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Identification of lettuce SBP transcription factor gene family and its ex-
pression analysis in stem expansion stage of stem lettuce

ZHANG Yu, MA Wenjuan, DING Yiru, LIU Tianyi, LIAN Rongqi, HUANG Ying
( College of Agriculture and Forestry, Linyt University, Linyi 276000, China)

Abstract: SBP family genes play important roles in the growth and development process of plants. In order to identi-
fy the chromosomal distribution, promoter cis-acting elements, expression characteristics in stem expansion stage and the
physicochemical properties of proteins encoded by SBP family genes, the lettuce SBP family genes were screened and iden-
tified based on the amino acid sequence of SBP protein in Arabidopsis thaliana. The chromosome localization, evolutionary

tree construction and promoter cis-acting element analysis of SBP family genes in lettuce were performed, and the interac-

tion network of proteins encoded by SBP family genes was
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TR T(2002-) %, INARFFEN AR A, 18 NS SBP genes in lettuce, and they could be classified into
DFHEYESE . (E-mail) 1291539023@ qq.com seven subgroups. The SBP genes were unevenly distributed

constructed. The expression patterns of SBP family genes
were analyzed by transcriptome sequencing and quantita-

tive real-time PCR. The results showed that there were 27

BINEE 8 32, (E-mail) hyhappy1314@ 163.com on eight chromosomes. Some SBP transcription factors
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could interact with flowering related protein LFY , ethylene response transcription factors (TOE2, TOE3, SMZ, SNZ). The

expression patterns of 13 SBP genes were changed in stem expansion stage of stem lettuce. The expression levels of LsSBP25

increased during the process of stem enlargement, while the expression levels of LsSBPI10 and LsSBP22 decreased during

the process of stem enlargement. The results of this study can provide a basis for further investigation of the role of SBP fam-

ily genes in the growth and development of lettuce.
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Table 1 Primers used in the quantitative real-time PCR ( qRT-PCR)
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%6 5 1 PCR 43 7 ( Quantitative real-time PCR,
qRT-PCR) , qRT-PCR Zr#iH LB LsTIP41 FE[H
RN ZFEA N AR T S A X Rk RS RS
BR[20] 64T, ARSI ILE 1,

R E 51151 (5'—3")

RIn51FH1(5'—3")

LsSBP10 ACACAATCGGACCATTCAACAACCA
LsSBP11 TGATGAAGTGAAGCGGAGTTGTAGG
LsSBP13 GGCGGAGGATGACTTCGTGAAC
LsSBP14 GATGATGATGAGAACTTCGGAGAGG
LsSBP15 CCAGCAGTGTAGTCGGTTCCAT
LsSBP16 ACCTCACGCTCGGCAAGTCT
LsSBP22 GGCTGAACTTGGCTGGACATACG
LsSBP25 GCGACTTTCTTTGTGGAGTTTGGTT
LsTIP41 GAGAGATTTGCTGGAGGGAAACTA

TGGCGGTGATGATGACAGAAGAGA
GATGACGATGACGATGATGGTGTGA
CGACGGTTGTGATCTGCCAATCTT
ATAACAACTGGAGCCTTGGAATGAA
GAAGATGACAGAAGAGAGGGAGCAT
CAACTGTCTGTGGCTGTGTCTGT
ACGATGGACGCCTTGGAGTGAA
TGGCAACAACTGGTGTCTTGGAAT

CCTTTGACTGATGATGTTTGGA
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Table 2 Amino acid composition and physicochemical properties of proteins encoded by SBP family genes in Lactuca sativa

S— T 9 25 1 A
15 S Ry AR RAPEAE WL IRWE FERA
(bp) WA MR G RIH REE SRR ERb o)
(aa) (%) (%) (%) (%)
LsSBPI  Lsat_1_v5_gn_1_128400 396 131 14 895.62 8.80 18.4 13.8 37.25 6.9 -1.066
LsSBP2  Lsat_1_v5_gn_1_128420 396 131 14 972.74 8.23 17.5 13.8 39.47 6.9 -1.046
LsSBP3  Lsat_1_v5_gn_1_128440 396 131 14 856.57 8.24 16.8 14.5 41.68 6.9 -0.975
LsSBP4  Lsat_1_v5_gn_1_14540 768 255 28 842.54 9.13 14.2 8.2 58.47 8.7 -0.682
LsSBP5  Lsat_1_v5_gn_1_30300 654 217 24 291.70 9.31 15.2 12.5 75.44 5.1 -0.650
LsSBP6  Lsat_1_v5_gn_1_39821 2 844 947 105 915.58 6.11 10.9 9.8 80.99 8.1 -0.372
LsSBP7  Lsat_1_v5_gn_3_31000 1116 371 41 514.14 8.88 12.4 9.4 59.33 7.5 -0.799
LsSBPS  Lsat_1_v5_gn_3_37960 507 168 18 638.03 9.18 19.6 9.0 45.36 3.6 -0.976
LsSBP9  Lsat_1_v5_gn_4_113241 1 038 345 39 054.96 8.25 11.3 8.4 69.74 7.2 -0.593
LsSBPI10 Lsat_1_v5_gn_4_1141 849 282 31 127.74 9.78 11.3 9.9 57.09 6.5 -0.699
LsSBPI11 Lsat_1_v5_gn_4_184960 957 318 35 652.73 9.20 12.5 8.2 54.56 8.1 -0.821
LsSBPI12 Lsat_1_v5_gn_4_421 1 323 440 48 662.75 8.61 11.2 8.2 55.34 8.9 -0.758
LsSBP13 Lsat_1_v5_gn_4_44160 861 286 32 056.19 8.60 10.5 8.7 51.54 8.3 -0.900
LsSBP14 Lsat_1_v5_gn_4_52201 345 114 12 846.25 5.67 15.8 9.7 35.79 4.4 -1.135
LsSBP15 Lsat_1_v5_gn_4_81541 603 200 22 408.00 8.95 12.5 8.5 51.65 8.0 -0.740
LsSBP16 Lsat_1_v5_gn_5_12360 1212 403 44 263.10 8.54 9.2 11.6 51.56 6.7 -0.788
LsSBP17 Lsat_1_v5_gn_5_173240 387 128 14 316.14 9.02 16.4 13.3 47.19 3.9 -1.079
LsSBP18 Lsat_1_v5_gn_5_81161 876 291 32 839.23 6.99 11.0 8.9 56.29 7.2 -0.818
LsSBP19 Lsat_1_v5_gn_6_117840 2 799 932 103 936.45 6.63 11.4 9.4 79.77 6.9 -0.437
LsSBP20 Lsat_1_v5_gn_6_14240 2 316 771 86 288.67 6.34 11.1 8.3 81.04 6.7 -0.336
LsSBP21 Lsat_1_v5_gn_7_11040 1575 524 57 884.65 8.79 11.2 9.2 53.84 7.8 -0.613
LsSBP22 Lsat_1_v5_gn_7_11081 756 251 28 251.76 6.94 10.4 10.4 68.45 7.2 -0.605
LsSBP23  Lsat_1_v5_gn_8_134640 507 168 19 125.24 8.99 17.2 12.5 45.89 6.0 -1.136
LsSBP24  Lsat_1_v5_gn_8_70141 1038 345 38 692.50 8.55 12.2 8.4 63.88 8.9 -0.527
LsSBP25 Lsat_1_v5_gn_9_23041 252 83 9 394.56 8.35 13.2 9.6 56.27 9.6 -0.514
LsSBP26  Lsat_1_v5_gn_9_28021 1047 348 37 161.08 7.66 9.1 9.8 59.68 7.7 -0.599
LsSBP27 Lsat_1_v5_gn_9_48121 4 086 1361 150 845.17 6.95 11.2 11.0 76.00 7.1 -0.498
2.4 SBP ®REFEIEMLE I AGLS SEAFTEAHEAE R, B LsSBP1,LsSBP2

BT SBP BRI T HAEMGK K 3 v, £ LsSBP3 AIfE2 5 T L AT idfE, £ SBP #
A~ LsSBP #% 5% A F ( LsSBP1, LsSBP2. LsSBP3, SER 0 SP12 (5% LsSBP7., LsSBP12 ., LsSBP18 .
LsSBP4 ., LsSBP13, LsSBP22. LsSBP17. LsSBP27,  LsSBP24) . SPLI16 ( #{ LsSBP5) . SPL6 ( 8, LsSBP4
LsSBP26) SHH¥I4E & B M EHE [ LFY fAEMEAE  LsSBP9) \SPL1-2( 5 LsSBP6 ., LsSBP19) . SPLI14 ( 5
FHY . B T LFY 4b, SPLA ( 8% LsSBP1, LsSBP2,  LsSBP17. LsSBP27) . SPL4 ( af LsSBP1. LsSBP2,
LsSBP3) 55 [ 75 AP2 28Uy 2 M i) i % 55 1 LsSBP3) \SPL8( Y LsSBP13 LsSBP22) & SPL10( Bf
F(TOE2 TOE3 SMZ SNZ) 4E K B3 MADS-box  LsSBP21) 5fifi%h &85 1 SBP2 HIfF/E AT AR
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Fig.1 Phylogenetic tree of SBP family genes in Lactuca sativa, Arabidopsis thaliana and Oryza sativa
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Fig.3 Interaction network of SBP transcription factors in lettuce
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Fig.4 Cis-acting elements of SBP family gene promoters in lettuce
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