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Identifying related genes involved in isoquinoline alkaloids biosynthesis of
Phellodendron chinense var. glabriusculum based on transcriptome data

WANG Fuhua, ZENG Zishen, LI Duanyang, YUAN Xinyi, TIAN Mei, GAO Jihai, HOU Feixia
School of Pharmacy/College of Modern Chinese Medicine Industry,State Key Laboratory of Southwest Chinese Medicine
Resources,Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China

Abstract: Objective To study the content difference of isoquinoline alkaloids in different tissue parts of Phellodendron chinense var.
glabriusculum and the genes related to biosynthesis Methods High performance liquid chromatography (HPLC) was used to determine
the contents of root bark, stem bark and leaves of Amur barberberry, and transcriptome sequencing was used to screen key enzyme genes
to explore the synthesis mechanism of isoquinoline alkaloids in P. chinense var. glabriusculum. Result The contents of isoquinoline
alkaloids in root bark, stem bark and leaves were significantly different. 85 908 Unigenes were obtained by transcriptome sequencing, of
which 49 114 (57.17%) were successfully annotated. 38 differentially expressed genes that catalyzed the production of isoquinoline
alkaloids were successfully identified, and correlation analysis was conducted with isoquinoline components such as berberine. Eight genes
were highly positively correlated with berberine content, including CNMT, NCS, TDC, BBE, TYNA and other genes, which may have
important effects on the synthesis and accumulation of berberine genes. The expression pattern of differentially expressed genes was
consistent with that of transcriptome data by qRT-PCR. Conclusion The significantly different expression patterns of isoquinoline
alkaloid synthesis pathway related genes in different tissue parts of P. chinense var. glabriusculum were revealed, providing clues for
further research on the molecular mechanism of isoquinoline alkaloid biosynthesis regulation.
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FSCHIS T B2 24 K 2 e K R R 48 8 N e T BE P
chinense Schneis var. glabriusculum Schneid.FJ4FE
fEkk, BMAIEEILE 1.

10 cm

AR 3E5E; B-Z%; C-MMIET: D-MHSTH; E-IR.
A-P. chinense var. glabriusculum.test material; B-stem; C-face of the

leaves; D-back of the leaves; E-root.
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Fig.1 Morphology of P. chinense var. glabriusculum
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AN, RIS S VAR

223 (A& A8 HE Xtimate XB-Cis
WA (250 mmX 4.6 mm, 5 pm), MBI N ZHE (A)
-0.1% MR /KR (B), #6E Mt (0~25 min, 10%~
18% A; 25~35 min, 18%~25% A; 35~45 min,
25%~40%A; 45~60min, 40%~60%A), i illJ
K 220nm, AFRE 1 mL/min, F:& 30 C, HEFE
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2 EMEE HPLC E
Fig.2 HPLC of P. chinense var. glabriusculum



* 3266

FEH 2025FE58 $£56% B 9W  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

2.3 RNA RRESMF

IR Z 02 M EY S RNA 12 B30 &
(DP441, RIR) FRMCESRIGE B AT RNA 2
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orthologous groups, KOG) 21, [A]JF £ /% (clusters
of orthologous groups, COG) 31, JEKX L F:
e B H R FVEEE (evolutionary genealogy of genes:
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UHRIE R 5 R 20 R4 5 (Kyoto encyclopedia of
genes and genomes, KEGG) 51, & 77154k
(Swiss protein knowledgebase, Swiss-Prot) [015£%f
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& RNA FEHUE “2.37 T, Sziueid 72 % i
FastReal gPCR PreMix {7 58 157 BIO-RAD
CFX96 kAT, [ BLsEAF M %: 95 'C 3 min;
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DINBh&E A% RE (Actind ANZ, fHH 272401k
PSOMTI. BBE. NCS. CNMT % F R AN Rk & .
TR SEIG I IR AT SR, A AT 3 MR
MESM 3 RERES . EHBREETZE5T
(ANOVA) W51, DISH R BN ZEE AN
Wb 3 E] 1) 2 5 5 (P<<0.05), KA Prism 8.0 4t
THERE G B AHIC T P 4ax i el AL R AR R,
AR AF AR, W 1.

T 1 ZEECHEEE PCRIIMER

Table 1 Primers for real-time fluorescence quantitative PCR

HE R A TR kB IMFF (5°—>37)
BBE_TRINITY DNI1766_c0 gl BBE-F TGTCGGTTCATGGGATAGCTT
BBE-R GTTTCCGGCATTTGGGTGTT
NCS_TRINITY DN5798 cl gl NCS-F AGGCCAATACCCAGAGAGTAGT
NCS-R AGGTAGCGGGATGGAATGTG
TYNA_TRINITY DN5316_c0 gl TYNA 1-F CCGCAACTCAGGAAAAGACG
TYNA_I-R AACGGGACGGATCAGAAACG
TYNA_TRINITY DN10162 c0 gl TYNA 2-F TGAATGAGCTTGGGGTTCCG
TYNA 2-R CGTCTTTGGTTCTTCCACAACTG
TDC_TRINITY DN624_c0 gl TDC-F CATAGCCATGGAGAATGGTGGT
TDC-R CCTGGCTGAACTTGGCTGAG
PSOMTI_TRINITY DN14539 c0 gl PSOMTI-F AGGAGTTTTCACCGCGCATA
PSOMT1-R AGCAAGTGTTTGCTCCGAGT
CNMT _TRINITY DNI1541 0 gl CNMT-F TGCCCATAGCCATCAACACC
CNMT-R AGCATCCTCTAAGGTGGCTG
3 HRESH HILE ZE B A () AR B3R T A IR, A
3.1 EMEEDBAIURTHESENE THEILA “07,

TS BEMR . 25 R . M HPLC B il &h R
WK 2 Fion, ARZEEHES INEERLE TS S BERR R

TR ST & B R m TR,
ZERE AR AT B, AR B AT S T :

BEET; GREET SRR E R TRES
s 5 ROR 22 AEBRAEAR B2 45 25 B & AR L,
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Table 2 Determination results of five isoquinoline alkaloids in P. chinense var. glabriusculum
VA A% AR AT Yo 2% E5T/% /N %o
5854 0.21+0.05b 0.26+0.08 a 0.03£0.01 b 0.01£0.01 b 1.47£0.06 a
EN4 0.56+0.01 a 0.25+0.03 a 0b 0.53+0.02a 1.23+0b
il 0.02+0.02 ¢ 0.01+0.01 b 0.16+0.07 a 0b 0.084+0.07 ¢

AR EFRRZERIERESE, P<0.05.
different letters indicate significant differences, P<0.05.
BIREGTAM PR &, DEBART & &R
wm, HOONZER, fErthEERD.
32 RMEBREFRERESTSERER
SERTTI S BERL R . KL S 3 AN AL
9 MR FCSR AN, FiHEIRAS 62.62 Gb Clean
Data, #F£dh Clean Data ¥J1A%] 6 Gb LL_E, O30T
FEH 5 LUAE 92.86% A LA L, 15 BA 16 I 3 ot & 4
BoeHE. (EH Trinity BT SRS 85 908 5%
Unigene . HH K EAE 1 kb LA Unigene A 19 580
%, Unigene [f] Nso ¥ 1 342 bp, ZHAE5E8ME 5,
EE T .
3.3 FKAEEEERE unigenes INEETFE
3.3.0 ERGRICE  {EH] DIAMOND #fF, ¥k
2#) Unigene /¥4 7E NR. GO KEGG- eggNOG4.5.
Swiss-Prot (i & F b X}, i H KOBAS 15 %
Unigene £ KEGG ) KEGG Orthology 45,
InterProScan #|H] InterPro #&-A HI%HE F2E 73 M 2
) GO Orthology 25 %, #ilill5¢ Unigene (1) 2 F: 12
Fe3 2 JE 8 H HMMER %5 Pfam 044 PE LL XS
LA 49 114 2% Unigene SRTGEFERE B A
Unigene [ 57.17%, W% 3.
3.3.2 NRVEFE @I E 4% 1 Unigene FERE 5 NR
s PEEAT EOE, WL 3, 31t 47 452 2% Unigene
=3 ZBUEE Unigenes BT RERST

Table 3 Annotated statistics of Unigenes in various

databases
Kb o i EE/%
COG_Annotation 9 386 10
GO_ Annotation 38 627 44
KEGG_Annotation 29537 34
KOG_Annotation 24 305 28
Pfam_Annotation 24 957 29
Swissprot_Annotation 28 808 33
TrEMBL_Annotation 46 141 53
eggNOG_Annotation 37582 43
nr_Annotation 47452 55
All_Annotated 49114 57

FIFE [13 171, 27.76%)

W ST L1 693, 24.64%)
EHFE 5146, 10.84%)
Fif H % [1699, 3.58%]
VIR [1022, 2.15%)
H% [732, 1.54%]
Ramularia collo-cygni [362, 0.76%)]
K [316, 0.67%]
Elsinoe australis [255, 0.54%]
BBk [228, 0.48%)]
HAth [12 827, 27.03%)]

3 NRIEBRGIHIM S5

Fig.3 NR annotated statistical species distribution map

BRNERE. 4% Citrus clementina Hort. ex Tanaka. #f
1 Citrus reticulata Blanco- i H V¥ Pistacia vera L.+
BRI Acer yangbiense Y. S. Chen & Q. E. Yang. %]
BeaE LS Citrus sinensis (L.) Osbeck- o, B2 T Vitis
vinifera L.. Ramularia collo cygni B. Sutton & J. M.
Waller (Ree) « 188 Hevea brasiliensis (Willd. ex A.
Juss.) Milll. Arg.« Elsinoé australis Bitanc. & Jenkins.
HHRk Juglans regia L.. HA S5 FNZEERIVETE. 70
B2 T4k SMIGINE &2 KAEBES, 5008
27.76%-24.64% 5 10.84%, FUONRT FI%T1] 3.58%,
SR ] AR AU 51, 535 2.15%
1.54%F11 0.67%.

333 GO LR A 38 627 4% Unigene 11K
3 GO #HEE, tRIhREn 7 AEWIERE (CO. 4
MRSy (MF). 2 FIiRe (BP) 3 25, L4 45 4~/
H (E 4, Z5MAEYREEE NI RE, 318
997 % Unigenes 132738, HUCHREIEHRE, A 16
399 2kVEREMN Unigenes. 54001 24 5 i iE B
Unigenes #5 % IR V40 AR Sk, A 20518 2%,
UONAIN T, f 13 018 %k. r FIIRELE &0
Unigenes 5%, A 18905 2&, HAth i %1515
P, 91321 %

75 3 BEAR 22 L S B P 24 305 %%
Unigenes 313 KOG 718, 404 25 MAFEE) KOG
DineReE, WK 5, MEmem, B RZEN
A AmiG sl . —METhRE TN RE LU i ol 23.44%,
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Fig.4 GO functional classification of DEGs

KOG Function Classification of Consensus Sequence

[ A:RNA processing and modification
51 B:Chromatin structure and dynamics
C:Energy production and conversion
D:Cell cycle control, cell division, chromosome partitioning
E:Amino acid transport and metabolism
F:Nucleotide transport and metabolism
4 000- G:Carbohydrate transport and metabolism
H:Coenzyme transport and metabolism
I:Lipid transport and metabolism
J:Translation, ribosomal structure and biogenesis
s K:Transcription
L:Replication, recombination and repair

B M:Cell wall/membrane/envelope biogenesis
N:Cell motility
2000~ O:Posttranslational modification, protein turnover, chaperones
II I |I--

P:Inorganic ion transport and metabolism
o.IIIIIllIIllIl

| | Q:Secondary metabolites biosynthesis, transport and catabolism

R:General function prediction only
T:Signal transduction mechanisms
ABCDEFGHIJKLMNOPQRSTUVWXYZ

| U:Intracellular trafficking, secretion, and vesicular transport
V:Defense mechanisms

S:Function unknown
W:Extracellular structures
Digesr 2k

El5 ZREE KOG EENH
Fig. 5 KOG functional classification of DEGs

UCRBIEIS M. AR MEBEARERREN 34 ERFEEESH

11.51%- 1551 SHLUHI 10.38%HERR . IbANKAE I AT B SR (R 4), R vs ZEAF
A G R FOS I R 3.9% 00 ERE, £ 3 319 k2 RRIEER, A 1706 %, THA
KUFRH BRI R AP ESESARE 16134 Rvs Mg 8 735 £ERFEIR, L
ARAHICIE, A e 2 s R At 2 IR FR A 4698 %, TN 4037 4% ZEvs M 6091 452
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x4 ERTEEESH
Table 4 Analysis of DEGs

b ZRRILE

B RERREERS TRERRLE

WRvsz 3319 1706 1613
st 8735 4698 4037
Zvsit 6091 3483 2608

Endocytosis [ 27 (2 44%)
Peroxisome B 15 (1.38%)

SRIEFEN, LN 3483 %, TN 2608 %%. Al
A 2 ARk HE R O AR A ) 22 R SRR B R
S ER
35 ERFEEE KEGG EER

R vs ZE AR v M ZE vs M ELEZH 4351 2 050+
5508, 3928 % EFRILEFGEER. Ko A

Cellufar Pricesses

Plant hormone signal transduction s 106 (3.58%)
MAPK signaling pathway - plant - |5 BT (6.08%) Envi 1 Information P
ABC transporters [ 33 (298%)

Ubiquitin mediated proteolysis I 3 (3.07%)
Ribosome i 32 (2.85%)
l I 2 (21T)
RNA transport sy 19 (1.72%)
RNA degradation sy 15 1.35%)
Spliceosome 15 {1,36%)
mRNA surveillance pathway 14 (1.27%)

Protein pi ing in

Phenylpropanoid bios Yt es s  — 2 (5.01%
Carbon metabolism e 50 5
Doty s e 50 (4.52%)

Starch and sucrose metabolism  p——— 38 (2.44%)
Biosynthesis of amino acids - p— 57 (3.35%)
. Glycolysis / Gluconeogenesis " 33 (295%)
Amino sugar and nucleotide sugar metabolism  p———— 22 (252%)
Porphyrin and chlorophyll metabolism  pmm—— 75 (7.53%)
Pentose and glucuronate interconversions [ 27 (2.44%)
Carbon fixation in photosynthetic organisms RN 26 (2.35%)
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Fig. 6 KEGG pathways enriched for DEGs
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Fig. 7 Isoquinoline alkaloid synthesis pathway DEGs (A) and composition correlation analysis (B)
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Fig. 8 Selective validation of transcriptome sequencing data by qRT-PCR
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