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Abstract 
 

ATP-binding cassette (ABC) proteins exist widely in plant cells and ABCA was a subfamily in ABC superfamily. AtABCA9 

mediates acyl-CoA/Fatty acids import into Endoplasmic Reticulum (ER) in Arabidopsis. However, the characterization of 

ABCA genes in Brassica napus L remains unknown. In the present study, 32 members of ABCA gene (BnABCAs) families 

were identified in the B. napus through homology screening. We performed the analysis of gene structures, chromosomal 

distribution, phylogenetic relationships and motifs. Meanwhile, we also predicted the subcellular localization and 3D models 

of partial identified BnABCA members. Furthermore, the expression patterns of most identified BnABCA genes were 

examined in seeds of different stages of B. napus by RNA-Seq. The result revealed that BnABCA9-1 and BnABCA9-2 were 

mainly expressed in the seeds during seed oil accumulation stages. Furthermore, the expression levels of BnABCA9-1 and 

BnABCA9-2 genes were analyzed in seeds of different stages of two high/low oil content cultivars of B. napus by qRT-PCR 

assays. The results imply that the BnABCA9 may be involved in the acyl-CoA export from ER or lipid degradation, which is 

different from the role of ABCA9 in Arabidopsis. © 2019 Friends Science Publishers 
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Introduction 
 

ATP-binding cassette (ABC) proteins exist widely in plant 

cells (Higgins, 1992). The ABC protein superfamily 

contains over 120 proteins in Arabidopsis thaliana 

(Sanchez-Fernandez et al., 2001) and majority of ABC 

proteins mainly are functional transporters. The ABC 

transporters in plants have three salient characteristics. First, 

it is energized by MgATP; second, transport is not related to 

the transmembrane H
+
 electrochemical changes and finally, 

transport is sensitive to the vanadate difference (Rea, 2007). 

In membrane biology, the research of intracellular 

lipid transfer is a fundamental aspect. ABC transporters 

have a large number of members in most species from 

humans to prokaryotes, and it is an essential gene family in 

transport system (Jones and George, 2004). The ABC 

transporters can make use of the energy of ATP to transport 

kinds of substances across cell membranes (Pighin et al., 

2004; Rea, 2007; Verrier et al., 2008; Kuromori et al., 2010; 

Le Hir et al., 2013). 

Until now, we know that the ABCAs and ABCGs may 

have the most likely probability in lipid transport. It is 

reported that lots of the member of ABCG is associated with 

lipid transform in A. thaliana. For example, two ABC 

transporters, named ABCG11 and ABCG12, mediated 

cuticular lipids secretion (Pighin et al., 2004; Bird et al., 

2007; Luo et al., 2007; Panikashvili et al., 2007). 

Meanwhile, the ABCG13 was involved in the transport of 

flower cuticular lipids (Panikashvili et al., 2011). Besides, 

the ABCG9/11/14 are important in lipid/sterol homeostasis 

regulation in A. thaliana (Le Hir et al., 2013). Furthermore, 

the ABCG2 and ABCG20 are important in the suberin 

barrier synthesis in roots, while the ABCG1 and ABCG16 

play important roles in synthesis of pollen wall (Yadav et 

al., 2014). In rice, previous study revealed that OsABCG15 

and OsABCG26 cooperatively regulated rice male 

reproduction. OsABCG15 mainly took charge of the 

transport of lipids from tapetal cells to anther locules for 

further pollen exine biosynthesis (Zhao et al., 2015). As for 

ABCA subfamily, the majority of ABCA genes were mainly 

reported in mammalian, and there is evidence that some 

ABCA genes might contribute to brain lipid homeostasis, 

and lack of lipid transporting ABC proteins can cause many 

important genetic diseases (Kim et al., 2008; van Meer et 
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al., 2008). Besides, the upregulated activity of ABCA 

proteins leaded to over accumulation of lipids in some 

specific animal tissues (Oram and Vaughan, 2006). 

However, the research of the ABCA gene family in plant 

remains unknown, except for ABCA9 in A. thaliana. 

ABCA9, an ABC transporter, which is localized to the 

endoplasmic reticulum (ER) and plays a vital role in fatty 

acid transport into the ER in A. thaliana (Kim et al., 2013). 

It is known that the ABC proteins widespread exist and their 

functions are highly conserved (Higgins, 1992). Therefore, 

we suspect that the members of ABCA gene family may also 

play an important role in B. napus. 

Oilseed rape (B. napus) is one of the major oil crops 

used for food, feed animal, source of biofuel etc., but some 

studies showed that the harvest index (HI) is only 0.2–0.3 of 

oilseed rape (Luo et al., 2015). In China, the average oil 

content is about 40% of rapeseed varieties, which is 2–7% 

lower than the average oil content of exotic oilseed varieties. 

Thus, the research to improve the oil content and HI has 

become very important. In the present study, we hope that 

some important genes can be found by performing 

comprehensive analysis for the ABCA gene family, 

especially the ABCA9 genes, which may contribute to 

promote the HI and oil content of the Oilseed rape. The 

BLASTP search program was used to query for ABCA 

family members in the genomes of three species, B. rapa, B. 

oleracea and B. napus, using AtABCA protein sequences as 

the query. 32 members of ABCA gene (BnABCAs) families 

were identified in the B. napus. through homology 

screening. We further performed analysis of gene structures, 

chromosomal distribution, phylogenetic relationships and 

motifs. Meanwhile, the subcellular localization and 3D 

models of partial identified BnABCA members were also 

predicted and analysized. Furthermore, the expression 

patterns of most identified BnABCA genes were examined 

in seeds of different stages of by the RNA-Seq data from 

our group, which was submitted to NCBI Gene Expression 

Omnibus (No. GSE77637) and to verify the reliability of 

RNA-Seq results. Subsequently, the expression of several 

BnABCA9 genes of two high/low oil content cultivars of B. 

napus. (P474-HO and P525-LO) were further investigated 

using qRT-PCR. By our research, we hope to provide some 

guideline about the research of ABCA gene family in B. 

napus. 
 

Materials and Methods 
 

Plant Materials 
 

Two different B. napus varieties (P474-HO; P525-LO) 

were grown in net house conditions in Chongqing, 

China. To gain into the expression patterns of some 

BnABCA members in different tissues of two rape lines, 

including stalk (St), leaf (Le), seeds after flowering 10 days 

(Se-10d), seeds after flowering 20 days (Se-20d), seeds 

after flowering 30 days (Se-30d), seeds after flowering 

40 days (Se-40d) were collected from the two rape lines. 

All tissues were quickly frozen in liquid nitrogen and 

stored at -80 centigrade until use. 

 

RNA Isolation and qRT-PCR Analysis 
 

RNA extraction from 150–200 mg samples was 

performed using the EZ-10 RNA Mini-prep Kit (Sangon 

Biotech, Shanghai, China). DNase digestion was done 

using RNase-free (PremeScript
TM

 RT reagent Kit with 

gDNA Eraser, TAKARA). The cDNA was synthesized by 

the (PremeScript
TM

 RT reagent Kit with gDNA Eraser, 

TAKARA. The reaction system is 20 μL, containing 800 μg 

total RNA. 
 

Identification of ABCA Gene Family in Brassica spp. 
 

The ABCA amino acid, coding and the genomic sequences 

in A. thaliana were downloaded from TAIR (Lamesch et al., 

2012). BLASTP was performed according to (Altschul et 

al., 1997) BRAD database (http://brassicadb.org/brad/index. 

php) and the B. napus genome 

(http://www.genoscope.cns.fr/brassicanapus/) at a cut-off 

value of < E−20 to find homologous ABCA genes in B. 

rapa, B. oleracea and B. napus, and the query sequences are 

the ABCA amino acid sequences in A. thaliana. According 

to the results of the BLASTP, download the CDSs and the 

genomic sequences from the B. napus genome and recorded 

the information of exon/intron. 
 

Phylogenetic Analysis of ABCA Family in B. napus 
 

To know the evolutionary relationships of ABCA family 

members in B. napus, multiple alignments of the ABCA 

proteins were performed in the four species A. thaliana, B. 

rapa, B. oleracea and B. napus. Dendrograms were 

generated by the MEGA 7.0 (Tamura et al., 2013; Kumar et 

al., 2016) program using the neighbor-joining (NJ) method 

(Lu et al., 2015). Subsequently, the phylogenetic trees were 

adjusted by using the program FigTreev1.4.0 

(http://tree.bio.ed.ac.uk/software/figtree/). 
 

Protein Properties Analyses 
 

The ExPASy proteomics server database 

(http://expasy.org/) was used to predict the molecular 

weight and isoelectric points of BnABCAs (Gasteiger et al., 

2003). The exon/intron analysis was performed by using the 

Gene Structure Display Server (GSDS2.0, 

http://gsds.cbi.pku.edu.cn/index.php). The analysis of 

conserved motif was conducted by the MEME program 

(http://meme-suite.org/; (Bailey et al., 2006). All identified 

motifs were annotated according to InterProScan 

(http://www.ebi.ac.uk/interpro/search/sequence-search; 

(Zdobnov and Apweiler, 2001). 
 

Prediction about the Subcellular Localization 
 

The subcellular localization was predicted by the TargetP 

http://www.arabidopsis.org/servlets/TairObject?type=sequence&id=2002964049
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1.1 Server (http://www.cbs.dtu.dk/services/TargetP/; 

Emanuelsson et al., 2007). At the same time, we also chose 

the WoLF PSORT (http://www.genscript.com/wolf-

psort.html) as a verification tool (Horton et al., 2007). 

 

3D Model about ABCA9 Proteins 

 

We chose 5 proteins (BnABCA9-1, BnABCA9-2, 

BnABCA9-3, BnABCA9-4, BnABCA9-5) and used the 

phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi? 

id=index) to predict the 3D model of BnABCA9 proteins 

(Kelley and Sternberg, 2009). 

 

Expression Patterns Analysis of BnABCA Genes 

 

To investigate the spatial expression patterns of BnABCA 

genes, two RNA-seq data from our laboratory were used. 

One was submitted to NCBI Gene Expression Omnibus 

(accession number GSE77637). Real-time PCR was used to 

verify the consistency. We tested the expression level of 

ABCA9 homologous genes in B. napus in two different 

varieties (P474-HO and P525-LO) as per result of e-FP 

Browser (http://bar.utoronto.ca/efp_arabidopsis/cgi-

bin/efpWeb.cgi). Each sample was replicated three times. 

 

Results 
 

Identification and Sequence Analysis of ABCAs in B. 

napus 

 

To identify all ABCA protein sequences in B. napus, B. 

rapa and B. oleracea, we used the BLASTP program and 

identified 32, 12, 14 ABCA candidate genes, respectively. 

According to the BLASTP program, we gave each gene an 

identifier from BnABCA1-1 to BnABCA12-4, totally 32 

numbers (Table 1). There were a maximum and 

minimum number of amino acids in addition to the 

BnABCA1-1(1860 aa) and BnABCA3-1(426 aa) 

proteins, the amino acids of all the other proteins ranged 

from 457 (BnABCA9-4) to 1853 (BnABCA1-2) and the 

average length was 903 aa. We could not get the 

molecular weight (MW) and theoretical pI of 

BnABCA12-1 protein due to some unknown amino acid 

sequences, but relative molecular weight of other 

BnABCA proteins varied from 47.72 kDa (BnABCA3-1) 

to 206.66 kDa (BnABCA1-1), meanwhile, the theoretical pI 

values ranged from 6.00 (BnABCA3-1) to 9.14 (BnABCA6-

3), with 6 of their pIs were less than 7 (18.75%). 

To study the evolutionary relationships of ABCA 

proteins in B. oleracea, B. rapa and B. napus, we used 

amino acid sequences of the ABCA family proteins from 

that of three species to create the unrooted neighbor joining 

phylogenetic tree. Based on the results of multiple sequence 

alignment and the phylogenetic analysis, ABCA family 

genes were divided into two groups. It was reported that the 

plant ABCA subfamily genes were divided to full-size and 

half-size proteins in Arabidopsis genome, and there is only 

one full-size named AtABCA1 in Arabidopsis. Therefore, in 

group A, there are 5 proteins, including AtABCA1, 

BnABCA1-1, BnABCA1-2, BraABCA1-1 and 

BolABCA1-1 and others belong to Group B (Fig. 1). 

 

The Chromosomal Location and Sequences Analysis of 

BnABCAs 

 

The chromosomal locations of BnABCA genes are shown in 

Fig. 2. Obviously, most of the BnABCA genes (87.5%) are 

located at the A or C genomes. According to the Table 1 

and Fig. 2, it is evident that the chromosome C01 contains 

four genes, C03 contains six genes, C07 contains five genes 

and Cnn-random contains four genes. Besides, there are two 

genes on Chromosomes A01, five genes on A03, five genes 

on A06 and only one gene on A07. It is reported that the 

gene divergence and duplication were the major factors for 

evolutionary momentum (Vision et al., 2000; Bowers et al., 

2003). To better understand the structural features of 

BnABCA proteins, we compared with all BnABCA 

exon/intron organizations. The most closely related 

BnABCA genes usually have the most similar gene 

structures. Except the homologous genes of AtABCA1 in B. 

napus L. have 41 exons and the BnABCA12-1 and 

BnABCA3-1 have 7 and 8 exons, respectively, other genes 

have 14 to18 exons (Fig. 3). 

To better understand the characteristics of the 

BnABCA proteins, the conserved motifs of BnABCA 

proteins were identified by using MEME 7.0 (Fig. 4). 

 
 
Fig. 1: The phylogenetic analysis of ABCA proteins from A. 

thaliana, B. oleracea, B. rape and B. napus  
70 ABCAs were identified to construct the NJ tree with 1000 bootstraps 
based on the protein sequences. The ABCA proteins were grouped into 

two distinct types 

 

http://bar.utoronto.ca/efp_arabidopsis/cgi-bin/efpWeb.cgi
http://bar.utoronto.ca/efp_arabidopsis/cgi-bin/efpWeb.cgi
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The result showed that there were four (motif 3, 5, 8, 10) 

motifs highly conserved except for BnABCA3-1, 

BnABCA12-1, BnABCA2-3, BnABCA9-4. Except for 

the four genes mentioned above and the BnABCA9-5, the 

motif 2 was found in the rest, and if the BnABCA12-2, 

BnABCA12-4 and BnABCA9-2 were removed, the motif 1 

was found in the rest. 

 

Prediction about the Subcellular Localization 

 

We performed prediction of BnABCAs subcellular 

localization by two different tools, TargetP 1.1 Server and 

WoLFPSORT. However, the results of the two tools are 

different from each other (Table 2). 

 

3D Models of BnABCA9-1 to BnABCA9-5 Proteins 

 

From all the given predicted models provided by phyre2, 

we chose the models that had the highest scores. The 

result showed that the 3D structures of BnABCA9-1, 

BnABCA9-2, BnABCA9-5 were different from the 

BnABCA9-3 and BnABCA9-4 (Fig. 5). Therefore, they 

Table 1: Main structural features of the BnABCA family members 

 
Isoforms Transcript name At  

Orthologs 

Location gDNA 

size (bp) 

Exon CDS 

size (nts) 

Peptide 

residues 

Theoretical 

pI 
Theoretical 

Mw (Da) 

BnABCA1-1 GSBRNA2T00058390001(BnaA03g19570D) At2g41700 chrA03:9270777..9282863 12087 41 5583 1860 6.21 206655.1 

BnABCA1-2 GSBRNA2T00019127001(BnaC03g23460D) At2g41700 chrC03:13069016..13081111 12096 41 5562 1853 6.13 205528.8 

BnABCA2-1 GSBRNA2T00024765001(BnaC03g57180D) At3g47730 chrC03:46434921..46439482 4562 17 2814 937 6.15 10323.17 

BnABCA2-2 GSBRNA2T00063075001(BnaA06g17180D) At3g47730 chrA06:9733452..9738132 4681 16 2898 965 6.68 106324.8 

BnABCA2-3 GSBRNA2T00125859001(BnaC01g25120D) At3g47730 chrC01:20568513..20572099 3587 14 2133 710 8.11 78756.4 

BnABCA3-1 GSBRNA2T00125865001(BnaC01g25160D) At3g47740 chrC01:20594996..20601540 6545 8 1281 426 6 47724.7 

BnABCA3-2 GSBRNA2T00068088001(BnaC07g07140D) At3g47740 chrC07:11412417..11417340 4924 16 2808 935 8.99 105441.3 

BnABCA3-3 GSBRNA2T00128266001(BnaA07g05590D)  At3g47740 chrA07:5888346..5892526 4181 16 2808 935 9.02 105590.6 

BnABCA6-1 GSBRNA2T00024763001(BnaC03g57200D) At3g47770 chrC03:46455698..46460090 4393 16 2856 951 8.56 107505.9 

BnABCA6-2 GSBRNA2T00063073001(BnaA06g17160D) At3g47770 chrA06:9710170..9714869 4700 17 2796 931 8.75 105207.3 

BnABCA6-3 GSBRNA2T00024764001(BnaC03g57190D) At3g47770 chrC03:46450927..46455084 4158 15 2781 926 9.14 104232 

BnABCA6-4 GSBRNA2T00063074001(BnaA06g17170D) At3g47770 chrA06:9717169..9721301 4133 15 2661 886 8.95 100014.9 

BnABCA7-1 GSBRNA2T00063072001(BnaA06g17150D) At3g47780 chrA06:9704566..9709122 4557 16 2829 942 8.4 105265.5 

BnABCA7-2 GSBRNA2T00024762001(BnaC03g57210D) At3g47780 chrC03:46462394..46466914 4521 16 2829 942 8.71 105152.5 

BnABCA7-3 GSBRNA2T00125871001(BnaC01g25190D) At3g47780 chrC01:20621569..20626864 5296 16 2829 942 8.73 105302.8 

BnABCA7-4 GSBRNA2T00138490001(BnaA01g20250D) At3g47780 chrA01:11885644..11890217 4574 16 2829 942 8.59 105507 

BnABCA8-1 GSBRNA2T00016337001(BnaA06g20660D) At3g47790 chrA06:14207210..14211668 4459 18 2715 904 9.08 102093.2 

BnABCA8-2 GSBRNA2T00129061001(BnaC03g53450D) At3g47790 chrC03:38878588..38882655 4068 17 2490 829 8.99 94276.54 

BnABCA9-1 GSBRNA2T00021504001(BnaC07g31470D) At5g61730 chrC07:35545897..35550242 4346 16 2865 954 8.16 105839.7 

BnABCA9-2 GSBRNA2T00113508001(BnaA03g40510D) At5g61730 chrA03:20236924..20244851 7928 16 2523 840 8.36 92889.05 

BnABCA9-3 GSBRNA2T00007894001(BnaCnng23540D) At5g61730 chrCnn_random:21948910..21959469 10560 16 2637 878 8.27 97534.21 

BnABCA9-4 GSBRNA2T00036430001(BnaCnng40470D) At5g61730 chrCnn_random:39006476..39009023 2548 14 1374 457 6.84 50652.65 

BnABCA9-5 GSBRNA2T00040962001(BnaCnng43390D) At5g61730 chrCnn_random:42474205..42477521 3317 14 1884 627 8.66 69730.62 

BnABCA10-1 GSBRNA2T00113506001(BnaA03g40530D) At5g61740 chrA03:20247381..20251552 4172 17 2664 887 8.4 98142.77 

BnABCA10-2 GSBRNA2T00021503001(BnaC07g31480D) At5g61740 chrC07:35551653..35555815 4163 17 2667 888 8.69 98308.09 

BnABCA11-1 GSBRNA2T00024195001(BnaA01g21510D)  At5g61690 chrA01:13675327..13679595 4296 16 2748 915 8.58 101436.7 

BnABCA11-2 GSBRNA2T00113510001(BnaA03g40490D) At5g61690 chrA03:20229240..20234407 5168 16 2988 995 8.82 110139.6 

BnABCA11-3 GSBRNA2T00021506001(BnaC07g31450D) At5g61690 chrC07:35533466..35537948 4483 15 2814 937 7.19 103589.1 

BnABCA12-1 GSBRNA2T00021507001(BnaC07g31440D) At5g61700 chrC07:35530885..35532991 2107 7 1539 512   

BnABCA12-2 GSBRNA2T00113512001(BnaA03g40470D)  At5g61700 chrA03:20224785..20228058 3274 15 1980 659 8.99 73735.19 

BnABCA12-3 GSBRNA2T00036435001(BnaCnng40510D)  At5g61700 chrCnn_random:39028966..39033265 4300 18 2610 869 8.67 96082.4 

BnABCA12-4 GSBRNA2T00050456001(BnaC01g27420D) At5g61700 chrC01:25043591..25046858 3268 15 1983 660 8.99 73897.41 

 

 
 
Fig. 2: The distribution of the BnABCA genes in the B. napus genome 
The chromosomal position of each BnABCA gene was mapped according to the B. napus genome. The chromosome number is indicated at the top of each 

chromosome 
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were divided into two groups. We further focused on the 

expression regularity differences between them especially in 

lipid transport in seeds. 

 

Expression Patterns of BnABCAs in Seed 

 

Until now, only the characterization of ABCA9 and the 

ABCA2 in A. thaliana has been reported to connect with 

lipid transport and kin recognition, respectively. Because the 

HI has relationship with lipid transport, we focused on the 

expression of BnABCAs in seeds. We showed the 

expression patterns of BnABCAs by the RNA-seq data, 

which is from 3 different sources about different stage of 

seeds and leaves. To verify the accuracy of transcriptome 

sequencing, the BnABCA9-1 and BnABCA9-2 were selected 

to perform the qRT-PCR analysis in two different lines 

(P474-HO and P525-LO). 

According to the RNA-sequence data, we found that 

the expression of BnABCA1-1, BnABCA1-2, BnABCA2-1 

and BnABCA2-2 had high expression levels in the first week 

after flowering (1wp) and had low expressions after 2wp. 

The expressions BnABCA1-1 and BnABCA1-2 were 

upregulated after 2wp and reached the highest levels in 30 

to 35 days after flowering (Fig. 6 and 7). The results showed 

that the expression levels of BnABCA2-1 and BnABCA2-2 

were low but sustainable upregulated after 1wp. The 

expression of BnABCA6-3, BnABCA6-4, BnABCA7-1, 

BnABCA8-1, BnABCA8-2 showed that these five genes 

most likely played important roles in the last several weeks 

after flowering. However, the BnABCA10-1 and 

BnABCA10-2 mostly affected the early stage in the process 

 
 
Fig. 3: The exon-intron structure of the BnABCA genes according 

to their phylogenetic relationships  
An unrooted phylogenetic tree was constructed with 1000 bootstraps based 

on the full-length sequences of BnABCA. Exon-intron structure analyses of 

the BnABCA genes were performed using the online tool GSDS. The 
lengths of the exons and introns of each BnABCA gene are proportional. 11 

segmental duplicates are highlighted by the red box 

 

 
 
Fig. 4: The conserved motifs of the BnABCA proteins according 

to their phylogenetic relationships 
The conserved motifs of the BnABCA proteins were identified by MEME. 

Gray lines represent the non-conserved sequences, and each motif is 
indicated by a colored box numbered at the top. The lengths of motifs in 

each protein are proportional 

Table 2: Prediction about the subcellular localization of all 

BnABCA proteins 

 
Name cTP mTP SP other Loc RC 

BnABCA1-1 0.018 0.939 0.004 0.049 M 1 

BnABCA1-2 0.012 0.93 0.011 0.04 M 1 
BnABCA2-1 0.004 0.94 0.014 0.112 M  1 

BnABCA2-2 0.005 0.929 0.012 0.119 M 1 

BnABCA2-3 0.008 0.056 0.613 0.724 _ 5 
BnABCA3-1 0 0.017 0.982 0.334 S 2 

BnABCA3-2 0.096 0.133 0.102 0.821 _ 2 

BnABCA3-3 0.081 0.135 0.102 0.829 _ 2 
BnABCA6-1 0.122 0.345 0.031 0.436 _ 5 

BnABCA6-2 0.077 0.378 0.036 0.473 _ 5 

BnABCA6-3 0.217 0.313 0.076 0.263 M 5 
BnABCA6-4 0.186 0.304 0.078 0.281 M 5 

BnABCA7-1 0.131 0.394 0.031 0.363 M 5 

BnABCA7-2 0.131 0.404 0.034 0.353 M 5 
BnABCA7-3 0.024 0.464 0.022 0.642 _ 5 

BnABCA7-4 0.064 0.451 0.026 0.48 _ 5 

BnABCA8-1 0.063 0.234 0.079 0.758 _ 3 
BnABCA8-2 0.058 0.23 0.083 0.754 _ 3 

BnABCA9-1 0.015 0.234 0.076 0.687 _ 3 

BnABCA9-2 0.112 0.073 0.158 0.606 _ 3 
BnABCA9-3 0.181 0.055 0.044 0.866 _ 2 

BnABCA9-4 0.047 0.088 0.256 0.875 _ 2 

BnABCA9-5 0.002 0.272 0.215 0.808 _ 3 
BnABCA10-1 0.02 0.587 0.043 0.555 M 5 

BnABCA10-2 0.02 0.594 0.039 0.561 M 5 

BnABCA11-1 0.019 0.563 0.094 0.231 M 4 
BnABCA11-2 0.019 0.641 0.086 0.184 M 3 

BnABCA11-3 0.019 0.612 0.08 0.191 M 3 

BnABCA12-1 0.026 0.532 0.113 0.531 M 5 
BnABCA12-2 0.044 0.308 0.094 0.832 _ 3 

BnABCA12-3 0.042 0.299 0.074 0.713 _ 3 

BnABCA12-4 0.044 0.308 0.094 0.832 _ 3 
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of seed development. The expression of BnABCA7-2 was 

stable in the development of the seed and then was 

decreased after the 2wp and 3wp. Both BnABCA9-1 and 

BnABCA9-2 showed high expression levels after flowering 

7 to 30 days, exactly the stage of lipid accumulation. 

Moreover, other genes showed no or very low expression 

level in seeds. 

To further investigate the role of BnABCA9 in lipid 

biosynthesis, we performed qRT-PCR analysis on the 

BnABCA9-1 and BnABCA9-2 in the seeds of two different 

cultivars P474-HO (higher oil content in seeds) and P525-

LO (lower oil content in seeds) under three different 

stages. The result showed that BnABCA9.1 was obviously 

expressed highly in the 30-day seeds and 40-day seeds of 

P525-LO than the seeds of P474-HO. BnABCA9.2 were also 

obviously higher expressed in all three stage seeds of P525-

LO than P474-HO (Fig. 8). In Arabidopsis, AtABCA9 was 

known as the acyl-CoA transporter, which imported acyl-

CoA into ER for TAG biosynthesis. Therefore, higher 

expression of AtABCA9 caused higher TAG content in 

Arabidopsis. The result of BnABCA9 in B. napus revealed 

that BnABCA9 may be involved in the lipid export from ER 

for further lipid degradation in peroxisome. 

 

Discussion 
 
Fatty acids are very important elements for lives, serving as 

storage lipids and precursors of signaling molecules and 

they are essential for the biosynthesis of cell membranes. 

Fatty acids are synthesized in plastids, and are further 

imported into ER for phospholipids and neutral lipids 

biosynthesis. Therefore, the import of fatty acids or acyl-

CoA into ER is very necessary (Li-Beisson et al., 2013). 

Lipid transporters play a vital role in oil accumulation. The 

members of ABC gene families have a highly conserved 

 
 
Fig. 5: 3D models of five selected BnABCA9 transporter proteins 
Model were generated by Phyre2 server at normal mode. Figures were arranged in an order from BnABCA9-1 to BnABCA9-5 

 
 
Fig. 6: The tissue-specific expression levels of BnABCA genes 

were obtained from unpublished RNA-Seq data from our 

laboratory 
There were 15 different stage of seed after flowering time (Se_3d means 

the seeds of 3 days after flower and so on). Red indicates high expression 

and white indicates low expression 
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structures and functions, and the function of AtABCA9 has 

been confirmed to be related with fatty acid and/or acyl-

CoA transport into ER. There, the present study for the 

characterization of the ABCA gene family in B. napus is 

very important to investigate the role of ABCA proteins 

during lipid transport in B. napus. We hope that our result 

may be helpful to find the correlation between the ABCA 

genes and the lipid transport, and provide assistance for 

molecular breeding of high oil content. 

As regards evolution of the BnABCA genes, most of 

homologous of Arabidopsis genes generally exist three 

copies in B. napus (Lysak et al., 2005, 2007). However, due 

to the genome shrinkage and gene loss, the B.rapa and the 

B. napus only contain 1.5–2 and 2–6 copies of each 

homolog gene, respectively (Mun et al., 2009; Chalhoub et 

al., 2014). There are two different types of ABCs in plant, 

one is full-size (Group A) and the other is half-size (Group 

B). Molecular characterization also showed a large 

difference between group A and group B. Furthermore, the 

full-size members only have ABCA1 in plants. The 

structure of exon-intron also is important in evolution 

(Rogozin et al., 2005; Xu et al., 2012). In the present study, 

we find that most of the motifs of BnABCA members in 

group B were also appeared in group A, which may suggest 

that they have similar origin or the evolutionary patterns in 

different species. The study also showed that the member in 

group A had much more exons than the member in group B, 

which may indicate that the members of group A have more 

functions than group B. These data (including the analysis 

of proteins) showed the evolution of the BnABCA genes. 

According to previous research, AtABCA9 protein 

mediates the transport of fatty acids and/or acyl-CoA into the 

ER and plays a vital role in the process of TAG biosynthesis 

(Kim et al., 2013). We identified five homologous genes of 

AtABCA9 in B. napus through evolutionary analysis. 

Besides, because of the widespread existence and the highly 

conserved function or structure of ABC family genes, we 

conjecture that the BnABCA9s have similar characterization 

with AtABCA9 gene. From the expression patterns of 

BnABCA9s and related qRT-PCR results, we found that the 

stage of the highest expression of BnABCA9-1 and 

BnABCA9-2 in seeds was exactly the stage of the oil fastest 

accumulation in seed. Furthermore, the expressions of 

BnABCA9-1 and BnABCA9-2 appeared in seeds, not leaf and 

stalk. Therefore, we believe that the BnABCA9-1 and the 

BnABCA9-2 have a close connection with fatty acids and/or 

acyl-CoA transport for lipid biosynthesis in seeds of B. 

napus. Interestingly, BnABCA9-1 and BnABCA9-2 showed 

higher expression in the lower-oil content cultivar P525-LO 

than the higher oil-content cultivar P474-HO. This opposite 

phenotype with the expression of AtABCA9 in Arabidopsis 

 
 
Fig. 7: The tissue-specific expression levels of BnABCA genes 

were obtained from the RNA-seq data 
The tissue-specific expression levels of BnABCA genes in seeds of 4 
different stages after pollination were examined (2WP, 4WP, 6WP and 

8WP means that the seeds were 2, 4, 6 and 8 weeks after pollination, 

respectively). Red indicates high expression and white indicates low 

expression 

 

 
 
Fig. 8: The expression patterns of the BnABCA9-1 and BnABCA9-

2 in 3 tissues of “P474-HO” and “P525-LO” were analyzed by 

qRT-PCR 
20d-Seeds: the seeds after flowering 20 days; 30d-Seeds: the seeds after 

flowering 30 days; 40d-Seeds: the seeds after flowering 40 days 
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revealed the BnABCA9 may be involved in the acyl-CoA 

export from ER or lipid degradation in B. napus. Besides, 

our result also revealed that the expressions of BnABCA1-1, 

BnABCA1-2, BnABCA2-1, BnABCA2-2, BnABCA7-1, 

BnABCA7-2, BnABCA10-1 and BnABCA10-2 may have 

connection with fatty acids and/or lipid accumulation in 

seeds based on the RNA-seq data. These results may 

contribute to our understanding of fatty acid and/or lipid 

transport in B. napus. 

 

Conclusion 
 

In the present study, we identified 32 ABCA genes 

(BnABCAs) from B. napus. These genes were further used 

for the analysis of gene structures, chromosomal 

distribution, phylogenetic relationships and motifs analysis. 

And the subcellular localization and 3D models of partial 

identified BnABCA members were also predicted. 

Furthermore, the expression patterns of most BnABCA 

genes in seeds of different stages were investigated by 

RNA-Seq. The result shows that BnABCA9-1 and 

BnABCA9-2 were the two genes mainly expressed in the 

seeds during seed oil accumulation stages. The expression 

levels of these two genes in seeds of different stages 

were then verified by qRT-PCR assays. The results 

reveal that BnABCA9 may be involved in the acyl-CoA 

export from ER or the lipid degradation process, which 

is different from the role of ABCA9 in Arabidopsis. The 

present study is important to further characterize the 

function of BnABCA gene family during seed oil 

biosynthesis of B. napus. 
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