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Identification of SAUR gene family in Pinus tabuliformis and analysis on its
expression patterns under drought stress

Yan Jiahui Zhou Chengcheng Niu Shihui  Li Wei
(National Key Laboratory of Forest Genetics and Breeding, School of Biological Science and Technology, National Engineering

Research Center of Forest Breeding and Ecological Restoration, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This paper aims to identify the small auxin-up RNA (SAUR) family of auxin-
responsive genes in Pinus tabuliformis, analyze its basic characteristics and role in drought stress, in order to
provide a reference for the functional analysis of SAUR gene family in P. tabuliformis and other conifers.
[Method] Based on the whole genome data of P. tabuliformis, the SAUR gene family was identified by
blast comparison. The gene structure, amino acid characteristics, chromosome localization, gene evolution,
and gene function were analyzed using bioinformatics methods, and the expression patterns under drought

stress were analyzed using RNA-Seq data. [Result] (1) A total of 66 SAUR family genes were identified in
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P. tabuliformis, named PtSAUR1-PtSAUR66. Among them, 60 SAUR family members were unevenly
distributed on 9 chromosomes, mostly clustered. (2) The analysis of protein physicochemical characteristics
showed that 76% of SAUR proteins were alkaline, and the subcellular prediction results showed that 74% of
SAUR proteins can be localized in the nucleus. (3) The collinear relationship of SAUR genes of P.
tabuliformis with Ginkgo biloba and Sequoiadendron giganteum showed that, compared with G. biloba, the
homologous relationship between P. tabuliformis and S. giganteum was closer. (4) The prediction results of
cis-acting elements showed that multiple hormones (methyl jasmonate, abscisic acid, auxin, etc.) and non-
biological stress (low temperature, drought, etc.) related cis-acting elements were predicted in the promoters
of the SAUR family genes. Among them, the number of elements related to methyl jasmonate was the
highest, while the number of elements related to auxin was the lowest. (5) Systematic evolutionary analysis
showed that the SAUR family proteins of P. tabuliformis can be divided into 7 groups. There were both
SAUR proteins in P. tabuliformis, which was similar to angiosperms, as well as SAUR proteins unique to P.
tabuliformis, which was previously isolated. (6) The RNA-Seq data analysis results showed that P.
tabuliformis SAUR gene family had a certain regulatory effect on drought stress, with significant changes in
the members of PtSAUR23, PtSAURS9, and PtSAURG6 genes, suggesting that they were key genes for
drought resistance. [Conclusion] The SAUR family genes of P. tabuliformis can participate in regulating
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drought stress, among which PtSAUR23, PtSAURS9, and PtSAURG66 may play a key role in this process.

Key words: Pinus tabuliformis; SAUR gene family; drought stress; gene expression
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Tab. 1 Sequence characteristics and subcellular localization prediction of members of the SAUR gene family of P. tabuliformis
BEAK  gEmEy  AEMKE RO TR 1 T
Gene name  Gene ID Amino acid - Protein molecular Isoelectric point (PI) Predicted subcellular localization
length/aa mass/kDa
PISAUR1L  Pt0G04300 146 17.05 6.21 41 Hi% Nucleus
PtSAUR2  Pt0G10820 132 15.33 9.71 4% Nucleus
PtSAUR3  Pt0G13730 196 21.92 9.67 4344 Chloroplast
PtSAURS ~ Pt0G24890 154 17.63 6.49 4l 4% Nucleus
PtSAUR6  Pt0G42350 162 18.97 5.97 4 Hfi#% Nucleus
PiSAURT ~ Pt1G07530 114 13.01 9.87 2344 /28 B4 Chloroplast/mitochondrion
PtSAURS ~ Pt1G0O7600 114 13.03 9.30 4% Nucleus
PtSAUR9  Pt1G07630 118 13.55 9.30 Yl A% Nucleus
PtSAUR10  Pt1G08120 196 21.84 9.67 IH-4E 44 Chloroplast
PtSAURL1  Pt1G08660 142 16.28 9.45 4l fiA% Nucleus
PtSAURI2  Pt1G08670 181 20.41 9.14 4l 4% Nucleus
PtSAURI3  Pt1G08690 145 16.29 9.34 4 HfIA% Nucleus
PtSAUR14  Pt1G08700 184 20.82 8.31 4% Nucleus
PtSAUR15  Pt1G08710 145 16.36 9.23 SRR/ 2R A/4 A% Chloroplast/mitochondrion/nucleus
" e e A '
PISAURT6 — PUGO8740 136 15.53 9.32 éﬂfi&iﬁrﬁé’?ﬁ;ﬁlﬁiﬁiﬂ?ﬁ;ﬂ;f:is/mitochondrion/nucleus
PtSAUR17  Pt1G08750 128 14.60 9.30 444 Chloroplast
PtSAURIS  Pt1G08870 139 15.85 8.99 4l 4% Nucleus
PtSAUR19  Pt1G08900 142 16.21 9.35 LSRR/ £ RAA /4 HEA% Chloroplast/mitochondrion/nucleus
PiSAUR20  Pt1G09080 142 1633 9.32 4% Nucleus
PtSAUR21  Pt1G09110 144 16.27 9.13 4% Nucleus
PtSAUR22  Pt1G09150 117 13.05 9.30 YlifI% Nucleus
PtSAUR23  Pt1G09200 147 16.69 7.72 ZMALE Cytoplasm
PtSAUR24  Pt1G09260 152 17.56 9.42 M4¢44 Chloroplast
PtSAUR25 ~ Pt1G09740 154 17.46 9.10 IH-£%44/20 g% Chloroplast/nucleus
PtSAUR26 ~ Pt1G09750 152 17.27 9.14 LA /41 A% Mitochondrion/nucleus
951 Chiomplaneytoplamimpsshondtionmaendpsroxisne
PtSAUR28  Pt2G24850 117 13.09 9.10 Yl A% Nucleus
PtSAUR29  Pt2G25380 165 19.04 8.46 2R 4R/40 % Chloroplast/nucleus
PtSAUR30  Pt2G26010 158 17.90 8.41 4l fiA% Nucleus
PtSAUR31  Pt3G09210 170 19.53 9.77 4l 4% Nucleus
PtSAUR32  Pt3G29990 149 17.06 9.28 4 HfIA% Nucleus
PtSAUR33  Pt3G64810 196 22.48 8.83 H-4E 4K Chloroplast
PtSAUR34  Pt3G68980 206 23.73 8.99 R {A/40 f#% Chloroplast/nucleus
PtSAUR35S ~ Pt3G72940 201 23.08 9.78 LR /A i 5T/ Z R Chloroplast/cytoplasm/mitochondrion
PiSAUR36 ~ Pt3G72970 193 22.10 8.73 44/ 20 i #% Chloroplast/nucleus
PtSAUR37  Pt4G13060 155 17.85 8.50 2R A Chloroplast
PtSAUR38  Pt4G13090 177 19.77 8.41 4344/ 20 ffg#% Chloroplast/nucleus
PtSAUR39  Pt4G15910 136 15.23 5.05 IH-4¢ 44k Chloroplast
PtSAUR4A0  Pt5G16460 196 22.22 9.98 H-4E4A& Chloroplast
PtSAUR41  Pt5G43140 151 17.63 5.96 4l 4% Nucleus
PtSAUR42  Pt5G43160 154 17.60 6.49 4 1% Nucleus
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Tab.1 (continued)
= A1l [ 4 5 S )
ERaH  mme  AERKE RO TR g g 4R 2 o 5
Amino acid Protein molecular . X . L
Gene name Gene ID Isoelectric point (PI) Predicted subcellular localization
length/aa mass/kDa
PtSAURA3 Pt5G43260 146 16.77 5.95 2N A% Nucleus
PtSAUR44 Pt5G43280 152 17.58 5.79 M uf% Nucleus
PtSAURAS Pt5G43310 154 17.85 8.77 2N A% Nucleus
PtSAURA6 Pt5G43380 144 16.54 5.39 2N A% Nucleus
PtSAURAT Pt5G43400 137 15.49 6.06 IH-4¢4A Chloroplast
PtSAURA48 Pt6G17180 149 17.35 5.07 M HUt% Nucleus
PtSAUR49 Pt6G42330 201 23.35 10.27 IH-£344/21 A% Chloroplast/nucleus
PtSAURS0 Pt6G42410 85 9.76 7.74 2N A% Nucleus
PtSAURS1 Pt6G42420 102 12.07 9.79 IH-4¢4A& Chloroplast
0 /S A A 3 S A A e A
PISAURS2 P9G21730 163 19.18 9.46 Cell membrane/chloroplast/mitochondrion/peroxisome
PtSAURS3 PtJG06370 196 22.02 9.87 IH-4¢4A Chloroplast
PtSAURS4 PtJG14220 172 19.36 9.4 4R 4AR/41 4% Chloroplast/nucleus
PtSAURS5 PtIG14230 143 16.57 9.34 IH-£344/21 % Chloroplast/nucleus
PtSAURS6 PtJG31250 146 16.61 8.73 4% A& Chloroplast
PtSAURST  PtIG31720 158 17.93 7.69 -2 A /40 B SR /4 BB A% Chloroplast/cytoplasm/nucleus
PtSAURS8 PtJG33080 165 18.96 10.36 4544k Chloroplast
PtSAUR59  PtIG33090 227 25.74 10.22 2R /41 4% Chloroplast/nucleus
PISAUR60  PtQG10070 141 15.92 6.48 -2 A /40 B S /41 BB A% Chloroplast/cytoplasm/nucleus
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Chromosomal distribution of P. tabuliformis SAUR gene
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