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Fig. 1 Statistics of gene families of six species

Colorinthe figurerepresents gene copy number; CN. C. nasus,ZB.D. rerio,ME. O. latipes,GA. G. aculeatus, TR. T. rubripes, TN. T. nigroviridis, the same below
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Fig. 2 Phylogenetic trees of six species
Divergence time (Mya) and 95% HPD are marked on the branch and branch nodes, respectively
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Fig. 3 Significantly expanded and contracted gene families of six species
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Fig. 4 Locations of significantly expanded gene families on the C. nasus’s genome
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Fig. 5 COG function class of the significantly expanded
gene families’ genes of C. nasus

A. RNA processing and modification, B. chromatin structure and dynam-
ics, C. energy production and conversion, D. cell cycle control, cell divi-
sion, chromosome partitioning, E. amino acid transport and metabolism,
F. nucleotide transport and metabolism, G. carbohydrate transport and
metabolism, H. coenzyme transport and metabolism, I. lipid transport
and metabolism, J. translation, ribosomal structure and biogenesis, K.
transcription, L. replication, recombination and repair, M. cell wall/mem-
brane/envelope biogenesis, N. cell motility, O. posttranslational modific-
ation, protein turnover, chaperones, P. inorganic ion transport and meta-
bolism, Q. secondary metabolites biosynthesis, transport and catabolism,
R. general function prediction only, S. function unknown, T. signal trans-
duction mechanisms, U. intracellular trafficking, secretion,and vesicular
transport, V. defense mechanisms, W. extracellular structures, X.

mobilome: prophage, transposons, Y. nuclear structure, Z. cytoskeleton
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Fig. 6 GO function class of the significantly expanded gene families’ genes of C. nasus

1. cell, 2. cell part, 3. macromolecular complex, 4. organelle, 5. organelle part, 6. membrane, 7. membrane part, 8. catalytic activity, 9. binding, 10.
receptor activity, 11. molecular transducer activity, 12. metabolic process, 13. cellular process, 14. single-organism process, 15. signaling, 16. cellular
component organization or biogenesis, 17. multicellular organismal process, 18. developmental process, 19. response to stimulus, 20. biological regula-

tion, 21. biological adhesion, 22. locomotion

F1 JTIHEET KEFEREERE KEGG 573%
Tab.1 KEGG pathway of the significantly expanded gene families’ genes of C. nasus

ikl BEEID SEHHCH %
pathway pathway ID gene number
X#AERE  tight junction k004530 25
ORI FERZEEE(S S adrenergic signaling in cardiomyocytes ko04261 10
LA cardiac muscle contraction k004260 7
MHFG P 4>F  cell adhesion molecules (CAMs) ko04514 6
MAPKf55i@% MAPK signaling pathway ko04010 4
{5 58 calcium signaling pathway k004020 4
HEAM  melanogenesis k004916 4
AT F Y herpes simplex infection ko05168 4
AR purine metabolism k000230 3
ErbBf5 5@ ErbB signaling pathway ko04012 3
YR AL 3% oocyte meiosis ko04114 3
HWEfE  phagosome ko04145 3
Wnt{5 5% Wnt signaling pathway k004310 3
GnRH{Z 5@ GnRH signaling pathway ko04912 3
FERRTEIA  citrate cycle (TCA cycle) k000020 2
AK#  carbon metabolism ko01200 2
WHER  endocytosis ko04144 2
JREEMEOLA  viral myocarditis ko05416 2
GO TEFHAE 1 B PRI B RS 4 Ghip
Fel. XK IIGARA LN RS B &Y AR
FHETIREAA . TTRE TI6Jy 1 3 o A B I St 4 SIS 43 ) T 5% HE R SR . A gk i 4 A
PE, MOCIREFHEMAT TY 5K, oA T R 78, XT8R2 KA R
Py R BRI R AT T IE B A o A AT R R
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Identification and analysis of gene families expansion and
contraction in Coilia nasus
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Shanghai Ocean University, Shanghai 201306, China;
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Abstract: Coilia nasus belongs to genus Coilia, family Engraulidae, order Clupeiformes, which is migratory fish
with high nutritional and economic value in China. C. nasus has both migratory and land-locked populations,
which is an excellent model for studying reproductive migration and adaptive evolution. This study identified and
analyzed the expansion and contraction of gene families in C. nasus, in order to explore the special mechanism of
C. nasus caused by changes in the core gene families in the evolutionary process. Comparative genomology was
used to identify the C. nasus’s gene families by using the genomes of Danio rerio, Gasterosteus aculeatus,
Oryzias latipes, Takifugu rubripes and Tetraodon nigroviridis. Then CAFE V4.2 software was used for gene
family expansion and contraction analysis. Finally, GO, KEGG and other database were applied for annota-
tions and pathway analysis of the significantly expanded gene families’ genes. 11 872 gene families were
identified in C. nasus, including 16 470 genes. Besides, 2 963 unclustered genes were identified. Compared with
the other 5 species, 150 gene families containing 419 genes were found unique to C. nasus. In addition, 1 200 gene
families of C. nasus expanded and 7 543 gene families contracted. P values of 39 expanded gene families (includ-
ing 508 genes) and 36 contracted gene families (including 21 genes) are less than 0.05. 508 genes of significantly
expanded gene families were utilized for pathway analysis. Metabolic process, catalytic activity, cell and cell part
are the top GO terms. Tight junctions, adrenergic signaling in cardiomyocytes, cardiac muscle contraction, cell
adhesion molecules (CAMs), etc. are the top KEGG pathways. Tight junctions and cardiac muscle contraction
pathways are related to osmoregulation. GnRH signaling pathway and olfactory transduction pathway are involved
in reproductive migration behavior. Furthermore, we mapped 508 genes of significantly expansion gene families
on the genome, and found that chromosome 23 had much more genes than other chromosomes. And the genes of
significantly expanded gene families located on chromosome 23 were mostly histone genes, which were related to
the regulation of chromatin structure. Pathway analysis of the expansion and exclusive gene families of C. nasus
indicate that the osmotic regulation, signal transduction, metabolism, gonad development and olfactory transduc-
tion may have undergone adaptive evolution, and the regulation of its chromatin structure may also have been

altered. These results have strengthened our understanding of the adaptive evolution of C. nasus.
Key words: Coilia nasus; gene family; expansion; shrink; pathway analysis
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