTCTACGCGCCCCAGGTTA
AAAGCCAGCTGTGAGAGAGATGCTCTACGCGCCCCAGGTTA

*kkk *

khkkkkhkhkkhkkkkkkx *kkk

kkkkkkkk *k

TGACAAAGTCAAGGACATCTCAGAGGTGGTCACCCCTCGGTTCCTTTGTACTGGAGGAGT
TGACAAAGTCAAGGACATCTCAGAGGTGGTCACCCCTCGGTTCCTTTGTACTGGAGGAGT
TGACAAAGTCAAGGACGTCTCTGAGGTAGTCACCCCCAGGTTCCTCTGCACTGGAGGTGT
TGACAAAGTCAAGGACGTCTCTGAGGTAGTCACCCCCAGGTTCCTCTGCACTGGAGGTGT
TGAAAAAGTCAAGGACGTCTCTGAGGTAGTCACCCCCAGGTTCCTCTGCACTGGAGGTGT
TGAAAAAGTCAAGGACGTCTCTGAGGTAGTCACCCCCAGGTTCCTCTGCACTGGAGGTGT

khkk Khkhkkkkkhkkhkkk khhkkk khhkkhkkk kkkkkkkk

%k kkkkk

kk kkkkkkkk kxk

GAGTCCCTATGCTGACCCCAATACTTGCAGAGGTGAGAGAATGCTCTTTGGTTGTGCTAC
GAGTCCCTATGCTGACCCCAATACTTGCAGAG--—-—-—-———-————-—
GGCTCCCTACGCTGACCCCAACACTTGCAAAGGTGAGAGAAGGCTCTTTGGTTGTGATGT
GGCTCCCTACGCTGACCCCAACACTTGCAAAG--——-—-———-———-—~—
GGATCCCTACGCTGACCCCAACACTTGCAAAGGTGAGAGAAGGCTCTTTGGTTGTGATGT

GGATCCCTACGCTGACCCCAACACTTGCAAAG--——-—————————
Kk kkkkkk kkkkkkkkkkk kkkkkkk kk

EXON 17

AAGTGCCCAAGGCCCAACAGTCCTTTTCTCTACAGCTTCTCCTCTCCTTGCAGGTGATTC

4985
1918
5007
1918
5018
1918

5045
1956
5065
1956
5076
1956

5101
5125
5136

5160
1997
5185
1997
5196
1997

5220
2057
5245
2057
5256
2057

5280
2089
5305
2089
5316
2089

5340
2096
5359
2096
5370

2096
ko ko k ke

TGGCGGCCCCTTGATAGTTCACAAGAGAAGTCGTTTCATTCAAGTGAGTCCTCCCTTTCC 5400
TGGCGGCCCCTTGATAGTTCACAAGAGAAGTCGTTTCATTCAA--
TGGTGGCCCCCTGATTATTCACAAGAGGAGCCGCTTCATTCAAGTGAGTCTTCTCTTTCC
TGGTGGCCCCCTGATTATTCACAAGAGGAGCCGCTTCATTCAA--
TGGTGGCCCCCTGATTATTCACAAGAGGAGTCGCTTCATTCAAGTGAGTCTTCTCTTTCC
TGGTGGCCCCCTGATTATTCACAAGAGGAGTCGCTTCATTCAA--

*kk hkkkkk Kkkk

*kkkkkkk

*k kk kk khkkkkkkkk

TATCT--GGGGAGATGCCAAGTGGTCAGCATGGGCCCCAAAGCAGGAAAGCTCAATGCAT

2139
5419
2139
5430
2139
5458
5479

5490

5498

5539

5550

5546

5598

5609

5601



HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB _CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB_genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB_CDS
BovCFB_genDNA
BovCFB_CDS

HumCFB genDNA
HumCFB_CDS
ShCFB_genDNA
SheepCFB CDS
BovCFB_genDNA
BovCFB_CDS

EXON 18

CCAGGATT--AGGAATTCTACTGAATGATCCATGGCACCCCACTGC-CTCTGCAGGTTGG

TGTAATCAGCTGGGGAGTAGTGGATGTCTGCAAAAACCAGAAGCGGCAAAAGCAGGTACC
TGTAATCAGCTGGGGAGTAGTGGATGTCTGCAAAAACCAGAAGCGGCAAAAGCAGGTACC
CGTGATCAGCTGGGGCGTCGTGGACGTTTGCAA -~ - - ————— IGCGGCCACAGCAAGTACC
CGTGATCAGCTGGGGCGTCGTGGACGTTTGCAA————————— GCGGCCACAGCAAGTACC
CGTGATCAGCTGGGGCGTCGTGGATGTTTGCAA - - ——-————— GCGGCCACAGCAAGTACC

CGTGATCAGCTGGGGCGTCGTGGATGTTTGCAA-————————— GCGGCCACAGCAAGTACC
*k kkkkkkkkkkk *kk kkkkk kk *kkk**0n TNDEL *** k% * *kkk *kkk*

TGCTCACGCCCGAGACTTTCACATCAACCTCTTTCAAGTGCTGCCCTGGCTGAAGGAGAA
TGCTCACGCCCGAGACTTTCACATCAACCTCTTTCAAGTGCTGCCCTGGCTGAAGGAGAA
TGGTTATGCTCGAGACTTTCACATCAACCTCTACCACGTGCTGCCCTGGCTCAAGGAAAA
TGGTTATGCTCGAGACTTTCACATCAACCTCTACCACGTGCTGCCCTGGCTCAAGGAARAA
TGGTTATGCTCGAGACTTTCACATCAACCTCTACCAGGTGCTGCCCTGGCTCAAGGAAAA

TGGTTATGCTCGAGACTTTCACATCAACCTCTACCAGGTGCTGCCCTGGCTCAAGGAAAA
kk Kk ok kk kkkkkkkkkkhkkkhkkkhkhkhkhk  kk kkkkkkkkkkkhkk kkkkk Kk

ACTCCAAGATGAGGATTTGGGTTTTCTATAAGGGGTTTCCTGCTGGACAGGGGCGTGGGA
ACTCCAAGATGAGGATTTGGGTTTTCTA-———======= === === == —————————— ==~
ACTCAAAAATGAGGATCTGGGTTTTCTATAAGGGGTTTCCTGCTGGARAGGGGCATGAGA
ACTCAAAAATGAGGATCTGGGTTTTCTA-——=============————————————————
ACTCCAAAATGAGGATCTGGGTTTTCTATAAGGGGTTTCCTGCTGGAAAGGGGCATGAGA

ACTCCAAAATGAGGATCTGGGTTTTCTA -~ === ==——= === === —————— ==~~~
hhkkk kk hhkkkhkhkkk dhkkkhkkkkhkkk

TTGAATTAAAACAGCTGCGACAAC 5862

5658
2144
5718
2144
5724
2144

5718
2204
5769
2195
5775
2195

5778
2264
5829
2255
5835
2255

5838
2292
5889
2283
5895
2283

Note: Human CFB (Ensembl ENSG00000204359), Sheep CFB (GB EF446375) and Bovine

CFB (GB GI:76650941)



Supplementary Table 1

Supplementary Table 1: Sequencing primers for CFB

Locus Forward (5°-3”) Reverse (5°-37)

Bfl CTTTAGGTGTGGGCATGA GGACCCTGTCACTGAGAAAT

Bf2 GAAGTTATATTTCTCAGTGACAGG  TCTGACCTGAGGGTACAGAT

Bf3 CTTATCTGTACCCTCAGGTCA CCACCTTCTCAATGAAATCT
Bf4 TCAGAGATTTCATTGAGAAGG CCTCTCAGTTCCAAAGGATT
Bf5* GGAACTGAGAGGGGTACTTT CAAACCTGCAGGAGAGAC
Bf6 CGTCTCTCCTGCAGGTTT GCCCCAGCTTCCATATCT
Bf7 CCTTTTACAGATATGGAAGCTG ATCCTTACCCACGCTGAC
Bfg* GTCAGCGTGGGTAAGGAT ACCCTTACAAGCCGCTCT
Bf9 GCTTGTAAGGGTGAAGTTCT GAACCTGGGGGTGACTAC
Bf10 GTAGTCACCCCCAGGTTC TGTCGCAGATGTTTAATTTG
Bf11 CAAATTAAACATCTGCGACA AAAGGGCTATGGAGATTTTC

*Bf5 and Bf8 were used for PCR-RFLP and their products were digested with Sau3A
and Alul (Promega Life Science) respectively.



Supplementary Table 2

Supplementary Table 2: Primers for SNP typing by pyrosequencing.

Locus PCR primers (5°-3%)

Pyrosequencing

Primers
CER F: TCTGTGTAGGCAGCCTCCTT GAGGGCACTGCAGAA
R:GGGACACCGCTGATCGTTTAATCAAGGTCAGCGTGGGTAA
- F: GGGACACCGCTGATCGTTTACCGATGGCATAGATGTCTGA GGAGGGGAGCGGA

R: AAGGGGAGGAGTGGTAGGAA

Univ2 B 5" Biotin- GGGACACCGCTGATCGTTTA -3'




