A premature stop codon in the CYP2C19 gene explains the unexpected sensitivity of
vultures to diclofenac toxicity.

Emmanuel Oluwasegun Adawaren?, Christiaan Labuschagne?, Aron Abera?, Vinny Naidoo.
!Department of Paraclinical Science, Faculty of Veterinary Science, University of Pretoria,

Gauteng, SOUTH AFRICA
2Igaba Biotechnical Industries (Pty) 525 Justice Mahomed St, Muckleneuk, 0002Pretoria,
Gauteng, SOUTH AFRICA

Transcriptome Assembly

Figure 1: Transcriptome Analysis for vulture kidney. Local Blast analysis
against the Golden Eagle CYP2C19-like mRNA sequence, resulted in one
similarity being identified in the Trinity aligned database. The result
from the programme is presented in A below and the translation in B below,
with the abnormal stop codon already identifiable

A
>TRINITY_DN10911 cO_g2_ i3 len=1542 path=[4885:0-46 4914:47-401
4912:402-523 4894:524-565 4895:566-589 4917:590-711
4915:712-874 4913:875-981 4908:982-1366 4892:1367-1541]
[-1, 4885, 4914, 4912, 4894, 4895, 4917, 4915, 4913,
4908, 4892, -2]
Length = 1542

Score = 1132 bits (671), Expect = 0.0

Identities = 1083/1253 (86%), Gaps = 3/1253 (0%)

Strand = Plus / Minus

1 atgatgcggtgaaagaagccttggttgatcacgcggacaagtttgctgccagaggacgca 60
61 tgccaataggagacagggctaacaatggattagggattgtttttagcaacaacaaggagt 120
121 ggttacaagtccgtcggtttgctctcagtactctgcgcaactttggaatggggaaaagga 180
181 gcattgaagagaggatccaggaggaaactgagtacttgctagaagagatcaacaaaacaa 240
241 agggaacaccttttgacccaaccttcatgctgagctgtgctgtctccaatgtcatatgct 300
301 ccatcgtctttgggaaacgatatgactatgaagacaagaagttcctggccctgatgagca 360
361 acatgaacaacatctttgagctgatgaactccccatggggacagctctaccagatgttct 420
421 caaagatcctggattacttgccttttggcccacacaacaaaatattcacagaatttgatg 480
481 ctctaaaagcctttgcgtcagaggaggtgaagacgcaccaatcctccctagatcccagct 540
541 ccccccaggatttcatcgactgcecttcctcagaaaaatgcaggaggagaaagagcatccca 600
601 attccagtttccacatgaagaacctgataaccagcaccttcgacttgttcattactggaa 660
761 ctgagacaattagcaccactgcaagatatgggcttctgcttcttctcaaatacccgaaga 720
721 tacaagagaaagttcaagaagagattgaccaggtagtgggatgatcacgaagaccttgtg 780
781 tggctcatcagacccagatgccctacacagatgcagtggtccatgaaatccagcgcttca 840
841 tctccctcatccccctgggtctccctcacgectgtgaccaaagacaccggcttcagagagt 900
901 atgtcattcccaagggcaccacagtctttcccatcctcagttctgtcctccatgacagta 960
961 aagagtttccaaacccaaatgagttcaaccctggacatttcttgaatgacaatggcacct 1020
1021 ttaggaagagtgagttcttcatgcccttctcagcagggaagcgaatatgccctggagagg 1080
1081 gcctggcacgcatggagatattcttagtcataaccaccatcctgcagaactttaccttga 1140
1141 agcctgttgtcgacccccaggaactcaacataaccccgacactgagtgggacaggcaacg 1200
1201 tacctcctgcctaccagctctgtgctctcccccgctgaaaagcacaaaacctce 1253
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l vV F 6 K RY DY EDIKIKFL AL M S N
atgaacaacatctttgagctgatgaactccccatggggacagctctaccagatgttctca
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Figure 2: Cape vulture next generation genome sequencing summary report

Run Summary

15.2 G T 85,525,205 178 bp 194 bp 201 bp
Total Bases Key Signal Total Reads Mean Median Mode
86% 68% Read Length
ISP Loading Usable Reads .
ISP Summary oo

ISP Density

Cart
!
8

86% [RERREIWETY 14%
Loading Empty Wells

100% [RECEELRED] 0%
Enrichment No Template

75% ([CEELTREL 25%
Clonal Polyclonal

1% Test Fragments
290% 0% Adapter Dimer
2% Low Quality

Final Library

Addressable Wells 148,155,732

Consensus Key 1-Mer - Library Ave. Peak = 77

80 With ISPs 127,051,820 85.8%
70 I\ Live 126,780,120 99.8%
60 | Test Fragment 945,689 00.7%
| AN Library 125,834,431 99.3%

s0
40 |

125,834,431

Conts

Library ISPs

30 |
20 / AN ,‘J =
10 / / / Filtered: Polyclonal 32,011,690 25.4%
Py — . b ; Filtered: Low Quality 8,438,787 06.7%
kS < : Filtered: Adapter Dimer 5,644  00.0%
Flaws Final Library ISPs 85,525,205 68.0%
Barcode Name Sample Bases > Q20 Reads Mean Read Length
No barcode none 547,156,409 423,328,218 2,913,204 188 bp
IonXpress_001 rp_021_1 14,662,043,27911,293,276,08082,602,222 178 bp




Quantification of CYP2C19 expression through Real-Time RT-qPCR

RT-qPCR Material and Methods

Liver samples collected from the same bird used for the transcriptome analysis. RNA was isolated
from G. africanus liver tissue samples preserved in RNAlater. Approximately 100 mg of tissue was
homogenized in Eppendorf tubes using a mini glass pestle and liquid nitrogen. The RNA was
subsequently isolated with Trizol according to the manufacturer’s instruction (Invitrogen). RNA
quality and quantity was assessed with an Xpose spectrophotometer (Trinean). The RNA was then
DNAse-1 treated (Thermo Scientific), and cDNA synthesized using a Revert-Aid cDNA synthesis kit as
10 pl reactions containing 1 pg of total RNA (Thermo Scientific). The expression of CYP2C19 was
assessed through Real-Time RT-gPCR using a Step-One Plus thermal cycler (Applied Biosystems).
Beta-actin (ACTB) was applied as housekeeping gene. The PCRs were performed as 10 pl reactions
containing 5 pl SYBR Green JumpStart Taq Readymix (Sigma), 1 uM of each primer and 4 pl of
template cDNA. Each PCR programme included an enzyme activation step (95°C, 5 min) followed by
40 cycles including denaturing (95°C, 15 sec), annealing (58 to 62°C) and elongation (72°C, 30 sec)
steps. All reactions were run in triplicate. Primers targeting G. africanus CYP2C19 were designed
using Geneious Prime (Biomatters) (Table 1).

Table 1. Sequences and characteristics of primers applied for Real-Time RT-qPCR and Sanger
sequencing.

Primer Forward Reverse
Pair 1 CAGACGTGTGCTCTTCCGAT AAACTTGTCCGCGTGATCAA
Pair 2 CCTTCATGCTGAGCTGTGCT CTGGTAGAGCTGTCCCCATG
Pair 3 CAGAGGAGGTGAAGACGCAC ACAAGTCGAAGGTGCTGGTT
Pair 4 GGCTCATCAGACCCAGATGC GGAAAGACTGTGGTGCCCTT
Pair 5 TGCGTCAGAGGAGGTGAAGA ACTGAGGATGGGAAAGACTG
G. fulvus -ACTB CTATCCAGGCTGTGCTGTCC TGAGGTAGTCTGTCAGGTCAGG

Suitable annealing temperatures per primer pair were determined through gradient PCRs using 10
ng of template per reaction. Melt-curve analysis was furthermore applied to confirm the
amplification of a single product. The quality of primers was further assessed based on 7-point 2-fold
serial dilution of cDNA (20 ng to 0.312 ng per reaction) applied to calculate PCR efficiency using the
standard curve method. The PCR products representing two individuals were sequenced through bi-
directional using Sanger sequencing by a commercial laboratory (Inqaba Biotec). The sequencing
reads were aligned, and consensus sequences evaluated using NCBI Blast.

RT-qPCR Results

The expression of CYP2C19 could successfully be evaluated using two independent primer sets with
PCR efficiency values being within the acceptable limits of 90 to 105% (Bustin et al. 2009). The
fragments amplified matched the CYP2C19 transcript and portion of the predicted open reading
frames described in this paper (Figure 4).
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Figure 3: Visual illustration of the sequenced products of two RT-qPCR primer pairs in reference to
the Gyps coprotheres CYP2C19 transcript identified through RNA.
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Pair_3 - e 116

Pair_4 - e 0
Vulture ATTACTAGAACTGAGACAATTAGCACCACTGTAAGATATGGGCTCCTGCTTCTTCTCAAA 960
Pair_3 ———emmmmmmm e 116
Pair_4 - e 0
Vulture TACCCGAAGATACAAGAGAAAGTTCAAGAAGAGATTGACCAGGTAGTGGGATGATCACGA 1020
Pair_3 . e 116
Pair_ 4 = - GGCTCATCAGACCCAGATGCCCTACACAGATGCAGTGGTCCATGAAATC 49
Vulture AGACCTTGTGTGGCTCATCAGACCCAGATGCCCTACACAGATGCAGTGGTCCATGAAATC 1080
Pair 3 . --———————————————————————————— —, - — — — - 116
Pair_4 CAGCGCTTCATCTCCCTCATCCCCCTGGGTCTCCCTCACACTGTGACCAAAGACACCGGC 109
Vulture CAGCGCTTCATCTCCCTCATCCCCCTGGGTCTCCCTCACACTGTGACCAAAGACACCGGC 1140
Pair_3 ——-ememmmmmmem e 116
Pair_4 TTCAGAGAGTATGTCATTCCCAAGGGCACCACAGTCTTTCC-—————————————————— 150
Vulture TTCAGAGAGTATGTCATTCCCAAGGGCACCACAGTCTTTCCCATCCTCAGTTCTGTCCTC 1200
Pair_3 . 116
Pair_4 - e 150
Vulture CATGACAGTAAAGAGTTTCCAAACCCAAATGAGTTCAACCCTGGACATTTCTTGAATGAC 1260
Pair_3 ———emmmmmmm e 116
Pair_4 - e 150
Vulture AATGGCACCTTTAGGAANAGTGAGTTCTTCATGCCCTTCTCAGCAGGGAAGCGAATATGC 1320
Pair_3 ——-emmmmmmmem e 116
Pair_ 4 . 150
Vulture CCTGGAGAGGGCCTGGCACGCATGGAGATATTCTTAGTCATAACCACCATCCTGCAGAAC 1380
Pair 3 . - —————— 116
Pair_4 ——-—mmmmmmmem e 150
Vulture TTTACCTTGAAGCCTGTTGTCGACCCCCAGGAACTCAACATAACCCCGACACTGAGTGGG 1440
Pair_3 -———emememmmmem e 116

Pair_ 4 150

Vulture ACAGGCAACGTACCTCCTGCCTACCAGCTCTGTGCTCTCCCCCGCTGA 1488

Figure 4: Alignment of the primer pair 3 and 4 and the predicted CYP2C19

RT-qPCR References
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Eagle_CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_ CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

GAAGTTCCTGGCCCTGATGAGCAACATGAACAACACCTTTGAGATGATGAACTCCCCATG
seokofok ok ok ok ok ok koK ko skkokskokskokskok sk ko sk ook ok ko ok skokok sksk sk sk sk sk sk sk sk ok sk ok sk ok sk ok

GGGACAGGTACATTGAGTAGCCATATCGCAGTGGCAACATTCCCCCAGGGGAGCAGGAGG
GGGACAGGTACATTCAGTAGCCATATTGCAGTGGCAACATCCCCCCAGGGGAGCAGGAGG

skokoskookook sk skosk sk kok sk sksk skoskokoskoskokokoskok skk skokosk sk skoskook sk sk sk sk skok 3k sk ok 3k ok >k 3k sk ok 3k sk ok >k ok ok >k k ok k

CCTCCCTCCCAATGAAGTCCCATTTCAGTCTTCTAACTAGGACCCCATCAATGCTTTGCT

CCTCCCTCCCAATGAAGTCCCATTTCAGTCTTCTAACTAGGACCCCATCAATGCTTTGCT
sk ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk ok sk sk sk ok sk ok ok o s o s ok s ok ok ok ok ok sk ok ok ok sk ok ok sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok ok ok

GCACGGGAGGGAATTCATTCAAGAGCAAGAAGCACCCTCACCAATGGAGTTGGCTTTGCC
GCACAGGAGGGAATTCATTCAAGAGCAAGAAGCACCCTCACCAATGCAGTTGGCTTTGCC

skokosksk sk sk ok ok 3k sk sk 3k sk ok 3k sk ok 3k sk ok >k 3k ok sk 3k sk >k k sk sk k ok ok 3k sk sk sk skook sk skosk sk skok 3k sk ok 3k sk ok >k ok ok sk k ok k

AGCTAAGTGCAGCTTCCCCTTAGTCCTGAACACCCTTCTTCCCCACCTCTAAGGTTCCTA

AGCTAAGTGCAGCTTCCCCTTAGTCCTGAACACCCTTCTTCCCCACCTCTAAGGTTCCTA
sk ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk ok sk sk sk ok sk ok ok o s o s o s ok ok ok ok ok sk ok ok ok sk ok ok sk sk sk sk sk sk sk sk sk ok sk sk ok sk ok ok ok

CTACTACTAAGCAAGCTCCAACCACCCTGTCAGACTGCCCAGCCTCATAGCCCTTCTGCT
CTACTACTAAGCAAGCTCCAACCACCCTGTCAGAGTGCCCAGCCTCATAGCCCTTCTGCT

3k sk 3k 3k sk >k 3k sk sk 3k ok >k 3k sk >k 3k sk ok >k sk ok sk sk ok sk ok ok sk skosk sk skdk ok 3k sk >k sk sk >k 3k sk sk 3k sk >k 3k sk >k 3k k ok 3k ok ok >k k k%

TGGCTCACTTGAGAGGGTTGTGGCCTTCCTAGGCTTTTTGCTAATATCAAAGGATGGGGC

TGGCTCACTTGAGAGGGTTGTGGCCTTCCTAGGCTTTTTGCTAATATCAAAGGATGGGGC
sk ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok ok o s o s ok s ok ok ok ok ok sk ok sk ok sk ok ok sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok ok ok

AATGGTCGTGCTATGGACCTTCCTGTTTCTTTCCTTCCAGCTCTACCAGATGTTCTCAAA
AATGGTCATGCTAGGGACCTTCCTGTTTCTTTCCTTCCAGCTCTACCAGATGTTCCCAAA

skokoskokokksk  skskokokk sk osk sk ok >k sk ok sk sk ok sk 3k sk >k k sk sk 3k ok ok 3k sk >k 3k sk ok sk sk ok sk skok sk kosk ki ksk ok kok kkok ok

GATCCTGGATTACTTGCCTGGCCCACANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

GATCTTGGATTACTTGCCTGGCCCACACAACAAAATATTCACAGAATTTGATGCTCTAAA
ook ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

NGCCTTTGCGTCAGAGGAGGTGAAGATGCACCAAGCCTCCCTAGATCCCAGCTCCCCCCA

AGCCTTTGTATCAGAGGAGGTGAAGATGCACCAAGCCTCCCTAGATCCCAGCTCCCCCCA
sokokokkokok  skoskskokoskook sk ok ok sk ok sk o s s ok sk ok sk ok st ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok

GGATTTCATCGACTGCTTCCTCAGAAAAATGCAGGAGGTAAGGAGACAGCATGCAGCCCC

GGATTTCATCGACTGCTTCCTCAGAAAAATGCAGGAGGTAAGGAGACAACATGCAGCCCC
Kok oK oK ok o KKK oK o KKK oK KKK oK K KKK oK K KK KoK SRR KK KK SRR KKK R KRR KKK KoK ok R KoK ok

AGCGCATCCGCAAACATATCTACACTGAGCCCCTTCCCTCTCCTAAGTAACAGAGACATT

AGCACATCCGCAAACATATCTACACCGAGCCCCTTCCCTCTCCTAAGTAACAGAGACATT
seokok okok ok ok sk ok sk ok sk sk sk sk sksk sk sk skskskokok ket s ok ke ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk ok

GGGATGACCCCTTCCCAGGCNGCCGGCCTGTGCAGTGGGAAGACACCAATGATACCCCAG

GGGATGACCCCTTCCCAGGCGGCTGGCCTGTGCAGTGGGAAGACACCAACGATACCCCAG
ok ok ok Kok KoK oK oK KKK KKK KoK Kok kR ok ok ok ok Kok sk ok sk ok ok ok koK sk ok sk ok sk ok ok ok

ATATTGCCTGTGCTAGAGCTTATAGCTCTGTGTCTGCACATTCAGCAGCCACTACCTGCA

ATATTGCCTGTGCTAGAGCTTATAGCTCTGTGTCTGCACATTCAGCAGCCACTACCTGCA
sk ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk ok sk ok ok o s o s ok s ok ok ok ok ok sk ok ok ok sk ok ok sk sk sk sk sk sk sk sk sk ok sk sk ok sk ok ok ok

GCTGCTTGGACAGCCAGACTTTCATCTGCTCTCACCAAAACACAGGGACATTTGCAGTCT
GCTGCTTGGACAGCCAGACCTTCATCTGCTCTCAGCAAAACACAGGGACATTTGCAGTCT
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Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle_ CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

3k 3k sk ok ok ok ok ok ok okokoskokok kok ok ok ok Kok kok skokoskoskoskoskoskoskosko sk sk sk sk sk sk ok sk ok ok sk ok ok ok ok ok ok k ok k sk k sk sk k >k

GGTCTTGCAGTTCTTTCACCAGAAAGCAGTTGGCACAGCAAGGGCAAACAGGCAGCTATG

GGTCTTGCAGTTCTTTCACCAGAAAGCAGTTGGCACAGCAAGGGCAAACAGGCAGCTATG
stk sk ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk o s e s s s sk s ok sk ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok

TACCATTCAGTGCACAGCTTGAAAGAAGGTTGCTCTGGGGTTCAGCTTACTGCACAAAGA

TACCATTCGGTGCACAGCTTGAAAGAAGGTTGCTCTGGGGTTCAGCTTACTGCACAAAGA
KKK KA KK oo KKK oK ok KKK oK o KKK oK oK o KK K oK ok KoK K oK oK K KK oK oK o KKK oK oK K KK oK o K koK

TAGCATTGCAATGTCCCAGATGGCTGCTGCACCTTAGCAGAGAAATGCAACAGCTCTAGG

TAGCATTGAAATGTCCCAGATGGCTGCTGCACCTTAGCAGAGAAATGCAACAGCTCTAGG
seokofeokokok ok sk sk sk sk sk sksk sk sk sk sk sk sk sk o sk ke s ke s ke ke ok ok ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok

CAAAGAGGAAGGCCTGGGATGACACAAGAAAGGGCCACTTTTCTTAGCTCAGCCAGAGAA
CAAAGAGGAAGGCCTGGGATGACACAAGAAAGGGCCACTTTTCTTAGCTCAGCCAGAGAA

3k sk 3k 3k sk >k 3k sk >k 3k ok >k 3k sk sk 3k sk ok >k 3k ok 3k 3k ok >k 3k sk >k 3k sk >k 3k 5k sk 3k 3k sk >k sk ok >k 3k sk >k 3k sk %k %k sk >k %k 5k >k 3k k >k >k k ok k

ACAGCCCAGCCTTTTCCCTAGGAGAAAGAGCATCCCAATTCCAGTTTCCACATGAAGAAC

ACAGCCCAGCCTTTTCCCTAGGAGAAAGAGCATCCCAATTCCAGTTTCCACATGAAGAAC
sk ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk ok sk sk sk ok sk ok ok o s o s ok s ok ok ok ok ok sk ok sk ok sk ok ok sk ok sk sk sk sk sk sk sk ok sk sk ok sk ok ok ok

CTGATAACCAGCACCTTCGACTTGTTCATTACTAGAACTGAGACAATTAGCACCACTGTA
CTGATAACCAGCACCTTCGACTTGTTCATTACCGGAACTGAGACAATTAGCACCACTGTA

3k sk >k 3k sk >k k sk >k 3k sk >k 3k 5k >k 3k sk ok >k 3k >k >k 3k ok >k %k >k %k k ok k k 3k 3k 3k 3k 5k >k 3k sk >k >k 5k >k 3k 5k >k 3k 5k >k >k 5k ok %k 5k ok k k&

AGATATGGGCTCCTGCTTCTTCTCAAATACCCGAAGATACAAGGTACCAGTCTGTGACCT

AGATATGGGCTTCTGCTTCTTCTCAAATACCCGAAGATGCAAGGTACCAGTCTGTGACCT
seokofok ook ok ok ok ok skeskskok sk ok sk ok sk ok sk ok sk ok sk ok sk ok ok ok ko ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk ok ok ok

CTTCCTCTCTAGCTATTCCCCTGGGCTGGGCATGTGTCTAACACCACATCCTTCTCCCAA
CTTCCTCTCTAGCTATTCCTCTGGGCTGGGCGTGTGTCTAACACCACATCCTTCTCCCAA

ko sk ok ok ok sk ok sk kook sk kok sk sk skok sk skoskoskok sk kosk sk sksk ks sk 3k 3k ok 3k sk sk 3k 3k sk sk 3k sk >k 3k sk >k 3k sk ok 3k k xk >k k k%

CTTTTCTCCTCTCTCTCTCATATTTTACCCAAAAGGGCAAGGTCCTTGCACCATCATTCC

CTTTTCTCCTCTCTCTCTCATATTTTACCCAAAAGGGCAAGGTCCTTGCACCATCATTCC
Kk oK oK ok o KK K oK o K K oK oK oK o KK K K K KK K oK o KK K oK oK o KoK K oK oK K KK K oK o KKK oK oK K KK oK R K K oK

CCAGGGTGGCCGTTAGAGATCCCTCAGCTTCACTGGCATCATCATCAGCTGCACTCCCCT

CCAGGGTGGCCGTTAGAGATCCCTCAGCTTCACTGGCATCATCATCAGCTGCACTCCCCT
stk sk ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk o s o s s s sk s ok ok ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok

CACAGCCAGGGACGCGACTGTGTACACATCTTTATCTCCCAGTTATACGCACATTAGCCA

CACAGCCAGGGACGCGACTGTGTCCACATCTTTATCTCCCAGTTATACGCACATTAGCCA
KKK oK KK KK KRR KRR KKK KK KoK ok o KK oK oK ok KoK oK oK o K KK oK oK K KoK oK oK KK KoK oK o K K oK

AGTTACCAGGAGGACATTCTTTGCATGGGCCAAAGTGGAGCTATGTTCTAGTCAACACCA

AGTCACCAGGAGGACATTCTTTGCATGGGCCGCAGTGGAGCTATGTTCTAGTCAACACCA
ook okok ok ok sk ok sk sk sksk sk sk kR sk ok SRR skok kR kR skok ok ok sk ok ok sk ok ok sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk ok ok ok

AAACCAACATCAGTGCTCCTGTCATCTGTCATCTGTGGACAGCTTAGGGAAACCTGTTTA
AAACCAACATCAATGCTCCTGTCATCTGTCGTCTGTGGACAGCTTAGGGAAACCTGTTTA

kok sk ok ok sk skosk sk skok sk sk ok sk sk ok sk sk ok sk skok sk ks sk sksk 3k sk ok 3k 3k sk 3k sk sk >k 3k sk sk 3k sk >k 3k sk >k 3k sk ok 3k ok ok >k k k %k

GGTACGTTTGATTTTATTTACCCATTTTATGGTTTGTGCCTTTCATGACAGAGAAAGTTC

GGCACGTTTGATTTTATTTACCCATTTTATGGTTTGTGCCTTTCATGACAGAGAAAGTTC
ook ok ok ok ok ok sk sk sk sk sk sk sk sk sk ok sk sk sk ok sk ok ok o s ok s ok ok ok ok ok sk sk ok sk ok sk ok ok sk ok sk sk sk sk sk sk sk sk sk sk ok sk ok ok ok
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Genome
Eagle_ CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_ CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

AAGAAGAGATTGACCAGGTAGTGGGATGATCACGAAGACCTTGTGTGGCTCATCAGACCC

AAGAAGAAATTGACCAGGTAGTGGGACGATCACGAAGACCTTGTGTGGCTCATCAGACTC
koo R Kok ok ok koK KKK KKK KRR KSRk ok ok ok ok Kok K ok ok ok sk sk sk sk ok Sk ok Sk koK Sk ok ok ok ok

AGATGCCCTACACAGATGCAGTGGTCCATGAAATCCAGCGCTTCATCTCCCTCATCCCCC

AGATGCCCTACACAGATGCAGTGGTCCATGAAATCCAGCGCTTCATCTCCCTTGTCCCCC
stk sk ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ke sk ok sk ok ok sk ok skok ok ok ok sk ok sk ok kokkokokok skokokokokok

TGGGTCTCCCTCACACTGTGACCAAAGACACCGGCTTCAGAGAGTATGTCATTCCCAAGG

TGGGTCTCCCTCACACTGTGACCAAAGACACCAGCTTCAGAGAGTACGTCATTCCCAAGG
KKK oK ok KKK KKK KRR KKK KRR KRR KRR KoK KRR KRR KK Kok K KoK ok KoK ok

TTAGTGGGCAAGCTTCCTCAAGTTCAACAACAAGGTGGCAGCATGTTTGCTCTTAGGCTG

TTAGTGGGCAAGCTTCCTCAAGTTCAACAACAAGGTGGCAGCATGTTTGCTCTTAGGCTG
stk sk ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk o s e s sk s sk s ok ok ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok

TCAGTTACAAGCCAGAAGCTACAAATACTGTGGCCTCACCTCGTTGTCACCCAGCCCTTC

TCAGTTACAAGCCAGAAGCTACAAATGCTGTGGCCTGACCTCGTTGTCACCCAGCCCTTC
ok ok ok ok ok KoK oK oK ok oK oK oK KK KKK KKK KKK ok kR R Rk ok Kok ok ok ok ok sk sk sk ok ok sk ok ok ok ok ok ok ok ok ok ok

GTGAAGGTTTTATCCTCAGGCTCCTGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

ATGAAGGTTTTATCCTCAGGCTCCTGTAGCTCACTTGCAATCCCTTGTTGCCATTCTGTG
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok ok ok

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GACCGACTGGAACAGTAGCTCTGCCCAACACCTTTGCTCACTTGCTCCGCAGCTTTACCT

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ATCTGCAGAAACACAGTGCGTTAACAAAAAAAACCAGATCAGTGACTCCTCACACAAAAG

NNNNNNNNNNNNNNNNNNNNNNNNNNNNCATCCAGGAGAGCCTGTACACATGCTTGGATG

GCAGCGAAGCAGTGGAACTGCTCACCACCATCCAGGAGAGCCTGTACACACGCTTGGATG
Kok ok ok ok ok ok ok ok oK oK KKK SRR SRk SRk sk ok ok ko ok ok Kok

CAAAGTCAGTTGGTGGTTATTGAGCACAGAAAGCCCCTGAGCCACAAAGTGCTTGAGGCT

CAAAGTCAGTTGGTGGTTATTGAGCACAGAAAGTCCCTGAGCCACAAAGTGCTTGAGGCT
stk ok ok ok ok ok ok sk sk sk sk sk sk sk sk sksk sk sk skosk sk sk sk sk koo ok ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ke sk ok

ATGTTTGCATTCAAGGGAACAAGCAAAACCTGTTTGCTCTGTTCTCACACACTTCTTGAG

ATGTTTGCATTCAAGGGAACAAGCAAAACCTGTTTGCTCTGTTCTCACACACTTCTTGAA
sk ok ok kK ok K ok ok ok ok oK ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o o o o ok ok K K K ok K ok oK ok ok oK ok ok ok ok ok ok ok oK

GCAGTCACTGCTGGCCACTGCCAGAGGCAGGCTGATGGGCTAGAGCAACCCACGGCCTGG

GCAGTCACTGCTGGCCACTGCCAGAGGCAGGCTGATGGGCTAGAGCAACCCACGGCCTGG
stk sk ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk o s e s sk s sk s ok ok ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok

CCTGGCCCATGGCAGCGATGCTCATGTTACATCCTGTCTTCTGGGTGACCGTGTACAGCA

CCTGGCCCATGGCAGCGATGGTCATGTTACATCCTGTCTTCTGGGTCACCGGGTACAGCA
T T N L LT L

GGGGAACAGCAGCACACAGGCTGTTGGCGTTTTGATTTTCAGCTGCCTCTGTAAAATCAA

GGGGAACAGCAGCACACAGGCTGTTGGTGTTTTGATTTTCACCTGCCTCTGTAAAATCAA
stk ok ok ok ok ok ok sk sk sk sk sk sk sk sk skskskskskskskokskok sk okokok ook ok ko ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk ok

12

3428
3600

3488
3660

3548
3720

3608
3780

3668
3840

3728
3900

3788
3960

3848
4020

3908
4080

3968
4140

4028
4200

4088
4260

4148
4320

4208
4380



Genome
Eagle_ CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_ CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_ CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

AAGGCAGGACCCAGACAACTGCTCAGCTTCCAGCAGAGGGCTCTTGTGTCATCACTGCTG

AAGGCAGGACCCAGAGAACTGCTCAGCTTCCAGCAGAGGGCTCTTGTGTCATCACTGCTG
ok ook ok ok KoK KoK oK oK KoK oK oK oK ok oK ok ok ok ok ok ok o o o o o o koK ok K ok K ok ok ok ok sk sk ok sk sk ok ok ok ok ok ok ok ok ok ok

GATTATTTATCCCACCCCCACATCAATGACTGGTCAGGAAGAGGGAAGGAAGAGGATCAT

GATTATTTATCCCACCCCCACATCAATGGCTGGTCAGGAAGAGGGAAGGAAGAGGATCGT
stk ok ok ok ok ok ok sk sk sk sk sk sk sk sk sksk sk sk skskskosk sk skok sk sk ok sk ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sksksksk sk sk skokokok ok

GGCAGGAGAAATTTGTCAGGAGAGGGGAAGAGAGCTTCATTTCCACAACTTTGTGTGCTT

GGCAGGAGAAATTTGTCAGGAGAGGGGAAGAGAGCTTCATTTCCACAACTTTGTGTGCTT
Kk ok ok ok o KK oK oK o K KK oK oK KKK oK oK KKK oK oK oK K K oK ok KoK K oK oK K KK oK ok o K KK oK ok K KK oK R K K oK

TCGCTTTTTGGGGCTCACAGAAAAGAAGAAACGTAGTGCATCTACAAGTTNTTTATTGTG

TCGCTTTTTGAGGCTCACAGGAAAGAAGGAACGTAGTGCATCTACAAGTTCATTGTTGTG
sokokokkokkokokok skokskokokokokokok kokokokokokok skokokkok ok ok ok skokskokokokokokokok skokkokokokok

AAACACTAAGAAAGAGGAAGAATTAGGTGGGGTGTCCCCAGATGGCCAGAGCAAGGTGAG

AAACACTAAGAAAGAGGAAGAATTAGGTGGGGTGTCCCCAGATGACCAGAGCAAGGTGAG
stk ok ok ok ok oK oK oK ok ok ok ok ok ok ok ok oK ok oK oK oK ok ok ok ok ok o sk o R Rk ok ok koK sk sk sk sk sk sk ok ok ok ok ok sk ok ok ok

GATAAACGGTCTGAAAGTGAGAGGGAGCATTCAGGAAAAGCAGCCAACAACTGTCCCTGC

GATAAATGGTCTGAAAGTGAGAGGGAGCATTCAGGAAAAGCAGCCAACTACTGTCCCTGC
seokofok ook ok ok sk sk sk sk sk sk sk skosk sk sk sk sk sk o sk ke s ke s ok sk ok sk ok ok ok sk ok sk ok sk ok sk sk okok skoskosk sk ok sk ok sk ok sk ok

TGTGACATCTAGCAGGGTCTCCCTAAAGCTGNNNNNNNNNNNNNNNNNNCCCCAAAGGCA
TGTGACATCTAGCAGGGTCTCCCTAAAGCTGCCTGCCCAGCAGAAGGGTCCCCAAAGGCA

3k sk 3k 3k ok >k k sk >k 5k sk >k %k ok >k 3k 5k >k %k sk >k 3k >k >k 3k %k >k >k k ok k 3k %k >k 3k 5k >k >k k ok %k k

AACAAAAGGCACTGGTAGGGCTGTGCTGGGAAGCTCAGTCTTAACCTGGCAGGCAGTCGG

AACAAAAGGCACTGGTAGGGCTGTGCCAGGAAGCTCAGTCTTAACCTGGCAGGCAGTTGG
ok ook ok ok ok ok sk sk sk sk skl sk ok R SR SRR SR SRRk ok ok ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk skskskoskskokokokok ok

ATTAAGTGATCTAACTTGTCTCTCCTTCATGTTGTGCTCTTCTTCTTGTGTTACCTCAGG

ATTAAGTGATCTAACTTGTCTCCCCATCATGTTGTGCTCTTCTTCTTGTGTTACTTCAGG
ok sfok ok ok ok ok sk ok sk ok sk sk skskskokskokokok ok stokkokokok ok ok ok sk ok sk ok sk sk sk sk skskskskskokokok kskok sk ok

GCACCACAGTCTTTCCCATCCTCAGTTCTGTCCTCCATGACAGTAAAGAGTTTCCAAACC

GCACCACAGTCTTTCCCATCCTCAGTTCTGTCCTCCATGACAGTAAAGAGTTTCCAAACC
stk ok ok ok ok K ok oK ok ok ok ok ok ok ok ok ok ok ok ok oK ok ok ok ok ok ok ok o o o ok ok kK K ok K ok ok oK ok ok ok ok sk sk ok sk ok ok ok ok ok ok ok ok

CAAATGAGTTCAACCCTGGACATTTCTTGAATGACAATGGCACCTTTAGGAAGAGTGAGT

CAAATGAGTTCAACCCTGGACATTTCTTGAATGACAATGGCACCTTTAGGAAGAGTGAGT
stk sk ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk o sk ke s o s sk s ok ok ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok

TCTTCATGCCCTTCTCAGCAGGTAAAGCACAGGCTTTCTCTCCGTCAACGTCCTCCTCTG

TCTTCATGCCCTTCTCAGCAGGTAAAGCACAGGCTTTCTCTCTGTCGACGTCCTCCTCTG
stk ok ok ok ok ok ok oK ok ok ok ok ok ok ok ok oK ok oK oK oK ok ok sk ok sk ok sk o o Rk Rk skokok skokskskok sk ok sk ok sk ok ok ok

GTGACCACCCTGCCCTTCCCTATAACACACTCTCCCTCTTCCCAGCATGGTYCCCCTGGT

GTGACCACCCTGCCCTCCCCTATGACACACTCTCCCTCTTCCCAGCATGGTTCCCCTGGT
ok ofok ook ok ok sk ok sk ok skokokokSkokokokokok ok ok sk ok ok ok ok ok sk ok sk ok sk sk sk sk skskskokokskokoskok sk ok sk ok

GCTTCCTTGGGACTCACTGCTCTCTGGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

GCTTCCTTGGGACTCACTGCTCTCTGGATAACTCCTCCCTGCTGCTCCCTTCTCCAGCTG
Kok ok ok ok o KKK oK K KoK oK K KK oK o KK KoK ok K
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Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle_CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

Genome
Eagle CYP2C19

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
CATCTCCCATCTTGTTCAGGCCTGGTGGCTTCTCAGACCTCCTACTAGGAGCTGCCAACG

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TAACGACATGAATGGGACCCACTGACACTTTCTAAAACACCTGTCACCTTCCCATACAAC

NNNNNNNNNNNNNNNNNNNNAACCTGTCTTTCTGTGGTAGCTCTGCTTTTCCCCAGCACC

CACCAGAGTCATCCTTAACCAACCTGTCTTTCTGTGGTAGCTCCGCTTTTCCCCAGCACC
sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk ook ok ok ok sk ok sk ok sk ok sk sk sk ok sk ok

TCTTAAGTACCTCTCAGGCTGCATGCAACCACTCACGTACCAATAGCTCCAACCCTCTGC
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Eagle_CYP2C19 GCCCTGGGTGACATTGCAGCCTGTGCACTGACGCTCTGTCCACAGGTTCATGGAGCGCAG 6180
(ST o111 5755
Eagle_CYP2C19 TGACTGCATCAAACAGCTGATTTTCTTGTAAACAGGGCTCGCATGGCTGCCCGTGACCTG 6240
(ST o111 i 5755
Eagle_CYP2C19 CTTCTCCCACAGCACGTGTCCCACCAACGGCAGCACGCTTTGCAGATAGATAGCGCTGCT 6300
Genome = mmmmmmmm e s oo 5755

Eagle_CYP2C19 TGTGCGTATGTTAATGACCCAGTAAAGAAAAATCTGTTTATGAGGA 6346

Figure 5: Alignment of the next generation vulture genome sequencing
results to the Eagle CYP2C19 gene (Chromosome 11) following alignment using
HISAT2.
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