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Overview
• Received Bayer bee FASTA sequences as CYP9Q-like Proteins.fasta

along with TCP-metabolism data
• Amino acids of interest- Gly111, Asn214, Ser310, Val371, Leu372
• Template species/accession- Apis mellifera CYP9Q3: XP_006562363.1

• Perform SeqAPASS evaluations of NCBI sequences using Bayer’s 
amino acids of interest

• Perform SeqAPASS evaluations of Bayer FASTA sequences with amino 
acids of interest

• Compare SeqAPASS sequences determined similar from NCBI to 
sequences from Bayer to see which sequences match up to be 
functionally similar based on sequence alone



Strategic Automated Approach for Assessing Protein Similarity 
Level 1

Level 2

Level 3

Developed with both researchers and risk assessors in mind



Alignment of FASTA using SeqAPASS, Cobalt and Clustal-W
NCBI Accession Position 214 Amino Acid 214 Total Match 214 Position 215 Amino Acid 215 Total Match 215
 CYP9e2_Apis_mellifera 214 N Y 215 V Y
 CYP9DL4_Dufourea_novaeangliae 214 N Y 215 F N
 CYP9Q1_Apis_mellifera 211 Q Y 212 L Y
 CYP9Q2_Apis_mellifera 216 T Y 217 L Y
 CYP9Q3_Apis_cerana 214 N Y 215 V Y
 CYP9Q3_Apis_dorsata 214 N Y 215 V Y
 CYP9Q3_Apis_mellifera 214 N Y 215 V Y
 CYP9Q4_Bombus_impatiens 215 T Y 216 L Y
 CYP9Q5_Bombus_impatiens 215 T Y 216 L Y
 CYP9Q6_Bombus_impatiens 214 F N - - N
 CYP9Q7_Eufriesa_mexicana 214 M Y 215 F N
 CYP9Q8_Eufriesa_mexicana 214 M Y 215 F N
 CYP9Q9_Habropoda_laboriosa 212 L Y 213 L Y
 CYP9Q-like_1_Apis_florea 214 T Y 215 L Y
 CYP9Q-like_1_Tetragonula_carbonaria 215 S Y 217 M N
 CYP9Q-like_2_Apis_florea 216 T Y 217 V Y
 CYP9Q-like_2_Tetragonula_carbonaria 214 S Y 215 M N
 CYP9Q-like_A_vaga 211 F N 212 F N
 CYP9Q-like_Andrena_haemorrhoa 211 F N 212 F N
 CYP9Q-like_Colletes_cunicularius 214 N Y 215 F N
 CYP9Q-like_E_nigrescens 214 S Y 215 L Y
 CYP9Q-like_Lasioglossum_xanthopus 215 N Y 216 L Y
 CYP9Q-like_Macropis_fulvipes 211 T Y 212 F N
 CYP9Q-like_Melitta_haemorrhoidalis 214 L Y 215 F N
 CYP9Q-like_N_Lathburiana 214 A N 215 F N
 CYP9Q-like_N_melanderi 214 D Y 215 F N
 CYP9Qlike_Xylocopa_violacea 214 T Y 215 F N
 CYP9Qx(10)_Melipona_quadrifasciata 214 S Y 215 L Y



SeqAPASS Heat Map  
This SeqAPASS Heat Map contains all the NCBI bee species found 
to have a similar protein based off sequence to the template 
sequence (Apis mellifera CYP9Q3).

NCBI Accession Scientific Name Protein Name
XP_006562363.1 Apis mellifera cytochrome P450 9e2
ALG65081.1 Apis cerana cerana cytochrome P450 9Q3
XP_016922294.2 Apis cerana LOW QUALITY PROTEIN: cytochrome P450 9e2-like
XP_006613022.1 Apis dorsata cytochrome P450 9e2-like isoform X1
KAF3421875.1 Frieseomelitta varia hypothetical protein E2986_11836
XP_003393376.1 Bombus terrestris cytochrome P450 9e2
KOX69484.1 Melipona quadrifasciata Cytochrome P450 9e2
XP_033366579.1 Bombus vosnesenskii cytochrome P450 9e2-like
XP_017758640.1 Eufriesea mexicana PREDICTED: cytochrome P450 9e2-like
XP_033204351.1 Bombus vancouverensis nearcticus cytochrome P450 9e2-like
XP_033174303.1 Bombus impatiens uncharacterized protein LOC100740972
XP_033305595.1 Bombus bifarius cytochrome P450 9e2-like
QCY50182.1 Bombus terrestris audax cytochrome P450 9Q6
XP_031775226.1 Apis florea cytochrome P450 9e2-like
XP_017887159.1 Ceratina calcarata cytochrome P450 9e2-like
XP_034180228.1 Osmia lignaria cytochrome P450 9e2-like
QBC73079.1 Osmia bicornis cytochrome P450 mono-oxygenase
XP_029039416.1 Osmia bicornis bicornis uncharacterized protein LOC114874380
XP_017794730.1 Habropoda laboriosa PREDICTED: cytochrome P450 9e2-like
XP_015439019.1 Dufourea novaeangliae PREDICTED: cytochrome P450 9e2-like
XP_033323895.1 Megalopta genalis cytochrome P450 9e2-like
XP_031837097.1 Nomia melanderi cytochrome P450 9e2-like
XP_003705491.1 Megachile rotundata PREDICTED: cytochrome P450 9e2-like



SeqAPASS Heat Map
• This Heat Map shows all the bee species from 

the CYP9Q-like protein.fasta file. This 
comparison is based off the template species-
Apis Mellifera CYP9Q3

• Similar results showing Amino Acid 1 at 
position 111 causing a susceptibility 
prediction of No for most species

• Amino Acid 2: 4 species produces 
susceptibility prediction of No- Phenylalanine 
and Alanine



SeqAPASS Heat Map

NCBI Accession Scientific Name Protein Name
XP_003705491.1 Megachile rotundata PREDICTED: cytochrome P450 9e2-like
XP_029039348.1 Osmia bicornis bicornis cytochrome P450 9e2-like
QBC73083.1 Osmia bicornis cytochrome P450 mono-oxygenase
XP_034180498.1 Osmia lignaria LOW QUALITY PROTEIN: uncharacterized protein LOC117604504
XP_017794737.1 Habropoda laboriosa PREDICTED: cytochrome P450 9e2-like
XP_015439018.1 Dufourea novaeangliae PREDICTED: cytochrome P450 9e2
XP_033366576.1 Bombus vosnesenskii cytochrome P450 9e2-like
XP_033305593.1 Bombus bifarius cytochrome P450 9e2-like
XP_033204350.1 Bombus vancouverensis nearcticus cytochrome P450 9e2-like
XP_012250003.1 Bombus impatiens cytochrome P450 9e2-like
XP_017758638.1 Eufriesea mexicana PREDICTED: uncharacterized protein LOC108549653
XP_003393379.1 Bombus terrestris cytochrome P450 9e2
XP_031848282.1 Nomia melanderi cytochrome P450 9e2-like
XP_033323887.1 Megalopta genalis uncharacterized protein LOC117219102
KAF3426864.1 Frieseomelitta varia hypothetical protein E2986_12664
KOX69483.1 Melipona quadrifasciata Cytochrome P450 9e2
XP_026672903.1 Ceratina calcarata uncharacterized protein LOC108629176
XP_028525692.1 Apis cerana cytochrome P450 9e2
PBC28686.1 Apis cerana cerana Cytochrome P450
XP_031365041.1 Apis dorsata uncharacterized protein LOC102673719
XP_031775207.1 Apis florea uncharacterized protein LOC100867182
XP_026300962.1 Apis mellifera uncharacterized protein LOC725621

Reverse approach performed with Megachile rotundata 
as template species with previously aligned amino acids.



Species with 100% similarity between 
SeqAPASS and Bayer species

NCBI Accession Scientific Name Protein Name
XP_006562363.1 Apis mellifera cytochrome P450 9e2
XP_016922294.2 Apis cerana LOW QUALITY PROTEIN: cytochrome P450 9e2-like
XP_017758640.1 Eufriesea mexicana PREDICTED: cytochrome P450 9e2-like
XP_031775226.1 Apis florea cytochrome P450 9e2-like
XP_017794730.1 Habropoda laboriosa PREDICTED: cytochrome P450 9e2-like
XP_031837097.1 Nomia melanderi cytochrome P450 9e2-like

This evaluation would be performed by using the species and protein of interest while look 
for species that are included within the FASTA file that was sent over. Although these 
species are present, SeqAPASS looks alone at similarity of sequence to the template species. 
It cannot look at similarity of function between isoforms and species. 



Other information and data 
• Sequence alignment and non-targeted comparison for bee species of 

interest
• Apis mellifera (CYP9Q3) as template species with Bayer protein sequences compared
• Apis mellifera (CYP9Q3) as template species with NCBI protein sequences compared
• Megachile rotundata (9e2-like) as template species with NCBI protein sequences compared

• Apis mellifera as template species aligned to three Megachile rotundata 9e2 
sequences 
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