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ABSTRACT 

 

Falcons are traditionally used in falconry in the Kingdom of Saudi Arabia and many 

nations in the region. Many falcon species are kept captive and bred, selecting for their hunting 

capabilities in many of these countries. Of the several species of falcons, purebred Gyrfalcons 

(Falco rusticolus), the largest among falcons, is greatly appreciated by falconers for its hunting 

skill. Captive-bred Gyrfalcons can live, reproduce and hunt for long and are more stable. 

Aspergillosis is a non-contagious fungal disease of wild and domestic birds caused by fungus 

Aspergillus species. This fungal disease is economically important, being the main cause of 

mortality in captive birds, especially in falcons. This study assessed the effect of diet on the 

intestinal bacterial flora through faecal culturing of Aspergillosis-affected Gyrfalcons and 

discussed the potential of the isolated organisms as pathogens to spread to humans and avian 

species. An infected male Gyr and hybrid female (Gyr and Peregrine - F. peregrinus) were fed 

meat and a fresh chicken-rich diet for faecal samples, and the samples showed equal distribution 

of gram-positive and gram-negative bacteria relatively less harmful. The bacteria recovered here 

may be transient flora obtained through the diet and, under normal circumstances, may not 

actually be capable of colonizing and becoming permanent residents in the raptorial enteral tract. 

Thus, providing falcons with varied healthy diets is the best option in captivity, which could help 

falconers keep their birds free from infections. 
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INTRODUCTION 

 

Falcons, a group of birds of prey belonging to the Falconidae family, are known for their 

incredible speed and agility, which they use to hunt other birds and small animals. There are 

about 40 species of falcons, including the Peregrines, the Gyrfalcon, hobbies and Kestrels. The 

Gyrfalcon (Falco rusticolus), widely known as the "Arctic Falcon", has a large range of 

distribution spread across the Arctic and sub-Arctic regions of North America, Europe, and Asia. 

It is considered the largest falcon in the world, with females being significantly larger than 

males. Adult males typically weigh 800-1300 gm and 48-61 cm long, while females weigh 1200- 

2200 gm and 51-65 cm long. The International Union for Conservation of Nature (IUCN) has 

categorised the Gyrfalcon as a species of "Least Concern" (IUCN). The Gyrfalcon was 

considered the bird of kings in traditional falconry, and throughout the Middle Ages, rulers 

would capture the bird and train it to be a hunting companion. Falconry, as it is known, involves 

training a falcon to hunt and return to its handler. The peregrine falcon (Falco peregrinus), or 

simply the "peregrine", is also a widely distributed species, well-known for its speed. Due to its 

excellent hunting abilities, great trainability, adaptability, and high success in captive breeding 

and consequent easy availability, the peregrine falcon is a highly valued bird in falconry across 

the world. For small to large game birds, peregrines are efficient hunters. Throughout centuries 

and regions of human civilisation, it has also been a religious, royal, or national symbol. Because 

they blend size and speed, hybrids of falcons are also common. Although several falcon species 

are hybridised, falconers prefer the Gyr-Peregrine crossbreeds. Such a hybrid blends a Gyr's 

speed and strength with the peregrine's friendliness and inclination to wait on flights on ambush. 

Gyr-peregrine hybrids are used to hunt a variety of prey, but falconers hunting sage-grouse 

particularly enjoy using them. Thus, this hybrid, blending the greatest traits of both species, is in 

high demand across the world. 

 

Wild Gyrfalcons in captivity, due to stress, are prone to diseases such as aspergillosis. 

Captive-bred Gyrfalcons are steadier and can live, hunt and breed for many years. Captive 

breeding will provide a sustainable supply without impacting wild populations. However, the 

Gyrfalcon presents many challenges regarding diseases and managing the species in captivity, 

and a lot of work has been done in Saudi Arabia to improve their management. Aspergillosis, a 

fungal disease of wild and domestic birds caused by the fungus Aspergillus species, can occur as 



a flock problem where husbandry conditions predispose birds to disease. A large number of 

spores of the fungus can be found in decomposing organic material, particularly hay, compost or 

wood. Poor ventilation and inadequate sanitation raise the risk of infection. Although other 

organs may also generally be affected by the fungus, it is distinguished by the predominant 

involvement of the respiratory tract, production of yellow cheesy plaques, and hard nodular 

masses in the lungs and air sacs. Combining flocks of birds, isolating social animals, or starting 

training are all potential stressors for consequent immuno-suppression that could lead to 

infections. Bringing injured or ill wild falcons into captivity is a known risk factor for 

aspergillosis for falconers engaged in rehabilitation. Aspergillosis is a major cause of bird 

mortality in captivity, with significant economic implications. The purpose of this study was to 

investigate the intestinal bacterial flora of these raptors through faecal culturing of Aspergillosis- 

affected gyrfalcons. In addition, the effect of diet on faecal bacteria was considered, and the 

potential of isolated organisms as pathogens in humans and avian species was discussed. 

 

 

 

 

MATERIALS AND METHODS 

Gyrfalcons and Gyr-Peregrine hybrid falcons kept as pets in a bird market in Riyadh, 

Saudi Arabia, were found afflicted by aspergillosis. An infected male Gyr and a hybrid female, 

fed on meat and fresh chicken-rich diets, were inspected, and their faecal samples were collected 

for further examination. The appearance and colour of the microbial colony served as the basis 

for the primary identification of bacterial strains. Gram staining was used on the samples, and 

they were then examined under a microscope to determine if they were gram-positive or gram- 

negative. By the spread plate method, the bacteria culture was kept alive on a nutrient agar 

medium at 40°C. Then, the test organism was isolated from colonies by the streak plating 

method and refrigerated for future use. Then, pure genomic DNA was removed from the cells. 

DNA extraction and isolation were done using Origin Genomic DNA Kit. About two Nano 

grams of genomic DNA was amplified using the PCR process. The PCR process consisted of an 

initial denaturation step of 5 min at 95°C, followed by 30 cycles of 10s at 95°C, 30s at 55°C and 

45s at 72°C, ending with a final phase of 72°C for 3 min. The PCR products were resolved on a 

2% TAE-agarose gel to confirm the target gene amplification. The PCR product was column 



purified using Mo Bio UltraClean PCR Cleanup Kit (Mo Bio Laboratories, Inc. California). The 

purified PCR product was sequenced at SciGenom Labs Private Ltd., Cochin. The obtained 

sequence was checked for its quality by examining chromatograms, the forward and reverse 

sequences were assembled using Clustal W, and the consensus was taken for further analysis. 

Using NCBI's BLAST, the resulting sequence was examined for similarity 

(www.ncbi.nlm.nih.gov/). The phylogenetic tree was plotted using the neighbour-joining method 

using MEGA10 software. 

The study was approved by the ethics committee of King Faisal University. All procedures 

performed in the study involving an the animals were in accordance with the ethical standards of 

King Faisal University, Deanship of Scientific Research. Reference no : KFU-REC-2023-DEC-

ETHICS 1885. 

http://www.ncbi.nlm.nih.gov/)


RESULTS 

 

The bacterial isolates obtained from the faecal samples of these falcons were sample 1- 

OR413817 (Image 1), sample 2 - OR413816 (Image 2), sample 3-OR413804 (Image 3) and 

sample 4- OR413813 (Image 4) given in table 1. The biochemical tests conducted on the samples 

are given in table 2. The 16SrRNA sequencing of the isolates is given in figures 1, 2, 3 & 4. 

 

Image 1 Image 2 
 

Image 3 Image 4 

 

 

 

Table 1- The bacterial isolates identified. 
 

Species Bacteria isolated Bacteria identified Nature of the bacteria 

Gyrfalcon 

Male Gram-positive Enterococcus faecalis 

(sample 1- OR413817) 

Opportunistic bacteria used 

as probiotic 

 Gram-negative Enterobacter sichuanensis 

(sample2- OR413816) 

Potential pathogen in 

humans 

Hybrid Female Gram-positive Bacillus tropicus 

(sample 3- OR413804) 

Feather-degrading bacteria, 
a potential pathogen in 
humans 



 Gram-negative Serratia marcescens 

(sample 4- OR413813) 

Opportunistic pathogen 

causing nosocomial 
infections 

 

 

 

Table 2- The biochemical tests conducted 
 

Biochemical test Bacteria isolated 

Enterococcus 

faecalis 

Enterobacter 

sichuanensis 

Bacillus tropicus Serratia 

marcescens 

Citrate _ + + + 

Carbohydrate + + _ + 

Catalase _ + _ + 

Indole _ _ _ _ 

Oxidase _ _ + _ 

Methyl-red _ _ _ _ 

Starch + _ + + 

Urease _ _ _ _ 

Voges-Proskauer 

test 

+ + _ + 

 

 

 

Figure 1. Showing OR413817 Enterococcus faecalis strain ATCC 19433 16S ribosomal RNA, 

partial sequence 
 

Sequence ID: NR_115765.1, Length: 1483Number of Matches: 1 

Score Expect Identities Gaps Strand 

2560 bits(1386) 0.0 1423/1440(99%) 6/1440(0%) Plus/Plus 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_115765.1?report=genbank&log%24=nuclalign&blast_rank=1&RID=U2HM5PXZ01N


 

Query 1 TGCAAGTCGAACGCTTCTTTCCTCCCGAGGGCTTGCACTCAATTGGAAAGAGGAGTGGCG 

||||||||||||||||||||||||||||| |||||||||||||||||||||||||||||| 

60 

Sbjct 29 TGCAAGTCGAACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATTGGAAAGAGGAGTGGCG 88 

Query 61 GACGGGTGAGTAACACGTGGGTAACCTACCCATCAGAGGGGGATAACACGTTGGCAAACA 120 

Sbjct 89 

||||||||||||||||||||||||||||||||||||||||||||||||| |||| ||||| 

GACGGGTGAGTAACACGTGGGTAACCTACCCATCAGAGGGGGATAACAC-TTGG-AAACA 146 

Query 121 GGTGCTAATACCGCTATAACAGCTTTATGCCGCATGGCATAAGAGTGAAAGGCGCTTTCG 180 

Sbjct 147 

|||||||||||||| ||||||| ||||||||||||||||||||||||||||||||||||| 

GGTGCTAATACCGC-ATAACAG-TTTATGCCGCATGGCATAAGAGTGAAAGGCGCTTTCG 204 

Query 181 GGTGTCGCTGATGGATGGACCCGCGGTGCATTAGCTAGTTGCGTGAGGTAACGGCTCACC 240 

Sbjct 205 

||||||||||||||||||||||||||||||||||||||||| |||||||||||||||||| 

GGTGTCGCTGATGGATGGACCCGCGGTGCATTAGCTAGTTG-GTGAGGTAACGGCTCACC 263 

Query 241 AAGGCCACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGG 300 

Sbjct 264 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AAGGCCACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGG 323 

Query 301 CCCAGACTCCTACGGGAGGCAGCACTACGGAATCTTCGGCAATGGACGAAAGTCTGACCG 360 

Sbjct 324 

|||||||||||||||||||||||| || |||||||||||||||||||||||||||||||| 

CCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGAAAGTCTGACCG 383 

Query 361 AGCAACGCCGCGTGAGTGAAGAAAGTTTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAA 420 

Sbjct 384 

||||||||||||||||||||||| |||||||||||||||||||||||||||||||||||| 

AGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAA 443 

Query 421 CAAGGACGTTAGTAACTGAACGTCCCCTGACGGTATCTAACCAGAAAGCCACGGCTAACT 480 

Sbjct 444 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CAAGGACGTTAGTAACTGAACGTCCCCTGACGGTATCTAACCAGAAAGCCACGGCTAACT 503 

Query 481 ACGTGCCAGCAGCCGCGGTAATACGTACGTGGCAAGCGTTGTCCGGATTTATTGGGCGTA 540 

Sbjct 504 

||||||||||||||||||||||||||| |||||||||||||||||||||||||||||||| 

ACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTA 563 

Query 541 AAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGG 600 

Sbjct 564 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGG 623 

Query 601 TCATTGGAAACTGGGAGACTTGAATGCAAAAGAGGATAGTGGAATTCCATGTGTATCGGT 660 

Sbjct 624 

||||||||||||||||||||||| |||| ||||||| |||||||||||||||||| |||| 

TCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCATGTGTAGCGGT 683 

Query 661 GAAATGCGTAGATATATGGAGGAACACCAGTGGCGAACGCGGCTCTCTGGTCTGTAACTG 720 

Sbjct 684 

||||||||||||||||||||||||||||||||||||| |||||||||||||||||||||| 

GAAATGCGTAGATATATGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGTAACTG 743 

Query 721 ACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCG 780 

Sbjct 744 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

ACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCG 803 

Query 781 TATACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCAAACGCATT 840 

Sbjct 804 

|| ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TAAACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCAAACGCATT 863 

Query 841 AAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCC 900 

Sbjct 864 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCC 923 

Query 901 CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCT 960 

Sbjct 924 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCT 983 

 

 

 

 

 

 

 

 



Phylogenetic tree 

 

 
NR 114743.1 Enterococcus hirae 

 
NR 114452.1 Enterococcus hirae 

 
NR 113903.1 Enterococcus faecium 

 
NR 113904.1 Enterococcus faecium 

 
NR 113900.1 Enterococcus durans 

 
NR 113257.1 Enterococcus durans 

 
NR 113938.1 Enterococcus phoeniculicola 

 
NR 029040.1 Enterococcus phoeniculicola 

 
NR 113909.1 Enterococcus saccharolyticus 

 
NR 115767.1 Enterococcus saccharolyticus 

 
OR413817/27F 

 
NR 113902.1 Enterococcus faecalis 

 



Alignment statistics for match #1 

Figure 2. Showing OR413816 Enterobacter sichuanensis strain WCHECL1597 16S ribosomal 
RNA, partial sequence 

Sequence ID: NR_179946.1, Length: 1528Number of Matches: 1 
 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_179946.1?report=genbank&log%24=nuclalign&blast_rank=1&RID=0XFJDVK7016


Score Expect Identities Gaps Strand 

1965 bits (1064) 0.0 1115/1140 (98%) 3/1140 (0%) Plus/Plus 

 
Query 1 TGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGA 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

60 

Sbjct 124 TGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGA 183 

Query 61 CCAAAGAGGGGGACCTTCGGGCCTCTTGCCCTCAGATGTGCCCAGATGGGATTAGCTAGT 120 

Sbjct 184 

|||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||| 

CCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGT 243 

Query 121 AGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCC 180 

Sbjct 244 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCC 303 

Query 181 ACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCAC 240 

Sbjct 304 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

ACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCAC 363 

Query 241 AATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAACGCCTTCGGGTTGTAAA 300 

Sbjct 364 

||||||||||||||||||||||||||||||||||||||||||| |||||||||||||||| 

AATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAA 423 

Query 301 GTACTTTCAGCGGGGAAGAAAGGTGTTGTGGTTAATAACCACAGCAATTGACGTTACCCG 360 

Sbjct 424 

||||||||||||||| || ||||||||| ||||||||||| ||||||||||||||||||| 

GTACTTTCAGCGGGG-AGGAAGGTGTTGAGGTTAATAACCTCAGCAATTGACGTTACCCG 482 

Query 361 CAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGT 420 

Sbjct 483 

||||||||||||||||||||||||||||||||||||||||||||| |||||||||||||| 

CAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGT 542 

Query 421 TACTCGGATTTACTGGGCGTAAAGCGCACACAGGCGGTCTGTCAAGTCAGATGTGAAATC 480 

Sbjct 543 

|| ||||| |||||||||||||||||||| |||||||||||||||||| ||||||||||| 

TAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATC 602 

Query 481 CCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGG 540 

Sbjct 603 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGG 662 

Query 541 TAGAATTCCAGGTGTAGCTGTGATATGCGTAGAGATCTGGAAGAATACCGGTGGCGAACG 600 

Sbjct 663 

|||||||||||||||||| |||| ||||||||||||||||| |||||||||||||||| | 

TAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGG 722 

Query 601 CGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAG 660 

Sbjct 723 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAG 782 

Query 661 ATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTG 720 

Sbjct 783 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

ATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTG 842 

Query 721 GCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACT 780 

Sbjct 843 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACT 902 

Query 781 CATATGAATTGACGGGANTCCCACACAATCGGTGGAGCATGTGGTTTAATTCGATGCAAC 840 

Sbjct 903 

|| ||||||||||||| ||| ||||| ||||||||||||||||||||||||||||||| 

CAAATGAATTGACGGG-GGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAAC 961 

Query 841 GCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTCCAGAGATGGATTGGTGCCTT 900 

Sbjct 962 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTCCAGAGATGGATTGGTGCCTT 1021 

Query 901 CGGGAACTCTGAAAACAGGTGCTGCATGGTTGTCATCAGCTCGTGTTGTGAAATGTTGGG 960 



 

Sbjct 1022 

||||||||||| | ||||||||||||||| |||| ||||||||||||||||||||||||| 

CGGGAACTCTG-AGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGG 1080 

Query 961 TTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTAGGCCGGGAACTC 1020 

Sbjct 1081 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTAGGCCGGGAACTC 1140 

Query 1021 AAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCC 1080 

Sbjct 1141 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCC 1200 

Query 1081 CTTACGAGTAGGGCTACACACGTGCTACAATGGCGCATACAAAGAGAAGCGACCTCGCGA 1140 

Sbjct 1201 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CTTACGAGTAGGGCTACACACGTGCTACAATGGCGCATACAAAGAGAAGCGACCTCGCGA 1260 

 

Phylogenetic tree 
 

 

 

NR 117752.1 Citrobacter freundii 

 
NR 113340.1 Citrobacter freundii 

 
NR 028687.1 Citrobacter braakii 

 
NR 117750.1 Citrobacter braakii 

 
NR 113615.1Enterobacter cloacae 

 
NR 118011.1 Enterobacter cloacae 

 
NR 179946.1 Enterobacter sichuanensis 

 
NR 024640.1 Enterobacter asburiae 

 
NR 044977.1 Enterobacter cancerogenus 

 
NR 116756.1 Enterobacter cancerogenus 

 
NR 145647.1 Enterobacter asburiae 

 
OR413816/27F 

 
 
 
 

Figure 3. Showing OR413804 Bacillus tropicus strain MCCC 1A01406 16S ribosomal RNA, 

partial sequence 

Sequence ID: NR_157736.1, Length: 1509Number of Matches: 1 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_157736.1?report=genbank&log%24=nuclalign&blast_rank=1&RID=0XE224RC013


 

Alignment statistics for match #1 

Score Expect Identities Gaps Strand 

2495 bits(1351) 0.0 1370/1379 (99%) 1/1379 (0%) Plus/Plus 

 
Query 3 AGTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAAC 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
62 

Sbjct 53 AGTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAAC 112 

Query 63 ACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGAT 122 

Sbjct 113 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

ACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGAT 172 

Query 123 AACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGG 182 

Sbjct 173 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGG 232 

Query 183 ACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCC 242 

Sbjct 233 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

ACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCC 292 

Query 243 GACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGG 302 

Sbjct 293 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGG 352 

Query 303 CAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA 362 

Sbjct 353 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA 412 

Query 363 TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAG 422 

Sbjct 413 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAG 472 

Query 423 CTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG 482 

Sbjct 473 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG 532 

Query 483 TAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTT 542 

Sbjct 533 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTT 592 

Query 543 TCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGA 602 

Sbjct 593 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGA 652 

Query 603 CTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATG 662 

Sbjct 653 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATG 712 

Query 663 GAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGC 722 

Sbjct 713 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGC 772 

Query 723 GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG 782 

Sbjct 773 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAG 832 

Query 783 TGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGA 842 

Sbjct 833 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGA 892 

Query 843 GTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA 902 

Sbjct 893 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA 952 



 

Query 903 TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTTCTGACAACC 

||||||||||||||||||||||||||||||||||||||||||||||||| |||||||||| 

962 

Sbjct 953 TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACC 1012 

Query 963 CTAGAGATAGGGCTTTTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGC 1022 

Sbjct 1013 

||||||||||||||| |||||||||||||||||||||||||||||||||||||||||||| 

CTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGC 1072 

Query 1023 TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCC 1082 

Sbjct 1073 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCC 1132 

Query 1083 ATCATTAAGTTGGGCACTTTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATG 1142 

Sbjct 1133 

|||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||| 

ATCATTAAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATG 1192 

Query 1143 ACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGTTCCAATGGACGGTACA 1202 

Sbjct 1193 

||||||||||||||||||||||||||||||||||||||||||| | |||||||||||||| 

ACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACA 1252 

Query 1203 AAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGT 1262 

Sbjct 1253 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGT 1312 

Query 1263 AGGCTGCAACTCGCCTACATGAAGCTGGAATCGTTAGTAATCGCGGATCACCATGCCGCG 

||||||||||||||||||||||||||||||||| |||||||||||||||| ||||||||| 

1322 

Phylogenetic tree 

 

OR413804 /27F 

 
NR 157736.1 Bacillus tropicus 

 
NR 115714.1 Bacillus cereus 

 
NR 115526.1 Bacillus cereus 

 
NR 036880.1 Bacillus mycoides 

 
NR 024697.1 Bacillus mycoides 

 
NR 043403.1 Bacillus thuringiensis 

 
NR 114581.1 Bacillus thuringiensis 

 
NR 180561.1 Bacillus dafuensis 

 
NR 179054.1 Bacillus dafuensis 

 
NR 112723.1 Bacillus atrophaeus 

 
NR 024689.1 Bacillus atrophaeus 



Figure 4. Showing OR413813 Serratia marcescens strain KRED 16S ribosomal RNA, 

partial sequence 

Sequence ID: NR_036886.1, Length: 1532Number of Matches: 1 
 

Alignment statistics for match #1 

Score Expect Identities Gaps Strand 

2538 bits(1374) 0.0 1379/1381(99%) 1/1381(0%) Plus/Plus 

Query 1 ATGC-AGTCGAGCGGTAGCACAGGGGAGCTTGCTCCCTGGGTGACGAGCGGCGGACGGGT 

|||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
59 

Sbjct 49 ATGCAAGTCGAGCGGTAGCACAGGGGAGCTTGCTCCCTGGGTGACGAGCGGCGGACGGGT 108 

Query 60 GAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATA 119 

Sbjct 109 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATA 168 

Query 120 CCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCC 179 

Sbjct 169 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCC 228 

Query 180 CAGATGGGATTAGCTAGTAGGTGGGGTAATGGCTCACCTAGGCGACGATCCCTAGCTGGT 239 

Sbjct 229 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CAGATGGGATTAGCTAGTAGGTGGGGTAATGGCTCACCTAGGCGACGATCCCTAGCTGGT 288 

Query 240 CTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAG 299 

Sbjct 289 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAG 348 

Query 300 CAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGA 359 

Sbjct 349 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGA 408 

Query 360 AGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGAAGGTGGTGAACTTAATACGTTCA 419 

Sbjct 409 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||| ||| 

AGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGAAGGTGGTGAACTTAATACGCTCA 468 

Query 420 TCAATTGACGTTACTCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAAT 479 

Sbjct 469 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TCAATTGACGTTACTCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAAT 528 

Query 480 ACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTT 539 

Sbjct 529 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

ACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTT 588 

Query 540 AAGTCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTTGAAACTGGCAAGCTAG 599 

Sbjct 589 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AAGTCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTTGAAACTGGCAAGCTAG 648 

Query 600 AGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGG 659 

Sbjct 649 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGG 708 

Query 660 AATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGAAAGCGTGG 719 

Sbjct 709 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

AATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGAAAGCGTGG 768 

Query 720 GGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAGGT 779 

Sbjct 769 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAGGT 828 

Query 780 TGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACG 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

839 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_036886.1?report=genbank&log%24=nuclalign&blast_rank=1&RID=0XF29FA7016


 

Sbjct 829 TGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACG 888 

Query 840 GCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG 899 

Sbjct 889 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG 948 

Query 900 TTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTCCAGA 959 

Sbjct 949 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTCCAGA 1008 

Query 960 GATGGATTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTG 1019 

Sbjct 1009 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GATGGATTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTG 1068 

Query 1020 TTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGG 1079 

Sbjct 1069 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGG 1128 

Query 1080 TTCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGT 1139 

Sbjct 1129 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TTCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGT 1188 

Query 1140 CAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGTATACAAAGA 1199 

Sbjct 1189 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

CAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGTATACAAAGA 1248 

Query 1200 GAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTACGTCGTAGTCCGGATTGGAGTC 1259 

Sbjct 1249 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

GAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTACGTCGTAGTCCGGATTGGAGTC 1308 

Query 1260 TGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGA 1319 

Sbjct 1309 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

TGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGA 1368 

Query 1320 ATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAA 1379 

Sbjct 1369 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

ATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAA 1428 

Query 1380 G 1380 
 

          Sbjct 1429 G 1429 

 

 

Phylogenetic tree 

 

NR 118226.1 Pectobacterium carotovorum 

NR 118855.1 Pectobacterium carotovorum 

 

 

 

 

NR 117686.1 Klebsiella pneumoniae 

 
NR 117685.1 Klebsiella pneumoniae 

 
OR413813/27F 

 
NR 114043.1 Serratia marcescens 

 
NR 041979.1 Serratia ficaria 

 
NR 114155.1 Serratia ficaria 

 
NR 125691.1 Pseudocitrobacter faecalis 

 
NR 125690.1 Pseudocitrobacter faecalis 

 
NR 119214.1 Raoultella planticola ATCC 33531 

 
NR 113701.1 Raoultella planticola 



All the research data supporting this publication are available from NCBI repository with Accession 

numbers OR413817, OR413816, OR413804 and OR413813. 

 

DISCUSSION 

The composition of faecal microbiota is influenced by a range of intrinsic and extrinsic 

factors; host genetics, diet, environmental factors, behavioural habits, social contacts, age and 

sex. Thus, a range of elements, including nutrition, environmental exposure, and geographic 

location, determine the organisms in these birds' faeces. It makes sense that a range of elements, 

including nutrition, environmental exposure, and geographic location, would affect the 

organisms in these birds' faeces. In the present investigation, focussing on diet, food being a 

significant factor in microbiome composition, the faecal samples collected from the unhealthy 

captive gyrfalcons on a chicken-rich diet showed equal distribution of gram-positive and gram- 

negative bacteria. However, in another study (Bangert et al., 1988) on raptors fed on 

commercially prepared chicken, gram-negative bacteria were the most common in the faeces of 

47 healthy raptors in captivity. Both the studies showed similar results where the bacterial 

isolates identified were varied and were potential pathogens; among them, the two gram-positive 

bacteria, Enterococcus faecalis, is used as probiotic, and Bacillus tropicus is a feather-degrading 

bacteria, whereas the other two gram-negative bacteria can be a cause of nosocomial infections, 

if not controlled appropriately in captive areas. Since diet plays a crucial role in determining the 

spectrum of intestinal microflora, an attempt was made to correlate faecal bacteria with the diet, 

so it is possible that by maintaining the quality of the diet close in composition to that of a 

natural diet to maintain a normal intestinal microflora in captive specimens. The bacteria 

recovered in this investigation represent transient flora obtained through the diet and, under 

normal circumstances, may not actually be capable of colonizing and becoming a permanent 



resident in the raptorial intestinal tract. Providing falcons with varied healthy diets, including 

frozen or freshly killed healthy quails, day-old chicks, chicken liver, and mice, is the best option 

in captivity. It could help falconers keep their birds free from infections (Zubair, 2016). 

 

CONCLUSION 

Falcons frequently exhibit a wide range of viral, bacterial, and fungal infections. 

Nutritional deficits and metabolic diseases are intimately correlated with the environment and 

food quality in confined falcons. If intensive farming of the birds is carried out, various factors 

such as hygiene, food storage and preparation, cage placement, stress factors and other variables 

could cause the birds to be infected by Aspergillosis and such common infections. To an extent, 

almost all diseases can be prevented via proper management, improved hygiene, a balanced diet, 

and regular check-ups. The diseased falcon's intestinal biota, through the faecal media, can cause 

infections of consequence if it enters the human cycle. 
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