
Table S1. List of camels studied 

Lab number Place of collection Country of origin 
Year of 

collection Sample type Sex  
Age 

(years) 
C. dromedarius 413 Jordan, Irbid Qatar 2010 hair plucked F 10 
C. dromedarius 418 Jordan, Irbid Qatar 2010 hair plucked F 6 
C. dromedarius 419 Jordan, Irbid Qatar 2010 hair plucked F 7 
C. dromedarius 433 Jordan, Mafraq Jordan 2010 FTA card F 8 
C. dromedarius 668 Iran, Ahwaz Iran 2011 DNA extract Un Un 
C. dromedarius 795A Saudi Arabia, Al Jouf Saudi Arabia 2013  FTA card F Un 
C. dromedarius 799A Saudi Arabia, Al Jouf Saudi Arabia  2013  FTA card M Un 
C. dromedarius 800A Saudi Arabia, Al Jouf Saudi Arabia 2013  FTA card M Un 
C. dromedarius 801A Austria, Eithental Canary Islands 2013 EDTA blood F Un 
C. dromedarius 804A UAE, Dubai UAE 2013 FTA card F Un 
C. dromedarius 815A Sudan, Karthoum Sudan 2013 FTA card F 8 
C. dromedarius 818A Pakistan  Pakistan 2013 FTA card M Un 
C. dromedarius 852 Nigeria Nigeria 2013 FTA card Un Un 
C. dromedarius 891 Kazakstahn, west Kazakstahn 2015 FTA card Un Un 
C. dromedarius 893 Kazakstahn, west Kazakstahn 2015 FTA card Un Un 
Bactrian_35 Mongolia, Norovlin Mongolia 2009 FTA card M 8 
Bactrian_53 Mongolia, Norovlin Mongolia 2009 FTA card M 7 
Bactrian_56 Mongolia, Norovlin Mongolia 2009 FTA card M 8 
Bactrian_159 Mongolia, Bayan Ovoo Mongolia 2009 FTA card F 7 
Bactrian_176 Mongolia, Bayan Ovoo Mongolia 2009 FTA card M 5 
Bactrian_186 Mongolia, Bayan Ovoo Mongolia 2009 FTA card M 10 
Bactrian_191 Mongolia, Bayan Ovoo Mongolia 2009 FTA card M 3 
Bactrian_222 Mongolia, Galshar Mongolia 2009 FTA card F 4 
Bactrian_253 Mongolia, Galshar Mongolia 2009 FTA card F 8 
Bactrian_259 Mongolia, Galshar Mongolia 2009 FTA card M 6 

Un - unknown 



Table S2. List of mRNA and protein reference sequences of ungulates 

 



Table S2 (continued) 

 



Table S2 (continued) 

 



Table S2 (continued) 

 



Table S3. Primers and PCR conditions used for amplification of genes 

Locus Forward primer Reverse primer PCR protocol Annealing 
temperature 

PRF1 5´-GGGCAGGAAGCAGAAGTGAT-3´ 5´-GCCAGAACCGTCACCATCAT-3´ A 63°C 
GNLY 5´-AGCgCTGAGGTACCACTCCT-3´ 5´-GTGTGAGAGCTGCTAAGGCT-3´ A 63°C 
GZMB 5´-ACCCAGAGAACATCATCAGGTAGAC-3´ 5´-CTGTGAATGGGGGTCAACAAAT-3´ A 63°C 
GZMH 5´-CCACATCAGAGTAGCCAGAGC-3´ 5´-TGCATATCAGAAGTGGTCGC-3´ A 63°C 
GZMK 5´-TTGCACCTGGTACGAACAGA-3´ 5´-CTGGTTGAAGGTGGTGCCATA-3´ B 63°C 
GZMO 5´-CCTTTGTCATTTCTGCCTGTGT-3´ 5´-GGCTGGACTGAGGCTATTGA-3´ B 58°C 
GZMA 5´-TGCCCTTGGCCAATTACTCC-3´ 5´-TCCCAGCCTGACCTTAGTGT-3´ B 63°C 
GZMM 5´-GTGAGCTCATCCACTACGGG-3´ 5´-TCGGTTGTCCTTACGTCGC-3´ A 63°C 

 

Table S4. PCR protocols 

 

5x KAPA A buffer 2.5 µl
5x KAPA Enhancer 2.5 µl
10mM dNTPs (each) 0.25 µl
10µM forward prime 0.625 µl
10µM reverse prime 0.625 µl
KAPA 2G HotStart 
Polymerase 5U/µl 0.1 µl
H2O add to 12.5 µl
genomic DNA 50 ng

5x Expand LR buffer 2.5 µl
10mM dNTPs (each) 0.625 µl
10µM forward prime 0.5 µl
10µM reverse prime 0.5 µl
Expand Long Range 
Enzyme 5U/µl 0.175 µl
H2O add to 12.5 µl
genomic DNA 100 ng

PCR protocol B

PCR protocol A
thermocycler program:

95°C 3 min
35 rounds of [95°C 25 sec; annealing 15 sec; 72°C 30 sec per kb]

72°C 1 min per kb
hold at 8°C

68°C 7 min 
hold at 8°C

thermocycler program:
92°C 2 min

10 rounds of [92°C 10 sec; annealing 20 sec; 68°C 1 min per kb]
25 rounds of [92°C 10 sec; annealing 15 sec; 68°C 1 min per kb+20 sec per cycle]



Table S5. Qualimap statistics for sequences mapped to C. dromedarius reference 

 

 

 

 

 



Table S5. (continued) 

 

 

 

 

 



Table S5. (continued) 

 

 

 

 

 



Table S5. (continued) 

 

 



 

Figure S1. Variability of perforin protein in camelids. The alignment of PRF1 amino acid sequences identified in a panel of dromedary (Cadr) and Bactrian 
camels (Caba) with reference sequences of wild camel (Cafe) and alpaca (Vipa). Organization of protein domains is depicted by color rectangles according to 
human perforin (NP_005032.2): grey – signal peptide; blue – pore-forming membrane attack complex and perforin (MACPF) domain with two membrane-
penetrating regions (positions 130-183 and 258-314, position 232 is important for oligomerization); green – epidermal grow factor-like domain; yellow – 
calcium (positions 448,454,502,504 and 510) and membrane binding C2 domain; positions 223 and 567 – N-glycosylation sites. Dot – identical amino acid 
residue; dash – gap in alignment; asterisk – stop codon. 

 

 

 

 



 

Figure S2. Variability of granulysin protein in camelids. The alignment of GNLY amino acid sequences identified in a panel of dromedary (Cadr) and Bactrian 
camels (Caba) with reference sequences of wild camel (Cafe) and alpaca (Vipa). Grey rectangle – signal peptide; dot – identical amino acid residue; dash – gap 
in alignment; asterisk – stop codon. 

 

 

 

 

 



 

Figure S3. Variability of trypsin-like locus granzymes in camelids. The amino acid sequences of granzyme K (GZMK), granzyme O (GZMO) and granzyme A 
(GZMA) identified in a panel of dromedary (Cadr) and Bactrian camels (Caba) were aligned with reference sequences of wild camel (Cafe) and alpaca (Vipa). 
Highlighted are conserved consensus sequences: grey – signal peptide; yellow – N-terminal positions 1-4 (IIGG) and 9-16 (PHSRPYMA) of mature enzyme; red 
– amino acids of catalytic triad; green – substrate-determining residues (S1- positions 213, 236, 248 and 216; S2 – 117; S3 – 238). Conserved cysteine residues 
that form disulfide bonds are at positions: 56, 72, 154, 186, 204, 215, 225 and 241 of the alignment. Dot – identical amino acid residue; dash – gap in alignment; 
asterisk – stop codon.  



Figure S4. Variability of chymotrypsin-like locus granzymes in camelids. The amino acid sequences of granzyme B (GZMB) and granzyme H (GZMH) identified 
in a panel of dromedary (Cadr) and Bactrian camels (Caba) were aligned with reference sequences of wild camel (Cafe) and alpaca (Vipa). Highlighted are 
conserved consensus sequences: grey – signal peptide; yellow – N-terminal positions 1-4 (IIGG) and 9-16 (PHSRPYMA) of mature enzyme; red – amino acids 
of catalytic triad; green – substrate-determining residues (S1- positions 202, 225, 233 and 205; S2 – 109; S3 – 227). Conserved cysteine residues that form 
disulfide bonds are at positions: 53, 69, 146, 178, 193 and 214 of the alignment. Dot – identical amino acid residue; dash – gap in alignment; asterisk – stop 
codon. 



 

Figure S5. Variability of metase-like locus granzyme in camelids. The amino acid sequences of granzyme M (GZMM) identified in a panel of dromedary (Cadr) 
and Bactrian camels (Caba) were aligned with reference sequences of wild camel (Cafe) and alpaca (Vipa). Highlighted are conserved consensus sequences: 
grey – signal peptide; yellow – N-terminal positions 1-4 (IIGG) and 9-16 (PHSRPYMA) of mature enzyme; red – amino acids of catalytic triad; green – substrate-
determining residues (S1- positions 202, 226, 237 and 205; S2 – 109; S3 – 228). Conserved cysteine residues that form disulfide bonds are at positions: 52, 68, 
146, 177, 193, 204, 214 and 230 of the alignment. Dot – identical amino acid residue; asterisk – stop codon. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6. Comparison of mapped reads for dromedary camel GZMB amplicons. Each of ten tracks in IGV [33] output contains specifically indexed reads and 
represents individual animal genotype. Numbers in square brackets denote minimal and maximal read counts. Positions conforming to the GZMB reference 
sequence (bottom line) from C. dromedarius genome are in grey, variable positions are highlighted in color. Golden rectangles in the upper panel indicate 
locations of GZMB gene exons according to the mRNA reference (XM_010986180), the first exon containing 5’-untranslated region is highlighted. Camel # 891 
is a heterozygote for a C. bactrianus haplotype. 



 

Figure S7. Comparison of mapped reads for Bactrian camel GZMB amplicons. Each of ten tracks in IGV [33] output contains specifically indexed reads and 
represents individual animal genotype. Numbers in square brackets denote minimal and maximal read counts. Positions conforming to the GZMB reference 
sequence (bottom line) from C. dromedarius genome are in grey, variable positions are highlighted in color. Golden rectangles in the upper panel indicate 
locations of GZMB gene exons according to the mRNA reference (XM_010986180), the first exon containing 5’-untranslated region is highlighted.  

 


