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Abstract ; [ Objectives ] The study aimed to identify the members of the nitrate transporter protein (NRT) gene family in Capsicum
annuum ,and analyze their basic properties, chromosomal location, evolutionary relationships, and expression characteristics across
different tissues,developmental stages of fruits,and under various abiotic stresses. [ Methods] The NRT gene family was analyzed with
the bioinformatics methods in genome of ‘Zunla 1’ pepper, and the physical and chemical properties of protein,the gene structure,
chromosome localization, collinearity analysis, cis-acting elements and evolutionary relationship were determined. Transcriptome data
were utilized to examine the expression characteristics of NRT genes in various tissues and fruits during varying developmental stages.
The expression profiles were also analyzed under variant abiotic stresses using RT-qPCR. [ Results ] A total of 73 CaNRT genes were
identified in C. annuum and unevenly distributed on 10 chromosomes. The phylogenetic analysis revealed that these genes could be
grouped into three subfamilies,with a similar gene structure and conserved motifs. The cis-acting element analysis results suggested that
CaNRT genes might be regulated by various factors,including light ,hormones and adversity stress. Members of the Ca/NRTI subfamily
exhibited high expression predominantly in roots,stems,and leaves. The CaNRT2 subfamily displayed low expression at all times, while
the CaNRT3 subfamily showed differential tissue expression and was primarily highly expressed in roots. The abiotic stress data showed
that CaNRT1.18,CaNRT3.3,CaNRT3. 1, CaNRT2.1 and CaNRTI.23 responded more strongly to low temperature, high temperature,
drought,salt and oxidative treatments. All CaNRT genes exhibited a positive reaction to varying degrees under low-temperature
treatment. [ Conclusions]73 CaNRT genes were identified in the pepper genome, and several key genes were screened which were
involved in the regulation of growth and development and response to multiple abiotic stresses.
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Table 1 The information and physicochemical properties of NRT gene family in pepper

e Z R B 1D KEE/bp Gl XK/ bp AR ST Bk RS HL AR I 1) DA
Gene name Gene 1D Length CDS length Relative molecular weight ~ Theoretical pI ~ Subcellular localization
CaNRTI.1 Capana01g003 355 593 1782 65 971.15 6.89 plas, vacu
CaNRT1.2 Capana01g004 368 600 1 803 66 527.98 6.06 plas, vacu
CaNRT1.3 Capana01g000 822 598 1797 66 795.17 6.72 plas, nucl
CaNRT1.4 Capana01g004 403 590 1773 65 470.69 9.03 plas,vacu
CaNRT1.5 Capana01g000 541 591 1776 65 310.52 9.14 plas, vacu
CaNRT1.6 Capana01g000 828 573 1722 63 847.50 5.80 plas, vacu
CaNRT1.7 Capana01g001 481 658 1977 72 736.77 8.81 plas, vacu
CaNRT1.8 Capana01g001 377 607 1824 66 948.08 7.03 plas, vacu
CaNRT1.9 Capana01g000 534 566 1701 63 214.93 8.22 plas, vacu

CaNRT1.10 Capana02g000 342 314 945 34 333.46 7.99 plas,ER
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ZER 1 Table 1 continued

LR A5 A 1D KE/bp G XK/ bp AR o3 B PRYE A L A AR E AL
Gene name Gene 1D Length CDS length Relative molecular weight ~ Theoretical pI ~ Subcellular localization
CaNRT1.11 Capana02g000 341 277 834 30 767.17 7.54 vacu, plas
CaNRT1.12 Capana02g001 099 156 471 17 851.39 9.01 chlo, nucl
CaNRT1.13 Capana02g003 451 514 1 545 57 179.77 8.43 plas,ER
CaNRTI1.14 Capana02g001 403 304 915 34 442.14 9.10 plas, vacu
CaNRT1.15 Capana03g003 899 608 1 827 67 798.90 9.31 plas, nucl
CaNRT1.16 Capana03g003 895 608 1 827 67 993.22 9.36 plas
CaNRT1.17 Capana032001 083 590 1773 65 174.66 7.93 plas, vacu
CaNRT1.18 Capana03g001 064 602 1 809 67 508.50 9.47 plas
CaNRT1.19 Capana03g003 427 467 1 404 52 050.23 9.46 plas, cyto
CaNRT1.20 Capana032001 063 585 1758 65 341.43 8.69 plas, vacu
CaNRT1.21 Capana03g001 062 593 1782 66 235.46 8.97 plas,ER
CaNRT1.22 Capana03g001 532 450 1353 49 784.32 5.58 plas, vacu
CaNRT1.23 Capana05g001 239 611 1836 67 649.38 9.31 plas, golg
CaNRT1.24 Capana06g000 371 573 1722 63 903.12 8.68 plas,ER
CaNRT1.25 Capana06g001 341 581 1 746 65 531.01 8.79 plas
CaNRT1.26 Capana09g001 595 568 1707 63 741.68 8.71 plas, ER
CaNRT1.27 Capana06g001 688 592 1779 65 183.44 9.21 plas, vacu
CaNRT1.28 Capana06g000 305 552 1 659 60 909.00 8.31 plas, golg
CaNRT1.29 Capana06g000 488 552 1659 60 257.24 8.95 plas,ER
CaNRT1.30 Capana06g000 940 543 1 632 60 431.26 8.87 plas, vacu
CaNRT1.31 Capana06g000 306 552 1 659 60 527.58 9.08 plas,ER
CaNRT1.32 Capana06g000 303 540 1623 59 782.67 7.46 plas, vacu
CaNRT1.33 Capana07g001 324 591 1776 65 246.72 8.87 plas, ER
CaNRT1.34 Capana07g000 550 584 1755 65 255.55 8.40 plas,ER
CaNRT1.35 Capana09g001 572 569 1710 63 631.50 8.17 plas, vacu
CaNRT1.36 Capana09g000 500 593 1782 65 082.46 8.40 plas, ER
CaNRT1.37 Capana09g000 286 217 654 24 037.90 8.95 chlo, nucl
CaNRT1.38 CapanalOg001 051 604 1815 67 326.27 8.91 plas, vacu
CaNRT1.39 Capanal0g001 656 592 1779 66 180.37 8.44 plas, vacu
CaNRT1.40 CapanalOg001 657 545 1 638 61 158.63 9.11 plas,ER
CaNRT1.41 CapanalOg001 658 402 1209 45 198.00 9.08 plas, golg
CaNRT1.42 Capanal 1g001 593 584 1755 64 044.74 8.98 plas, vacu
CaNRT1.43 Capanal 1g001 614 581 1 746 63 756.31 8.92 plas, vacu
CaNRT1.44 Capanal1g001 613 324 975 35 132.33 9.44 vacu, plas
CaNRT1.45 Capanal 1g001 561 606 1821 67 853.41 8.78 plas,ER
CaNRT1.46 Capanal 1g000 651 552 1 659 60 921.78 8.81 plas, vacu
CaNRT1.47 Capanal 1g000 654 526 1 581 58 582.86 8.90 plas, vacu
CaNRT1.48 Capanal 1g000 653 544 1635 60 312.41 8.51 plas, vacu
CaNRT1.49 Capanal 1g001 269 209 630 23 636.87 9.02 plas, vacu
CaNRT1.50 Capanal1g001 384 567 1 704 62 421.71 5.19 plas, vacu
CaNRT1.51 Capanal2g000 530 300 903 32 657.90 5.49 plas,ER
CaNRT1.52 Capanal2g000 520 580 1743 63 897.66 5.54 plas,ER
CaNRT1.53 Capanal2g000 531 584 1 755 64 005.84 5.85 plas, vacu
CaNRT1.54 Capanal2g000 532 536 1611 58 596.39 6.65 plas,ER
CaNRT1.55 Capana00g004 312 597 1 794 66 351.82 8.70 plas, vacu
CaNRT1.56 Capana00g004 875 569 1710 62 649.31 5.34 plas, vacu
CaNRT1.57 Capana00g003 510 595 1788 66 925.14 9.02 plas, nucl
CaNRT1.58 Capana00g003 952 567 1 704 62 785.94 5.95 plas, vacu
CaNRT1.59 Capana00g003 980 579 1 740 64 496.87 8.41 plas, vacu
CaNRT1.60 Capana00g003 989 495 1 488 54 833.84 6.19 plas, vacu
CaNRT1.61 Capana00g003 984 557 1 674 61 893.15 6.98 plas, vacu
CaNRT1.62 Capana00g003 982 550 1 653 61 273.20 6.75 plas, vacu
CaNRT2.1 Capana02g000 995 430 1293 47 016.81 8.65 plas, golg
CaNRT2.2 Capana06g000 537 274 825 29 317.16 8.85 vacu, plas
CaNRT2.3 Capana06g000 538 530 1593 57 465.82 9.15 plas,ER
CaNRT2.4 Capana06g000 539 530 1 593 57 479.85 9.15 plas, vacu
CaNRT2.5 Capanal 1g000 043 530 1593 57 476.04 9.26 vacu, ER
CaNRT2.6 Capanal 1g000 042 471 1 416 51 591.05 9.21 plas, golg
CaNRT2.7 Capana00g000 645 312 939 34 001.63 9.07 plas,ER
CaNRT2.8 Capana00g002 556 503 1512 54 536.32 8.68 plas, golg
CaNRT3.1 Capana03g001 237 202 609 22 664.93 8.52 extr, mito
CaNRT3.2 Capana03g001 244 204 615 22 849.11 9.16 vacu, plas
CaNRT3.3 Capana03g001 242 159 480 17 928.35 6.89 extr, ER

e :plas: JE i Plasma mcmbrane;vacu:?{?l?@ Vacuole ;nucl ; 40 ffi#% Nucleus ; ER ; T % Endoplasmic reticulum;chlo: IH- 244 Chloroplast ; cyto ; il
T Cyloplas.m;golg;%}}T\'ﬁgﬁi Golgi apparatus ;extr:éﬁf”]@ag7 NI Extracellular;1rnil0;éjé:}{(‘flﬁfi Mitochondrion.
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Fig.1 Chromosomal mapping of NRT gene in pepper
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Fig.2 NRT proteins conserves motif and genes structure in pepper
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