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(Zhou et al, 2017) 1xe™?;
HMM ,
(Baskin et al, 1999); hmmsearch Tubulin
Kinesin s E-value<0.01;
(Swamy et al, 2015); (Atrichum s 1D s
undulatum) PyTubulin  PyKinesin
( , 2003); (Asterochloris SnapGene (pD (Mw),
erici)  Tubulin Cell-PLoc 2.0 (http://www.csbio.sjtu.

(Gasulla et al, 2013);
Kinesin-134

(Arabidopsis thaliana)

( , 2005)
Tubulin
Kinesin >
PCR 3
PyTubulin 2 PyKinesin
1
1.1
1.1.1 (Pyropia yezoensis) RZ
1.1.2 RNA (
OMEGA); DNA ( OMEGA); (
TAKARA); ( );
( ); 2xTaq Plus Master
Mix ( ); ChamQTM SYBR Color
qPCR Master Mix ( )
1.2
1.2.1
(Hidden Markov Model, HMM) Tubulin
Kinesin Pfam
(http://pfam.xfam.org/) Tubulin  Kinesin
HMM (PF00022), hmmsearch
Tubulin Kinesin , E-value

edu.cn/bioinf/Cell-PLoc-2/)

1.2.2
PyTubulin  PyKinesin
PyTubulin
PyKinesin ID
, Gff )

GSDS (http://gsds.cbi.pku.edu.cn/) -
MEME (http://meme-suite.

org/index.html) , anr,

10, motif 6 aa,
motif 50 aa
SMART (http://smart.embl.de/) ,

Normal
1.2.3
SAMtools (http://samtools.sourceforge.net/)
, PyTubulin

PyKinesin ID Gff

>

MapGene2 Chrom (http://mg2c.iask.in/

mg2c v2.1/),
2 )
>75%, > 75%,

<100 kb ,
ClustalW CDS ,

/
(Ka/Ks)
1.24
(Porphyra umbilicalis)

(Porphyridium  purpureum) (Chondrus

crispus) (Chlamydomonas reinhardtii)

(Volvox carteri) (Ectocarpus siliculosus)
(Arabidopsis thaliana)
NCBI

(P. yezoensis) (P

(Oryza sativa)
(https://www.ncbi.

nlm.nih.gov/),
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haitanensis) #z 1 qRT-PCR ETASIHFS
Tab.1 Primer sequences used in qRT-PCR
., NCBI =39
- : : F: CGCTGACCGTTTCCAAG
Tubulin Kinesin R PYUBC
ClustalW i R: CGACTGCGGTTGGACTT
Mega7 , F: GGTTTCACCGTCTACCCTTCG
. . . Pya-tubulin 2
(Maximum Likelihood), R: CGCCTCATTGTCCAGCATCA
(Poisson Model), 1000 F: TGATTGGTTACGCCCCGCT
. Pyp-tubulin
1.2.5 Kim (2009) R: CCGCTGTTCTTCGTCTGGA
’ F: ATTGGGTGATGGGGGAGTCT
45 d Pyy-tubulin
R: GCTTGGCACTTGGTACAGGG
’ F: CGGCTCGACCTGTCCAAGTA
10% 30% 50% 60% 70% 80%, 50% PyKinesin 1
. . R: CGCAAAGACGGCTTCCAC
30 min, 80% 30 min 80%
. F: CGCAGGCCATCAATAAGTCG
60 min, PyKinesin 10
(10+1) oC 3545 umol R: CGCCCAATCTCACACGCAT
photons/(m?:s),
) 2
, 0.5 h )1
(€9 A )
hmmsearch s
’ Tubulin 4 )
60 °C
Tubulin , Pya-tubulin
CFW-TW 1 Pyo-tubulin 2 Pyp-tubulin  Pyy-tubulin cDNA
WL(A)—FXIOO; (1) 1377 bp, 2529 bp,
- DW: 51.42 kDa, 433 497
1.2.6 , Pya-tubulin 1

E

Pyo-tubulin 2 Pyp-tubulin Pyy-tubulin PyKinesin
1 PyKinesin 10, PyTubulin  PyKinesin
RZ ,
RZ , 3
qRT-PCR

PyUBC

—AACt
2

(Gao et al, 2018),

b

, SPSS (Statistical

Product and Service Solutions)

95%

Pya-tubulin 2 , Pyp-tubulin

Pyy-tubulin Kinesin
11 , ,
11 PyKinesin PyKinesin 1—PyKinesin
11, cDNA 1272 bp, 4101 bp,
423—1366,
41.91—128.26 kDa, 4.79 10.96
8 , 3
PyTubulin PyKinesin
2
2.2
Tubulin
, PyTubulin , 4

(  Tla) ,

motifl-motif 8, Pyy-tubulin motif 9
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motif 10, Pyp-tubulin motif 10 ( 1b); Tubulin GTP ,
,4 Py-tubulin Tubulin ( 1o

T2 RPIYESE Tubulin N Kinesin £ B R &S Q4H{T

Tab.2 Protein characteristics of Tubulin and Kinesin gene family in P. yezoensis

ID (kDa)
Pyo-tubulin 1 py10637.t1 1977 455 49.51 4.97
Pya-tubulin 2 pyl0654.t1 1997 454 49.53 4.9
Pyf-tubulin py04248.t1 1377 458 50.18 433
Pyy-tubulin py03680.t1 2529 465 51.42 4.92
PyKinesin 1 py03095.t1 4101 1366 128.26 10.74
PyKinesin 2 py03345.t1 2703 900 85.95 6.55
PyKinesin 3 py04096.t1 3048 1015 95.05 10.79
PyKinesin 4 py04806.t1 1272 423 41.91 10.15
PyKinesin 5 py06213.t1 2985 994 90.96 4.85
PyKinesin 6 py06963.t1 3783 1260 120.10 5.07
PyKinesin 7 py07128.t11 2346 781 73.72 10.96
PyKinesin 8 py07129.t1 3969 1323 123.99 4.79
PyKinesin 9 py08263.t1 1818 605 54.64 6.62
PyKinesin 10 pyl0378.t1 3400 712 75.26 6.34
PyKinesin 11 py10448.t1 3879 1292 120.30 5.94
a b c
Pya-tubulin1 (. .— .}.—..-' - - —  Tubulin - Tubulin_C—
Pya-tubulin2 (e .- .\-.-..-l | SR —  Tubulin - Tubulin_C—
PyB-tubulin .—'-E...' - — —  Tubulin -Tubulin_C—
Pyy-ubuin S ey - — — Tubulin - Tubulin_.C—
5' 3 5 3 5 3
6 0.|2 014 0f6 0j8 1.IO 1.|2 1j4 6 1(|)0 260 3|00 4lOO 5|00 (I) 160 260 3|00 4|00 5(|)0
ER(kb) EBf(aa) BOR(aa)
e RS — AEF | motif1 | motif2 | motif3 Imotif4 | motif5 TubulinREEGTPESES1EE,

Imotif6 motif7 motif8|motif9 motifi0 || TubulinFREHBEIHSIE,
d

Zr i ERIF
[ ] MREIISLQLGQAGNQVGNAFWELYCLEHGIAPDGTLK
KCNPNIGKYMSCCLMYRGDIVPKDVNAAVAAIKTRKSIQFVDWCPTGFKC
PQVSDAVVEPYNSVLSTHALLENADVAVMLDNEAJYDICKNRLGIPRPTY
RIRKLADGCDGLQGFLVFNAVGGGTGSGLGSLLLERLSVDYPKKSKLTYS
NLNRLIAQVVSSLTASLRFPGALNVDJNEFQTNLVPYPRIHFMLSGYSP
KYVPRALFJDLEPTVIDEVRTGPYRQLYHPDNLISGK
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GAGNNWARGHYTVGKE
[ ] HHESLSVSEITSSAFEPANMM

AAFETDYREVGQEDA

1
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-
o

1 PyTubulin
Fig.1 Gene structure and protein domain of PyTubulin gene family
: a: PyTubulin - ; b: PyTubulin motif( ) ; ¢: PyTubulin ;
d: PyTubulin motif( )
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Fig.2 Gene structure and protein domain of PyKinesin gene family
: a: PyKinesin - ; b: PyKinesin motif( ) ; ¢: PyKinesin ; d: PyKinesin motif(
)
2.3 3) Pya-tubulin 1
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Fig.3 Chromosomal location of PyTubulin gene family
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Fig.4 Chromosomal location of PyKinesin gene family
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IDENTIFICATION AND EXPRESSION PATTERN ANALYSIS OF TUBULIN AND
KINESIN GENE FAMILY IN PYROPIA YEZOENSIS TO DEHYDRATION STRESSES

CUI Zheng-Cai', KONG Fan-Na', MAO Yun-Xiang"? SUN Bin', WANG Jun-Hao', DONG Dao-Ying'

(1. The Key Laboratory of Marine Genetics and Breeding, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Key Laboratory of Utilization and Conservation of Tropical Marine Bioresource (Ministry of Education), College of Fisheries and Life
Science, Hainan Tropical Ocean University, Sanya 572022, China)

Abstract Microtubules, the main components of the cytoskeleton, play vital important roles in improving the tolerance
of organisms by altering their structures in dynamic mechanisms; and they have become one of the research hotspots in the
field of stress biology. Pyropia yezoensis is an ideal candidate macroalgae for the investigation of the mechanism of stress
resistance because of its fast-changing living conditions in intertidal zone. At present, few studies reported the
compositions and biological functions of microtubule-related gene families of P. yezoensis. In this study, we identified four
Tubulin genes (Pya-tubulin 1, Pya-tubulin 2, Pyf-tubulin, and Pyy-tubulin) and 11 Kinesin genes (PyKinesin I—PyKinesin
11) in P yezoensis genome using bioinformatics methods. The physicochemical properties, gene structures, protein
characteristics, chromosomal locations, phylogenetic evolution, and expression patterns of the two gene families in P,
yezoensis under dehydration stress were systematically analyzed. The results show that four Tubulin genes could be divided
into three subclusters of Tubulin gene families and they were scattered on chromosome 1 and chromosome 2 of P. yezoensis.
Pyo-tubulin 1 and Pya-tubulin 2 were tandem repeat genes. The PyTubulin family was conserved in gene and protein
structures and insensitive to dehydration stress in transcription level. Five subclusters of Kinesin gene families were
identified among the 11 Kinesin genes in P. yezoensis, which was less than that of higher plants. PyKinesins were scattered
on all the three chromosomes of P. yezoensis and there were no tandem repeat genes. The PyKinesin families had certain
differences in gene and protein structures. The expression of PyKinesin I was significantly enhanced under the medium
and high dehydration stress. This study shall laid foundation for further analysis of microtubules in respond to dehydration
stress of P. yezoensis.

Key words Pyropia yezoensis; Tubulin; Kinesin, gene family; dehydration stress



