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Abstract: Human neuronal proteins were searched to various animal genomes along with the phylogenetic tree using
higher than 50% of query cover for the homology evaluation to know the presence or absence of homologs. Using the
query cover value and gene ID of searched proteins, the number of homologous genes in the genomes was identified. The
results showed that numbers of genes of synaptotagmin, neuronal channel proteins and myelin sheath proteins are
increased along with evolution, implicating that these genes have roles in the development of neuronal network and
neurotransmission. At the emergence of mammals, MEPE is appeared but missed only in egg-laying mammals. MEPE is
a brain-specific protein negatively regulating bone mineralization. The emergence of MEPE is linked with the emergence
of fetal animals. HTT gene of Huntington’s disease known as poly Q disease is appeared from lamprey, an ancestor of
vertebrate. The lamprey HTT protein contains only one Q but the number of Q and also P existing next to poly Q in higher
animals is dramatically increased and human has the longest poly Q-poly P sequence, suggesting that increase of the
length of poly Q and P may have evolutionary role in brain development. The results of gene emergence and gene number
transition in this study elucidated evolutional history of neuron and brain development.
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Fig. 1. Phylogenic tree of animals having reference genom

e sequences

Human neuronal proteins are homology-searched to the genomes of trichoplax, lamprey, and coelacanth, and other animals.
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Fig. 2. Comparison of e-value, identity, and query
cover values in homology search of human neuronal
proteins to various animals.

Five human neuronal proteins, SYPNO (e), SNCA (m),
BDNF (), RTN1 (4), and PLP1 (o) were homology-
searched by protein BLAST to the animals indicated. The
proteins which show lowest e-values in each animals
were used. No homology was shown 0% in identity and
query cover, and 1 in e-value. E-value of SNCA was 2E-
94 against the same human SNCA protein due to the short
(140 amino acid) length. Query cover was used for the
evaluation of homologous gene emergence. Higher than
50% of query cover was determined as the value of the
presence of human homologous gene in this study.
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Table 1. Number of genes showing higher than 50% query cover to human neuronal proteins

. Official Number of genes (>50% query cover)
. Protein or gene .

Classification ame gene Description Trichoplax ~ Lamprey Coelacanth Human
symbol ES LY WYASFE  L—FAVR a8
VAMP-1 VAMP1  vesicle-associated membrane protein 4 4 5 5
Synaptobrevin VAMP-2 VAMP2  vesicle-associated membrane protein 5 4 5 4
Cellubrevin VAMP3 vesicle-associated membrane protein 4 4 5 5
Synaptogyrin SVnaptogyr!n 1 SYNGR1 protein_ assogiated wit_h presynaptic vesicles family 2 4 4 4
Synaptogyrin3  SYNGR3  synaptic vesicle protein 2 4 4 4
Synaptosomal- SNAP-23 SNAP23 binds to syntaxins and synaptobrevins 1 1 1 1
associated SNAP-25 SNAP25 presynaptic plasma membrane protein 3 4 3 2
. SNAP-29 SNAP29  SNAP25 gene family, synaptosomal-associated protein 29 0 1 1 1
protein SNAP-47 SNAP47  synaptosomal-associated protein 47 0 1 1 1
Synaptotagmin 1 SYT1 synaptic vesicle protein, synaptotagmin-1 10 30 42 21
Synaptotagmin Synaptotagmin 2 SYT?2 synaptic vesicle protein, synaptotagmin-2 12 30 44 23
Synaptotagmin 5 SYT5 synaptic vesicle protein, synaptotagmin-5 10 29 42 23
Synaptotagmin 14 SYT 14 synaptic vesicle protein, synaptotagmin-14 2 14 18 20
Syntaxin 1A STX1A syntaxin-1A 6 5 8 8
Syntaxin 6 STX6 syntaxin-6 1 1 2 2
Syntaxin Syntaxin 7 STX7 syntaxin-7 2 3 4 4
Syntaxin 12 STX12 syntaxin-12 4 2 5 4
Syntaxin 16b STX16 syntaxin-16 1 2 2 3
SVOP SVOP synaptic vesicle 2-related protein 13 10 25 19
SV2s SV2A synaptic vesicle protein interacted with synaptotagmin 7 5 5 4
Synaptic Synaptophysin  SYP synaptic vesicle protein, synaptophysin 1 3 4 3
protein SYNPR SYNPR synaptoporin 2 3 4 4
synapsin SYN1 synapsin-1 0 2 3 3
SYBU SYBU syntabulin that contributes to presynaptic assembly 0 0 2 2
Synaptopodin SYNPO associated with postsynaptic densities and dendritic spines 0 0 1 1
alpha-synuclein  SNCA implicated in the pathogenesis of Parkinson disease 0 3 3 3
Neuro- CSP DNAJC5  protein play arole in cystic fibrosis and Huntington's disea 0 2 2 4
degenerative ~ APP APP amy loid beta precursor protein 0 2 3 3
disorder Huntingtin HTT Huntingtin is a disease gene linked to Huntington's disease 0 1 1 1
MAPT MAPT microtubule-associated protein tau 0 0 0 1
CACNAI1G CACNAI1G voltage-sensitive calcium channel 5 11 14 2
KCNC2 KCNC2 voltage-gated potassium channel 3 37 27 24
Channel KCNH5 KCNH5 voltage-gated potassium channel 3 9 8 10
KCNH7 KCNH7 voltage-gated potassium channel 3 8 8 4
CACNG2 CACNG2 calcium voltage-gated channel auxiliary subunit gamma 2 0 7 7 4
CACNG3 CACNG3 __ calcium voltage-gated channel auxiliary subunit gamma 3 0 4 8 7
PPP2R2B PPP2R2B phosphatase 2 regulatory subunit B 5 5 6 5
Phosphatase PPFIA2 PPFIA2 LAR protein-tyrosine phosphatase-interacting protein 1 3 4 4
PHACTR3 PHACTR3 phosphatase and actin regulator protein family. 0 1 1 3
PTPRR PTPRR protein tyrosine phosphatase 0 0 1 3
NTT4 SLC6A17 transporter for the presynaptic uptake of neurotransmitters 17 23 25 19
vGIuT SLC17A7 sodium-dependent phosphate transporter 4 5 5 9
SLC17A6 SLC17A6 vesicular glutamate transporter 2 3 5 5 9
Transporter ZnT-3 SLC30A3 zinc transporter 1 6 8 8
vGaT SLC32A1 amino acid/polyamine transporter 0 4 5 4
SLC32A1 SLC32A1 GABA and glycine transporter 0 3 3 7
PMP2 PMP2 peripheral myelin protein 2 3 10 15 14
Myelin MAG MAG myelin associated gly coprotein 1 9 10 16
PLP1 PLP1 transmembrane proteolipid protein 0 4 3 3
MOG MOG involved in maintenance of the myelin sheath 0 0 4 6
GAD1/GAD67 GAD1 glutamic acid decarboxy lase 4 7 6 5
YWHAH YWHAH  14-3-3 family of proteins 2 5 7 8
Reticulon 1 RTN1 neuroendocrine secretion 1 4 5 4
DCX DCX doublecortin appears to direct neuronal migration 1 4 2 4
PEX5L PEX5L PEX5-related protein 1 1 2 2
PRMT8 PRMT8 arginine methy ltransferase 1 1 2 2
VWC2L VWC2L von Willebrand factor C domain-containing protein 2-like 0 9 10 6
NXPH1 NXPH1 promote adhesion between dendrites and axons 0 5 4 1
NKX2-2 NKX2-2 involved in the morphogenesis of the central nervous syster 0 3 5 5
BDNF BDNF nerve growth factor 0 3 4 3
Other RBFOX1 RBFOX1 RNA-binding protein that regulates tissue-specific splicing 0 3 4 1
PDYN PDYN secreted opioid peptides 0 3 3 2
NEURODG6 NEUROD6 NEUROD family of transcription factors 0 2 4 3
VSTM2B VSTM2B  V-set and transmembrane domain-containing protein 2B 0 2 3 2
RALYL RALYL RNA-binding Raly-like protein 0 2 2 8
SCHIP1 SCHIP1 schwannomin-interacting protein 1 0 2 1 2
ANKS1B ANKSIB  multi-domain protein 0 1 1 2
GAP43 GAP43 protein expressed at high levels in neuronal growth cones 0 0 1 1
C20rf80 C20rf80 uncharacterized protein C20rf80 0 0 0 1
Reticulon 3 RTN3 neuroendocrine secretion 0 0 0 1
MEPE MEPE calcium-binding phosphoprotein 0 0 0 1
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Table 2. Protein blast of human synapus-related proteins
to yeast, mushroom and sponge

Protein name Gene name  Yeast r: Sponge
VAMP1 3 2 4
Synaptobrevin VAMP2 3 2 4
VAMP3 3 3 5
STX1 0 0 10
STX6 0 2 1
Syntaxin STX7 1 1 3
STX12 1 1 1
STX16 1 2 4
SYT1 0 0 6
Synaptotagmin SYTL 0 0 !
SYT2 0 0 7
SYT5 0 0 5
Synaptosomal-
associated protein SNAP25 0 0 2
Synaptogyrin SYNGR1 0 0 1
Synaptic protein ~ SYP 0 0 2
Transporter SLC6A17 0 0 1

Yeast: Saccharomyces cerevisiae, mushroom: Agaricus
bisporus, and sponge: Amphimedon queenslandica.
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Fig. 3. Emergence of MEPE gene from fetal animals.

MEPE gene is absent in egg-laying mammals but present in
Theria that are fetal animals. MEPE encodes a secreted
calcium-binding phosphoprotein and has a role of negative
regulation of bone mineralization. MEPE is expressed
exclusively in  brain in human, suggesting that
mineralization of brain bone is inhibited by MEPE, possibly
for increasing brain size during embryonic development.
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TILY A 7 —RBRHERREEGFAPPOEEE L

TN = —RERHAIEDIRR & 72 % 2 878
DT A RBRTF R THY | Z OfEk % & Teribk
%5 > 37 'E 3 Amyloid-B precursor protein (APP)
Td D, APPLE L query coverz RmdiEa i, &
VEDUETAVICERL, B RTEXFRV LAV
fELT-,

BRI BEFRT AT ETOAPPIZIL, EL, acidic,
E2 & YENPTY 8K 2S£ CHRAF S T 72 2)(Fig.
4A), APPOMIERI A G272, B KT LV T
TUETETAVOS ) MR LT, AMEEkE
BLASTHZR ¥ % & ELfEEK & FHFIME 2 ROl s
TRIADDRAFT_55959/3 f7#7E L TV /o, fl o>l &
OFEMENR D BB T IITFE LD T2 &0 D,
Z OB TNAPPOMITITH D Z LR THREND,
b R 513E2E YENPTYfERA N 0 . APPDEE
AERHE END . FRT LU0 5itacidic domain
LY e EIRIEE CHEEDOAPP L 72572 & 1R
X% (Fig. 4AB),

El domain  Acidic region E2 domain AB YENPTY
—El— R —ER—0 Appia

D] LOC100374897
e e 1L OC100201800

— TRIADDRATT 55959

Human =
Acorn worm
Hydra ==

Trichoplax ==

AVTPEE Sl
Acom worm  KMTMEQR[HIT TM|
Hydm ENNDDRE
Trichoplax KVPLTNDFDP

B. Human ONGYENPTYKEFEQMON

Fig. 4. Conserved regions of APP

A. Human APP contained E1, acidic, E2, and YENPTY
domains. AP indicates amyloid f region. Hydra contained
E1l, E2 and YENPTY domains but trichoplax only
contained E1 domain. B. C-terminal YENPTY sequence of
APP-like proteins are similar but trichoplax does not have
the conserved C-terminus.

N—F 2V URREEEFSNCADEEEIL

VX LA NZIFe-v X 7 LA 2 (SNCA), B- X
27 LA »(SNCB), y-2*X 7 L £ >/ (SNCG) & \» 93>
D77 IV =D FET D, o X7 LA TR —F
VI UVIRDRRZ R EE L THLBNTWS, v
X7 VA VORFERRDL L. YV ATFTXT3IHD
FRRIZ R ERFE L, E D%, BEELTH
R BEILRFES N TV =(Table 1, 3), YV A ¥
TX, IVRVIANR =T A, X ad
YA NV HRAITHEET DI DOM[E & o8
JELEE FDOVX T LAY T 7 U — L OMEEE



BTHD E EILHSNCA L MR @2y 7253, B-
X7 LA ORI EINT S Z & ol
2T, B HEEDOREREI T, ENEhO&E
HEITH Z & Tl b L7z Z & 23Mal 2 7=(Table 3),

Table 3. Query cover percentage of synuclein-like
proteins compared with three human synclein proteins

Synuclein Human synuclein
Animals protein Gene ID protein

name o B Y

y-like 116945019 92 92 81
Lamprey a-like 116951075 91 66 64

o-like X2 116940171 98 89 82

a X1 116974152 100 69 69
Thorny

B 116978366 100 91 68
skate

Y 116966448 96 81 82

o 102358429 100 69 70
Coelacanth B 102347959 100 90 70

Y 102348703 82 84 82

o 395393 100 69 69
Gallus

B 395391 100 95 66
gallus

Y 395392 81 79 87

o 20617 100 71 71
Mus

B 104069 100 100 70
musculus

Y 20618 91 82 87

NUF U b URRREGTFHTTOREELE

NCF 2 N RO RIREE T TH HHTTER T2
EY Y ATTENLFELTEY, B MIEDLET
BT ED 1O B LTV e ho 7= (Table 1), ¥
Y AT E zquery covern’ie% b dH o T Enb,
IEFIBRFEOBOVELE T THH E VR D, HTTHE
R ONKBNZIFET D 7V H 2 (Q)DiE ALY
DR L o TG EICRBEEES), HERE L, FRAE

77

HERESE | IR E e & OB D Z & o> Hpoly
QF LI TV D, £ T, HTTH X0 EHis
DAEYFEM TOENEFTRD Z LT LT,

R T LT E DITHTHRD RGO AEYFEE O LT
Mo7 I 7 BEEY & g Lz & 2 A, NRMFNIZAFTE
F %poly Qi L Wpoly 71 VU > (P)ESI % HEE T %
QPO T X/ IRDEUZIE WA B LTz (Fig. 5), poly
QEHH OQEIIHT TR T NHE LY A U )
FTIIMETH 7o AR D & Z ORI |
BTN 72 o 7o BB T HEEM I L L T
MOITEBHIZESETAMETH -T2, FT2. PUF.
~NEBEO—EOFETpoly 77 = (A)ESIN B
72, Poly QEHIDQEUITHAIHIZ /D & T ) N
ENYHAXITHE, 2 7E Y TIIIM L Rx 125K
EHLL, =23V I b ~OELTIHILED
5 2UE I AT HN L Tz, 72, ELEE Cldpoly
PELAI DM G A b7, & N THibEWVpoly Q-
poly PELHIZRi>Z b b, N F U heED
BEEMEICIN 2, IO & EEARIZ BB BRI B D D HERE D 1T
ENRER S, ZNEHLNITI2ERDNHD LR
bihd,

4. ¥
AT CTIE, ELOBMERIZBIT D8 Ir T OB,

BIO, BT EHOLEEE 7, Query cover50%
LA FARIMED & 5 BB T L 3R E L SR L7 3.
FRERRIC IV T HE bR & R OIS 73 (L DV
DOORHNCHEL L, TOHEE(LIEgGa L. M
BLEGAZWALMCLE, EALICHEW
synaptotagmin=<°channeli& {z - D ¥ % 5 S 12 BN
SEILZENDNY, TRHDBIRFRYTTAD
ZARAEROEHE R R R DI TS G- LT D ATREME
Z FLH U7z, MEPEIZSRAE B ISR T, IR
FUEN OB LTz, o, MR ERNEE 7 Th
HSNCAII3 > Dl s %, HTT TII1>DEls
¥at FOMLE THERFL TR Y, IMBsRE DR =R
FECIRAF SN ZEI 2RO Z ERNE 2 B, FRIC,

Homo sapiens MATLEKLMKAFESLKSFQQ00000000000000000Q0PPPPPPPPPPPQLPQPPPQAQPLLPQPQPPPPPPPPPP-~GPAVA=-——=--~ EEPLHRPKK
Gorillagorillagorilla  MATLEKLMKAFESLKSFQQQQQQQQQQQ-—-------- PPPPPPPPLPPQLPQPPPQAQPLLPQPQPQPPPPPPPPPPGPAVA-—-———-~— EEPLHRPKK
Mammal | Myotis myotis MATLEKLMKAFESLKSFQQQQQQQQQ----===----= PPPPPPPPQAQPPPPQPQPQPPPPPPP GPAV, EEPLHRPKK
Mus musculus MATLEKLMKAFESLKSFQQQQQQQ-~----=—=----~ PPPQAPPPPPPPPPPQPPQPPPQGQPPPPPPPLP——-—~— GPA=———mm e EEPLHRPKK
Ornithorhynchus anatinus MATLDKLMKAFDSLKSFQQQQQQQ-~—-—=--—=-——~= PPPPPPAPPAPAPPPP. GPAPPPPPLP--~EEPLQRPKK
Bird | Gallus gallus MATMEKLMKAFESLRSFQQQQ VPAALP EEPTQRPKK
Alligator | Crocodylus porosus MATMEKLMKAFESLRSFQQQQ GPVAVP EEPLHRPKK
Crotalus tigris MAAMEKLMRAFEALRSFQQQ-—— === === === == PPPPPPPSPAA-PAP EEPPARPK
Snake | peeudonaja textilis M-—-~EKLMRAFEALRSFQQQQ--==—=-==————=——= LLPPAPPPPPPPPATQPSPAAGPAP EEPPARPKK
Anolis carolinensis MATMEKLMKAFESLRSFQQQQ---———————=—=————— SPAAIPAGASAASSAGAAAASA EEPPQRPKK
Lizard |Podarcis muralis MATMEKLMKAFESLRSFQQQQ-—--===---===———~ GPAASAAAAATAAPGTAPPAASAAATVAAAAP GEPPHRPK
Lacerta agilis MATMEKLMKAFESLRSFQQQQ-—-~—=-—====———~ GPAASASAAAATAAAAPGTAPPASSAAATAAAAAP - — - ——— = o — = GEPPHRPKK
Amphibian | Xenopus tropicalis MATMEKLMRAFESLKSFQQQQ VPVVP EEPAPKAKK
Microcaecilia unicolor ~ MATMEKLMKAFESLKSFQQQQ GPVAAVAAVVVP-EEPMQKQKK
Ray-finned fish | Latimeria chalumnae MATMEKLMKAFESLKSFQQQQ GPAI EEPAQKQKK
- . |Amblyraja radiata MATMEKLMKAFESLKSFQQ GPSS EEPGQKQKK
Cartilaginaou fish | 2} HER K miIi]i MATMEKLMKAFESLKSFQQ GPPS EEPGQKQKK
Lamprey | Petromyzon marinus MTPMERLVKAFETLKASQ G-A-GPAWDADEQQPGPGKTKK

Fig. 5. Alignment of Huntingtin protein sequences from lamprey to human.

Increased length of poly Q is known to cause Huntington disease. Poly Q amino acid number was increased from lower animals
to higher. In addition, poly P sequence, the region was poly A in lizard, was appeared in snakes and mammals but not alligators
and birds. The poly P size is also increased from lower mammals to higher. Increased lengths of poly Q and poly P may be related

to the development of brain function during evolution.
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HTT# >~ & @poly Qis & Upoly PHEIk D & =
O & HELIEN —F L, b b CREOMHEEZFF
STWeDT, ZOFEEORE S & MERE, B XU
PRI R & D RENE DA 1% OWFFEDF e D, BA L
EEBEE TOBIGFOHE, BLO, B0
fbZigimd 5 2 & T, MRROEFE S BIn T &
DEEAZLETE LR LT

5. HBiEF
Kﬁ%m%tb\~@&% w5 - - IeA BB o
ERZEESAICESEGHE L EFE4, &5, #F

%W%@&Di&bubtoT\NNEMDﬁ%I
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