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In silico cloning, expression and bioinformatics analysis of
StZnT11 in Solanum tuberosum
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Abstract:  Solanum tuberosum Zinc transporter 11 (StZnT11) is very important for maintaining zinc homeostasis in cells.
The study on the expression of StZnT11 under abiotic stress and biotic stress laid a foundation for verifying the role of potato
StZnT11 in the process of biotic stress of Ralstonia solanacearum species complex. According to the designated EST
sequence, the homology of the original sequence was analyzed by using the Blast tool in NCBI, and a homologous object
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sequence with the highest similarity, coverage and e expectation value was selected. StZnT11 gene is obtained by Silico
Cloning. The sequence and coding amino acid composition, physicochemical properties, molecular evolution,
phosphorylation site and advanced structure of Solanum tuberosum StZnT11 gene were analyzed by bioinformatics method.
The results showed that the cDNA gene is 1 300 bp in length, encoding a protein containing 348 amino acid residues,
including 23 phosphorylation sites, one signal peptide and nine transmembrane regions, and is a hydrophobic protein located
on the plasma membrane. Through amino acid sequence alignment, StZnT11 protein has a high homology with zinc
transporter from tobacco, tomato, pepper and other plants. The results of real-time fluorescence quantitative polymerase
chain reaction showed that, StZnT11 is up-regulated by different concentrations of exogenous plant hormone abscisic acid
(ABA). Tissue localization showed that StZnT11 was mainly expressed in specific tissues (phloem and leaf vascular bundles
of stem vascular system). These results provide a theoretical basis for further experimental cloning and functional

verification of the gene.
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5 HF K F L » Vv L L GV 6 I I A2 Vv VvV M I w oD T *

TATTTTGGCAGAAGTAGCATAATAGTTTACTATTTTATTTTGAGAATACTTTTGGTTGTTTAAALATATTTGTATACATGATATTGAGLG

TGGAATGTACTTTTTTTT T T T T T T TATTTTTAGATAATAATCAAGATGCCAAGAAAT AATTTTGAAGTATTTTTGAAALAGATALCATGG
AATACAACTTAAAATAGTACCTCGGGCCGCGACCACGCTA

1 StznT1l EFHRY cDNA F5| 5% AR & E R
Fig. 1 cDNA sequence of StZnT11 gene and the coded amino acids. The red marker represents the non-coding region,
the marked is the CDS coding region, the underlined part is a EST sequence.
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B2 StznTil EHM=RLEHTN 2.4 StZnT1l BahF TN 5 47
Fig. 2 StZnT11 protein tertiary structure prediction. @ MBI 20 DNA F1$518 StznT1l A2 1R 5%

for StZnT11 protein N terminal; @ for StZnT11 protein C ” g —
terminal. Domain ID: 4105; Confidence: 0.28; Modeling 5 ATG Liiff) 1 500 bp fkE. P 4 Frz,

method: comparative modeling; Model span: 1-348. StZnT11 Ja s 802, 78 StZnT11 J3 3h 11y
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XP 009764644.1 Nicotiana sylvestris
HXP 016500060.1 Nicotiana tabacum

99 LXP 019251073.1 Nicotiana attenuata

99 XP 022877777.1 Olea europaea var. sylvestris

zinc transporter 11

99 XP 016505581.1 Nicotiana tabacum
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XP 009602718.1 Nicotiana tomentosiformis

NP 001234349.1 Solanum lycopersicum

100 XP 016581414.1 Capsicum annuum
XP 015080421.1 Solanum pennellii
100 XP 0064749101 Citrus sinensis
o1

3 StZnT1l EEAM R G LK

Fig. 3 The phylogenetic tree of StZnT11 protein. The evolutionary history was inferred using the Neighbor-Joining
method™®). The optimal tree with the sum of branch length = 2.87 is shown. The percentage of replicate trees in which
the associated taxa clustered together in the bootstrap test (500 replicates) are shown next to the branches®”. The
evolutionary distances were computed using the p-distance method™". The analysis involved 11 protein sequences.
Evolutionary analyses were conducted in MEGA 7.0

+ TAAAGTTTCT TCTTGATTCG TTTATTAGAT ATTGCTGTGC TTATTGGATT GTATTTGAAA TCCTTGAAGA
+ CATGGAACTT AAGATGCTTC TTATTAAAGT TTCTICTGTT GATGTTGATG CAGGCGTATG CAAGAGCAAA
+ AACAGACTGG TCGCCTCTGG CGTCGCTAGT GTTAATTTTT AGAAGTTTTG AGTTTAAAAA GGATAAAAGC
+ AATTGATATT GTGATAAATT ATGTGTAGCT AAACGATTCA ATTCAAGAAT GTTACTTICTC TAACAACATA
+ GTTGTATTCT TTTTCTCACA AGCAATGAAT TGCTTCATTT GCTCCTTTGT AATAATGGAA TACATCAAAA
+ AAATTGCCAA ACAACAGCTT CATTCTTGAT AcCTEMNTG M EISEMIATITICITAC AATTTAGATA
+ ACAAAAAATC ATTATTATTA ATTCTTGTGT ACAGGAATTT CTATATTCAT CAARMBGAT CACcAAAACH
+ EGTTTTIC TGTTTTCTCC TATTAGATGG GAGGCAGAAG TTAGGTTGGG GGTGGGGTAG ACTGGTGGTT
+ AAGTTGTAAC TTCTCATTAT TTCAAATTCA AATTATANMEMBNTTAATAG CAGAAAGTAA TAAATGGATC
+ ATCAACTACT AGTTGTTCAA TTATTAATCC CATAAATTTA TCAAATCTTG TTGAGGGATG CTTATTCAAA
+ GGCAATTGTA CTTTTGGACT TATCAAGATC GATCATCAAA ATGTTTCCAA TCTCGTGGCT CTGGTTCTCG
+ AACCTTCTGA TACTACCAAA CAAGTTCATG TATCAAGACC GTTATMMMBMTATTGTGTC AGATCTATCT
+ TCAATCTCCIliTCATCT TATGATACAT CCAACTATCA AATCCGAATT TTAACCCATA CTACAATGTG
+ ATTGGCTAAG CTGTGGGAAA ATGAGAAACA TTGAAAGTCT TGGTCATCGC CTCAGTTGAC TAACTGGCAC
+ TAATGATTTG TGGCCTCATC TTTTATTCTT AAGGTTAAGG TTCACACTTG AGTCTTGACG CATCAACAAA
+ ACCTTTGTTT GGTACCAAAC CTCATATTTT TCTTTAAAAT ATGTGCTTTA AAAGTTAATT CATTCGTTTT
+ AAAATAAATA TTACTTTTAA TTTCAAAAAT AATTATCCTA AAATAACTGT TAACTATACT ATTTCAATTA
+ GCTTTTTATT AAAGAACCAC TTTTTTAATG GACGTAAAAT GAGTCAAAAG TAATACTTAT TTTGAAACGA
+ TCGGATAA-CACCTT TGGTATGTGA ATTGTCAAGA GTCACTAAAA ATCTCAACCA ATAATATTTA
+ TGGTAAGTAG TAGTACAATA CTTTCACATT TTTTCCATTT TTTTCTCTCA TAATTCACCA TTGCAGTACG
+ TTGTTTTCTC TCTCTCATGT CTTAATCTCT TTGTCCTGCA GTACTACATC AATTTCTCCA AAAATACTTC
+ [ C TCCATTTTTT CCTTCAAATG

0 TATA-box CAAT-box @ ABRE TC-rich repeats

4 StZnT1l B&hFi

Fig. 4 Promoter prediction of StZnT11. The color blocks shown represent different cis elements: green for TATA-box;
yellow for CAAT-box; purple for ABRE, as abscisic acid response for cis action element, blue for TC-rich repeats, for
defense and stress response for cis action element.
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T & ¥ AR .
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$94e5¢ 5 (8 7-B3 Al 7-D3). X LEL5REH],
StZnT11 BEPE M ELEE o, RIH —E R H LUk
SR XA S E AR IS R4 E R RGN E S
T EEP
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Fig. 5 Relative expression of StZnT11l gene in potato
seedlings treated with hormone ABA was analyzed by
real-time quantitative PCR. Xzs (n=3 independent
experiments, t-test).

151
[ Experimental group
O Control group

5

Relative expression level

Lah. ol

6 12 24 36 48 60 72 84 96 108
Inoculation time (h)

(=]

6 FAXKNEEPCRAOMEMEHENIRESLY
B StZnT11 EFHEMNRIEE

Fig. 6 Relative expression of StZnT1l gene in potato
seedlings inoculated with Ralstonia solanacearum
species complex was analyzed by real-time quantitative
PCR. Water was used as control. Normalization is carried
out at each point in time based on the value of actin. The
value is the X+s (n=3 independent experiments, t-test).
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7 StZnTll ENAZYUE RFRIFKABFIM FY4EER

Fig. 7 StZnT11 was located in the phloem and leaf vascular bundles of the stem vascular system. The stem and leaf
tissues of potato seedlings were taken 48 hours after inoculation with Ralstonia solanacearum species complex, and the
localization of StZnT11 protein in cells was observed by laser scanning imaging system. The first column and the
second column are blue natural fluorescence, giving priority to the xylem, and the third column is green fluorescence,
corresponding to the location of StZnT11. The fourth column is the combined image of the second column of blue
fluorescence and the third column of green fluorescence. (A) Stems of potato seedlings inoculated with Ralstonia
solanacearum species complex were crosscutting. (B) Stems of potato seedling after water treatment were crosscutting.
(C) Leaves of potato seedlings inoculated with Ralstonia solanacearum species complex were crosscutting. (D) Leaves
of potato seedling after water treatment were crosscutting. The ruler is 20 pm.
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