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Transcriptome-based Identification and Expressions of Amaranth TCP Gene Family
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Abstract: [ Objective] Members of the amaranth TCP gene family were identified based on the transcriptome database for
an in-depth understanding on the roles they associated with the growth, development, and abiotic stress of the plant.
[ Method] Members of the TCP gene family were identified by screening the transcriptome database on Dahong amaranth
(Amaranthus tricolor L.) for a bioinformatics analysis. Amaranth seedlings were cultured under different conditions and their
expressions under different treatments analyzed by qRT-PCR. [ Results] Amaranth TCP gene family has 14 members, all
localized in the nucleus. The length of AtrTCP protein was in the range of 230721 aa, the predicted relative molecular weight was
25.25-78.57 kD, the isoelectric point was 6.15-9.45, and it contained 15 conserved motifs. Except AtrTCP11, which was stable
protein, all the other proteins were unstable. Two AtrTCP family members, AtrTCP2 and AtrTCP6, were predicted as miR319
target genes by miRNA. qRT-PCR showed differentiated expressions of the family members under salt solutions of varied
concentrations (i.e., 0, 50, 100, and 200 mm01~L71). The expression of the upregulated AzrTCP10 reached a significant level
under blue light, and so did those of the downregulated A#TCP2, AtrTCP3, AtrTCP8, AtrTCP9Y, AtrTCP11, and AtrTCP13.
Under different concentrations of ammonium nitrate ratio (0:0, 0:10, 3:7, 5:5, 7:3, 10:0) treatment, the expressions of the

TCP genes differed. AtrTCP3 was shown to be involved in the entire nitrogen metabolism process. In tissues of amaranth,
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AtrTCP3 and AtrTCP12 were highly expressed in leaves, while the others in roots. [ Conclusion]

Depending on the

treatments, the expressions of the amaranth 7CP gene family members differed. It suggested a broad spectrum of involvements

by the members associated with abiotic stresses on amaranth.
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Table | Quantitative primers of AtrTCP

R ER5HFT (5-3) RI5HFFF] (53

Gene Forward primer sequences (5'-3')  Reverse primer sequences (5'-3")
AtrTCP1 GCTGCTACTGGTGCTTCTATT ACCCATACCCATACCCATC
ArTCP2  GATGAGCAGCAACATTCACT CACCACTTCCACCAACACT
AtrTCP3 TCTTCAACAAGCCGAACC ATTTCCCACCTCAATCCC
AtrTCP4 GGTTAGTTCAAACGGCAGA ACTGTCTTCCAAATCGGGT
At'TCPS TTATCCATACCCGAACAGC TTTAGTGTGACGGTCTTTGG
ArTCP6  TTGCTACTGGTAGAGGTGGT CCGGACCCATGTAACATTGA
At'TCP7 AACCTCCACCAAAGACCGT GTTTCTCCATCTGACTTATGCC
ArTCPS  GCCTACAGAAACAGTAACCCTC CCCGTTCAAGAAGCCATT
At'TCPY TCCACCAAGGTCATCATCTT ATCATCGTCTCTCCGTCCA
AtrTCPI0 CGCAGAATCAAGAACAAGC TGACTTTGGTATGGCGGT
AtTCP11  TGCTACAGGAACCGGGACTATT GATGGCTTGGATCACTCAACTG
AtrTCP12 TGGAGGCAAAGATAGACATAGC  TAATGGGCAAAGGAGGGA
AtrTCPI13 CAACCATCATCGTCCCAA AGTTCCACTTTGCGGCTGT
AtrTCP14  ACCACAGCCACAACAAAGT GCGGATACTGAGTCAAAGGA

EFla GGGATGCTGGTATGGTGAA ACGGGTCATTTCTTCTTCTGAG

#z2 AuTCPERARIEEUMERS

Table 2 Physicochemical properties of AtrTCP family

AT
- 3 i 7F/’”\ 5 ; (?T:CE\; i PR Physicochemical properties
Gene ID Formula AR T B ELp TR FESRKRE
name length/aa Relative molecular Theoretical Instability Grand average of

weight/kD pl index hydropathicity
CL11166.Contig2_All ~ AtrTCPI 377 C747H2777N5350570S 14 40.84 6.61 50.76 —0.712
CL1181.Contig4_All AtrTCP2 423 C1950H3008N608063656 45.34 6.64 54.40 —0.805
CL4511.Contigl_All AtrTCP3 326 C 520H2430N4620495S¢ 35.29 9.17 50.51 —0.540
CL531.Contigl _All AtrTCP4 514 C1300H3640N7360795S14 54.88 8.57 43.25 —0.823
CL7519.Contig2_All AtrTCPS 231 C1096H1711N3410342S9 2543 9.00 49.08 —0.764
CL7919.Contig2 All AtrTCP6 355 C671H2575N5190543S9 38.91 6.79 40.47 —0.860
CL9396.Contigl_All AtrTCP7 430 C1951H3036N6160635459 45.87 6.66 47.14 —0.747
Unigenel202_All AtrTCPS8 345 C 544H5 520N4620515S9 36.13 9.30 47.05 —0.408
Unigene22459 All AtrTCP9 299 C1373H2214N4220444S4 31.87 9.45 56.13 —0.563
Unigene27038 _All AtrTCP10 231 Cy115H1771N3170340S6 25.25 9.23 63.06 —0.492
Unigene27184_All AtrTCP11 347 C606H2483N48505238 10 37.27 8.49 38.62 —0.743
Unigene35431_All AtrTCPI2 230 C118H1 787N32900364S4 25.79 8.56 44.38 —0.820
Unigene6554_All AtrTCPI3 431 C1955H3042N618065659 45.99 6.66 47.05 —0.754
Unigene73441_All AtrTCP14 721 C3395H5434N1 00601 105517 78.57 6.15 58.04 —0.602
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Table 3 Protein secondary structures and subcellular localizations of AtrTCP family

RAR REEH

LSy TCPL: Kbk Secondary protein structure 741 5 A3

Transcription . Subcellulav

factor TCP domain a-#RE B-¥sh JEEE TEHE localization

Alpha helix/% Beta turn/% Extended strand/% Random coil/%

AtrTCP1 111-377 19.36 5.04 13.79 61.80 Nucleus.
AtrTCP2 43-178 14.42 2.36 11.58 71.63 Nucleus.
AtrTCP3 86-326 2423 5.52 15.34 54.91 Nucleus.
AtrTCP4 95-253 14.20 2.53 15.18 68.09 Nucleus.
AtrTCP5 57-228 13.85 9.52 16.45 60.17 Nucleus.
AtrTCP6 55-223 14.08 1.69 14.65 69.58 Nucleus.
AtrTCP7 88-290 20.70 4.19 10.23 64.88 Nucleus.
AtrTCP8 65-176 15.65 522 10.43 68.70 Nucleus.
AtrTCP9 51-258 19.73 6.02 18.06 56.19 Nucleus.
AtrTCP10 91-231 19.05 4.76 13.42 62.77 Nucleus.
AtrTCP11 69-256 11.82 10.95 21.33 55.91 Nucleus.
AtrTCP12 54-215 22.61 5.22 13.48 58.70 Nucleus.
AtrTCP13 88-291 14.39 5.10 11.37 69.14 Nucleus.
AtrTCP14 51-332 20.11 5.83 16.37 57.70 Nucleus.

22 W ArTCP RIFRGH K

R TCP BN R K 5, B TCP FE N K ik
X430 2 AW . Class I il Class IT; Class 124 PCF,
M Class IT %1153 2 4~332 CYC/TBI I CIN., it MEGA-X
AR, XEE RS B 14 4 ArTCP 3 R 5% i B ik
T3 KRS R, MG IS AnTCP LR 5
P K ) 40 B T ATCP 36 R R 253 i1 & B, Class
I EH, &4A 224 TCP F W R, Hfilgg I
124, W3 104 ; Class T JEH, CIN 32 &4
124 TCP KGO, s Ir 8 4, Tk 445
CYC/TBI 7+ &4 44 TCP R &, 488 M4 Fg
I¥. AtrTCP1 5 AtTCP20, AtrTCP4 5 AtTCP2 . AtrTCP8
5 AtTCP19. AtrTCPI05 AtTCPI11 Fl AtrTCPI2 5
AITCPI3 FEHGE G R EGRE (K 1), X 54T
3 ArTCP FE N 51U IF ATCP KX EAG HH N AE
2.3 W AUTCP BEARTEFESF

i 7 MEME %I AtwTCP & [ #1757 37 20 07
AT T 15 MRSFHT , R A 24 Motifl~Motif15.
fit A AtTCP #B & A Motifl £ %, Motifl & B R 5F 5
¥ AtTCP2. AtrTCP4, AtTCP6 il AwTCP12 4f, H
4 AtTCP 4 & Motif2 & /¥, Motif5 H B 6 1k,
Motif12 ¥ 5k, HARAEARSFETFEH DT 5K

&

&8
¢
PCF (Class I)
1 B3 AxrTCP 53T A(TCP EFE FRRH LR T EL
Fig.1 Comparison of AtrTCP family trees of amaranth and

/
¢

Arabidopsis thaliana

(Bl 2), ZARESP R, PCF (Class 1) W%
B 5 AL SRR B Motif2 3575 CIN (Class 11) 3% %
B EA Motif3 37 (E 1. 2),

2.4 YHIETIE ArTCP B9 miRNA 50

i# iif psRNATarget 7E 26 #f4, LLTESE small RNA
BEE NS, ArTCP AT BRIF 5 NI ¥ 51, H
A 2N 14 A A TCP FE R 5 4T miRNA Fll
RGN, HA 44 ArTCP FF 51 52 F) miRNA fY



5571 ZFRE: ATFHFEHZEN TCP AR AR R LR AEEPH 873
e — =N
AtTCP2 — e g i Motif 2
AtrTCP3 ———000 == Motif 3
AtrTCP4 = 1 = Motif 15
AuTCPS +— B — = Motif 12
AuTCP6 —BI—8—F+— Motif 10
AUTCP7 i—gn - @@— - —o &8 Motif 9
AtTCPS £y & Motif 6
AtTCPY GB-00D) —@——— ﬁgg? ;4
AtrTCP10 L Motif 8
AtTCP1l — D ———— = Motif 13
AtTCP12 — B ——— = Motif 11
AtTCP13 (IB—D -GBEl— O—Em == Motif 4
AtrTCP 1; T —a. .
0 100 200 300 400 500 600 700 800

ZILAR T Amino acid sequence/aa

2 ATCP ERAZRERTFEER 5
Fig.2 Conserved amino acids in AtrTCP family

P, ArTCP6 Fl ArTCP2 5| miR319 1, miR319 2,
miR319a-3p 1 miR319a 1 /Y # 4% ; AwTCPI1I
AtrTCP13 % %) miR5658 (Y i #% (% 4). miRNA [
KRR LER DR, ArTCP6 Fl AtrTCP2 SAKF I Ky
i
2.5 FRIAIE TR ArTCP LRI EE PCR 47
251 #H M4 T IEE ArTCP K% M R qRT-PCR 5 #7
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Table 4 Prediction and differential expressions of AtrTCP family miRNA
FER 4R Xof BL HIEEAE £ LR Lk Tk
Gene name miRNA Expectation Inhibition Multiplicity Expression quantity Express trend
miR319 1 1.5 1% Cleavage 1 0.764797327 i Up
miR319 2 1.5 PJ#| Cleavage 1 ~0.396055 889 T Down
miR319a-3p 1.5 V1% Cleavage 1 —0.134714289 4 Down
miR319a 1 1.5 1% Cleavage 1 0.179984679 £ Up
AtrTCP6
miR319a 2.5 P Cleavage 1 —0.06725778 T Down
miR319¢ 3 2.5 )% Cleavage 1 0.137854295 1 Up
miR159a 1 3.0 1% Cleavage 1 0.073891584 £ Up
Total miRNA — — — 0.558499927 i Up
miR319 1 3.0 V1% Cleavage 1 0.764797327 £ Up
miR319 2 3.0 1% Cleavage 1 —0.396055 889 i Down
AtrTCP2 miR319a-3p 3.0 PJ#| Cleavage 1 ~0.134714289 T Down
miR319a 1 3.0 )% Cleavage 1 0.179984679 1 Up
Total miRNA — — — 0.414011828 1 Up
AtrTCPI11 miR5658 3.0 ) #| Cleavage 1 —0.227576991 T Down
AtrTCPI3 miR5658 3.0 PI#| Cleavage 1 —0.227576991 T4 Down

“Total miRNA”Z 7R F: K % FimiRNA ) SR ik #a s ; «

"Total miRNA" represents the Total expression trend of miRNA corresponding to the gene. "—" indicates no result.

—TRRTEE R
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Fig. 3 Effect of AtrTCP family on amaranth under salt stress
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Fig. 4 Expressions of AtrTCP family under light exposures
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