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Abstract
BACKGROUND: There is no systematical report on the conserved structure, protein characteristics and phylogenetic relationship of the Fasciclin gene family.
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Research Article

OBJECTIVE: To investigate the evolutionary history of the Fasciclin gene family, and to systematically analyze the conservative structure, protein characteristics,
and phylogenetic relationships of this gene family

METHODS: Based on the published genome data of eight species such as people, chimpanzee and zebrafish, HMM models were established using the HMMER
software to analyze the characteristics and genetic structure, structure domain and biochemical characteristics, evolutionary relationships and expression
characteristics of the Fasciclin gene family.

RESULTS AND CONCLUSION: In the eight species of fish (zebrafish), amphibian (xenopus), bird (chicken), reptile (Trionyx sinensis), mammal (rat, mouse)

and primate (chimpanzee, human), 5, 5, 4, 5, 5, 4, 4, and 4 fasciclin candidate genes were retrieved respectively. Through the phylogenetic analysis of the
fasciclin gene in these eight species, the evolutionary tree of fasciclin gene families can be divided into four evolution branch. The two branches of all are more
conservative, likely to be the main osteoblast specific factor; the third branch may be osteoblast specific factor of amphibians, mammals and primate; and the
final branch also has a good conservative, but the Xenopus and mouse in the branch has two copies of the genes, and this branch may play an important role in
the evolution of these two species. Overall, in the evolution of species, the gene family has no larger changes, and such genes may be important for the growth

and development. The lack of such genes may lead to the death of the individual or the extinction of species.
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0 5|= Introduction
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1 B{RFN753E Data and methods

1.1 &t EREAE ST

1.2 BFEZRE T 2019 4F 2 A & 8 A LA N ER KK
Je& 55— = B s R A= 015 S0 T T 56 B

1.3 ## %R M Ensembl Genome Browser % #f& & (http://
asia.ensembl.org/) TSP L. LTS, 35, el
AN R B RNRERARIEE R, Ikl X
IR G D EEERRIEX T ERAEEEMEREN
5. M Pfam (http://pfam.sanger.ac.uk/) 3k 75 Fasciclin & [&
FIGARSF S5 K351 Profile HMM (PF02469.22) SUHE &

14 FE¥7ik

1.4.1 Fasciclin Z£KE 8 #RIEM Pfam F #1452 [f] Fasciclin
FE R G PR 57 45 A6 35 () Profile HMM SC A4, i HMMER 3.0
WAFR) HMMsearch 2 BE 5, JEPH IS, 35, iR,
ANER KB BRRAE S N R A B R 2H 1) R T 40 S, A
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Table 1 | Information of animals

Wkhch PR MRELT HEAKRND Btk GenBank ID
REL I HRR (bp) AR

#H
Danio rerio 1412464843 26
Xenopus tropicalis 1511717716 /

BEEffi Zebrafish
AEPTC Xenopus

GCA_000002035.2
GCA_000004195.1

I
X Chicken Gallus gallus 1046932099 34 GCA_000002315.2
domesticus
ik Chinese soft Pelodiscus 2202466388 / GCA_000230535.1
shell turtle  sinensis
INER Mouse Mus musculus 2796638 596 22 GCA_000001635.3
K Rat Rattus norregicus 2909 698 938 22 GCA_000001895.3

HAEFE Chimpanzee Pan troglodytes
AN Homo sapiens

3323267922 26
3228143073 25

GCA_000001515.4

Human GCA_000001405.12

“Trusted cutoff” YE ik 26, JHLL e (A 1e-05 il IfA
FREL 8 AW Fasciclin 25 1 X IR (g i BE K. A A Inter-
ProScan (https://www.ebi.ac.uk/interpro/about/interproscan/)
S FEREAT 20 B ), I 45 4 Fasciclin 5 (1 R R R ST 454
1B, Profile HMM profile 15 J2. (PF02469.22), 4&FH 4wt & A
HHAFAE Fasciclin A OCZE 4, 2 8 MIFH Y Fasciclin 22 H
IR H bR
1.4.2 Fasciclin B F AR SFEEMIRT Motif Z5#9408T R Inter
ProScan (https://www.ebi.ac.uk/interpro/about/interproscan/)
1 MEME(http://meme.nbcr.net/meme/cgi-bin/meme.cgi) % /™ £
LEAFUTIMT TR, DERAME I, XTIRE 8 A
YRl eb (1) Fasciclin 52 B8] (1) 25 1153 F7 51 HEAT DR ST &5 K4 SR £ 57
i) Motif 734t , AT Fasciclin J [K] i) 8 9 55 81 i G5 A R ALE
1.4.3 Fasciclin &5 F{5 SICAIE R E 0T FIAEERE
S IKAE 22 0 A 8 A TargetP 1.1(http://www.cbs.dtu.dk/services/
TargetP/)"™, DABRIME AT, X Fasciclin 2 145 5 51119
5T IRDXCIREEAT 206, DLERE 8 AN 07h Fasciclin 5[] (1) 8 5
J 7 B AE 5 K AE S . R A5 28 53 7 ¥ ¢ ProtParam(http://
web.expasy.org/protparam/)™, DL Bk I\ {H N 5% 0k & 4F, Xt
Fasciclin &5 A fJZ5 B8 /5 (Theoretical pl). 384> 7 & (molecular
weight, Mw) F1 GRAVY(Grand average of hydropathy) #4734,
PAZREX 8 ANl Fasciclin JE K ) 8 1 5 B
1.4.4 % Fasciclin EAXGERIRZREM  FIH Clustalw™,
PL Gap Opening {H >}y 10, Gap Extension {E & 10, DL f Protein



Weight Matrix % & &4 Gonnet series, Alignment 1% & & Do Com-
plete Alignment 2%, X $EL) 8 MFH I Fasciclin & 7
AT Z FEAIEEST, F)FH MEGA 5.0(http://megasoftware.net) %
1 ™31 Bootstrap {f % & A 1 000, > H Neighbor-Joing #& %4 ¥
HARGKEW . R4 Pfam SEHIHSE AR ¢ R0 & KRR
POHEAT.

1.5 EEURIBAF SYFRIERE LGN S-EERE. A1k
FHIE BEA G RANRIL R

2 Z58 Results

2.1 Fasciclin £ R #9553 5 4547 FIH Fasciclin 38 & 5 (R 57
S HMM profile, MUEEL 8 MM L% e H 36 4
Fasciclin £:[X, M. 2, HA B 54, JEPJNEE 5 4,
XG4 A s AN NS AN KRR 44 B 44
ANK a4, FEAEEH 36628-58074 1,

2 | M Fasciclin EEMERIS 54

Table 2 | Identification and analysis of Fasciclin genes in various species

WIFh 4R PEL44FR Fasciclin ¢cDNAfF)  mRNA [f] Protein  JEREI¥ EEH
B #H #H #H HE 5L (%)
By ft  Zebrafish 5 36 628 4 714 36 628 0.013 651
JEMTE  Xenopus 5 43 859 1 306 43 859  0.011400
3 Chicken 4 40 571 1 558 40 571 0.009 859
riAg#k  Chinese soft 5 48 910 1 042 48 910 0.010223
shell turtle
/NER Mouse 5 56 845 8 036 56 845  0.008 796
K Rat 4 58 074 1713 58 074  0.006 888
WAEPE  Chimpanzee 4 56 687 8 681 56 687 0.007 056
ANF Human 4 48 418 20 168 48 418  0.008 261

2.2 Fasciclin & & 1% 5 £ #3F= Motif 495#7  FJH InterProScan
(http://www.ebi.ac.uk/Tools/services/web_iprscan/toolform.ebi) % 3k
W) P A BEAT DR ST S5 R R 2R, R R <1 S5 A I H 2
B AT VR 20 A, Wk 3.

Bt I f4 [ Fasciclin 45 (9K & 566-2 025, FL£6A 24 MRSF
SERIR; X9 Fasciclin 25 (9K ¥ 2 044-3 652, 34 20 MESE
ZER R, AR Fasciclin 87 (K& 710-2 587, 3L 21 MR
SEAi Rk /N B Fasciclin 25 KB 271-2 062, 3LA7 19 4>
TRAFEs IR ARSI Fasciclin 85 K 924-2 608, JL4 19
MRS EERIR:  FRIRSRE Y Fasciclin B KT 686-2 677, JLf
20 MESESERIE; KR Fasciclin & 1K 861-2 847, LA
19 AMRSFEE R AR 1) Fasciclin 25 K8 529-1 655,
A 15 ANMRAF A

X H #F 2 % 4 MEME(http://meme.nbcr.net/meme/)
it Fasciclin 25 [ (1) Motif 45 #4) 3E 4T 20 87, 2 AT 45 -
1(Logo). £ R K I Fasciclin 2 H ZK A 3 AW 1L 1) Motif,
Syl 35, 21 F1 20 AN EEERR AL, Motif 1 /7514 xx[NR]
GGC[SH][PE][NHL]ATCTY[TV] [GS]PG[QTIRXC[TVE]C[KQ] XG Y[VT]
G[DN]IVC, Motif 2 F* %1] 2y E[SKIDI[IMIATNGV [IVIHVID[KE][VL]
L[ILIP[PD], Motif 3 5 % 4y [PDIGP[FY]T[VLI]JF[AV]P [TSIN[ED]
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Figure 1 | Motif structure analysis of Fasciclin proteins

2.3 Fasciclin & & 1z 5 ko4 B AE 2k 5 B T A TargetP
1.1(http://www.cbs.dtu.dk/services/TargetP/) X} Fasciclin 2§ H
IS 5 K X 3db AT 0 o Ay, 25 R BRTENRT A 2 MES
K, —AMATREATMER, —ANRNERAE R ERE
BAHE2METIE, RN WED; KERA 4 M550,
3R IE R, —ATREAERAE A JENTE
HIAMESME, ArRENgbifAEA; RS A, AFEHm
HH 8 METIE, WA IEN, HAWFRm, W& 4.
2.4 Fasciclin & & &) A 1L 4F 4 F) 1€ 28 4§71 B 14 Prot-
Param(http://web.expasy.org/protparam/) X Fasciclin 2§ [ [
S5 HL 4 (Theoretical pl). £ 4> T 8 M GRAVY(Grand average
of hydropathy) #4770 41, 45 4L EoR Fasciclin £ 57 1 0
FIRER RISk R E, Bdimfae, FmZEEarKRE
AR, JUEEAE 529-2 847 NMEKEERE, MBS THREE
Sk, {E 57.301-308.514 kD, W3 5.
2.5 Fasciclin &8 & 3| tbatFe 2 54 F F o4 K H Clustalw
X IREX ) Fasciclin 25 55U #ET 2 P BILERE, IR REAT IR 51 45
eI ) 73 B

SIS HL T Fasciclin 2 F T 81 2 /7 41 Lu ok 45 SR 3
B L B AR s 0 7 51 X3k AT 2 A, B/ BR &S T MmGEN-
SCAN00000039557 4, 3 BtIX 4737l . 5 1 BT HILR T
XA T 87-187 M FEMR TR AL 2 []; 58 2 B3 AR <7 X 35
{7 T 285-385 N ELIR R IE 2 [0]; 25 2 BUF AR S X34 T
482-582 Mo FER TR I 2 (] /3 AT KB, Alall3, Asnlils,
Gly116, His119 Fll Asn 172 7E 5 1 B¢ Fasciclin 2 A Fi 5 71 1Y
Z 7 A ot oh BA B RS, o Asn115 Al Gly116 52
2 E IR TR IR FEE L 1AM IK B G287, H327, 1338,
C362 F1 G375 3L 5 MR AR R IEAE S 2 BY Fasciclin & A i@
FUI) 2 Fp 51 Hooos v B U PR syt TIAESS 3 R 741 L
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# 3 | Fasciclin BEZRRR FEME A HITR

Table 3 | Conserved domain analysis of the Fasciclin gene family

LULLEA R AR BAKE TREFEERIIBEH RGBT £

BT DrGENSCAN0O0000005997 2 025 5 [308, 412][423, 521][797, 945][1103, 1206][1234, 1280]
DrGENSCAN00000013514 1008 4 [112, 230][246, 367][383, 494][508, 630]

DrGENSCAN00000016182 969 4 [84, 203][219, 340] [355, 435][452, 574]
DrGENSCAN0O0000021703 566 4 [109, 229][245, 366][381, 493][507, 554]
DrGENSCANO0000032200 1849 7 [236, 339][363, 451][623, 727] [748, 864][945, 1023][1036, 1156][1635, 1741]

o) GgGENSCANO0000023786 3 652 5 [1629, 1728][1755, 1879][2211, 2312][2821, 2931][2957, 3 086]
GgGENSCANO0000024417 2 044 4 [656, 738][823, 940][955, 1067][1081, 1201]

GgGENSCANOD000028901 2 645 7 [574, 688][695, 816][1147, 1266][1267, 1435][1749, 1849][1875, 2002][2440, 2540]
GgGENSCANO0000034897 2 536 4 [1728, 1848][1863, 1984][1998, 2111][2125, 2240]

NK HsGENSCANO0000009131 2 587 6 [380, 486][514, 639][996, 1116][1136, 1226][1647, 1751][1811, 1866]
HsGENSCANO0000027083 2 347 7 [393, 477][487, 589][906, 1015][1016, 1122][1460, 1537][1549, 1677][2115, 2 206]
HsGENSCANO0000032421 710 4 [123, 236][252, 373][387, 500][514, 634]

HsGENSCAN00000039628 1082 4 [111, 228][243, 364][378, 491][505, 627]

INER MmGENSCANO0000004871 271 4 [461, 574][931, 1051][1512, 1616][1673, 1729]
MmGENSCAN00000012601 2 062 4 [3, 119][650, 757][783, 913][1439, 1529]
MmGENSCANO0000012636 1 067 3 [296, 379][391, 509][924, 1032]
MmGENSCANO0000039557 597 4 [14, 127][143, 264][278, 391] [405, 525]
MmGENSCANO0000054729 774 4 [107, 187][202, 323][337, 450][466, 582]

rh i PsGENSCANO0000019001 924 4 [192, 311][328, 448][462, 558][562, 680]
PsGENSCANO0000022691 1878 1 [1743, 1824]

PsGENSCANO0000033251 2 608 6 [713, 833][1240, 1349][1350, 1456][1639, 1743][1772, 1902][2397, 2522]
PsGENSCANO0000040902 2 355 4 [579, 645]
PsGENSCANO0000042302 1016 4 [356, 431][445, 566)[580, 693][707, 829]

ARAR PtGENSCANO0000002705 2 677 6 [470, 576][604, 729][1086, 1206][1226, 1316][1737, 1841][1907, 1956]
PtGENSCANO0000031176 779 4 [113, 199] [214, 335][349, 462] [476, 598]

PtGENSCANOO000034467 2343 6 [393, 477][879, 988][989, 1095)[1456, 1533][1545, 1673][2111, 2 202]
PtGENSCANO0000044748 686 4 [46, 159] [175, 296] [310, 423][437, 542]

KE RnGENSCANO0000012813 2 847 5 [749, 855][874, 987][1338, 1458][1916, 2020] [2046, 2111]
RnGENSCAN00000019244 2216 6 [225, 346][352, 442][940, 1051][1053, 1158][1430, 1537][1563, 1693]
RnGENSCANO0000043944 940 4 [113, 233][248, 369][438, 521][658, 774]

RNGENSCAN00000049708 861 4 [329, 412][428, 549][563, 676][690, 810]

JEMTUE  XtGENSCANOO000013074 1655 5 [211, 310][322, 419][904, 1008][1034, 1165][1423, 1525]
XtGENSCAN00000021180 834 1 [57, 164]

XtGENSCAN00000021616 723 4 [102, 219][236, 357][371, 484][498, 618]
XtGENSCAN00000032296 529 1 [6, 66]
XtGENSCAN00000037793 971 4 [162, 280][302, 358] [372, 485][499, 622]

%% 4 | Fasciclin EHES KO

Table 4 | Fasciclin protein signal peptide analysis
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A AR5

XT A v Asp506 Fll Leu521 P A 2 JE i ik A5 B A IR 57
PE, BAK 1 ANE S R B Asn511 FiT Gly512 Jik Bt B A 1}
S NI RGIRE RRZ DTSR ER, RGN
ATLA N A ALY S Group T, 1T, I, IV, WE 2.
Group T Fl Group TT i34k 73 32 ¥ B (R B AT B8 5 1) fR <7 4
HEW AT BE 2 0 B 4E B R 15 Group TITHEDN 2 P
W28 I L 2R AN R KRR 1 B A MR AR 57 L5 Group
IV B A B B AR ST 8, H R TCRE F1 /DN BRPE 120204k 49 5
A 2 AN LRI, HEDX AN A 7 SO IR 2 R Mk R
HEMAEN.
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3 iFi¢ Discussion

FSE 24 6 A e 2 TR - 2 o — b s R ST 1 ik T 4 i 2
A", HTHhag - MEERGESES, SHaNERE
Fasciclin X%, SCIG M LLRIRRI2H 22 A B R, 5 el A i
5 7 Bl F- 2 Fasciclin JE R KRBT T VEANI EL B0 T, R
Fasciclin 2 [H X AR S 450 . R ARE M RGE R B R R
1T RGBS BT RIAGNE S, R R KRR KR
= Rl R Y= A S R LSt R

I Fasciclin J R SR IR OR 57 45 R4 SR FLEC A BT RO, 1%
FERILE 3 A E ST motif, X 3 MRS K motif HEN
AT RE AR T BT T RE R S5 A48

SEO6 38 1k X Fasciclin 38 [R5 1) & 1 4R5 P 20 b R B
R I Fasciclin 8 F 5RO N IR YE R SEKME SR B, HL 2k
MAasE, RN ZEE AR EERNEOR, Ty 529-2 847
MNEIERRIE, HNMER S FEREZERBER, 2 FHRE
57.301-308.514 kD, &L %t Fasciclin J& K 5K 115 5 Bk 1) EL 4%
T, RIAE/NRHRE — AR EE, — ARk
WA A, ERBEESAR 2RO EA, KRA 34
AR IEA, —ANATRENERRAE A, Wb —A b
NEERIRE A, EBESD A, ARG, T 4 e B (o



% 5 | Fasciclin EARE YT

Table 5 | Biochemical properties of Fasciclin proteins

PR AR SR 4R KJE SR (kD) FEHL Bk PN T FENL
P DrGENSCAN00000005997 2025 220.698 6.15 -0.289 44.44 Secretory pathway
DrGENSCAN00000013514 1008 111.575 7.31 -0.179 35.22 Secretory pathway
DrGENSCAN0O0000016182 969 107.247 7.00 -0.074 35.62 Secretory pathway
DrGENSCAN00000021703 566 61.997 6.96 -0.056 32.67 Secretory pathway
DrGENSCAN00000032200 1849 202.359 5.77 -0.189 41.42 Other location
b GgGENSCAN00000023786 3652 401.127 6.17 -0.246 45.04 Other location
GgGENSCAN00000024417 2044 225.241 8.33 -0.196 46.70 Other location
GgGENSCAN00000028901 2 645 288.956 6.04 -0.292 37.17 Secretory pathway
GgGENSCAN00000034897 2536 281.903 7.11 -0.163 45.10 Other location
AN HsGENSCAN0O0000009131 2587 277.368 5.99 -0.196 45.83 Secretory pathway
HsGENSCAN00000027083 2347 254.155 6.02 -0.275 41.69 Other location
HsGENSCAN00000032421 710 77.511 6.48 -0.051 32.66 Secretory pathway
HsGENSCAN00000039628 1082 121.599 8.69 -0.273 41.00 Secretory pathway
N MmGENSCAN00000004871 2371 254.860 6.22 -0.111 41.89 Mitochondrion
MmGENSCAN00000012601 2062 224.820 6.53 -0.343 44.17 Other location
MmGENSCAN00000012636 1067 445.680 5.96 -0.300 39.63 Other location
MmGENSCAN0O0000039557 597 64.919 5.64 -0.043 33.43 Other location
MmGENSCAN00000054729 774 86.050 7.02 -0.134 33.85 Secretory pathway
ik PsGENSCAN00000019001 924 100.708 6.41 -0.202 42.63 Other location
PsGENSCAN00000022691 1878 207.866 6.20 -0.217 44.52 Other location
PsGENSCAN00000033251 2608 285.136 6.75 -0.318 39.19 Other location
PsGENSCAN00000040902 2355 252.630 6.91 -0.169 43.34 Other location
PsGENSCAN00000042302 1016 113.51 5.59 -0.335 41.90 Other location
AR PtGENSCAN00000002705 2677 287.475 5.95 -0.203 45.93 Secretory pathway
PtGENSCAN00000031176 779 87.296 7.85 -0.173 36.06 Secretory pathway
PtGENSCAN00000034467 2343 253.457 5.96 -0.271 40.69 Other location
PtGENSCAN00000044748 686 75.170 6.03 -0.184 39.44 Other location
KA RNGENSCAN00000012813 2847 308.514 6.04 -0.106 46.63 Mitochondrion
RNGENSCAN00000019244 2216 241.154 5.98 -0.320 40.44 Secretory pathway
RNGENSCAN00000043944 940 104.946 6.67 -0.200 35.44 Secretory pathway
RNGENSCAN00000049708 861 94.590 7.31 -0.186 43.54 Secretory pathway
BN XtGENSCAN00000013074 1655 182.386 5.54 -0.144 34.71 Other location
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