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Full-length transcriptome sequence and identification of genes involved
in phenylethanol glycoside biosynthesis in Rehmannia glutinosa
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Abstract: Rehmannia glutinosa belongs to the Scrophulariaceae family with important medicinal value. In
order to effectively explore the transcriptome information of R. glutinosa and identify the genes encoding enzymes
involved in phenylethanol glycoside (PhGs) biosynthesis, the leaves, stems and tuberous roots of R. glutinosa were
used for transcriptome sequencing using Pacific Biosiences RS II platform. A total of 27 773 transcripts were
generated with an average length of 2 380 bp, and 27 236 coding sequences (CDS) were predicted. Using BLAST
software, non-redundant transcript sequences were annotated with NR, NT, GO, COG, KEGG, SwissProt and
Interpro databases and a total of 27 399 annotated genes were obtained. Among them, the number of genes related
to Sesamum indicum in the NR database was the highest (81.44%), which is consistent with their evolutionary rela-
tionship. Enzymes likely involved in the biosynthesis of isoacteoside, echinacoside, cistanosides A, cistanosides F,
2'-acetylacteoside and leonoside F were identified, and 143 genes were identified in R. glutinosa full-length tran-
scriptome. The expression levels of 19 genes correlated with acteoside content in twelve tissues of R. glutinosa,
and most showed higher expression levels in leaf tissues and floral organs. This study provides more reliable tran-
scriptome data for screening R. glutinosa for functional genes and provides a foundation for the study of the molec-

ular mechanisms of PhGs biosynthesis.
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Figure 1

Features of the 12 tissues of R. glutinosa. L1: Tender leaf; L3: Fully expanded leaf; L5: Old leaf; S1: Top of stem; S2: Middle

piece of stem; S3: Lower stem; SS: Seed stock; HTR: Head of tuberous root; MTR: Middle of tuberous root; YB: Young flower bud; MaB:

Mature flower bud; MF: Fully opened flower

Table 1 Results of PacBio sequencing of R. glutinosa

. . . . Full-length Full-length
Library Reads of insert 5'-Prime reads 3'-Prime reads Poly-A reads L. L.
non-chimeric reads non-chimeric read length/bp
1 172 573 104 609 (60.62%) 110 860 (64.24%) 96 684 (56.02%) 45959 (26.63%) 1 440
2 139 060 94 476 (67.94%) 95 698 (68.82%) 90 506 (65.08%) 69 282 (49.82%) 1825
Table 2 Summary of functional annotation results for R. glutinosa transcripts. Nr: NCBI non-redundant protein sequences; Nt: NCBI

nucleotide sequences; KEGG: Kyoto encyclopedia of genes and gonomes; COG: Clusters of orthologous groups; GO: Gene ontology

Values Nr Nt Swissprot KEGG COG Interpro GO Overall
Number 26 552 26 521 21057 22724 14 735 25374 8423 27399
Percentage 95.60% 95.49% 75.82% 81.82% 53.06% 91.36% 30.33% 98.65%
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Figure 2 Functional annotation of full-length transcripts of R. glutinosa. A: Species distribution of annotated transcripts in NR database;

B: Classification diagram of GO annotation; C: The venn diagram between NR, COG, KEGG, Swissprot and Interpro

Table 3 Quality metrics of predicted CDS. N50: A weighted median statistic that 50% of the total length is contained in CDS great than or
equal to this value. GC/%: The percentage of G and C bases in all CDS

Software Total number Total length Mean length N50 N70 N90 GC/%
Blast 26 560 27077 331 1019 1329 921 543 44.42
ESTScan 676 2124 561 3142 4302 2949 1887 44.07
Overall 27236 29201 892 1072 1413 969 561 44.40

5E H 27 236 4~ CDS, P K E A 1 072 bp.
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Figure 3 Biosynthetic pathway of phenylethanoid glycosides. PAL: Phenylalanine ammonia-lyase; C4H: Cinnamate-4-hydroxylase; C3H:

Coumarate-3-hydroxylase; TyDC: Tyrosine decarboxylase; PPO: Polyphenol oxidase; CuAO: Copper-containing amine oxidase; ALDH:

Alcohol dehydrogenase; UGT: UDP-glucose lucosyltransferase; 4CL: 4-Coumarate-CoA ligase; HCT: Shikimate O-hydroxycinnamoyltrans-

ferase; AAS: 2'-Acetylacteoside synthase; OMT: O-Methyltransferase
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Table 4 Identified enzyme genes involved in phenylethanoid glycosides biosynthesis

No. of Average Range of Enzyme
Gene . Enzyme

trancript length/bp lengthe/bp code
PAL 14 2 045.57 549-2 533 Phenylalanine ammonia-lyase 4.3.1.24
C4H 5 1376.80 674-1 1776 trans-Cinnamate 4-monooxygenase 1.14.13.11
C3H 4 1047.75 462-1 857 Coumaroylquinate (coumaroylshikimate) 3’-monooxygenase 1.14.13.36
4CL 24 1867.88 476-3 890 4-Coumarate-coa ligase 6.2.1.12
CudO 18 2 027.06 560-2 711 Copper amine oxidase 1.4.3.21
ALDH 9 1574.56 1256-2 138 Cinnamyl alcohol dehydrogenase 1.1.1.195
TyDC/DODC 8 1700.13 996-2 353 Tyrosine decarboxylase 4.1.1.25
PPO 10 1.800.2 1019-2 059 Polyphenol oxidase 1.10.3.1
UGT 17 1748.76 1495-2 432 UDP-glycosyltransferase 24.1.-
HCT 19 1730.63 852-3 294 Shikimate O-hydroxycinnamoyltransferase 2.3.1.133
AAS 0 - - Galactoside O-acetyltransferase 2.3.1.18
OMT 15 1487.6 709-3 495 O-Methyltransferase 2.1.1.-
Total 143 1765.19 462-3 890
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Figure 4 Gene-metabolite correlation network representing the enzyme genes and acteoside involved in phenylethanoid glycosides biosyn-

thesis
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Figure 5 Heat map representing expression dynamics of enzyme
genes involved in phenylethanol glycoside biosynthesis pathway
in different tissues. L1: Tender leaf; L3: Fully expanded leaf; L5:
Old leaf; S1: Top of stem; S2: Middle piece of stem; S3: Lower
stem; SS: Seed stock; HTR: Head of tuberous root; MTR: Middle
of tuberous root; YB: Young flower bud; MaB: Mature flower bud;
MF: Fully opened flower
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Tz 5. BETEREE S ER N —F IR LB
oy, P ARIE F 0 fE 150 R R BT B AR AE R,
HAEMA BOSR H AT %2 o B I A ] iR
WML (Olea europaea) 4N 5364120 My & 1 B S5 TE bl
H VDG IR, AR IR T 2 IR i 12 1) 73 B I
B R YR T 2K TR R IR A% 1R W R 4 [ 1l B S A6 A
HOY, RSN — D58 T BT A& g
72, HEM 0 BR 75 4CL M 4k R A= Semm kit 3L H i A, 20
HRH AE PPO AL T 2E Rl 2 Ji T I 7 B % 366 s 1 7
UGT A0 R Az i JE s i, b e Foe 528 4 g A R 2 2
I B 1 /E HCT #1 UGT 1E I R & 46 & BE H A 12 16 =
A B SRR A S AT LA TE M S B
R QR R BT 450, HEW 7 25 R B8
W R AR ET A WNKERTF2-2HEE
{647 F1 leonoside F 1) {40 B, FF 78 Hh 3 b 245 52 B
AAS DA FADT 2 BEF o A LR SE IR, it
— SRR FUIX A o0 A B S L B A TR

A Tl 35 ] 45 5 R Th RE T 78 A2 SR 0T 26 R 3 A=)
B R G ke . IR A AR AR SR 2L K
PETEH B o 558 B SR A A BB R 219
LB ISR, o SN RRTE KBRS LR
K, AKRER AL % E 143 N3 5 R W R Y
B ISR T A TS DR e i A, R I B i B > T2
T AREHE IR AT e s A, (R S A () K B8 B SR L
AR SR K . AT R R PR A AR SR AR 1 A K
B rp AR D T AR R, AR AR 3R
RS AR 2, B AR, BN TR RS
SR ) A K A s A R A ) A Tl R B i A 1)
B AR, (H R, AT RIS G 40T S T Re A LR
TS g5 AR NG B R R BRI R s AR B %
A T B, AR, H T L2 4RO i 1 3 3 DR 20
SEIRA TR e (RO E LN 56.21%), AT 04T
AT T A KL S AR R . B LR O
B R A B I A B B S B, IR,
TEHAR A 2 B A AU i R AU A 42 X 4% 0 b R B
IOMEMERERNNREES BEEHEENSERE
FHOC, R AU RS DR 1) R 0K B R e e L s, 78
PR PRI ERAK, TS5 BRI AYE .
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6 MEMEEE N 5 BRI S E 2 MM, Kha
F5 14 OMT 3 A Full 24924, i B It Full 24924 7] f
2 5 leonoside F 8L A A H A AV & .

A 78 8 X F) F Pacific Biosience RS T 5 °F- &
WA THE N SRR, T TR OEEH R
I3 IRV E RS AR 55 0T (i A Bl 2 DR AT T %, A
TR 5 B EEEE RS R R, AR L
B R 7 HE 6 U o T LR B8 T AR

{E&E TTok: £ 4 752 A SCHE — R F MUE AR &, 55T
BT ARSI LT, AW & OB AR 4 S L A AL Il 2 X 55
RIEWE D HTANE SO E; MR ST RE T AR, Z 51
MBS £ES SHAE T LR RS S LR
MR B 5K S 505N A R R e e

FEMS: AL TN A AT R 28 0 5%
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