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Analysis of transcriptomes and exploring of anthraquinones biosynthetic
pathway genes in Rubia cordifolia L.
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Abstract: Objective To obtain the transcriptome sequence database and to identify the genes related to the biosynthesis of
anthraquinones in Rubia cordifolia. Methods The transcriptome data of root of Rubia cordifolia was obtained by Illunima Hiseq™
2000 150PE sequencing and de novo splicing of Unigene was realized by Trinity. The GO classification, KOG functional, metabolism
of KEGG metabolic pathway and protein function annotation analysis were completed based on BLAST. Results 7.3 Gb database was
assembled after assembly steps, and 66 646 unigenes were assembled with an average length of 1 424 bp. All Unigenes were annotated
in the public databases NR (NCBI nonredundant protein sequence), NT (NCBI nucleotide sequences), KEGG (kyoto encyclopedia of
genes and genomes), Swissprot (A manually annotated and reviewed protein sequence database), GO (gene ontology), KOG
(euKaryotic ortholog groups) and Pfam (protein family). Based on the assignment of KEGG pathway, 64 Unigenes involved in
anthraquinones biosynthesis were found. Conclusion This study was the first comprehensive transcriptome analysis for R. cordifolia,
and the candidate genes involved in the biosynthesis of anthraquinones were obtained. The transcriptome data constitutes a much more
abundant genetic resource that can be utilized to benefit further molecular biology studies on R. cordifolia.
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reads Al 7.3G clean bases, Q20 % 97.63%, Q3014
93.74%, GC &H 48.48%, M7 R EAEH &, XTIR
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A transcripts, fE transcripts £ 1) 364 -, i —0
XA AT A SE, $E3R18 66 646 %% Unigene, HAK
LR 1.
2.3 Unigene IhgEEFF

Lk FF BLAST 24 E fH<1X 105 M
HMMER Z%{ E i <1X1075, %24 Unigene #f
BB R S AR, AR 2. Hrp 50 240 A4
(75.38%)Unigene £ NR 48 ¢ H n] $ 2 AH AL 51+
37127 4 (55.70%) 7E GO Hdfs [ v v] 4% 2AH LT
F; 15015 4~ (22.52%) Unigene £ KOG %{4fs i
AR EAHALT 51 .

Unigene 7£ NR ##fs AR Z1 VL BC )L 2540
Fpep, WNHE Coffea canephora Pierre BT 5 EL B i1
N 60.7%, HJGHKIRZEZ MK Sesamum indicum L.

*x1 FHEERAEHRGEREI
Table 1 Summary of the transcript statistics generated

from R. cordifolia

K transcript/4& unigene/2%
200~500 bp 49 876 10 065
500~1 000 bp 21575 19 285
1 000~2 000 bp 22 854 22 446
>2 000 bp 14 900 14 850
ME 109 205 66 646
S 108 054 801 94907 351
N50 K& 1718 1911
N9O K& 381 721
TR 989 1424

% 2 THE Unigene JIBRERGT
Table 2 Summary statistics of functional annotation for R.

cordifolia sequences in public databases

Hds g Unigene/%% 5 /%
Annotated in NR 50 240 75.38
Annotated in NT 28 105 42.17
Annotated in KEGG 20 054 30.09
Annotated in SwissProt 38718 58.09
Annotated in PFAM 36 944 55.43
Annotated in GO 37127 55.70
Annotated in KOG 15015 22.52
Annotated in all Databases 7637 11.45
Annotated in at least one Database 53616 80.44
Total Unigene 66 646 100.00
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Fig. 1 Summary statistics of species classfication in NR

databases
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Unigene #71R 2] GO 7038, Hrh, FEAZR¥E
7£ 10 000 %LA b HIRES SR Kb

FETYIMIERE (cellular process, 21 157 ), 4%
I 2 (metabolic process, 20257 /) FlEE—EW5d
£ (single-organism process, 15655 1~); TE4HHEAL
FEIREET cell (11020 1) H cell part (11 016 1)
TEFUIRe 7 R E 2R EET binding (21 888 /M)
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XFEE, AT Unigene THREFIFHAT 2401t 4503
B, 34 15 015 % Unigene RS 25 F KOG 43
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Fig.2 GO classification of assembled Unigene
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[A] RNA processing and modification

[C] energy production and conversion

[B] chromatin structure and dynamics

[E] amino acid transport and metabolism

[D] cell cycle control, cell division, chromosome partitioning
[G] carbohydrate transport and metabolism

[F] nucleotide transport and metabolism

[1] lipid transport and metabolism

[H] coenzyme transport and metabolism

[K] transcription

[J] translation, ribosomal structure and biogenesis

[M] cell wall/membrane/envelope biogenesis

[L] replication, recombination and repair

[O] posttranslational modification, protein turnover, chaperones
[N] cell motility

[Q] secondary metabolites biosynthesis, transport and catabolism
[P] inorganic ion transport and metabolism

[S] function unknown

[R] general function prediction only

[U] intracellular trafficking, secretion, and vesicular transport
[T] signal transduction mechanisms

[W] extracellular structures

[V] defense mechanisms

[Y] nuclear structure

[Z] cytoskeleton
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Fig. 3 KOG classification of assembled Unigene
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Fig. 4 KEGG classification of assembled Unigene
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Table 3 Candidate genes involved in anthraquinones biosynthesis identified in R. cordifolia

HRHH

it

R AT Ko %5
acetyl-CoA C-acetyltransferase Ko0626
hydroxymethylglutaryl-CoA synthase Kol641
hydroxymethylglutaryl-CoA reductase (NADPH) Ko0021
mevalonate kinase Ko0869
phosphomevalonate kinase Ko0938
diphosphomevalonate decarboxylase Ko1597
1-deoxy-D-xylulose-5-phosphate synthase Kol662
1-deoxy-D-xylulose-5-phosphate Ko0099
reductoisomerase
2-C-methyl-D-erythritol-4-phosphate cytidylyltransferase ~ Ko0991
2-C-methyl-D-erythritol-2,4-cyclodiphosphate synthase Ko1770
4-hydroxy-3-methylbut-2-en-1-yl diphosphate Ko3526
synthase
4-hydroxy-3-methylbut-2-enyl diphosphate reductase Ko3527
isopentenyl-diphosphate-delta-isomerase Ko1823
4-diphosphocytidyl-2-C-methyl-D-erythritol kinase Ko0919
shikimate dehydrogenase K13832
shikimate kinase Ko0891

—_—

transferase activity, transferring acyl groups other than amino-acyl groups,
3-oxoacyl-[acyl-carrier-protein] synthase activity

transferase activity, transferring acyl groups other than amino-acyl groups,
hydroxymethylglutaryl-CoA synthase activity

NADPH activity, coenzyme binding

ATP binding

ATP binding

ATP binding, actin binding

1-deoxy-D-xylulose-5-phosphate synthase activity, catalytic activity

oxidoreductase activity, acting on the aldehyde or oxo group of donors,
NAD or NADP as acceptor, protein binding, NADPH binding

2-C-methyl-D-erythritol-4-phosphate cytidylyltransferase activity,
nucleotidyltransferase activity, uridylyltransferase activity

2-C-methyl-D-erythritol-2,4-cyclodiphosphate synthase activity

4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase activity,
oxidoreductase activity, antioxidant activity

4-hydroxy-3-methylbut-2-en-1-yl diphosphate reductase activity,
metal ion binding

hydrolase activity

ATP binding

shikimate ~3-dehydrogenase (NADP®) activity, 3-dehydroquinate
dehydratase activity

cytidylate kinase activity, dephospho-CoA kinase activity, ATP binding
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