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Abstract: Cellulose-synthase proteins (CESAs) are membrane localized proteins and they form protein complexes
to produce cellulose in the plasma membrane. CESA proteins play very important roles in cell wall construction dur-
ing plant growth and development. In this study, a total of 21 NtCESA gene sequences were identified by using
PF03552 conserved protein sequence and 10 AtCESA protein sequences of Arabidopsis thaliana to blast against
the common tobacco (Nicotiana tabacum L.) genome database with TBLASTN protocol. We analyzed the physical
and chemical properties of protein sequences based on some software or on-line analysis tools. The results showed
that there were no significant variances in terms of the physical and chemical properties of the 21 NtCESA proteins.
First, phylogenetic tree analysis showed that 21 NtCESA genes and 10 AtCESA genes were clustered into five groups,
and the gene structures were similar among the genes that are clustered into the same group. Second, in all of the 21
NtCESA proteins the conserved zinc finger domain was identified in the N-terminus, transmembrane domains were
identified in the C-terminus and the DDD-QXXRW conserved domains were also identified. Third, gene expression
analysis results indicated that most NtCESA genes were expressed in roots and leaves of seedling or mature tissues of
tobacco, seeds and callus tissues. The genes that clustered into the same group share similar expression patterns. Im-
portantly, NtCESA proteins that are involved in secondary cell wall cellulose synthesis have two extra transmembrane
domains compared with that involved in primary cell wall cellulose biosynthesis. In addition, subcellular localization
results showed that NtCESA9 and NtCESA14 were two plasma membrane anchored proteins. This study will lay a
foundation for further functional characterization of these NtCESA genes.

Keywords: common tobacco; CESA gene family; gene expression; subcellular localization
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Table 1 Primers used in this study
(5—>3) ™ () (bp)
NtCESA14-Xba I -F TGCTCTAGAATGAATACTGGAGGGAGGCTT 64
NtCESA14-Xba I -R TGCTCTAGACTAATCGTCACAATTCAATCCG 62 3182
NtCESA9-Xba I -F TGCTCTAGAATGGAGTCAGGGGTTCCGATA 65
NtCESA9-Xba I -R TGCTCTAGATCAACAATCAATGGAAATGCAGT 62 2978
AtCESA1-Xba I -F TGCTCTAGAATGGAGGCCAGTGCCGGCTTG 70
AtCESA1-Xba I -R TGCTCTAGACTAAAAGACACCTCCTTTGCCAT 65 3243
NtCESA16-F CATCCCACCAACCACTCTGA 58
NtCESA16-R GAAGAGAGGACCCCATGAAC 56 100
NtCESA19-F GATCTTCAGTTAGCGTATGTACTTC 55
NtCESA19-R TCAACAACAATAAAGGACCACAT 54 o7
NTubc2-F CTGACATCTCCCGCACTCTTA 57
NTubc2-R CATAGTCCATTCGTAGTTGAGCA 56 Lo
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Table 2 The identification and protein physico-chemical analysis of the tobacco CESA gene family

(ba) (Al) (GRAVY)
NtCESAL 1085 122049.96  6.50 86.16 ~0.21 Groupd 14
NtCESA2 1087 12131406  7.22 85.80 0.18 Group3 14
NtCESA3 1061 11921177 6.22 87.19 0.18 Groups 13
NtCESA4 1085 12197585  6.48 85.62 ~0.21 Groupd 14
NtCESA5 1058 11888235  6.23 87.07 ~0.18 Groupd 13
NtCESA6 1084 12220415  6.92 86.59 0.18 Groupl 13
NtCESA7 1041 11781361  6.46 82.70 0.20 Group2 12
NtCESA8 1084 122086.06 6.9 86.85 ~017 Groupl 13
NtCESA9 991 11147223 6.24 84.96 —0.11 Groups 13
NICESA10 1084 122086.06  6.92 86.85 ~0.17 Groupl 13
NICESALL 1041 11776056 6.46 83.45 ~0.19 Group2 12
NCESAl2 1087 12130802 7.22 86.25 ~0.18 Group3 14
NICESAL3 1078 12124326 6.50 85.13 0.18 Groupl 13
NICESA14 1044 11784015 6.41 84.97 0.18 Groupl 14
NICESALS 1001 12276159  7.65 85.85 ~0.19 Groupl 13
NICESAL6 1454 16352225  6.10 79.39 ~0.35 Groups 17
NICESAL7 1087 12233514 7.64 86.61 0.18 Groupl 13
NtCESAL8 979 11058132  6.37 85.90 ~0.12 Groups 14
NtCESAL9 932 10534558  5.68 82.93 ~0.18 Groupl 15
NCESA20 1037 11697922  6.06 83.84 0.18 Groupl 14
NICESA21 1037 116979.22  6.06 83.84 0.18 Groupl 14
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Fig. 1 Phylogenetic tree analysis of CESA family genes in N. tabacum and Arabidopsis
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Fig. 2 Gene structure analysis of NtCESA family genes in N. tabacum
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Fig. 5 The subcellular localization results of NtCESA9 and NtCESA14 proteins
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Fig. 7 gRT-PCR analysis of the expression level of NtCESA16 and NtCESA19 in tobacco seedlings and adult
plants roots, stems, leaves and leaf veins tissues

BREL TR 3 WAL LR P ARMEZS , RN AUR t KB 50T, BRI S AN R EFEAR B E 2R, P<0.01,

NtCESA2 NtCESA12 Groupl
( 2 2) NtCESA6 NtCESA8 NtCESA103 NtCESA15
NtCESA17 NtCESA20  NtCESA21
DDD-QXXRW ( 4 B Q) Group4 NtCESA1 NtCESA4

NtCESA3  NtCESA5

We 4 p E) [10] W1 CceESA (2 NtCESAs
CESA
CESA N ( 4A)
[11]
CESA
SSTT 4 (2n=4x=48 SSTT)E"
S (Nicotiana 6]
sylvestris 2n=2x=24 SS) T AtCESA1 AtCESA3 AtCESAG6
(Nicotiana tomentosiformis 2n=2x=24 SS) 2s1 3 Groupl
20 Group3 Groupd ( 1) AtCESA4 AtCESA7
(30] AtCESAS8 [26]
SS TT Group2  Groups5 ( 1)
CESA

Group?2 NtCESA7 NtCESA1l Group3 CESA



523

CESA
Group2 Group5
CESA
( 6 NtCESA7

NtCESA9 NtCESAl1l NtCESA16 NtCESA18

CESA
5 CESA 8 (
3)
AtCESA1l AtCESA3  AtCESAG6 Groupl
Group3 Group4 CESA
6 ( 3
CESA 8 (0l
CESA
NtCESA16 NtCESA19 8 6
gRT-PCR NtCESA16
NtCESA19
(7
CESA
/
CESA
&% 3L Hk (References):
[1] Richmond TA, Somerville CR. The cellulose synthase

[2

[3]

(4]

[5]

(6]

[7]

superfamily. Plant Physiol, 2000, 124(2): 495-498. [DOI]
Liepman AH, Wightman R, Geshi N, Turner SR, Scheller
HV. Arabidopsis-a powerful model system for plant cell
wall research. Plant J, 2010, 61(6): 1107-1121. [DOI]
Cosgrove DJ, Jarvis MC. Comparative structure and bio-
mechanics of plant primary and secondary cell walls.
Front Plant Sci, 2012, 3: 204. [DOI]

Kimura S, Laosinchai W, Itoh T, Cui XJ, Linder CR,
Brown RM Jr. Immunogold labeling of rosette term-
inal cellulose-synthesizing complexes in the vascular plant
Vigna angularis. Plant Cell, 1999, 11(11): 2075-2086.
[DoI]

Perrin RM. Cellulose: how many cellulose synthases to
make a plant? Curr Biol, 2001, 11(6): R213-R216. [DOI]
Cosgrove DJ. Growth of the plant cell wall. Nat Rev Mol
Cell Biol, 2005, 6(11): 850-861. [DOI]

Scheible WR, Eshed R, Richmond T, Delmer D, Some-

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

rville C. Modifications of cellulose synthase confer resis-
tance to isoxaben and thiazolidinone herbicides in Arabi-
dopsis Ixrl mutants. Proc Natl Acad Sci USA, 2001,
98(18): 10079-10084. [DOI]
Taylor NG, Laurie S, Turner SR. Multiple cellulose syn-
thase catalytic subunits are required for cellulose synthe-
sis in Arabidopsis. Plant Cell, 2000, 12(12): 2529-2540.
[DoI]
Zhou XF, Wang JY, Wang XZ. Research progress of cel-
lulose synthase genes in higher plant. Hereditas (Beijing),
2002, 24(3): 376-378.

, 2002, 24(3): 376-378. [DOI]
Delmer DP. Cellulose biosynthesis: exciting times for a
difficult field of study. Annu Rev Plant Physiol Plant Mol
Biol, 1999, 50: 245-276. [DOI]
Richmond T. Higher plant cellulose synthases. Genome
Biol, 2000, 1(4): reviews3001.1-3001.6. [DOI]
Pear JR, Kawagoe Y, Schreckengost WE, Delmer DP, Stalker
DM. Higher plants contain homologs of the bacterial celA
genes encoding the catalytic subunit of cellulose synthase.
Proc Natl Acad Sci USA, 1996, 93(22): 12637-12642.
[DOI]
Wang LQ, Guo K, Li Y, Tu YY, Hu HZ, Wang BR, Cui
XC, Peng LC. Expression profiling and integrative analy-
sis of the CESA/CSL superfamily in rice. BMC Plant Biol,
2010, 10(1): 282. [DOI]
Kurek I, Kawagoe Y, Jacob-Wilk D, Doblin M, Delmer D.
Dimerization of cotton fiber cellulose synthase catalytic
subunits occurs via oxidation of the zinc-binding domains.
Proc Natl Acad Sci USA, 2002, 99(17): 11109-11114. [DOI]
Appenzeller L, Doblin M, Barreiro R, Wang HY, Niu XM,
Kollipara K, Carrigan L, Tomes D, Chapman M, Dhugga
KS. Cellulose synthesis in maize: isolation and expression
analysis of the cellulose synthase (CesA) gene family.
Cellulose, 2004, 11(3-4): 287-299. [DOI]
Kumar M, Turner S. Plant cellulose synthesis: CESA pro-
teins crossing kingdoms. Phytochemistry, 2015, 112: 91-99.
[DOI]
Sierro N, Battey JND, Ouadi S, Bakaher N, Bovet L, Wil-
lig A, Goepfert S, Peitsch MC, lvanov NV. The tobacco
genome sequence and its comparison with those of tomato
and potato. Nat Commun, 2014, 5: 3833. [DOI]
Finn RD, Clements J, Eddy SR. HMMER web server:
in-teractive sequence similarity searching. Nucleic Acids
Res, 2011, 39(S2): W29-W37. [DOI]
Tamura K, Stecher G, Peterson D, Filipski A, Kumar S.


http://dx.doi.org/10.1104/pp.124.2.495�
http://dx.doi.org/10.1111/j.1365-313X.2010.04161.x�
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3424969/�
http://dx.doi.org/10.1105/tpc.11.11.2075�
http://dx.doi.org/10.1016/S0960-9822(01)00108-7�
http://dx.doi.org/10.1038/nrm1746�
http://dx.doi.org/10.1073/pnas.191361598�
http://dx.doi.org/10.1105/tpc.12.12.2529�
http://www.doc88.com/p-7334499079608.html�
http://www.annualreviews.org/doi/10.1146/annurev.arplant.50.1.245�
https://link.springer.com/article/10.1186/gb-2000-1-4-reviews3001�
http://dx.doi.org/10.1073/pnas.93.22.12637�
http://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-282�
http://dx.doi.org/10.1073/pnas.162077099�
https://link.springer.com/article/10.1023/B:CELL.0000046417.84715.27�
http://www.sciencedirect.com/science/article/pii/S0031942214002799�
https://www.nature.com/articles/ncomms4833�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3125773/�

524

£ f# Hereditas (Beijing) 2017 39

[20]

[21]

[22]

MEGAG: molecular evolutionary genetics analysis version
6.0. Mol Biol Evol, 2013, 30(12): 2725-2729. [DOI]

Hu B, Jin JP, Guo AY, Zhang H, Luo JC, Gao G. GSDS
2.0: an upgraded gene feature visualization server. Bioin-
formatics, 2015, 31(8): 1296-1297. [DOI]

Jin YR, Song YF, Bai Y, Zhang L, Dong LH, Liu CK,
Feng XG, Hu XM, Wang Q, Liu HB. Molecular cloning
and expression analysis of potassium channel gene NKT6
in Nicotiana sylvestris. Acta Agronom Sinica, 2013, 39(9):
1602-1611.

1 ' ’ 1 ’ ’

NKT6

1602-1611. [DOI]
Kim D, Pertea G, Trapnell C, Pimentel H, Kelley R,
Salzberg SL. TopHat2: accurate alignment of transcript-

, 2013, 39(9):

tomes in the presence of insertions, deletions and gene
fusions. Genome Biol, 2013, 14(4): R36. [DOI]

Saeed Al, Sharov V, White J, Li J, Liang W, Bhagabati N,
Braisted J, Klapa M, Currier T, Thiagarajan M, Sturn A,
Snuffin M, Rezantsev A, Popov D, Ryltsov A, Kostuk-
ovich E, Borisovsky I, Liu Z, Vinsavich A, Trush V,
Quackenbush J. TM4: a free, open-source system for mi-
croarray data management and analysis. BioTechniques,
2003, 34(2): 374-378. [DOI]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Livak KJ, Schmittgen TD. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the
2722CT method. Methods, 2001, 25(4): 402-408. [DOI]
Arioli T, Peng LC, Betzner AS, Burn J, Wittke W, Herth
W, Camilleri C, Hofte H, Plazinski J, Birch R, Cork A,
Glover J, Redmond J, Williamson RE. Molecular analysis
of cellulose biosynthesis in Arabidopsis. Science, 1998,
279(5351): 717-720. [DOI]

Taylor NG, Howells RM, Huttly AK, Vickers K, Turner
SR. Interactions among three distinct CesA proteins es-
sential for cellulose synthesis. Proc Natl Acad Sci USA,
2003, 100(3): 1450-1455. [DOI]

Burton RA, Gidley MJ, Fincher GB. Heterogeneity in
the chemistry, structure and function of plant cell walls.
Nat Chem Biol, 2010, 6(10): 724-732. [DOI]

Caffall KH, Mohnen D. The structure, function, and bio-
synthesis of plant cell wall pectic polysaccharides. Car-
bohydr Res, 2009, 344(14): 1879-1900. [DOI]

Atmodjo MA, Hao ZY, Mohnen D. Evolving views of
pectin  biosynthesis. Rev Plant Biol, 2013,
64(1): 747-749. [DOI]

Leitch 13, Hanson L, Lim KY, Kovarik A, Chase MW,
Clarkson JJ, Leitch AR. The ups and downs of genome

Annu

size evolution in polyploid species of Nicotiana (Solana-
ceae). Ann Bot, 2008, 101(6): 805-814. [DOI]

(FTiEHE: ZAHAN)


https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/mst197�
https://academic.oup.com/bioinformatics/article-lookup/doi/10.1093/bioinformatics/btu817�
http://www.doc88.com/p-3498097331590.html�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4053844/�
https://www.ncbi.nlm.nih.gov/pubmed/12613259?dopt=Abstract&holding=f1000,f1000m,isrctn�
http://dx.doi.org/10.1006/meth.2001.1262�
http://dx.doi.org/10.1126/science.279.5351.717�
http://dx.doi.org/10.1073/pnas.0337628100�
http://dx.doi.org/10.1038/nchembio.439�
http://dx.doi.org/10.1016/j.carres.2009.05.021�
http://dx.doi.org/10.1146/annurev-arplant-042811-105534�
http://dx.doi.org/10.1093/aob/mcm326�

	普通烟草CESA基因家族成员的鉴定、亚细胞定位 及表达分析
	徐宗昌1,2，孔英珍1
	关键词: 普通烟草；CESA基因家族；基因表达；亚细胞定位
	Zongchang Xu1,2, Yingzhen Kong1
	Keywords: common tobacco; CESA gene family; gene expression; subcellular localization
	1  材料和方法
	1.1  材料
	1.2  普通烟草CESA基因家族成员的鉴定及序列分析
	1.3  多序列比对及系统进化树的构建
	1.4  基因结构、蛋白保守结构域及跨膜区预测分析
	1.5  烟草CESA蛋白的亚细胞定位
	1.6  烟草CESA基因表达模式分析

	2  结果与分析
	2.1  烟草CESA基因家族的鉴定及蛋白质理化性质分析
	2.2  系统进化树的构建
	2.3  烟草CESA基因家族基因结构、蛋白保守结构域及跨膜区预测分析
	2.4  烟草CESA蛋白功能结构域分析
	2.5  烟草CESA蛋白亚细胞定位研究
	2.6  烟草CESA基因家族表达分析

	3  讨  论
	参考文献(References):







