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Bioinformatics of Tobacco (Nicotiana tabacum) Hsp70 Gene Family and
Expression Analysis of NtHsp70Chl in Midrib
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Abstract: In order to study the relevant biological information of the tobacco heat shock protein 70 (Hsp70) gene family and the
specific expression of the chloroplast-localized members NtHsp70Chl in tobacco midrib, subcellular location, system evolution,
Gene structure, chromosome location, and real-time fluorescence quantitative expression PCR analysis were carried out. The results
showed that 61 members of the tobacco Hsp70 gene family were identified. The numbers of amino acid contained in the protein
sequence were different, and the isoelectric point was in the range of 4.52~9.75. And the protein members were predicted to be
localized in the cytoplasm, endoplasmic Reticulum, extracellular matrix, chloroplast (4 members) and mitochondria respectively. The
tobacco Hsp70 gene family was divided into 6 groups, and the NtHsp70Chl genes were all in the VI-a subgroup. 61 NtHsp70 genes
are located on 18 chromosomes, and NtHsp70Chl genes were located on chromosomes 6, 17, and 19, respectively. In tobacco Hsp70
family, there are 10 duplications and 5 paralogous genes. According to RT-qPCR analysis, the NtHsp70Chl genes in tobacco midrib
were weakly sensitive to high-temperature stress. This study laid the foundation for further exploration and application of tobacco
Hsp70 functions.
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Table 1 Sequence of fluorescent quantitative PCR primers
5'-3
Name of primers Sequence of primers (5’ to 3') Amplification product size /bp
NtHsp70Chl-F GACAAACAAGCTCTTCAACG 125
NtHsp70Chl-R ATATGTTTAGGACCATCCGCA 125
NtL25-F CCCCTCACCACAGAGTCTGC 51

NtL25-R

AAGGGTGTTGTTGTCCTCAATCTT 51




2 Hsp70 NtHsp70Chl 11

2 Hsp70

Table 2 Information of tobacco the Hsp70 gene family
Gene name Gene ID Isoelectric point  Amino acid/aa  Molecular weight/D Subcellular localization Chromosome location
NtHsp70-1 LOC104248209 5.11 666 73 442.23 1:761437..765998
NtHsp70-2 LOC107805460 4.56 290 32031.64 1:761430..766016
NtHsp70-3 LOC107805427 5.06 668 73 670.44 1:761323..766026
NtHsp70-4 LOC107777893 5.64 753 84 109.24 1:103035522..103050532
NtHsp70-5 LOC107795135 5.13 649 71 104.61 2:12281505..12284911
NtHsp70-6 AY372070 5.07 653 71 287.16 2:12282373..12285690
NtHsp70-7 AY372069 5.02 653 71011.03 2:12282983..12286030
NtHsp70-8 LOC107790051 9.04 396 42 883.90 2:19998288..20000811
NtHsp70-9 LOC107811763 5.64 895 99 430.88 2:102965209..102974730
NtHsp70-10  LOC107781175 5.01 691 7719597 2:102968776..102969523
NtHsp70-11 ~ LOC107822929 7.77 330 36 325.76 2:102973117..102974938
NtHsp70-12  LOC107804151 5.23 659 72 409.00 4:16574685..16576926
NtHsp70-13 LOC104108382 5.28 654 71 884.38 4:16574572..16576954
NtHsp70-14 LOC107796657 5.20 573 63 010.43 4:16574576..16576979
NtHsp70-15 LOC107825874 5.22 656 72 064.62 4:16575087..16577307
NtHsp70-16 ~ LOC104234260 5.08 648 70 968.42 5:10283928..10287476
NtHsp70-17 ~ LOC104237237 4.97 254 28 311.61 5:31203464..31207928
NtHsp70-18  LOC107802379 9.75 582 67 017.47 6:102532669..102536286
NtHsp70-19 LOC107803795 522 692 74 445.28 6:2022838..2028587
NtHsp70-20 LOC104218227 5.14 667 74 497.58 7:14352043..14355543
NtHsp70-21 LOC107829892 5.13 649 72 604.53 7:14352732..14356284
NtHsp70-22  LOC107814250 5.67 573 62 604.14 7:63709136..63712205
NtHsp70-23 ~ LOC104247155 5.30 846 93 776.56 8:1858770..1864630
NtHsp70-24 ~ LOC107774811 5.87 681 72 988.90 9:95675412..95679906
NtHsp70-25 LOC104099040 5.13 651 71 109.59 9:96220948..96224435
NtHsp70-26 LOC107823108 5.17 651 71108.61 9:96221165..96224478
NtHsp70-27 ~ LOC104232484 4.55 150 16 430.35 9:96223826..96224278
NtHsp70-28  LOC104227119 5.13 648 70 966.44 9:96334773..96337874
NtHsp70-29  LOC107766295 5.17 648 70 876.29 9:96335681..96338847
NtHsp70-30  LOC107813949 8.76 271 29 557.26 11:38343217..38345442
NtHsp70-31 LOC107769992 5.64 573 62 535.95 14:64376792..64379861
NtHsp70-32 LOC107774810 4.88 118 12 577.88 14:102300371..102301059
NtHsp70-33 LOC107800496 5.18 856 94 504.51 15:11151589..11157894
NtHsp70-34 ~ LOC107784103 5.32 854 94 242.13 15:11180281..11186087
NtHsp70-35  LOC107776733 5.08 666 73 411.22 15:113938560..113942799
NtHsp70-36  LOC104221177 5.17 666 73 413.20 15:113938237..113942792
NtHsp70-37  LOC107799921 4.52 168 18 838.61 15:113938230..113942799
NtHsp70-38 LOC107779834 5.10 689 73 925.75 17:6201965..6208159
NtHsp70-39 LOC104095897 5.40 639 70 828.59 17:35644444..35647715
NtHsp70-40  LOC107785197 8.59 187 20967.79 18:68908802..68916410
NtHsp70-41  LOC104103207 5.23 707 75 174.75 19:111097589..111101970
NtHsp70-42  LOC104113775 5.18 668 74 477.59 19:120034761..120038175
NtHsp70-43 LOC104094426 5.24 707 75 307.85 19:132517255..132521922
NtHsp70-44 LOC107818867 5.07 667 73 522.32 21:41190693..41193006
NtHsp70-45 LOC104236508 5.07 667 73 536.35 21:41190749..41194753
NtHsp70-46 ~ LOC107778329 5.04 667 73 481.28 21:41190758..41194787
NtHsp70-47  LOC107771425 5.08 668 73 744.45 21:41190954..41194731
NtHsp70-48  LOC107771128 5.21 667 73 976.05 21:41190862..41194624
NtHsp70-49 LOC107775921 5.75 681 73 131.94 22:19998284..20002242
NtHsp70-50 LOC107779402 8.76 385 41 588.32 22:19998246..20001406
NtHsp70-51 LOC107766483 5.27 844 93262.93 22:20880101..20885900
NtHsp70-52  LOC107803414 5.18 585 64 352.11 22:48208194..48211012
NtHsp70-53  LOC104100529 5.10 648 71 087.57 23:120809444..120812680
NtHsp70-54 ~ LOC104228095 5.10 650 7127571 23:120809341..120812607
NtHsp70-55 LOC107765377 5.52 611 68 426.43 23:123915822..123929548
NtHsp70-56 ~ LOC107764274 4.96 286 30 558.57 23:126543515..126545184
NtHsp70-57  LOC104093630 5.08 648 70 968.42 24:31202436..31205677
NtHsp70-58  LOC107812563 8.73 143 15993.30 24:32237285..32237715
NtHsp70-59  LOC107781367 5.99 145 16 619.87 24:32237282..32237782
NtHsp70-60  LOC107784150 7.53 904 99 828.75 24:110654366..110658185

NtHsp70-61 LOC107774302 6.36 896 98 876.73 24:110654473..110658298
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Fig. 2 Chromosomal localization of tobacco Hsp70 genes
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