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Abstract: TCP family as plant specific transcription factor, plays an important role in different
aspects of plant development. In order to screen TCP family members in tobacco, the
homologous sequences of tobacco and Arabidopsis TCP family were identified by genome-wide
homologous alignment. The physicochemical properties, phylogenetic relationships and
cis-acting elements were analyzed by bioinformatics. The homologous genes of
AtTCP3/AtTCP4 were screened, and RT-qPCR was used to detect the changes of gene
expression upon 20% PEG6000 treatment. The results show that tobacco contains 63 TCP
family members. Their amino acid sequence length ranged from 89 aa to 596 aa, and their
protein hydropathicity grand average of hydropathicity (GRAVY) ranged from —1.147 to 0.125.
The isoelectric point (pl) ranges from 4.42 to 9.94, the number of introns is 0 to 3, and the
subcellular location is all located in the nucleus. The results of conserved domain and
phylogenetic relationship analysis showed that the tobacco TCP family can be divided into PCF,
CIN and CYC/TBI1 subfamilies, and each subfamily has a stable sequence. The results of
cis-acting elements in gene promoter region showed that TCP family genes contain low docile
acting elements (LTR) and a variety of stress and metabolic regulation related elements (MYB,
MYC). Analysis of gene expression patterns showed that AtTCP3/AtTCP4 homologous genes
(NtTCP6, NtTCP28, NtTCP30, NtTCP33, NtTCP42, NtTCP57, NtTCP63) accounted for 20%
PEG6000 treatment significantly up-regulated/down-regulated expression, and NtTCP30 and
NtTCP57 genes were selected as candidate genes in response to drought. The results of this
study analyzed the TCP family in the tobacco genome and provided candidate genes for the
study of drought-resistance gene function and variety breeding in tobacco.
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Table 1 Primers used in this experiment

Gene Gene ID Forward primer (5'—3) Reverse primer (5'—3')

Actin Nitab4.5 0004607g0020.1  TGGTTAAGGCTGGATTTGCT TGCATCCTTTGACCCATAC
gNtTCP6  Nitab4.5 0000246g0120.1  GGTTTGATACCTCGGGTTGC AGTCTTTGCACCCTCCCAAC
gNtTCP28  Nitab4.5 0002645g0010.1 CAAGTCGAAGGAGGGCGAAT TCGAGGTATGATCTCTTGGACC
gNtTCP30  Nitab4.5 0003077g0060.1  GATTGCTATTGCCACGGCTG TTGAAGTATAGTACCTTGGATTCGT
gNtTCP32  Nitab4.5 0003202g0050.1 ACCCCACTTGGGTTTGACAG GCTGCCCTGGTTGTGAATTG
gNtTCP33  Nitab4.5 0003291g0010.1 AAGCAAAGCTGTGGATTGGC AGGATTTCGAGGTATTTGAACCA
gNtTCP42  Nitab4.5 0005709g0020.1  GCACGAATCCAAGGAACAAGT  CTCGACGATGAACCATTGCC
gNtTCP57  Nitab4.5 0010770g0010.1 ~ AGGGAACCCCTTCAGTCCAA ACATATCTAATCGACCATGAATCCT
gNtTCP63  Nitab4.5 0014471g0010.1  GGAACCCCAGAATTGATGCAG CGACTGTGTTTCTCCTCCAG
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Table 2 TCP genes identified in tobacco

Genes Locus ID ORF  Introns Putative protein

length Length MW PI GRAVY Domains

(aa) (kDa)

NtTCP1 Nitab4.5 0000069g0220.1 744 0 247 2589484 793  —0.442 TCP, TCPs, TCP2, TCP24
NtTCP2 Nitab4.5 0000101g0370.1 633 0 210  22117.01 895 —-0.284 TCP, TCPs, TCP2, TCP24
NtTCP3 Nitab4.5_0000206g0010.1 1329 0 442  48501.86 8.55 —0.907 TCP2, TCPs, TCP, TCP24
NtTCP4 Nitab4.5_0000208g0150.1 1586 3 296  34453.79 9.37 —1.008 TCP, TCPs, TCP2, TCP24
NtTCP5 Nitab4.5_0000221g0100.1 923 1 291 3359137 937 —1.147 TCP, TCPs, TCP2, TCP24
NtTCP6 Nitab4.5 0000246g0120.1 1272 0 423 46 666.03 6.43  —0.819 TCP, TCPs, TCP2, TCP24
NtTCP7 Nitab4.5_0000269g0060.1 1520 1 367 39853.82 737 —0.715 TCP, TCPs
NtTCP8 Nitab4.5_0000303g0270.1 981 0 326 3496047 6.87 —0.784 TCP, TCPs, TCP24, TCP2
NtTCP9 Nitab4.5_0000365g0240.1 1670 1 412 44289.96 899 —0.746 TCP, TCPs, TCP24, TCP2
NtTCP10 Nitab4.5_0000376g0110.1 1101 0 366  41248.74 547  —-0.730 TCP, TCPs, TCP2, TCP24
NtTCP11 Nitab4.5_0000410g0060.1 1384 1 345 3915555 846  —0.871 TCP, TCPs, TCP2, TCP24
NtTCP12 Nitab4.5_0000519g0050.1 1137 1 222 2400421 9.82 —0.486 TCP, TCPs, TCP2, TCP24
NtTCP13 Nitab4.5_0000703g0090.1 1041 0 346 37508.40 833 —0.771 TCP, TCPs, TCP2
NtTCP14 Nitab4.5_0000832g0020.1 1074 0 357  38007.51 5.53 —0.448 TCP, TCPs, TCP24, TCP2
NtTCP15 Nitab4.5_0000948g0150.1 2784 1 556 59692.86 7.19 —0.758 TCP, TCPs, TCP24, TCP2
NtTCP16 Nitab4.5_0001082g0060.1 1705 1 302 32469.07 8.65 —0.669 TCP, TCPs, TCP24
NtTCP17 Nitab4.5_0001089g0050.1 786 0 261 2752497 990 —-0.391 TCP, TCPs, TCP2, TCP24
NtTCP18 Nitab4.5_0001188g0020.1 1605 1 399  43838.03 6.89 —0.823 TCP, TCPs
NtTCP19 Nitab4.5_0001328g0060.1 1002 0 333 36834.87 880 —0.705 TCP, TCPs, TCP2, TCP24
NtTCP20 Nitab4.5 0001432g0020.1 1117 1 229  25932.05 523 —-0.618 TCP, TCPs, TCP2, TCP24
NtTCP21 Nitab4.5 0001485g0060.1 984 0 327  36470.55 7.88 —0.685 TCP, TCPs, TCP2, TCP24
NtTCP22 Nitab4.5 0001594g0010.1 1510 1 420  46362.15 598 —0.760 TCP2, TCPs, TCP, TCP24
NtTCP23 Nitab4.5 0001599g0190.1 1458 1 316  35460.90 880 —0.696 TCP, TCPs, TCP2, TCP24
NtTCP24 Nitab4.5 0001645g0060.1 1101 0 366 41395.79 541  -0.729 TCP, TCPs, TCP2, TCP24
NtTCP25 Nitab4.5 0001721g0060.1 19770 1 101 10984.18 6.07 —0.603 TCP2, TCPs, TCP24, TCP
NtTCP26 Nitab4.5 0002108g0090.1 843 1 246  27543.15 9.67 —0.661 TCP, TCPs, TCP2, TCP24
NtTCP27 Nitab4.5 0002257g0150.1 1159 1 294 3233092 871 —0.707 TCP, TCPs, TCP2
NtTCP28 Nitab4.5 0002645g0010.1 1185 1 183 20594.71 6.24 —0.795 TCP, TCPs, TCP2
NtTCP29 Nitab4.5_0002963g0020.1 633 0 210 22362.35 951 —0.300 TCP, TCPs, TCP2, TCP24
NtTCP30 Nitab4.5_0003077g0060.1 2171 2 596  66701.56 6.14 —0.808 TCP, TCPs, TCP2, TCP24
NtTCP31 Nitab4.5 0003161g0070.1 2488 2 318 3636635 991 —-0.808 TCP, TCPs, TCP2, TCP24
NtTCP32 Nitab4.5_0003202g0050.1 1263 0 420  46356.81 6.57 —0.793 TCP, TCPs, TCP2, TCP24
NtTCP33 Nitab4.5_0003291g0010.1 1210 2 262 29581.09 895 —0.656 TCP, TCPs, TCP2, TCP24
NtTCP34 Nitab4.5_0003376g0090.1 903 0 300 32098.86 845 —0.525 TCP, TCPs, TCP24, TCP2
NtTCP35 Nitab4.5_0003519g0080.1 6842 1 193 21658.17 869 —-0.795 TCP2, TCPs, TCP, TCP24
NtTCP36 Nitab4.5_0004103g0020.1 1337 1 362 38597.00 6.02 —0.665 TCP, TCPs
NtTCP37 Nitab4.5_0004301g0070.1 903 0 300 31547.45 8.65 —0.324 TCP, TCPs, TCP2, TCP24
NtTCP38 Nitab4.5_0004487g0030.1 1180 1 262 2976749 994  -0.860 TCP, TCPs, TCP24, TCP2
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3R 2)
Genes  Locus ID ORF  Introns Putative protein
length Length MW PI GRAVY Domains
(aa)  (kDa)
NtTCP39 Nitab4.5_000454820010.1 1323 0 440 48 080.36 7.74  —0.883 TCP2, TCPs, TCP, TCP24
NtTCP40 Nitab4.5_0004980g0010.1 1161 0 386 null null  —1.078 TCP, TCPs, TCP24, TCP2
NtTCP41 Nitab4.5 0005379g0040.1 1080 O 359 38 205.63 5.43 —0.444 TCP, TCPs, TCP2
NtTCP42 Nitab4.5_000570920020.1 4452 2 589  65993.79 6.65 —0.817 TCP, TCPs, TCP2, TCP24
NtTCP43 Nitab4.5_0005803g0030.1 2790 2 315 36380.77 9.12  —1.027 TCP, TCPs, TCP24, TCP2
NtTCP44 Nitab4.5_0005897g0010.1 1122 0 373 43059.16 593 —-1.007 TCP, TCPs, TCP2, TCP24
NtTCP45 Nitab4.5 0005910g0040.1 1118 1 278 30 998.47 6.67 —0.675 TCP, TCPs, TCP2, TCP24
NtTCP46 Nitab4.5 0006712g0010.1 1275 0 424 46 478.72 5770  —0.821 TCP2, TCPs, TCP, TCP24
NtTCP47 Nitab4.5_0007019g0020.1 915 0 304 33983.72 9.34  —-0.763 TCP, TCPs, TCP2, TCP24
NtTCP48 Nitab4.5_0007105g0010.1 993 0 330 37086.46 838 —0.810 TCP, TCPs, TCP2, TCP24
NtTCP49 Nitab4.5 0007160g0050.1 981 0 326 36351.27 6.80 —0.730 TCP, TCPs, TCP2, TCP24
NtTCP50 Nitab4.5_0007375g0060.1 888 0 295  32097.59 7.14 -0.744 TCP, TCPs, TCP2, TCP24
NtTCP51 Nitab4.5_0007913g0020.1 2788 1 544 5833236 7.00 —0.761 TCP, TCPs, TCP24
NtTCP52 Nitab4.5_0008460g0020.1 287 1 89 9677.11 4.42 0.125 TCP2, TCPs, TCP, TCP24
NtTCP53 Nitab4.5 0009198g0010.1 1260 0 419 44 840.40 8.04 —0.804 TCP, TCPs, TCP24
NtTCP54 Nitab4.5_0010535g0030.1 1670 1 274  30436.80 7.96 —0.712 TCP, TCPs, TCP2, TCP24
NtTCP55 Nitab4.5_001054920020.1 1068 0 355 40833.80 6.36 —0.908 TCP, TCPs, TCP2, TCP24
NtTCP56 Nitab4.5_0010674g0010.1 3145 1 322 35945.67 9.63  —0.556 TCP, TCPs, TCP2, TCP24
NtTCP57 Nitab4.5 0010770g0010.1 1689 2 326 37 075.10 6.68 —0.865 TCP, TCPs, TCP2, TCP24
NtTCP58 Nitab4.5_0010972g0020.1 1065 1 202 21856.01 8.46  —0.923 TCP, TCPs, TCP2, TCP24
NtTCP59 Nitab4.5_0011381g0030.1 873 0 290  31278.79 891  —-0.598 TCP, TCPs, TCP24, TCP2
NtTCP60 Nitab4.5 0011777g0010.1 786 0 261 2753891 9.71  -0.432 TCP, TCPs, TCP2, TCP24
NtTCP61 Nitab4.5 0011812g0020.1 1218 2 224 25740.21 9.75 —1.032 TCP, TCPs, TCP2, TCP24
NtTCP62 Nitab4.5 0011935g0010.1 1902 3 306 35162.39 9.17 —0.931 TCP, TCPs, TCP2, TCP24
NtTCP63 Nitab4.5_0014471g0010.1 942 0 313 35705.17 6.57 -1.010 TCP, TCPs, TCP2, TCP24

T T T . G548 da T 25 S SR A B TCP
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e, 40 M E for 45 S 2 7 A% 9 B
NtTCP52 J [ HAT 5 25 1)
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J T HE— MG TCP % Y 5t Y 6
#, FIH MEGA 10 #AIEXF IR ST HY 24 4> TCP
FIE A FAREL ) 63 AR 51 4T R G0 i AL
3HTe AN 1 BN, HHE TCP R 72
ZZWEIT TCP RG2S, 4l 3 KK,
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Phylogenetic tree of TCP gene family in tobacco and Arabidopsis thaliana.
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Figure 2 Chromosome distribution map of TCP family in tobacco.
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