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Abstract

Background: The heat shock protein-70 (HSP70) is a protein associated with response and adaptation to stress, as
well as protection of the cells against thermal and oxidative stress in animals. It is an evolutionarily conserved protein,
but its expression has been reportedly varied. Therefore, this study implemented computational analyses of the amino
acid sequences of this gene for a better understanding of the evolutionary and protein interactions variations associ-
ated with the gene to facilitate its exploitation for the breeding of animals with increasing adaptation to heat stress.

Results: The result showed that there is a wide evolutionary distance between humans and the selected farm
animals studied but elegans shared a common evolutionary relationship with the farm animals. The sequence
identity analysis returned exact matches among the sequences as minimum = 8.09%, maximum = 98.58%, and
mean +SD=71.03 £ 26.3% across all the species, while the sequence similarities resemblance among the sequences
were minimum = 16.49%, maximum = 100%, and mean = SD =78.99 & 24.39%. The global block substitution matrix
(BLOSUM®62) analysis returned minimum =0.18, maximum =0.98, and mean £ SD = 0.62 4= 0.34. The analysis of the
molecular weight of the protein sequences returned minimum = 5.70 kDa, maximum =6.41 kDa, mean =6.28 kDa,
and standard deviation 0.17 kDa, and the isoelectric point of the protein sequences was minimum =4.55, maxi-
mum =7.17, mean =5.56, and standard deviation =0.65 while the hydrophobicity of the protein sequences were
minimum =45.20 kcal/mol, maximum =53.02 kcal/mol, mean=47.81 kcal/mol, and standard deviation = 1.85 kcal/
mol.

Conclusion: The outcomes of the computational analyses led to the conclusion that variations exist in the conserva-
tions of amino acid residues of the gene in the studied farm and non-farm animals, and this is responsible for the dif-
ferences and similarities in the expression of the HSP70 gene in different animals. It was also concluded that elegans
are suitable model that could be exploited for a better understanding of response and adaptation to heat stress in
duck, chicken, cattle, sheep, and goat when focusing on regulation and expression of heat shock protein gene 70
(HSP70).
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4| HSP70 partial Capra hircus. DEFINITION HSP70 partial Capra hircus

% ! heat shock 70 kDa protein 1A/18 Ovis aries. DEFINITION heat shock 70 kDa protein 1A/18 Ovis aries

heat shock 70 kDa protein 1B Bos taurus. DEFINITION heat shock 70 kDa protein 1B Bos taurus

heat shock protein Hsp70 Gallus gallus. DEFINITION heat shock protein Hsp70 Gallus gallus

% | heat shock-related 70 kDa protein 2 Anas platyrhynchos. DEFINITION heat shock-related 70 kDa protein 2 Anas platyrhynchos.

70 kDa heat shock protein isoform 3 partial Palaemon elegans. DEFINITION 70 kDa heat shock protein isoform 3 partial Palaemon elegans.

Heat shock 70 kDa protein 14 Camelus dromedarius. DEFINITION Heat shock 70 kDa protein 14 Camelus dromedarius.

heat shock 70 kDa protein 13 Meleagris gallopavo. DEFINITION heat shock 70 kDa protein 13 Meleagns gallopavo

PREDICTED: heat shock 70 kDa protein 4L isoform X2 Equus asinus. DEFINITION PREDICTED: heat shock 70 kDa protein 4L isoform X2 Equus asinus

2 heat shock 70 kDa protein 4 Homo sapiens. DEFINITION heat shock 70 kDa protein 4 Homo sapiens.
?{ PREDICTED: heat shock 70 kDa protein 4 Oryctolagus cuniculus. DEFINITION PREDICTED: heat shock 70 kDa protein 4 Oryctolagus cuniculus.
| hsp70-binding protein 1 Sus scrofa. DEFINITION hsp70-binding protein 1 Sus scrofa

100 H hsp70-binding protein 1 Rattus norvegicus. DEFINITION hsp70-binding protein 1 Rattus norvegicus.

hsp70-binding protein 1 Mus musculus. DEFINITION hsp70-binding protein 1 Mus musculus.

Fig. 1 The dendrogram of evolutionary relationships among the selected farm animals, humans, and elegans. The evolutionary relationship was
built using the Maximum Likelihood method and Dayhoff matrix-based model. A discrete Gamma distribution was used to model the evolutionary
rate differences among sites [5 categories (4 G, parameter =4.8621)]. The tree was drawn to scale, with branch lengths measured in the number of

adaptation to heat stress (Archana et al, 2017). One
of the most prominent members of this family is heat
shock protein-70 (HSP70) which is responsible for con-
trolling the activity of key signaling proteins involved
in stress adaptation by maintaining these proteins in an
inactive or active state while regulating their abundance
and intracellular transportation (Malyshev, 2013). Heat
stress appears to be one of the major climate change fac-
tors negatively affecting livestock production; hence, the
breeding of thermo-tolerant animals to sustain livestock
production is highly desirable (Sejian et al., 2018). This is
because, climate change is one of the biggest challenges
facing livestock production, it is almost inevitable in the
tropics due to elevated temperature which induce oxida-
tive stress and act as a promoter of heat stress in farm
animals (Sikiru et al., 2020).

Meanwhile, heat stress hampers the animals’ cellu-
lar functions, reduces feed intakes, and alters metabolic
cum digestive activities, negatively affecting reproduc-
tion, productivity in terms of growth, and reduce the
economic gain of the livestock producers (Madhusoodan
et al., 2020). However, the expression of genes responsible
for the regulation of the animals’ response to heat stress
varies for different organisms, and these variations cor-
related with the animals’ physiological and genetic adap-
tations to heat stress (Krebs & Feder, 1997). For instance,

increased expression of the gene HSP70 was reported in
some heat-tolerant breeds of goat, while it was otherwise
for buffalo and cattle (Madhusoodan et al., 2020).

Although, the expression of these stress response genes
occurs naturally when organisms are exposed to heat
stress and when they are not exposed to heat stress, but
the patterns of these expressions vary and strongly cor-
related with resistance of the organism to stress (Mota
et al., 2019). Despite all these findings, one of the most
significant questions that remained unanswered is the
evolutionary mechanisms underlying the diversification
of these genes (Chen et al,, 2018; Krebs & Feder, 1997).
Therefore, this study implemented computational analy-
ses of the sequences of amino acid molecules of the gene
HSP70 retrieved for different farm animals for a better
understanding of the evolutionary diversity and protein
interactions variations associated with the gene in the
selected farm animals to facilitate its exploitation for
breeding of animals with increasing adaptation to heat
stress.

Methods

The analysis of the evolutionary diversity associated
with the HSP70 protein sequences of the selected farm
animals and other organism investigated was carried
out using Maximum Likelihood method and Dayhoff
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I 1
Cattle HAKNHAIGIDLGTTYSCYGYFQHGKYEIIANDQGHRT TPSYVAF T-DTERLIGDAAKHQYALNPQNTYFDAKRLIGRKFGDPYYQSDHKHHPFRYIN-DGDKPK
Pig HAKSYAIGIDLGTTYSCYGYFQHGKYEIIANDQGHRT TPSSYAF T-DTERLIGDAAKHQYALNPQNTYFDAKRL IGRKFGDPYYQGDHKHHPFRYIN-DGDKPK
Rat HAKKTAIGIDLGTTYSCYGYFQHGKYEITANDAGHRT TPSYYAF T-DTERLIGDARKNAOYALNPONTVYFDAKRLIGRKFGDPYYQSDHKHHPFQYYN-DGDKPK
Canel HARAKGTALIGIDLGTTYSCYGYFQHGKYEITANDOGNRT TPSYVAF T-DTERLIGDAAKNAQYANNPONTYFDAKRLIGRKFNDPYYQSDHKLHPFQVIN-EGGKPK
House HAANKGHAIGIDLGTTYSCYGYFQHGKYEITIANDAGHRT TPSYVAF T-DTERLIGDARKHOYAMNPONTVFDAKRLIGRKFNDPYYQSDHKLHPFQYIN-EAGKPK
Elegans HSKHNAYGIDLGTTYSCYGYFHHGKVEITANDQGHNRT TPSYVAF T-DTERLIGDARKNQYAMNPHNTVF DAKRLIGRKFDDPAYQSDHKHHPFKYISAEGAKPK
Chicken HSGKGPAIGIDLGTTYSCYGYFQHGKYEIIANDQGHRT TPSYVAF T-DTERLIGDARKHOYAHMNP THTIFDAKRLIGRKYDDPTYQSDHKHHPFRYYN-EGGKPK
Goats HSARGPAIGIDLGTTYSCYGYFQHGKYEITANDAGHRT TPSYVAF T-DTERLIGDARKNOYAHNPTHTIFDAKRLIGRKFEDATYASDHKHHPFRYYS-EGGKPK
Rabbit HSARGPAIGIDLGTTYSCYGYFQHGKYEIIANDQGHRT TPSYVAF T-DTERLIGDARKHQYAMNPANT IF DAKRLIGRKFEDATYQSDHKHHPFRYYS—-EGGKPK
Turkey HSKGPAYGIDLGTTYSCYGYFQHGKYEITANDQGHRTTPSYYAF T-DTERLIGDARKNQYAMNPTNTVFDAKRLIGRRFDDSYYQSDHKHHPF TYYN-DAGRPK
Duck HSKGPAYGIDLGTTYSCYGYFQHGKYEIIANDQGHRT TPSYVAF T-DTERLIGDAAKHQYAHNP THTYF DAKRLIGRRFDDSYYASDHKHHPF TYYN-DAGRPK
Sheep KHKLSLYAAYLLLLLGTARAEEEDKKEDYGTYVGIDLGTTYSCYGYFKNGRYEITANDAGHRITPSYVAF TPEGERLIGDARKNOL TSNPENTYFDAKRLIGRTHNDPSYQAQDIKFLPFKYVE-KKTKPY
Donkey
Hunan
Consensus eeeesssd.gidlgtt, vf .hgkveiiandqg tpsyvaft dterligdaak .np.nt . fdakrligr,..d,.vq.dnk.wpf.v.. ...kpk
131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 1

Cattle VOVYSYKG-ETKAFYPEEISSHYLTKHKEIAEAYLGHPYTHAYITYPAYFNDSQROATKDAGYIAGLNYLRIINEPTARAIAYGLDRTG--KGERNVLIFDLGGGTFDYSILTIDDG-IFEVKATAGDTHL
Pig VOVSYKG-ETKGFYPEEISSHVLTKHKEIAEGYLGHPYSHAYITYPAYFNDSQROATKDAGYIAGLNYLRIINEPTARAIAYGLDRTG--KGERNYLIFDLGGGTFDYSILTIDDG-IFEVYKATAGDTHL

Rat YQYHYKG-LCHRST YPLLCISSHYLTKHKCINCNYLGHPYTHNYITYPNYTHDSQRONTKDNGYINGLHYLRIINCPTNANINYGLDRTG——-KGCRHYLIMDLGGGTI DYSILTIDDG-INCYKNTAGDTIIL
Canel VYHYSYKG-EKKAFYPEEISSHYLTKHKETAEAFLGHTYTHAYITYPAYFNDSOROATKDAGYIAGLNYLRIINEPTARAIAYGLDKAG--OGERHYLIFDLGGGTFDYSILTIDDG-IFEYKATAGDTHL
House VHMVSYKG-EKKAFYPEEISSHYLTKHKETAEAFLGHNYTHNAYITYPAYFNDSOROATKDAGYIAGLNYLRIINEPTAAARIAYGLDKGS--HGERHYLIFDLGGGTFDYSILTIDDG-IFEVKATAGDTHL
Elegans VOQVEYKG-ENKIFTPEEISSHYLLKHKETAEAFLGTTYKDAYYTYPAYFNDSOROATKDAGAIAGLHYLRIINEPTARAIAYGLDKKG--HGERNYLIFDLGGGTFDYSILTIEDG-IFEVYKSTAGDTHL
Chicken VOQVEYKG-EMKTFFPEEISSHYLTKHKEIAEAYLGKKYETAVITYPAYFNDSORQATKDAGTITGLNYHRIINEPTARAIAYGLDKKGTRAGEKNYLIFDLGGGTFDYSILTIEDG-IFEVKSTAGDTHL
Goats VQVYEYKG-EIKTFFPEEISSHYLTKHKEIAEAYLGGKYAQSAYITYPAYFNDSOROATKDAGTITGLNYLRIINEPTARAIAYGLDKKGCAGGEKHYLIFDLGGGTFDYSILTIEDG-IFEVYKSTAGDTHL
Rabbit VOVEYKG-EYKTFFPEEISSHYLTKHKEIAEAYLGGKYQSAYITYPAYFNDSQROATKDAGTITGLHYLRIINEPTAARIAYGLDKKGCAGGEKNYLIFDLGGGTFDYSILTIEDG-IFEVKSTAGDTHL
Turkey VOVEYKG-ETKSFYPEEISSHYLTKHKEIAEAYLGKTYTHNAYYTYPAYFNDSQROATKDAGTIAGLNYLRIINEPTAARIAYGLDKKY--GAERNYLIFDLGGGTFDYSILTIEDG-IFEVKSTAGDTHL
Duck VOQVEYKG-ETKSFYPEEISSHYLTKHKEIAEAYLGKTYTHNAYYTYPAYFNDSQROATKDAGTIAGLNYLRIINEPTAARIAYGLDKKY--GAERNYLIFDLGGGTFDYSILTIEDG-IFEVKSTAGDTHL
Sheep IQYDYGGGOTKTFAPEEISANMYLTKHKETAEAYLGKKYTHAYYTYPAYFNDAQROATKDAGTIAGLNYHRIINEPTARAIAYGLDKR---EGEKNILVFDLGGGTFDYSLLTIDNG-YFEVYATNGDTHL
Donkey OROATKDAGATIAGLNYLRIINEPTARALAYGLDKNL--KGEKNYLIFDLGGGTFDYSYLTIDEGSHFEYRSTAGDTHL
Hunan HSDEGSRGSRLPLALPPASOGCSSGGGGGGSSAGG
Consensus vqv.ykg e.k.f.peeissnvltknke.aea,lg..v..av.tvpayfndsqrqatkdag,iaglnvlriineptaaaiaygldk,....ge.nvlifdlgGgtfdvsilti,#G,ifevk,tagdthl
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| 1

Cattle GGEDFDNRLYNHFYEEFKRKHKKDISQNKRAYRRLRTACERAKRTLSSSTOASLEIDSLFEGIDFYTSITRARFEELCSDLFRSTLEPYEKALRDAKLDKAQIHDLYLYGGSTRIPKYOKLLOQDFFHGRD
Pig GGEDFDNRLYNHFYEEFKRKHKKDYSQNKRAYRRLRTACERAKRTLSSSTOASLEIDSLFEGIDFYTSITRARFEELCSDLFRSTLEPYEKALRDAKLDKAQIHDLYLYGGSTRIPKYOKLLODFFNGRD

Rat GGEDFDHNRLYSHFYEEFKRKHKKDISQNKRAYRRLRTACERAKRTLSSSTOASLEIDSLFEGIDFYTSITRARFEELCSDLFRGTLEPYEKALRDAKLDKAQIHDLYLYGGSTRIPKYOKLLODFFNGRD
Canel GGEDFDHRLYSHFYEEFKRKHKKDISQNKRAYRRLRTACERAKRTLSSSTOANLEIDSLYEGIDFYTSITRARFEELCADLFRGTLEPYEKALRDAKTDKAKIHDIVLYGGSTRIPKYQKLLADYFNGRD
House GGEDFDNRLYSHFYEEFKRKHKKDISQNKRAYRRLRTACERAKRTLSSSTOANLEIDSLYEGIDFYTSITRARFEELCADLFRGTLEPYEKSLRDAKHDKAKIHDIVLYGGSTRIPKYQKLLADYFNGRD
Elegans GGEDFDNRHYNHFCAEFKRKHKKDLASHPRALRRLRTACERAKRTLSSSSOASIEIDSLFEGIDFYTNITRARFEELCADLFRSTHOPYEKSLRDAKHDKSAYHDIVLYGGSTRIPKYOKLLSDLFSGKE
Chicken GGEDFDNRHYNRFYEEFKGKHKRDNAGHKRAYRRLRTACERARRTLSSSTOASIEIDSLFEGIDFYTSITRARFEELNADLFRGTLEPYEKALRDAKLDKGOIQEIYLYGGSTRIPKIOKLLADFFHNGKE
Goats GGEDFDHNRHYSHLAEEFKRKHKKDIAPNKRAYRRLRTACERAKRTLSSSTOASIEIDSLYEGYDFYTSITRARFEELNADLFRYTLEPYEKALRDAKLDKGAIQEIVLYGGSTRIPKIOKLLAODFFNGKE
Rabbit GGEDFDNRHYSHLAEEFKRKHKKDIGPHKRAYRRLRTACERAKRTLSSSTOASIEIDSLYEGYDFYTSITRARFEELNADLFRGTLEPYEKALRDAKLDKGAIQEIYLYGGSTRIPKIOKLLODFFHNGKE
Turkey GGEDFDHRHYHHFIAEFKRKHKKDISENKRAYRRLRTACERAKRTLSSSTOASIEIDSLYEGIDFYTSITRARFEELNADLFRGTLDPYEKALRDAKLDKSAIHDIYLYGGSTRIPKIOKLLODFFNGKE
Duck GGEDFDHRHYNHF IAEFKRKHKKDISENKRAYRRLRTACERAKRTLSSSTOASIEIDSLYEGIDFYTSITRARFEELNADLFRGTLDPYEKALRDAKLDKSQIHDIYLYGGSTRIPKIQKLLADFFHGKE
Sheep GGEDFDORYHEHFIKLYKKKTGKDYRKDNRAVOKLRREVEKAKRALSSQHOARIEIESFYEGEDFSETLTRAKFEELNHDLFRSTHKPYOKYLEDSDLKKSDIDEIYL YGGSTRIPKIQQLYKEFFHGKE
Donkey GGEDFDHPLYEHFLQEFKRKTRKDISHNTRAMRRLHTACERAKRTLSSSTEASIEIDSL YEGYDF YSKISRARFEELCSDLFRSTLEPYEKALRDAKLDKSRIHDYYLYGGSTRIPKIOKLLONFHNGKD
Hunan SGHSRPPRHLOGLLQHAITAGSEEPDPPPEPHSEERRQHLOEANSAAFRGORE-EVEQHKSCLRYLSOPHPPTAGEAEQARDAQEREGALELL ADLCENHDNAADFCOLSGHHLL--YGRYLEAGAAGLR
Consensus gG#dfdnr,.v.hf, . efkrkhkk#i, .n.ravrrlrtacerakrtlssst #asiE! #styeg.dfyt.itrarfekl, . d1fr tl#pvekalrDakl$k, ,ih# vlvgGstripk!qkll qdf fnGk.
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1 1
Cattle LHKSINPDERYAYGAAYOARILMGDKSENYODLLLLDYAPLSLGLETAGGYHTALIKRHSTIPTKATQIFTTYSDHOPGYLIQYYEGERAHTRDNNLLGRFELSGIPPAPRGYPQIEYTFDIDANGILNY
Pig LNKSINPDEAYAYGAAYOAAILHGDKSENYQDLLLLDYAPLSLGLETAGGYHTALIKRHSTIPTKQTQIFTTYSDHOPGYLIQVYEGERAHTRDNHLLGRFELSGIPPAPRGYPQIEYTFDIDANGILNY
Rat LHNKSINPDERVAYGAARYOAAILHMGDKSENYODLLLLDYAPLSLGLETAGGYHTALIKRHSTIPTKATATFTTYSDHOPGYLIQYYEGERAHTRDNNLLGRFELSGIPPAPRGYPOIEYTFDIDANGILNY
Canel LHKSINPDERYAYGARYOARILHGDKSEKYQDLLLLDYAPLSLGLETAGGYHTYLIKRNSTIPTKATQIFTTYSDNOPGYLIQYYEGERAHTRDNNLLGRFDLTGIPPAPRGYPQIEYTFDIDANGILNY
House LHNKSINPDERYAYGAAYOAAILMGDKSEKYQDLLLLDYAPLSLGLETAGGYHTVLIKRNSTIPTKQTQIFTTYSDHOPGYLIQYYEGERAMTRDNNLLGRFDLTGIPPAPRGYPOQIEYTFDIDANGILNY
Elegans LHNKSINPDEAYAYGAAYOAAILSGDKSEAYADLLLLDYAPLSLGIETAGGYHTALIKRNTTIPTKTAQTFTTYSDHNOPGYLIOVYEGERANTKDNNLLGKFELSGIPPAPRGYPQIEVTFDIDANGILNY
Chicken LNKSINPDEAYAYGARYOAAILMGDKSENYVOQDLLLLDYTPLSLGIETAGGYHTALIKRHTTIPTKATAQTFTTYSDHASSYLYQYYEGERAHTKDNNLLGKFDLTGIPPAPRGYPAIEYTFDIDANGILNY
Goats LHKSINPDERYAYGARYOARILIGDKSENYOQDLLLLDYTPLSLGIETAGGYHTPLIKRNTTIPTKATQTFTTYSDHNASSYLYQYYEGERAMTKDNNLLGKFDLTGIPPAPRGYPQIEYTFDIDANGILNY
Rabbit LHKSINPDERYAYGARYOAAILIGDKSENYOQDLLLLDYTPLSLGIETAGGYHTPLIKRNTTIPTKATQTFTTYSDNASSYLYQYYEGERAHTKDNNLLGKFDLTGIPPAPRGYPQIEYTFDIDANGILNY
Turkey LHKSINPDERYAYGAAYOARILSGDKSENVADLLLLDYTPLSLGIETAGGYHTYLIKRHTTIPTKATAQTFTTYSDHOPGYLIQYYEGERANTKDNNLLGKFELTGIPPAPRGYPQIEYTFDIDANGILNY
Duck LHKSINPDERYAYGARYORAAILSGDKSENYQDLLLLDYTPLSLGIETAGGYHTYLIKRHTTIPTKQTQTFTTYSDHOPGYLIQVYEGERANTKDHNLLGKFELTGIPPAPRGYPQIEYTFDIDANGILNY
Sheep PSRGINPDEAYAYGAAYOAGYLSGD--QDTGDLYLLDYCPLTLGIETYGGYHTKLIPRHTYYPTKKSQIFSTASDHOPTYTIKYYEGERPLTKDNHLLGTFDLTGIPPAPRGYPAIEYTFEIDYNGILRY
Donkey LHKSINPDERYAYGARYOARYLSGDSSDATRDYVLLYDYAPLSLGIETAGGYHTHLIDRNTRIPTKASQIFTTYSHHNOPG
Human HRAAOLIGTCSONYAAIOEQYLGLGALRKLLRLLDRDACD-TYRYKALFAISCLYREQEAGLLOFLRLDGFSYLHRANQQAYOKLKYKSAFLLONLLYGHPEHKGTL-CSHGHYQQLYALYRTEHSPFHE
Consensus lnksinpdeavaygAf!Qaa!l .gdkse.vqdlL11Dv, plslgietagg!nt, likréttiptk,.q.fttysdngpgvl.qvyegerant. .dnnllg,.fel, gippaprgvpqievtfdidangilnv
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1 1

Cattle TATDKSTGKANKITITHDKGRLSKEEIERHYQEAEKYKAEDEVQRERYSAKNALESYAFNHMKSAYED-EGLKGKISEADKKKYLDKCQEYISHLDANTLAEKDEFEHKRKELEQVCHPIISRL YOGAGG-
Pig TATDKSTGKANKITITHDKGRLSKEEIERHYQEAEKYKAEDEIQRERYGAKNALESYAFNHKSYVED-EGLKGKISEADKKKYLDKCQEYISHLDANTLAEKDEFEHKRKELEQYCHPIISGL YQGAGG-

Rat TATDKSTGKANKITITHDKGRLSKEEIERHYQEAERYKAEDEYOQRERVARKNALESYAFNHKSAVED-EGLKGKISEADKKKYLDKCQEYISHLDSHTLAEKEEFVHKREELERYCHPIISGL YOGAGA-
Canel TAHMDKSTGKANKITITHDKGRLSKEEIERNYLDAEKYKAEDEVQREKIARKNALESYAFNMKSAYSD-EGLKGKISESDKKKILNKCHEYLSHLEANOLAEKDEFDHKRKELEQYCHPYITKLYQG-GC~
House TAHDKSTGKANKITITHDKGRLSKEEIERHYQEAERYKAEDEGQREKIARKNALESYAFNMKSAYGD-EGLKDKISESDKKKILDKCHEYLSHLEANQLAEKDEFDHKRKELENHCHPIITKLYQS-GC~
Elegans SATDKSTGKQNKITITHDKGRLSKDDIERHYNEAEKYKADDEAQKDRIGAKNGLESYAFNLKQTIED-EKLKDKISPEDKKKIEDKCDEILKHLDSHOTAEKEEFEHQQKDLEGLANPIISKLYQSAGG-
Chicken SAYDKSTGKENKITITHDKGRLSKDDIDRHYQEAEKYKAEDEANRDRYGAKNSLESYTYNHKQTYED-EKLKGKISDQDKOKYLDKCQEVISSLDRNOMAEKEEYEHKQKELEKLCNPIVTKLYQGA--~
Goats TAADKSTGKENKITITHDKGRLSKDDIDRHYQEAERYKSEDEANRDRYARKNAYESYTYNIKQTYED-EKLRGKISDODKNKILDKCQEYINHLDRNOHAEKDEYEHKQKELERYCHPIISKLYQGGPG-
Rabbit TAADKSTGKENKITITHDKGRLSKDDIDRHYQEAERYKSEDEANRERYARKNAYESYTYNIKQTYED-EKLRGKISEQDKSKILDKCQEYISHLDRHOHAEKDEYEHKQKELERVCHNPIISKL YOGGPG-
Turkey SAVDKSTGKENKITITHDKGRLSKEDIERHYQEAEKYKAEDEKQRDKYSSKNSLESYAFNHMKATYED-EKLOGKISDEDKQKILDKCNEIINHL DKHOTAEKEEFEHQQKELEKVCHPIITKLYQSAGGH

Duck SAYDKSTGKENKITITHDKGRLSKEDIERMYQEAEKYKAEDEKQRDK: OKILDKCHEIINHL DKHOTAEKEEFEHQQKELEKYCHPIITKLYQSAGGH
Sheep TAEDKGTGHKHKITITHDQNRLTPEEIERHYNDAEKFAEEDKKLKERIDTRHELESYAYSLKNOIGDKEKLGGKLSSEDKETHEKAYEEKIEHLESHODADIEDFKAKKKELEEIVOPIISKLY-—————
Donkey

Human HYLGALCSLYTDFPQGYRECREPELGLEELLRHRCOLLOQQHEEYQEELEFCEKLLQTCFSSPADDSHDR
Consensus ,a.dkstgk.nkititndkgrlsk..iernv,. ae.yk.ede...e.....n.lesy.f, k....d.e. 1, k.s..dk.k...kc.e...ul,..n,.aek.e. .h, kele,...npii,.lyq.....

651 660 670 680 630 700 710 720 730 740 750 756
I I

Cattle ----PGAGGFGAQGPKGGSGSGPTIEEYD
Pig ----PGPGGFGAPDLKGGSGSGPTIEEYD

Rat ----PGAGGFGAQAPKGGSGSGPTIEEYD
Cancl -——-TGPSCGTGYTP-GRAARTGPTIEEVD
House ~----TGPTCTPGYTP-GRARTGPTIEEYD
Elegans ----APPGARPGGA--AGGAGGPTIEEVD
Chicken ----GGAG--------AGGSGGPTIEEYD
Goats =----GGGG--------SGSSGGPTIEEYD
Rabbit ----GGG---------SGGSGGPTIEEYD

Turkey PGGHPGGFPGGGAPPSGGASSGPTIEEYD
Duck PGGHPGGFPGGGAPPSGGASSGPTIEEIYAGTEEDAEHLPFRIGLEQGHRRAGDHISRSYTSHRAEAHQFHRERCRGRLLPSFSHARYPQFPHPLAFHEQEQALHL
=====—-—---GSAGPPPTNEEEAADKDEL

Donkey
Hunan
CoNSensus  ...ceececescccccesssogPbice oo,

Fig. 2 Multiple sequence alignment of HSP70 amino acid sequences retrieved for the animals. The red-lines of the sequences which run through all
the animals’species are the conserved amino acid sequences
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Table 1 Comparative percentages of exact character match among the aligned HSP70 amino acid sequences of the selected animals

Cattle Pig Rat Camel Mouse Elegans Chicken Goats Rabbit Turkey Duck Sheep Donkey Human
Cattle 100%
Pig 975%  100%
Rat 96.72% 9531% 100%
Camel 89.85% 8861% 89.07% 100%
Mouse  89.07% 87.83% 8845% 9641% 100%
Elegans 81.87% 81.71% 814%  80.46% 81.25% 100%
Chicken 84.38% 8391% 84.06% 81.7% 81.38% 83.12%  100%
Goats 838%  83.17% 838% 8191% 81.6% 81.76%  92.11%  100%
Rabbit 84.09% 83.46% 84.25% 8267% 8236% 8157%  91.79%  9858% 100%
Turkey — 858%  84.71% 8533% 84.08% 84.08% 85.15% 87.69%  86.79% 8645% 100%
Duck 81.74% 80.81% 8143% 8049% 80.65% 814% 8343%  83.01% 82.83% 9473% 100%
Sheep 62.09% 61.62% 61.77% 62.55% 6224% 62.81%  62.93% 62.89% 63.14% 63.77% 6051% 100%
Donkey 814%  81.05% 80.7%  79.64% 7929% 7894%  76.84%  7929% 7929% 81.05% 81.05% 6561% 100%
Human  10.86% 10.86% 10.86% 11.14% 10.86% 10.58%  947% 9.74%  1002% 103%  947%  10.02% 8.07% 100%

Table 2 Quantitative measurement of the functional resemblances among the aligned HSP70 amino acid sequences of the

selected animals

Cattle Pig Rat Camel Mouse Elegans Chicken Goats Rabbit Turkey Duck Sheep Donkey Human
Cattle 100%
Pig 97.81% 100%
Rat 9734% 96.25% 100%
Camel 9297% 91.88% 9251% 100%
Mouse  9235% 91.1%  9157% 97.19% 100%
Elegans 87.65% 87.18% 87.34% 8593% 86.56% 100%
Chicken  90.53% 89.9%  9037% 8864% 88.01% 8864%  100%
Goats 8946% 88.67% 89.46% 8805% 87.26% 8805%  9526%  100%
Rabbit 89.44% 88.66% 89.6%  885% 87.71% 8803%  9511%  99.05% 100%
Turkey — 90.79% 89.7%  9032% 89.39% 89.23% 88.75%  92.58%  91.82% 91.65% 100%
Duck 86.73% 858%  86.42% 8564% 85.64% 84.84%  8832% 87.89% 87.71% 94.89% 100%
Sheep 7269% 7207% 72.23% 7238% 7223% 72.18% = 73.18% 727%9% 7291% 7275% 6859% 100%
Donkey 9052% 90.17% 89.82% 88.77% 88.77% 87.71%  85.26% 85.61% 85.61% 88.77% 88.77% 7543% 100%
Human  1949% 1949% 19.22% 19.77% 1949% 19.77%  1977%  1949% 1949% 2033% 19.22% 181%  1649%  100%

Minimum = 16.49%, Maximum = 100%, Mean =78.99%, and Standard deviation =24.39%

matrix-based model (Schwarz & Dayhoff, 1979). The
analysis involved the use of the sequences of the amino
acid molecules retrieved for the selected organisms.
There was a total of 1257 positions in the final dataset of
the retrieved sequences which were analyzed in 50 boot-
straps using MEGA-X software (Kumar et al., 2018).
For the sequences alignment, first, there was a retrieval
of amino acid sequences for HSP70 from the Uniprot
protein database for each of the selected farm ani-
mals including cattle (Q27975), chicken (P08106), pig
(P34930), turkey (GIMSW3), sheep (W5PTRS5), goat
(Q9TUGS3), camel (F5CV63), donkey (A6N8F3), ducks

(AOA493TMV7), rabbits (G1T1V9), mouse (P17879), rat
(PODMW1), human (PODMVS), and a non-mammalian
species elegans (P09446). Then the sequences obtained
were subjected to alignment and hierarchical clustering
using software MultiAlin version 5.4.1 (Corpet, 1988).
There was also an examination of the sequences simi-
larities using the Sequence Identity and Similarity (SIAS)
tool of the Immunomedicine Group of Universidad Com-
plutense de Madrid, Spain using the default BLOSUMG62
scoring matrices. The physicochemical properties of the
peptides sequences were determined using PepDraw
(White & Wimley, 1998), the functional enrichment and
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Table 3 Global block substitution matrix (BLOSUM62) similarities among the aligned HSP70 amino acid sequences of the selected

animals

Cattle Pig Rat Camel Mouse Elegans Chicken Goats Rabbit Turkey Duck Sheep Donkey Human
Cattle 1 097 097 0.89 0.88 0.83 0.84 0.84 084 0.86 0.74 0.59 0.7 —-0.17
Pig 0.97 1 0.95 0.88 0.86 0.82 0.84 0.83 0.83 0.85 0.72 0.58 0.7 —-0.17
Rat 097 095 1 0.88 0.87 0.82 0.84 0.84 0.84 0.85 073 0.59 0.69 —0.17
Camel 0.89 088 0.89 1 0.96 08 0.82 0.82 0.82 083 0.71 0.59 0.69 —-0.17
Mouse 0.88 0.86 0.87 0.96 1 0.81 0.81 0.81 0.82 0.83 0.72 0.59 0.69 —0.17
Elegans  0.83 082 082 08 0.81 1 0.82 0.82 082 083 0.71 0.58 0.68 —-0.17
Chicken 0.83 0.82 0.83 0.81 0.8 0.81 1 0.92 0.92 0.85 0.73 0.59 0.63 —0.18
Goats 0.84 083 083 0.81 0.8 0.81 092 1 0.98 0.85 073 0.59 0.65 —0.17
Rabbit 084 083 083 0.82 0.81 0.81 092 0.98 1 0.85 073 0.59 0.65 —-0.17
Turkey 0.87 0.85 0.86 0.84 0.84 0.84 0.87 0.87 0.87 1 0.85 0.6 0.68 —-0.16
Duck 0.81 079 08 0.78 0.78 0.78 0.8 08 0.8 0.92 1 0.56 0.67 —0.18
Sheep 0.6 0.59 0.6 0.61 0.6 0.6 0.61 0.61 0.61 0.61 0.52 1 0.5 —-0.17
Donkey 03 03 03 03 03 03 0.28 0.28 0.28 0.29 0.26 0.21 1 —0.11
Human —-009 -01 —-009 —-009 —0.09 —0.09 —0.1 —0.1 —0.1 —0.09 —-009 —-009 —-015 1
Minimum =0.18, Maximum = 0.98, Mean = 0.62, and Standard deviation =0.34

Results

Table 4 The physicochemical properties of the amino acid
sequences of HSP70 of the selected animals

Animals Mass (kDa) Isoelectric Net charge Hydrophobicity
point (Kcal/mol)

Cattle 6.40 543 —1.00 46.14
Chicken 6.31 543 —1.00 47.86
Pig 6.26 543 —1.00 47.13
Turkey 6.31 543 —1.00 47.87
Sheep 6.34 4.55 —2.00 53.02
Goat 6.35 543 —1.00 46.22
Camel 6.28 543 —1.00 48.32
Donkey 6.27 4.74 —1.00 45.20
Duck 6.31 543 —1.00 4787
Rabbit 6.35 543 —1.00 46.22
Mouse 6.36 543 —1.00 4775
Rat 6.38 717 0.00 49.01
Human 571 6.47 0.00 4845
Elegans 6.41 6.08 —1.00 4832
Minimum 571 4.55 —2.00 45.20
Maximum 6.41 7.7 0.00 53.02
Mean 6.29 5.56 —093 47.81
Standard 0.17 0.65 047 1.85
deviation

inter-protein analysis was carried out using STRING, a
database for prediction of protein—protein interactions
(Szklarczyk et al., 2019 https://string-db.org/); and the
Venn diagrams were constructed with the tools available
at  http://bioinformatics.psb.ugent.be/software/details/
Venn-Diagrams which is a web-based application.

This study retrieved amino acid sequences of farm ani-
mals including cattle, sheep, pig, turkey, sheep, goat,
camel, donkey, rabbit, and duck compared with non-farm
animals, including mouse, rat, human, and elegans as
outliers giving a total of 14 organisms with their respec-
tive amino acid sequences (Additional file 1). Phyloge-
netical evolutionary diversity analysis of the amino acid
sequence retrieved in this study indicated that there is a
wide evolutionary distance between humans and some of
the farm animals studied while elegans shared a common
evolutionary relationship with some of the farm animals
(Fig. 1).

The phylogenetic tree of evolutionary relation-
ships indicated that all the selected farm animals and
their comparative mammalian species (rat, mouse,
and human) as well as the elegans had a common root
of ancestry. However, there is a common ancestor for
Sus scrofa (pig), Rattus norvegicus (rat), Mus muscu-
lus (mouse) while Equus asinus (donkey) and Orycto-
lagus cuniculus (rabbit) had same ancestry with Homo
sapiens (human). All other farm animals investigated
including Meleagris gallopavo (turkey), Camelus drom-
edarius (camel), Anas platyrhynchos (duck), Gallus gallus
(chicken), Bos taurus (cattle), Ovis aries (sheep), Capra
hircus (goat) had same ancestry. The phylogenetic anal-
ysis indicated evolutionary diversity but both the farm
animals and their comparative mammalian species had
a common ancestry regarding the heat shock protein-70
amino acid sequences (Fig. 1).

The result also showed that there are 8 amino acids
conserved across the evolutionary changes; and the
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Fig. 3 Protein—protein interaction networks and the functional enrichment analysis of HSP70 in the selected animals. The network nodes are
proteins, and the edges represent their predicted functional enrichment associations. The red line indicates the presence of predicted gene fusion
evidence; the green line indicates predicted neighbourhood evidence; the blue line represents co-occurrence evidence interactions from known
experiment, prediction and data mining sources; the purple line represents association from experimental studies; the yellow line represents
association from text mining; the light blue line represents association from database evidence, and the black line represent co-expression
evidence. a (A) Cattle, (B) Pig, (C) Rat, (D) Mouse, (E) Chicken, and (F) Goat. b (A) Rabbit, (B) Turkey, (C) Duck, (D) Elegans, (E) Sheep, and (F) Human

ENSSSCG00000015027
ENSSSCG00000028568

ENSSSCG00000010380

E F

conserved bases fall within 233 and 449 bases. The mul-
tiple sequence alignment (MSA) indicated that amino
acids including Glycine (G), Alanine (A), Leucine (L),
and Aspartic acid (D) were evolutionarily constantly
conserved amino acid residues. While Glutamic acid
(E), Glutamine (Q), Isoleucine (I), and Valine (V) were
conserved in variation across the evolutionary changes
(Fig. 2). The sequence identity analysis returned exact
character matches among the sequences (min=_8.09%,
max=98.58% and mean + SD=71.034+26.3%) across all
the species, while the sequence similarities resemblance
among the sequences were (min=16.49%, max=100%,
and mean=+SD=78.99424.39%). The global block
substitution matrix (BLOSUMSG62) analysis returned
(min=0.18, max=0.98, and mean+SD=0.62+0.34) as
presented in Tables 1, 2, and 3 respectively, for identity,
similarities and BLOSUM62 comparisons.

The physicochemical properties of the amino acid
sequences measured the protein molecular mass, iso-
electric points, net electric charge, and hydrophobicity
per molar mass of the proteins (Table 4). The molecular
weight (Mw) of the protein sequence (min=5.70 kDa,

max=6.41 kDa, mean=6.28 kDa, and standard devia-
tion 0.17 kDa), the isoelectric point (IP) of the pro-
tein sequence (min=4.55, max=7.17, mean=5.56,
and standard deviation=0.65) while the hydropho-
bicity of the protein sequence (min=45.20 kcal/mol,
max =53.02 kcal/mol, mean =47.81 kcal/mol, and stand-
ard deviation=1.85 kcal/mol). While the animals have
closely related physicochemical properties, the result of
their inter-protein interactions showed that there is a sig-
nificant variation in interactomes of HSP70 (Fig. 3a, b).
The evolutionary relationships based on nodes of 11
inter-protein interactions showed that the studied ani-
mals shared multiple protein interaction similarities.
Comparing the interactions between cattle, pig, and rat
since they shared the same source of evolutionary ori-
gin, the inter-protein analysis showed that they have 5
interaction similarities, cattle and rats have 10 interac-
tion similarities but there were no interaction similari-
ties between pig and rat (Fig. 4A). Comparing mouse,
chicken, and rabbit; the animals shared 5 interaction sim-
ilarities, mouse and rabbit there was no interaction simi-
larities, chicken and rabbit have 7 interaction similarities
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Fig. 3 continued
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(Fig. 4B). Comparing the evolutionary distances of ele-
gans, sheep, and humans from other animals, there were
4 interaction similarities while there were 2 interaction
similarities between elegans and sheep, but there were no
similar interactions between elegans and humans as well
as sheep and humans (Fig. 4C). However, some of the
animals despite their evolutionary relationships and have

some unique interactions that they were not sharing with
others.

Discussion

These computational analyses revealed that there were
significant evolutionary diversities in the gene HSP70
in the selected farm animals and their comparative

Mouse hicken

Elegan

Rabbit

Human

Fig. 4 Venn diagram showing unique genes and interaction similarities across the evolutionary diversity of HSP70 in the selected farm animals.
A Comparison of the protein interaction of HSP70 in cattle, pig, and rat. B Comparison of the protein interaction of HSP70 in mouse, chicken, and
rabbit € Comparison of the protein interaction of HSP70 in elegans, sheep, and humans

Sheep Cattle Pig

Rat
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non-farm animals as a result of evolutionary changes.
This observation agreed with the submission of Krebs
and Feder (1997) which stated that heat shock proteins
are among the most ancient and highly conserved of all
proteins. However, the variation observed via the out-
come of multiple alignments could be attributed to the
differences associated with the animals’ speciation. The
significance of these variations could be the basis of the
differences in cellular, tissues, organs, and entire organ-
ism response to stress, tolerance to increasing tempera-
ture, oxidative stress, and endotoxins; as well as recovery
from heat stress shock by these organisms (Dangi et al.,
2017). Furthermore, these could also explain the differ-
ences observed in the expression of heat shock protein
genes in animals under similar or different heat stress
conditions as reported by Madhusoodan et al. (2020).

The variations observed in this study also support
outcomes of studies on the effect of heat stress on the
activities of endocrine glands and hormones involved in
reproductive activities in male animals which showed
variability and conflicting results (Boni, 2019). Similarly,
it also support differences and similarities observed in
the alteration of follicles and oocytes maturation mech-
anisms, delayed luteolysis, and ovulatory inhibition due
to heat stress in mouse models and cows despite being
animals of different species (Dalanezi et al., 2019). Fur-
themore, the variation can also be used to explain the
difference in outcomes of heat stress effect on sperm
viability, integrity, and function, as well as complication
of the developmental potential of the blastocyst which
were clearly different in different animal species (Boni,
2019). Furthermore, the variation observed in the
amino acid sequences of the gene HSP70 investigated in
this present study could serve as a genetic support for
upholding the reported variations in the reproductive
performances mentioned above in farm animals due to
heat stress. This is because of the key roles HSP70 play
in animals’ response to heat stress which was reported
to be compromised in the studies.

This study also suggest possible similarities in
the function of the gene HSP70 in the selected farm
animals investigated due to the observed similarities in
character matches, amino acids, and the global similar-
ities index of the amino acid molecules. The observed
similarities in rat, mouse, and elegans and selected farm
animals including cattle, pig, camel, and chicken imply
the suitability of rat, mouse, and elegans as models
for studying heat stress in these farm animals. This
is because, the gene HSP70 could function similarly
in these animals and the models which can speed up
research focusing on tolerance and adaptation of the
selected farm animals to heat stress. Furthermore, simi-
larities observed in the physicochemical properties of
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the genes’ amino acid molecules indicated that there
is a conservation of important biochemical functions,
response, and adaptation of the closely related ani-
mals to stress (Ajayi et al., 2018).

Conclusion

The study attempted an elucidation of the variations
in heat shock protein-70 (HSP70) of selected farm and
non-farm animals through evolutionary diversity and
inter-protein interactions of the gene products. The study
suggest the need for animals’ adaptation to heat stress as
a highly desirable need for sustainable livestock produc-
tion. Following outcomes of the computational analyses
carried out in this study, it was concluded that variations
and conservations of amino acid residues of HSP70 could
be a genetic basis for the differences and similarities in
the function of HSP70 gene in different animals inves-
tigated. It was also concluded that elegans are suitable
models that can be exploited for studying heat stress in
farm animals including duck, chicken, cattle, sheep, and
goat.
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