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The INDETERMINATE DOMAIN (IDD) gene family encodes hybrid transcription factors with

distinct zinc finger motifs and appears to be found in all higher plant genomes. In the

model plants Arabidopsis thaliana and Oryza sativa, IDD genes have been identified

throughout the genome, and the functions of many members have been studied. However,

few studies have been done on the IDD gene family in Rosaceae species (only Malus

domestica has a completed genome-wide identification of the IDD gene family). This study

focuses on a comparative genomic analysis of the IDD gene family in five Rosaceae

species (Pyrus bretschneideri, Fragaria vesca, Prunus mume, Rubus occidentalis, and

Prunus avium). We identified a total of 68 IDD genes: 16 genes in Chinese white Pyrus

bretschneideri, 14 genes in Fragaria vesca, 13 genes in Prunus mume, 14 genes in Rubus

occidentalis and 11 genes in Prunus avium. The evolution of the IDD genes of these five

Rosaceae species was revealed by constructing a phylogenetic tree, tracking gene

duplication events, and performing a sliding window analysis and a conserved

microsynteny analysis. The expression analysis of different tissues showed that most of

the pear IDD genes had a very high transcription level in fruit, flower, and bud. Combining

our results with previous research, we speculate that PbIDD2 and PbIDD8 may participate

in flowering induction in pear. Temporal expression analysis showed that the expression

patterns of PbIDD3 and PbIDD5 were completely opposite to the accumulation pattern of

fruit lignin and stone cell content. Combining the results of the composite phylogenetic

tree and expression pattern analysis showed that PbIDD3 and PbIDD5 might be involved in

the metabolism of lignin and secondary cell wall (SCW) formation. In summary, we provide

basic information about the IDD genes of five Rosaceae species, thus providing a

theoretical basis for studying the function of these IDD genes.
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10 Abstract

11 The INDETERMINATE DOMAIN (IDD) gene family encodes hybrid transcription factors with distinct zinc finger motifs 

12 and appears to be found in all higher plant genomes. In the model plants Arabidopsis thaliana and Oryza sativa, IDD genes have 

13 been identified throughout the genome, and the functions of many members have been studied. However, few studies have been 

14 done on the IDD gene family in Rosaceae species (only Malus domestica has a completed genome-wide identification of the IDD 

15 gene family). This study focuses on a comparative genomic analysis of the IDD gene family in five Rosaceae species (Pyrus 

16 bretschneideri, Fragaria vesca, Prunus mume, Rubus occidentalis, and Prunus avium). We identified a total of 68 IDD genes: 16 

17 genes in Chinese white Pyrus bretschneideri, 14 genes in Fragaria vesca, 13 genes in Prunus mume, 14 genes in Rubus 

18 occidentalis and 11 genes in Prunus avium. The evolution of the IDD genes of these five Rosaceae species was revealed by 

19 constructing a phylogenetic tree, tracking gene duplication events, and performing a sliding window analysis and a conserved 

20 microsynteny analysis. The expression analysis of different tissues showed that most of the pear IDD genes had a very high 

21 transcription level in fruit, flower, and bud. Combining our results with previous research, we speculate that PbIDD2 and 

22 PbIDD8 may participate in flowering induction in pear. Temporal expression analysis showed that the expression patterns of 

23 PbIDD3 and PbIDD5 were completely opposite to the accumulation pattern of fruit lignin and stone cell content. Combining the 

24 results of the composite phylogenetic tree and expression pattern analysis showed that PbIDD3 and PbIDD5 might be involved in 

25 the metabolism of lignin and secondary cell wall (SCW) formation. In summary, we provide basic information about the IDD 

26 genes of five Rosaceae species, thus providing a theoretical basis for studying the function of these IDD genes.

27 INTRODUCTION

28 Zinc finger proteins are transcription factors with a finger-like domain. They are widely distributed in animals and 

29 microorganisms, as well as the plant kingdom (Miller et al., 1985). The zinc finger proteins found in all plant eukaryotic lineages, 
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30 which means they may be derived from a common eukaryotic ancestor. Zinc finger proteins have been identified and functionally 

31 analysed in several plant species, such as Jatropha curcas (Shi et al., 2018), Oryza sativa (Zhang et al., 2018), Musa acuminata 

32 (Chen et al., 2014), Gossypium hirsutum (Ren et al., 2018). One group of this large family of proteins, the INDETERMINATE 

33 DOMAIN (IDD) proteins, have a highly conserved ID domain (Colasanti et al., 1998), which has typical C2H2 and C2HC zinc 

34 finger motifs (Wu et al., 2008). C2H2 zinc finger transcription factors are one of the most thoroughly studied transcription factor 

35 families (Agarwal et al., 2007; Wei et al., 2016). The C2H2 zinc finger transcription factors contain tandem repeat segments of 

36 approximately 30 amino acids, all of which have a highly conserved amino acid sequence: (F/Y)-XC-X2-5-C-X3-(F/Y)-X5-psi-

37 X2-H-X3-5-H (wherein C and H represent cysteine and histidine, respectively, X means any amino acid at this position, and psi 

38 means a hydrophobic residue) (Parraga et al., 1988). This particular sequence structure can bind to Zn2+ and fold to form a 

39 structure with two β-sheets and an α-helix. Zn2+ mainly plays a role in linking individual amino acid chains and is also the key to 

40 the function of zinc finger protein (Islam et al., 2009; Tian et al., 2010).

41 The INDETERMINATE DOMAIN (IDD) protein family is a special type of C2H2 zinc finger subgroup. These proteins 

42 have a highly conserved ID domain with an N-terminal nuclear localization signal (NLS) and four distinct zinc finger motifs 

43 (ZF1, ZF2, ZF3, and ZF4) (Colasanti et al., 2006; Kozaki et al., 2004). In addition to having two canonical zinc fingers in the 

44 IDD gene, these proteins also have two unusual CCHC fingers, one of which is also associated with the zinc finger domain in the 

45 Saccharomyces cerevisiae SW15 protein (Kozaki et al., 2004). Among the species having a complete genome-wide identification 

46 of the IDD gene family, Malus domestica has a higher number of IDD genes than Arabidopsis thaliana, Oryza sativa, and Zea 

47 mays (Colasanti et al., 2006; Fan et al., 2017). Thus far, the functions of some IDD genes have been identified, mainly those from 

48 Arabidopsis thaliana (IDD genes with similar functions have also been reported in Oryza sativa and Zea mays). The function of 

49 the IDD gene involves the seed germination (AtIDD1, 2, ZmIDD9, ZmIDDveg9) (Feurtado et al., 2011; Yi et al., 2015), leaf and 

50 flower development (AtIDD4, 14, 15, 16) (Cui et al., 2013), flowering regulation (ZmID1, AtIDD8, OsID1) (Colasanti et al., 1998; 

51 Seo et al., 2011; Park et al., 2008), starch metabolism (AtIDD5) (Ingkasuwan et al., 2012), the regulation of plant gravitropism 

52 (AtIDD14, 15, 16, LPA1, OsIDD16, 18), root development and nitrogen metabolism (AtIDD3, 8, 9, 10) (Jeong et al., 2015; 

53 Coelho et al., 2018).

54 Pear, belonging to the Rosaceae family, is widely cultivated around the world and is popular because of its unique flavour. 

55 There is a long history of eating pears in China, and the variety of pear cultivars grown is very wide. 'Dangshan Su' pear (Pyrus 

56 bretschneideri cv. Dangshan Su) is a white pear cultivar, a characteristic pear type produced in Dangshan County, Anhui 

57 Province, China. Because of its good quality and high medicinal efficacy, the fruit has a very high market value (Hamauzu et al., 

58 2007; Huang et al., 2010; Zhang et al., 2017). The stone cells in the pear flesh are an important source of this pear's unique taste, 

59 and the content of stone cells is a key factor in determining the quality of pear fruit (Cai et al., 2010; Yan et al., 2014). However, 

60 there are few reports on fruit development; the relationship between the IDD gene and fruit development is only reported for 

61 Musa acuminata (Chen et al., 2014). In Musa acuminata, the expression of MaIDD is related to development and to fruit ripening. 

62 In Malus domestica, the IDD gene also appears to play a role in regulating flower induction. In addition, we also found that some 

63 zinc finger proteins are involved in plant SCW formation. For example, the CCCH-tandem zinc finger protein IIP4 (Zhang et al., 

64 2018), Arabidopsis thaliana C3H14, C3H15 (Chai et al., 2015) and OsIDD2 in Oryza sativa (Huang et al., 2018). Although the 

65 function of several IDD genes has been studied, it remains unknown whether the IDD gene participates in regulating flower 

66 induction, fruit development, lignin biosynthesis, and SCW formation in Pyrus bretschneideri, although their basic function can 

67 be illustrated by the evolution of pear IDD family genes.

68 Among Rosaceae species, genome-wide identification of the IDD gene was performed only in Malus domestica (Fan et al., 

69 2017). Currently, the genome-wide identification of this gene family has not been reported in Pyrus bretschneideri. The function 
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70 of these IDD genes in different tissues of Chinese white pear (Pyrus bretschneideri) is not clear. In this study, we identified the 

71 IDD genes of five Rosaceae Plants and performed a comparative genomic analysis. Woodland strawberry (Fragaria vesca) is a 

72 perennial herb with edible fruits and grows well in most parts of the Northern Hemisphere. Genome-wide sequencing was first 

73 reported in 2011 (Shulaev et al., 2011). Japanese apricot (Prunus mume) has great ornamental value, and in some Asian countries, 

74 the fruit of this tree are used for cooking and flavouring. Sweet cherry (Prunus avium), which originates in Europe, is an 

75 important economic tree species (Tavaud et al., 2004). A new report on the de-genomic sequence of Prunus avium was reported 

76 in 2017 (Shirasawa et al., 2017). Finally, black raspberry (Rubus occidentalis L.) is a specialty fruit crop that is grown in the 

77 Pacific Northwest of the United States, with a unique flavour and rich nutritional value. Whole-genome sequencing work for this 

78 species was reported in 2017 (VanBuren et al., 2017). These four species belong to the same family and have a close evolutionary 

79 relationship. We attempted to understand the evolution of the pear IDD gene family by comparative genomic analysis to further 

80 predict and analyse the function of the Chinese white pear IDD gene family members.

81 MATERIALS AND METHODS

82 Identification of IDD Genes in Five Rosaceae Plants

83 In this study, the Chinese white pear genome database was obtained from the Pear Genome Project. 

84 (http://peargenome.njau.edu.cn/). The genome databases of three Rosaceae plants (Fragaria vesca, Rubus occidentalis, Prunus 

85 avium) were downloaded from GDR (https://www.rosaceae.org/). The genome sequence data of Prunus mume is downloaded 

86 from the P. mume genome project (http://prunusmumegenome.bjfu.edu.cn/). DNATOOLS software was used to create a local 

87 database containing the amino acid sequences of the five Rosaceae plants’ IDD genes (Cao et al., 2016a). To identify the IDD 

88 genes of these five Rosaceae species, we used the following methods. First, the Arabidopsis thaliana (16) and Malus domestica 

89 (20) IDD gene sequences were collected for use as query sequences in TBlastN with the default E-value (Supplementary Table 

90 S1). We compared these sequences with the local database sequences of the above five Rosaceae species. Then, the IDD 

91 candidate gene sequences initially screened by BLAST were tested using SMART online software to test whether they contained 

92 a zinc finger domain (http://smart.embl-heidelberg.de/) (Letunic et al., 2012). Finally, each candidate sequence containing a zinc 

93 finger domain was manually checked for an IDD domain. We discarded the protein sequences lacking a full IDD domain and 

94 redundant sequences. Finally, we isolated the candidate IDD gene sequences. The ExPASy online site was used for investigating 

95 the molecular weights of IDD proteins (http://web.expasy.org/protparam/) (Artimo et al., 2012). Prediction of subcellular 

96 localization results for all IDD proteins was performed on the WoLFPSORT website (http://www.g enscript.com/wolf-psort.html) 

97 (Horton et al., 2007).

98 Phylogenetic Analysis

99 Sequence alignment of all IDD proteins was done using the ClustalW tool in MEGA 7.0 software. The phylogenetic tree 

100 was constructed using MEGA 7.0 software using the maximum likelihood (ML) (bootstrap = 1000) (Kumar et al., 2016). The 

101 Malus domestica IDD gene sequence used in phylogenetic tree was derived from the results of Fan et al (Fan et al., 2017). The 

102 sequences of Arabidopsis thaliana, Oryza sativa and Zea mays were obtained from the article by Colasanti (Colasanti et al., 

103 2006).

104 IDD gene Structures and Conserved Motif Prediction

105 IDD gene structures were compared using Gene Structure Server (http://gsds.cbi.pku.edu.cn) (Guo et al., 2007). The motifs 
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106 of the IDD genes in these five Rosaceae species were analysed using MEME online analysis software 

107 (http://meme.sdsc.edu/meme4_3_0/intro.html) (Bailey et al., 2015). Parameters for the conserved motif prediction were motif 

108 width greater than 6 and less than 200. The number of identified motifs was 20.

109 Chromosomal Location, Gene Duplication and Ka/Ks Ratio Analysis

110 Five Rosaceae species chromosome start positions and other relevant information about the IDD genes were obtained from 

111 the public genome database. The chromosomal physical locations of the IDD genes of all five Rosaceae species were mapped 

112 using MapInspect software (http://mapinspect.software.informer.com) (Hu et al., 2011; Lin et al., 2011; Zhu et al., 2015). To 

113 define gene duplication events, we mainly relied on the following principles: 1, The similarity of the two gene-coding sequences 

114 (CDS) was more than 80%. 2, If the two genes were located on the same chromosome and separated by at least 200 kb, we 

115 considered these two genes tandem-duplicated genes. 3, If the two genes were located on different chromosomes, they were 

116 called segmentally duplicated genes (Long & Thornton, 2001). DnasP v5.0 software was used to calculate non-synonymous (Ka) 

117 and synonymous substitution (Ks) values and perform sliding window analysis. Parameters for sliding window analysis were 

118 window size 150 bp and step size 9 bp (Librado & Rozas, 2009).

119 Microsynteny analysis and Chinese white pear IDD gene promoter Cis-acting element analysis

120 We obtained the promoter sequence of each IDD gene from the Chinese white pear genome database, including the DNA 

121 sequence of the initiation codon (ATG) located 1500 bp upstream of each IDD gene. The online software Plantcare was used to 

122 analyse the cis-acting elements of the promoter region (http://bioinformatics.psb.ugent.be/webtools/plantcarere/html/) (Rombauts 

123 et al., 1999). The microsynteny of 6 Rosaceae species (we added the IDD genes of Malus domestica) was identified using the 

124 Multiple Collinearity Scan toolkit (MCSscanX) (Abdullah et al., 2018).

125 RNA extraction and qRT-PCR

126 The plant material used in this experiment was the 'Dangshan Su' pear, which grows in the Yuanyichang agricultural park 

127 (Dangshan County, Anhui Province, China). 'Dangshan Su' pear belongs to the white pear cultivar. In April 2017, we began 

128 collecting materials of various tissues of pear. The fruits were picked at 15 days after pollination (DAP), 39DAP, 47DAP, 

129 55DAP, 63DAP, 79DAP and 145DAP. Treatment buds of 'Dangshan Su' pear tissue-cultured seedlings with Gibberellin (GA) 

130 (700 mg�L−1) and sucrose (20,000 mg�L−1) (Fan et al., 2017). Samples collected were selected for 0 h post-treatment (HPT), 

131 2HPT, 4HPT, 6HPT, 8HPT, 12HPT, 24HPT. RNA was extracted from plant material (including fruits and various tissues) using 

132 the Tiangen (Beijing, China) plant RNA extraction kit. Reverse transcription was performed using a PrimeScriptTM RT reagent 

133 kit with gDNA Eraser (Takara, Japan). Each reaction used 1 μg of RNA. The qRT-PCR primers for the pear IDD genes were 

134 designed using Beacon Designer 7 software (Supplementary Table S8). The qRT-PCR system consisted of 20 μL: 10 μL of 

135 SYBR® Premix Ex Taq™ II (2×) (Takara, Japan), 2 μL of cDNA and 0.8 μL of PbIDD-F and PbIDD-R. The reaction procedure 

136 followed the instruction manual, and it was run in three repetitions. We used the 2–ΔΔCt method for the calculation of relative 

137 expression (Livak & Schmittgen, 2001).

138 RESULTS

139 1, Identification, Characterization and Phylogenetic Analysis of IDD Genes

140 A total of 68 IDD proteins were identified and used for further analysis (Table 1; Supplementary Table S1). In Chinese 
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141 white pear, we identified 16 IDD proteins (PbIDD1-PbIDD16). We identified a total of 52 IDD proteins in the other four species, 

142 including 14 in Fragaria vesca (FvIDD1-FvIDD14), 13 in Prunus mume (PmIDD1-PmIDD13), 14 in Rubus occidentalis 

143 (RoIDD1-RoIDD14), and 11 in Prunus avium (PaIDD1-PaIDD11). Although only 11 IDD proteins were identified in Prunus 

144 avium, the numbers of IDD proteins in the other species were very similar but fewer than the number of IDD proteins in Malus 

145 domestica (20). We used ExPASy software to calculate the physicochemical parameters of the IDD gene (Supplementary Table 

146 S2). We identified 68 IDD genes with isoelectric points (pIs) greater than 7. The lowest pI value is 7.76 (PaIDD8), while the 

147 highest pI value is 9.45 (FvIDD4) in these Rosaceae species. The molecular weights of these IDD genes are quite different, 

148 ranging from 42.0 kDa to 79.6 kDa for PaIDD10 and PmIDD8. The number of amino acids in the IDD proteins is also quite 

149 different. PbIDD14 contains the fewest (only 381) amino acids, while PmIDD8 has the largest number (728). The grand average 

150 of hydropathicity (GRAVY) of all 68 IDD genes was less than 1, and the GRAVY value of PbIDD15 was the smallest (-0.914). 

151 A phylogenetic tree of a total of 98 IDD proteins was built using the maximum likelihood (ML) method (Figure 1). Based 

152 on the phylogenetic tree, we identified four phylogenetic groups (groups 1-4). Group 1 had the most members, containing all six 

153 Rosaceae species and 44 IDD genes: Pyrus bretschneideri (8), Fragaria vesca (7), Prunus mume (6), Rubus occidentalis (7), 

154 Prunus avium (6), and Malus domestica (10). In groups 3 and 2, we identified 21 and 14 IDD genes, respectively. Group 4 had 

155 the fewest members; in Pyrus bretschneideri, Fragaria vesca, Prunus mume, and Rubus occidentalis, only two IDD genes were 

156 found (in each); 1 IDD gene was found in Prunus avium; and no IDD gene was found in Malus domestica. ZmID1 was grouped 

157 into a class by itself. We found that most PbIDD genes were more tightly grouped with Malus domestica. In addition, the IDD 

158 genes of some Rosaceae species were closely related to those of Arabidopsis thaliana and Oryza sativa; PbIDD3, PbIDD5, 

159 FvIDD3, RoIDD4, PmIDD3, and PaIDD4 were included in group 1 and were closely related to OsIDD2; FvIDD12, RoIDD9, 

160 PmIDD11, PaIDD5 and AtIDD3, 8 were closer; and AtIDD1 was in group 3, clustered with 7 Rosaceae IDD genes.

161 2, Structural and Conserved Motif Analysis of IDD Proteins

162 To more comprehensively analyse the structural diversity of the five Rosaceae species’ IDD genes, we created exon-intron 

163 pattern maps of all 68 IDD genes (Figure 2). Of the 34 IDD genes in group 1, 25 genes had 3 exons, and 6 genes had two exons. 

164 Additionally, FvIDD7 (4), RoIDD6 (5), PmIDD8 (6) had a large number of exons. In group 2, FvIDD11 had two exons, PbIDD7 

165 had four exons, and all other members had three exons. Group 3 was a subfamily with a complex gene structure: eleven genes 

166 had four exons, and four genes had three exons. All members of group 4 had a gene structure comprising 3 exons. The lack of 

167 high similarity between the 68 IDD genes allowed us to better understand the conserved motifs of these IDD genes. We used 

168 MEME software to identify 20 conserved motifs (Figure 2; Supplementary Table S3). Motif 2, motif 3, motif 1 and motif 4 were 

169 identified to encode the ID domain, while the remaining motifs did not have functional annotations. As shown in figure 3, motif 2, 

170 motif 3, motif 1 and motif 4 represented zinc fingers ZF1, ZF2, ZF3, and ZF4, respectively. The four conserved motifs 

171 constituted a conserved ID domain, while these four conserved motifs represented two C2H2 and two C2HC structures (ZF1 and 

172 ZF2 belonged to C2H2, and ZF3 and ZF4 belonged to C2HC). Two C2H2 and two C2HC structures were identified by sequence 

173 alignment of the conserved ID domains of five species and the results showed that the ID domain was highly conserved. Cysteine 

174 (C) and histidine (H) in each zinc finger domain were conserved in each species, consistent with previous studies (Supplementary 

175 Figure S1-5). All 68 IDD genes had motifs 1-4. These four motifs were thus the most conserved. At the same time, we found that 

176 some members of the same group and the more closely related members had highly similar motif compositions (e.g., FvIDD7, 

177 RoIDD6 in group 1 and PmIDD10, PaIDD9 in group 2). These genes were closely related and had exactly the same motif 

178 compositions. We also identified certain group-specific motifs, such as motif 12, motif 17,  motif 20 in members of group 4 and 

179 motif 19 in some members of group 1.
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180 We also identified nuclear localization signal (NLS) in the N-terminal border of these IDD genes (Supplementary Figure 6). 

181 According to previous studies, this NLS is usually KKKR or KRKR (Colasanti et al., 2006). Of the five Rosaceae species, not all 

182 members have NLS. For example: PbIDD13, 14; FvIDD10, 11, 12; PmIDD11, etc. In addition to the conserved IDD domain, we 

183 also found two C-terminal domains (MSATALLQKAA and TRDFLG) in some members (Figure 2; Supplementary Figure S1-5). 

184 These two C-terminal domains are encoded by motif6 and motif7 respectively. All 9 members of group 4 lacked both motif 6 and 

185 motif 7. In group 1, PaIDD10 did not have motif 6, and PbIDD14 and PmIDD8 lacked motif 7. All members of group 2, 3 

186 contained these two motifs. The lack of these two conserved sequences at the C-terminus of some IDD genes may be the reason 

187 that the members of group 4 were clustered into a single category and may also underlie differences in the functions of these 

188 proteins (Figure 1).

189 3, Chromosomal Location and Duplication Events of IDD Family Genes in Rosaceae

190 Based on the complete genome sequences of the five Rosaceae species, the exact chromosomal locations of all 68 IDD 

191 genes were identified (Figure 4). In Pyrus bretschneideri, the 16 IDD genes were distributed on chromosomes 3, 4, 8, 9, 11, 12, 

192 14, 15, 16, 17. In Fragaria vesca, the IDD genes were distributed on chromosomes 1, 2, 3, 4, 5, 6. In Rubus occidentalis, the IDD 

193 genes were mainly distributed on chromosomes 2, 4 and 6. Several other IDD genes were distributed on chromosomes 1, 3 and 5. 

194 In Prunus mume, except PaIDD5, which could not be mapped to any chromosome, the IDD genes were distributed on 

195 chromosomes 1, 2, 4, 6, 7, 8. However, in Prunus avium, 4 IDD genes were distributed on chromosome 1 and the remaining 7 

196 IDD genes were distributed on chromosomes 3, 5, 6, 7, 8. Only 4 pairs of duplicated genes were identified in pear (Figure 4). All 

197 duplicated genes identified in Pyrus bretschneideri were segmental duplications.

198 To clarify the driving forces of gene duplication and explore the impact of these genes on evolutionary processes, we 

199 calculated the Ka, Ks and Ka/Ks ratio for the 4 duplicated gene pairs in Pyrus bretschneideri. Ka/Ks=1 is the cut-off value that 

200 indicates neutral selection, Ka/Ks<1 represents negative selection and Ka/Ks>1 represents positive selection (Bitocchi et al., 

201 2017). For all four duplicated gene pairs identified in Pyrus bretschneideri, the Ka/Ks values were less than 0.2726 

202 (Supplementary Table S4). In the evolutionary processes of genes, positive selection may be overshadowed by strong negative 

203 selection (Han et al., 2016). Therefore, to comprehensively explain the selection pressure of IDD genes, we performed a sliding 

204 window analysis of the 4 pairs of IDD paralogues in pears (Supplementary Figure S7). Most coding site Ka/Ks ratios were less 

205 than one, with exceptions for one or several distinct peaks (Ka/Ks > 1). The Ka/Ks ratios of the conserved IDD domains were 

206 less than 1.

207 4, Microsynteny and Evolutionary Analysis of the IDD Gene Family

208 To identify interspecific microsynteny, we visualized the location of homologous and orthologous genes. A total of 30 

209 orthologous gene pairs were identified in five Rosaceae species (Figure 5; Supplementary Table S5). These include 1, 8, 3, 6, 12 

210 collinear gene pair identified between Pyrus bretschneideri and Fragaria vesca, Prunus mume, Rubus occidentalis, Prunus avium, 

211 Malus domestica, respectively. It is worth noting that PbIDD2 also had a collinear relationship with the members of the MdIDD, 

212 PmIDD, and PaIDD families. On the other hand, two IDD genes from pear matched with one pair of Prunus mume or Rubus 

213 occidentalis genes. For example, PbIDD9 and PbIDD10 were orthologous to PmIDD9, while PbIDD9 and PbIDD10 were to 

214 orthologous to RoIDD7. 

215 However, we did not identify any orthologous gene pair between Pyrus bretschneideri and Oryza sativa, Zea mays, 

216 Arabidopsis thaliana. In addition, we compared the other four Rosaceae species with these three species, and the results did not 

217 identify any orthologous gene pair. To further study the evolution of IDD genes, we collected IDD genes from four 
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218 monocotyledons (Musa acuminata, Sorghum bicolor, Zea mays, Oryza sativa) and two dicotyledons (Vitis vinifera, Arabidopsis 

219 thaliana). A phylogenetic tree of the 12 species genomes used for evolutionary analysis of IDD gene family (Supplementary 

220 Table S8A). Several Rosaceae species have a closer relationship and are more distant from monocots. This result is basically 

221 consistent with the results of the phylogenetic tree constructed by all IDD genes of 12 species (Supplementary Table S8B). We 

222 have identified 12 classes (classI-XII). Pyrus bretschneideri and Malus domestica, Prunus avium and Prunus mume IDD genes 

223 often cluster into one class. The IDD genes of monocotyledons are closely related, such as classX and classXI, which are only 

224 composed of IDD genes of monocotyledons. ZmID1, OsID1, SbID1 are closely related, but we have not found orthologous gene 

225 of ID1 gene in several other species. In class III, we identified all species except Malus domestica. The IDD genes in this 

226 subfamily did not have complete MSATALLQKAA and TRDFLG domains.

227 5, Analysis of Cis-acting Elements in the Promoters of the IDD Genes in Chinese White Pear

228 Plant IDD genes may be involved in multiple biological processes, and hormones affect their expression. We predicted the 

229 cis-acting elements of 16 Chinese white pear IDD gene promoters (Figure 6; Supplementary Table S7). Thirteen IDD genes 

230 (except PbIDD7, 9, 10) contained at least one G-Box, which is a light-responsive element, indicating that the expression of these 

231 genes may be regulated by light. Eight Pyrus bretschneideri IDD genes had HSE, and 11 members contained MBS components. 

232 TC-rich repeats, which are cis-acting elements involved in defence and stress responsiveness, were identified in PbIDD1, 6, 7, 9, 

233 10, 12, 14, and 16. In addition, there were many cis-acting elements related to the responses to hormones, including responses to 

234 abscisic acid (ABRE), methyl jasmonate (MeJA) (CGTCA-motif, TGACG-motif), gibberellin (P-box, GARE-motif), auxin 

235 (TGA-element), and salicylic acid (TCA-element). The auxin-related TGA-element was identified in only five members 

236 (PbIDD1, 2, 4, 8, 13), which was the least number of elements components found. A total of 41 Cis-acting elements associated 

237 with MeJA were found in 9 members, and these were the most abundant Cis-acting elements. Cis-acting elements responding to 

238 gibberellin were the most widespread, and twelve of the Pyrus bretschneideri 16 IDD genes had this element. The related Cis-

239 acting elements of abscisic acid and salicylic acid were identified in 10 and 9 members, respectively. We found that PbIDD1 has 

240 Cis-acting elements related to the above five hormones, whereas PbIDD9 only has cis-acting elements that are responsive to 

241 MeJA. Of the 16 pear IDD genes, 12 contained 19 CGTCA-motifs, and TCA-elements appeared in the promoter regions of 10 

242 members, for a total of 22 genes. In addition, the CAT-box and the CCGTCC-box were found in 11 members (PbIDD1, 2, 3, 4, 5, 

243 6, 7, 8, 9, 12, 14); these are Cis-acting elements related to meristem expression.

244 6, Expression Characteristics of Pear IDD Genes

245 To deepen our understanding of the Chinese white pear IDD gene family, we investigated the expression patterns of PbIDDs 

246 in different tissues (Figure 7). Among the 16 members, PbIDD4, 9, 11 were highly expressed in bud; however, their expression 

247 was extremely low in other tissues. PbIDD1 and 10 were mainly expressed in flower. PbIDD2, 6, 8, 15 were mainly expressed in 

248 fruit, flower, and bud. Among them, PbIDD2 and 8 had the highest expression levels in bud, while PbIDD6 and 15 had the 

249 highest expression levels in fruit. PbIDD5, 12, 16 were detected in multiple tissues. The main difference was found in the 

250 expression levels in leaves: PbIDD12 was highly expressed in leaves, while the expression level of PbIDD5 in leaves was the 

251 lowest among the 5 tissues in which it is expressed. PbIDD16 had almost no expression in the leaves. PbIDD3, 7, 13 were mainly 

252 expressed in the fruit of Chinese white pear, and PbIDD3 and 7 showed almost no expression in other tissues.

253 We investigated the expression patterns of 16 IDD genes at 7 developmental stages of Chinese white pear fruit (Figure 7). 

254 No expression of PbIDD14 was detected in all tissues of Chinese white pear. The expression level of PbIDD1 peaked at 39DAP 

255 and was low during the other six fruit developmental stages. The peaks of PbIDD2, 7, 8, 11, 13, and 16 expression also appeared 

256 at 39DAP, but high expression was also detected in the early developmental stages (15, 47DAP). In the late developmental stages 
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257 of fruit (79, 145DAP), these genes were expressed at a medium level. PbIDD6, 15 had a similar expression pattern to the above 

258 genes, except that PbIDD6, 15 were detected in the early developmental stages of fruit but were expressed at extremely low 

259 levels in the late developmental stages of fruit. PbIDD9 had a high transcription level at 63, 145DAP and PbIDD12 is mainly 

260 expressed at 79DAP. PbIDD10 had two expression peaks, one at 39DAP and another at 55DAP. PbIDD3, 5 had the same 

261 expression pattern; these two genes are mainly expressed in the early stage of fruit development; thereafter, the expression level 

262 is gradually decreased.

263 7, Gibberellin and Sugar Response Pattern Analysis of PbIDDs

264 Chinese white pear PbIDD2, 5, 6, 8, 9, 12, 16 are mainly expressed in bud and flower. We treated the bud of Chinese white 

265 pear with exogenous GA and sucrose to investigate the expression pattern of PbIDD2, 5, 6, 8, 9, 12, 16 under GA and sucrose 

266 treatment (Supplementary figure S9). Under exogenous GA treatment, PbIDD2, 5, 6, 8, 9, 12, 16 showed three different 

267 expression patterns (activation, inhibition and invariance). There was no significant change in the transcriptional level of PbIDD5, 

268 9 under exogenous GA treatment. The expression levels of PbIDD2, 8 continued to decrease after exogenous GA treatment, 

269 indicating that the expression of PbIDD2, 8 was inhibited by GA. PbIDD6, 12 showed a significant increase in expression after 

270 GA treatment (reaching a peak at 3HPT); thereafter, the expression level gradually decreased to untreated levels. PbIDD16 

271 reached the maximal expression levels at 2, 4HPT. Overall, the expression of PbIDD6, 12, 16 showed activation by GA. The 

272 transcription levels of PbIDD2, 8 increased gradually after sucrose treatment in Chinese white pear bud. The expressions of 

273 PbIDD5, 12, 16 were not always induced by sucrose. The lowest expression levels of PbIDD5, 12 were found at 4HTP, while the 

274 lowest expression level of PbIDD16 was observed at 1HTP. The expressions of PbIDD6, 9 were inhibited by sucrose.

275 DISCUSSION

276 IDD gene family encode hybrid transcription factors that have four zinc finger structures and one nuclear positioning signal. 

277 IDD proteins play important roles in regulating plant flowering, development, stress resistance, secondary metabolism, and other 

278 processes (Wong & Colasanti, 2007; Matsubara et al., 2008). The plant IDD gene can also regulate the expression of the key 

279 enzyme genes of lignin synthesis, which affects the biosynthesis of lignin and regulates the biosynthesis of SCW formation 

280 (Huang et al., 2018). 

281 In this study, we identified 68 IDD genes in five Rosaceae species (Table 1; Supplementary Table S2). All IDD protein pI 

282 values were greater than 7, indicating that all these proteins are alkaline proteins. The proteins were all hydrophilic (their 

283 GRAVY values were less than 1). Among the Rosaceae species, Pyrus bretschneideri had the second greatest number of IDD 

284 gene family members after Malus domestica (Fan et al., 2017). Pyrus bretschneideri underwent two whole-genome duplications 

285 (WGDs) during its evolution, and this amplified the chromosome number from 9 to 17 (Velasco et al., 2010; Cao et al., 2017); 

286 the other four species experienced only one old WGDs. We also identified 4 pairs of duplicated genes in Pyrus bretschneideri 

287 and did not identify gene duplication events in the four other species. Therefore, the number of IDD genes in Pyrus 

288 bretschneideri is greater than that in the other four Rosaceae species; this may be the result of the interaction of recent WGD and 

289 gene duplication events. However, Pyrus bretschneideri and Malus domestica both experienced two WGDs and had 4 pairs of 

290 duplicated genes, while Malus domestica has more IDD genes than Pyrus bretschneideri. This difference may be traced back to 

291 the origin of the IDD gene family, during which time the numbers of IDD genes in Pyrus bretschneideri and Malus domestica 

292 were different. According to the phylogenetic tree, 68 IDD genes were divided into four groups (Figure 1). The ZmID1 gene 

293 clustered into its own class in the phylogenetic tree. No homologous genes were found in Arabidopsis thaliana and the 6 
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294 Rosaceae species, suggesting that the ID1 gene may be unique to gramineous plants. Interestingly, five Rosaceae species had at 

295 least one IDD gene present in each clade and had a strong bootstrap. These results show that the rapid duplication of IDD genes 

296 occurred before these Rosaceae species diverged.

297 The gene structure and conserved motif composition may be closely related to the diversity of gene functions (Swarbreck et 

298 al., 2008). Genes in the same subfamily tend to have very similar gene structures, reflecting that these genes may have similar 

299 functions (Figure 2). For example, PbIDD12 and PmIDD10 in group 2 had the same gene structure (3 exons and 2 introns) and 

300 their exon lengths were basically the same. Furthermore, based on MEME analysis (Figure 2), we found that members of the 

301 same subfamily had roughly the same conserved protein motifs, but there were differences in motif composition between 

302 different subfamilies. N-terminal NLS is absent in many Rosaceae IDD genes (Supplementary Figure 6). In Arabidopsis thaliana, 

303 all IDD genes have NLS. In the Oryza sativa IDD gene family, OsIDD10 also lacks this NLS (Colasanti et al., 2006). Apparently, 

304 members of the IDD gene family that lack the NLS sequence do so not because of mutations or the deletion of this entire 

305 characteristic sequence but because of an extensive deletion of the N-terminal sequence. The ancestors of the special IDD genes 

306 in these Rosaceae species may have appeared after the differentiation of these Rosaceae species from the common ancestors of 

307 Arabidopsis thaliana, and some of the N-terminal sequences (this part of the sequence includes NLS) are lost after the 

308 evolutionary process. In addition to the highly conserved ID domain, we found two small domains (Supplementary Figure 1-5) in 

309 the C-terminal region (except for members of group 4). The MSATALLQKAA and TRDFLG motif are conserved regions 

310 outside the ID domain but are not characteristically conserved domains of the IDD gene. Obviously, these two domains are 

311 preserved in the lineages, conferring special functions on IDD genes, such as protein-protein interactions. We find that members 

312 that lack these two domains are closely related to each other; perhaps these members lost these two domains and some of their 

313 functions during evolution. This finding suggests that these genes may be involved in specific biological processes in the 

314 evolutionary process, regardless of the biological functions determined by these two domains. Therefore, members that lack these 

315 two domains are clustered into a single subfamily (group 4). This finding explains why group 4 does not have MdIDDs, because 

316 MdIDDs have both domains.

317 The functional divergence of genes often occurs after gene duplication and is accompanied by the introduction of new 

318 functions or the loss of original functions (Chao et al., 2017). At the same time, gene duplication events are the main driving 

319 force for gene family expansion, an important way in which plants adapt to changing climates and environments (Tang et al., 

320 2016). Gene duplication events have been identified in multiple gene families, such as the PKS gene family in Gossypium 

321 hirsutum (Su et al., 2017), the HSF gene family in Sesamum indicum (Dossa et al., 2016), and the WRKY gene family in Musa 

322 acuminate (Goel et al., 2016). A total of 4 PbIDD gene pairs were identified as duplications in this study, and these duplicated 

323 gene pairs were all created by segmental duplication (Supplementary table 4) . Four pairs of segmentally duplicated genes were 

324 also identified in Malus domestica, verifying the reliability of our results. However, we did not identify gene duplication events 

325 in Fragaria vesca, Prunus mume, Rubus occidentalis or Prunus avium. This may be because Fragaria vesca, Prunus mume, 

326 Rubus occidentalis and Prunus avium underwent only one WGDs, but Pyrus bretschneideri has had a recent WGDs in addition to 

327 an old WGDs (Zhang et al., 2012; Wu et al., 2013). The four pairs of duplicated genes that appeared in pears had a very positive 

328 effect on the expansion of the IDD gene family and contributed to the diversification of the function of the IDD gene. We then 

329 performed a sliding window analysis of the four pairs of segmentally duplicated genes in Chinese white pear. The results showed 

330 that these genes have experienced intense purifying selection to maintain functional stability.

331 We did not identify the orthologous gene pair of IDD genes between several dicotyledons and monocotyledons. Therefore, 

332 we preliminarily speculate that IDD genes may occur after the common ancestors of these species differentiated. Based on the 
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333 results, we drew a hypothetical evolutionary model map of IDD genes (Supplementary figure S10). After the differentiation of 

334 monocotyledons and dicotyledons, two canonical zinc fingers and two unusual CCHC fingers formed a special zinc finger 

335 domain (ID domain), which defines IDD genes in all plants. Subsequently, ID1 genes specific to Gramineae plants were isolated 

336 from those of monocotyledons. The ancestors of dicotyledons evolved through complex evolutionary processes to produce 

337 Rosaceae species. After an old WGDs, Fragaria vesca, Rubus occidentalis, Prunus avium and Prunus mume formed the current 

338 IDD gene family. They then differentiated into two major IDD genes with or without the MSATALLQKAA and TRDFLG 

339 domains. Malus domestica and Pyrus bretschneideri formed the IDD gene family after two WGDs. The Pyrus bretschneideri 

340 gene differentiated from the IDD gene without the MSATALLQKAA and TRDFLG domains, but the Malus domestica gene did 

341 not.

342 Previous research has shown that IDD genes are most highly expressed in the leaf and bud (Fan et al., 2017), but we found 

343 the highest pear IDD gene expression in fruit, flower, and bud. PbIDD7 and MdIDD19 represent a pair of homologous genes that 

344 are closely related. MdIDD19 was mainly expressed in leaf, fruit, bud, while PbIDD7 was mainly expressed in fruit, bud and 

345 almost no expression was detected in leaf (Figure 7). The difference between the two homologous gene expression patterns is 

346 mainly concentrated in the leaf expression pattern. Many IDD genes are associated with leaf development and photosynthesis. 

347 However, we did not identify Cis-acting elements related to the light response in the promoter region of PbIDD7 (Figure 6), 

348 while there are abundant light-responding elements in the promoter region of MdIDD19 (Fan et al., 2017). This may be the main 

349 reason for the large difference in expression patterns between PbIDD7 and MdIDD19 in leaf. Interestingly, we found that 

350 PbIDD2, 5, 6, 8, 9, 12, 16 showed higher transcription levels in lower and bud, and the expression in bud was higher than that in 

351 flower. In Arabidopsis thaliana, Oryza sativa, and Zea mays, IDD genes are involved in plant flower induction and are regulated 

352 by hormones and sugars (Matsubara et al., 2008; Wu et al., 2008; Jeong et al., 2015). For example: AtIDD8, ZmID1, OsID1. GA 

353 can regulate plant flowering by inhibiting flowering genes (Zhang et al.2016; Galvao et al. 2012). The promoter regions of 

354 PbIDD2, 6, 8, 12, 16 have the GA-response Cis-acting element. Exogenous GA was used to treat Chinese white pear buds, and 

355 the resulting expression patterns of PbIDD2, 5, 6, 8, 9, 12, 16 were detected; these genes were mainly expressed in the bud and 

356 flower of Chinese white pears (Supplementary figure S9). PbIDD5, 9 were not induced by GA, probably because they did not 

357 have GA-related Cis-acting elements. After exogenous GA treatment, the expression level of PbIDD2, 8 decreased continuously, 

358 indicating that these were inhibited by GA. However, the expression levels of these two genes increased gradually under sucrose 

359 treatment, indicating that PbIDD2, 8 were induced by sucrose. At the same time, we identified a large number of light-responsive 

360 Cis-acting elements in the promoter region of PbIDD2, 8, suggesting that these two genes may respond to photoperiodic signals. 

361 Similar results have been found in Malus domestica, and MdIDD7 is also inhibited by GA in response to sucrose. In summary, it 

362 is suggested that PbIDD2, 8 may participate in the GA flowering pathway during physiological flower bud differentiation and 

363 regulate the plant flowering process in response to sugar and photoperiod signals. PbIDD1 and 10 were mainly expressed in the 

364 flowers of Chinese white pears, probably because these two genes are involved in the synthesis of bioactive substances in flowers.

365 The stone cells and lignin in 'Dangshan Su' pear fruit are mainly formed during the period from 15 to 63DAP and reach their 

366 peak levels at 55DAP (Zhang et al., 2017). The expression analysis of these 16 PbIDDs at seven developmental stages of fruit 

367 showed that the expression pattern of any one gene was not consistent with the developmental law of 'Dangshan Su' pear fruit 

368 stone cells and lignin (Figure 7). However, there were two more specific genes, PbIDD3 and PbIDD5. The expression patterns of 

369 these two genes showed a completely opposite rule to the accumulation of 'Dangshan Su' pear stone cells and lignin. PbIDD3, 5 

370 showed extremely high expression levels at 15DAP. At 15 to 47DAP, a stage of massive accumulation of lignin and stone cells, 

371 the expression of these two genes gradually decreased. At the peak of lignin accumulation (47, 55, 63DAP), PbIDD3, 5 showed 

372 very low levels of transcription. In the late stage of fruit development (79, 145DAP), the expression level increased slightly. 

PeerJ reviewing PDF | (2018:09:31623:1:2:NEW 3 Jan 2019)

Manuscript to be reviewed

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
附注
You might compare these two genes to homologous MdIDDS( in the phylogenetic tree)  



373 According to the phylogenetic tree (Figure 1), PbIDD3, PbIDD5 and OsIDD2 were the most closely related genes. In Oryza 

374 sativa, OsIDD2 regulates SCW formation while negatively regulating the expression of the genes of key lignin synthesis 

375 enzymes, such as cinnamyl alcohol dehydrogenase (CAD), to inhibit lignin biosynthesis (Huang et al., 2018). In Chinese white 

376 pear, CAD is predicted to regulate the biosynthesis of fruit lignin. The expression pattern of PbCAD is exactly the same as the 

377 accumulation pattern of stone cells and lignin (Cheng et al., 2017). The expression patterns of PbIDD3 and PbIDD5 were 

378 opposite to those of PbCAD. Moreover, PbIDD3 and PbIDD5 expression was low during the high expression period of PbCAD 

379 and was higher during the low expression period of PbCAD. In addition, PbIDD3 and PbIDD5 exhibited extremely high levels of 

380 transcription in fruit. We speculate that PbIDD3 and PbIDD5 are mainly expressed in fruit and have similar functions to OsIDD2, 

381 regulating SCW formation in pear fruit cells and inhibiting lignin biosynthesis by inhibiting the expression of the genes of key 

382 lignin synthesis enzymes.

383 CONCLUSION

384 We identified 68 IDD genes in five Rosaceae species (Pyrus bretschneideri, Fragaria vesca, Prunus mume, Rubus 

385 occidentalis and Prunus avium), which we systematically assessed by bioinformatic analysis. According to the phylogenetic tree, 

386 the 68 IDD genes were divided into 4 groups. In each class, we found that the structures of the genes and the compositions of the 

387 conserved motifs were very similar. Through a series of bioinformatics analyses, we explained the possible evolutionary patterns 

388 of IDD genes in these Rosaceae species. According to qRT-PCR, Chinese white pear IDD genes have high expression levels in 

389 fruit, flower and bud. Further, PbIDD2, 8 are mainly expressed in the buds of Chinese white pears and are responsive to the 

390 induction of GA and sucrose. That PbIDD3, 5 are may be involved in the regulation of SCW formation and lignin biosynthesis in 

391 Chinese white pear fruit. All in all, this study reveal the basic information of the five Rosaceae species’ IDD genes and predicts 

392 the potential functions of some pear IDD proteins. These results will provide an important theoretical basis for improving the 

393 quality of 'Dangshan Su' pear.
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Table 1(on next page)

Basic Information of IDD Gene in Pyrus bretschneideri.

The IDD genes of Pyrus bretschneideri identified in this study are listed.
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1 Table 1. The IDD genes of pear identified in this study are listed.

Gene name Gene ID AA KD pI GRAVY

Preditced 

subcellular 

localization

PbIDD1 Pbr029706.1 489 51.5 8.17 -0.460 nucl

PbIDD2 Pbr006167.1 535 55.7 8.98 -0.427 nucl

PbIDD3 Pbr032492.1 533 58.0 8.98 -0.659 nucl

PbIDD4 Pbr021137.1 553 60.4 9.31 -0.634 nucl

PbIDD5 Pbr028264.1 526 57.4 8.89 -0.693 nucl

PbIDD6 Pbr019853.1 537 59.1 8.67 -0.807 nucl

PbIDD7 Pbr012193.2 567 61.7 8.92 -0.772 nucl

PbIDD8 Pbr020403.1 524 57.3 9.07 -0.740 nucl

PbIDD9 Pbr009954.1 465 50.9 9.19 -0.664 nucl

PbIDD10 Pbr012907.1 465 51.1 8.99 -0.629 nucl

PbIDD11 Pbr008330.1 464 51.0 9.35 -0.727 nucl

PbIDD12 Pbr012192.1 607 64.7 9.13 -0.723 nucl

PbIDD13 Pbr025606.1 426 47.2 9.25 -0.646 nucl

PbIDD14 Pbr029012.1 381 42.7 9.36 -0.655 nucl

PbIDD15 Pbr038802.1 502 56.4 9.02 -0.914 nucl

PbIDD16 Pbr012170.1 492 54.4 8.93 -0.805 nucl

2
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Figure 1

Phylogenetic relationships and subfamily designations in IDD proteins from Pyrus

bretschneideri, Fragaria vesca, Prunus mume, Rubus occidentalis, Prunus avium, Malus

domestica, Arabidopsis thaliana, Oryza sativ an

Phylogenetic relationships and subfamily designations in IDD proteins from Pyrus

bretschneideri, Fragaria vesca, Prunus mume, Rubus occidentalis, Prunus avium, Malus

domestica, Arabidopsis thaliana, Oryza sativa and Zea mays. Groups 1-4 are represented by

shades of red, green, blue and cyan, respectively.

PeerJ reviewing PDF | (2018:09:31623:1:2:NEW 3 Jan 2019)

Manuscript to be reviewed



Figure 2

Predicted Pyrus bretschneideri, Fragaria vesca, Prunus mume, Rubus occidentalis and

Prunus avium IDD protein conserved motifs and exon-intron structures.

Predicted Pyrus bretschneideri, Fragaria vesca, Prunus mume, Rubus occidentalis and Prunus

avium IDD protein conserved motifs and exon-intron structures. (A) Gene structures of the

IDD genes. Black wedge indicates exon, black line indicates intron and red wedge indicates

UTR. (B) Distribution of MEME motifs in IDD genes. (C) The colour and corresponding number

of each motif box.
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Figure 3

Conserved ID domain composition.

Conserved ID domain composition. All 68 IDD genes had a characteristic ID domain. The ID

domain consists of four zinc fingers (Z1, Z2, Z3 and Z4). Alignment analysis of the 68 IDD

gene sequences using the ClustalW tool in MEGA 7.0 software. These domain diagrams were

plotted using the online WebLogo tool.

PeerJ reviewing PDF | (2018:09:31623:1:2:NEW 3 Jan 2019)

Manuscript to be reviewed



Figure 4

Chromosomal locations of five Rosaceae species.

Chromosomal locations of IDD genes in Pyrus bretschneideri (A), Fragaria vesca (B), Rubus

occidentalis (C), Prunus mume (D) and Prunus avium (E). Duplicated gene pairs are

connected with coloured lines.
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Figure 5

Microsynteny of regions among Pyrus bretschneideri, Fragaria vesca, Prunus mume,

Rubus occidentalis, Prunus avium and Malus domestica.

Microsynteny of regions among Pyrus bretschneideri, Fragaria vesca, Prunus mume, Rubus

occidentalis, Prunus avium and Malus domestica. The chromosome numbers are indicated by

differently coloured boxes and are labelled by Pb, Fv, Pm, Ro, Pa, and Md. The differently

coloured boxes also represent the sequence lengths of chromosomes in megabases. The

black line indicates the syntenic relationship among the IDD regions.
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Figure 6

Promoter Cis-elements of the 16 PbIDDs.

Potential Cis-elements in the 5’ regulatory sequences of the 16 PbIDDs.
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Figure 7

Expression patterns of IDD genes of Chinese white pear in different tissues and in fruit

at different developmental stages.

Expression patterns of IDD genes of Chinese white pear in different tissues and in fruit at

different developmental stages. Expression patterns of IDD genes in Chinese white pear in

different tissues (A-O). Expression patterns of IDD genes in Chinese white pear at different

developmental stages (P-DD). *significant difference at P < 0.05, **significant difference at P

< 0.01.
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My tips  

Line  17: ” Chinese White  Pyrus bretschneideri” should be  ” Chinese White  pear 

Pyrus Bretschneideri”.  

Latin scientific names of a species appearing for the second time in the full text 

should be abbreviated. (P. bretschneideri) Check the whole text.  

Line 60: “However, there are few reports on fruit development”. There are many 

papers on fruit development and stone cell development in pears.  

 

Line 78-80: I can’t see the Logical Relations between the sentences.   

 

Line 129-130: Rather than citing a reference, it should be clearly described about 

WHEN (dormant bud? ) and WHICH bud (Flower bud ?)  were treated? And OW was 

the bud treated (directly being sprayed or added in the solution)?     

 

Line 134-135: As I noted in the PDF version in the first revision, “ The concentration 

of PCR reaction is not correctly described. The reaction procedure should be 

described in detail. The standard gene used for control is not shown” .    

 

Line 221: I did not find Table S8A and S8B. 

Line 254: “No expression of PbIDD14 was detected in all (any) tissues of Chinese 

white pear” should be in the above paragraph.  Besides, tissues shown in Fig. 7(A-O) 

were not clearly described in the Materials section ( Line 128). Flower bud or leaf bud? 

Fruit of which stage? 

 

Line 253: IDD4 is missing in this paragraph. And the putative function (maybe there 

is no function) of IDD4 is not mentioned in the Discussion.  

  

Line 290-292: Again, I did not see the reasonable explanation about the number of 

IDD genes in apple and pear. You should do some comparison by investigating the 

phylogenetic tree in Fig1, and also read and cite some published papers on gene 

family evolutionary histories.  

 

 

Line 293-294: “No homologous genes were found in Arabidopsis thaliana and the 6 

Rosaceae species, suggesting that the ID1(?) gene may be unique to gramineous 

plants.”  Please check this sentence based on Fig.1. 

Line 313-316:  Again, the author still tried to explain why 1+1=2 by saying because 

2=1+1.  



As a DISCUSSION, the authors need to read and cite papers to do some reasonable 

explanations in terms of gene evolution.   

For this instance, the author should read papers on the function of IDDS in group 4 

(AtIDD15, OsIDD14) and try to explain why no member of MdIDDs was found in 

group 4? What are the “Specific biologic processes”?   

 

Lime339-340: Please check and correct this sentence (also this paragraph) according 

to the results.  

 

In the last paragraph about PbIDD3 and IDD5, the author madeabundant discussion 

based on the expression pattern compared with CAD to strongly speculate the 

possible function of these two genes. Why not analyze the sequence characteristics of 

these two genes found in this study to strengthen the speculatio? Besides, it is also 

possible to analyze the interaction between the CAD and IDD using bioinformatics 

methods.  It will be also better to propose what the authors are going to do next( using 

laboratory methods ) as an ending of the paragraph.  

 

Line331-341 (Fig.S10) is a little rough without drawing the evolutionary processes of 

orthologs and paraologs and possible function divergence. Besides, the specie scale 

and gap in the figure is two large. What I suggested before is to draw such kind of  

picture about IDDS in Rosaceae (subfamily) with detail about the sequence 

characteristics, putative function or pathways  and gene duplication and loss.  

 

By the way, it is not necessary to accept all of my suggestions, because it depends 

largely on the authors’ concern and effort on the quality of the paper and 

understanding of the evolutionary history of gene family 
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