- & -

ETHZASTHAN +XIEFHESUIETAREBESARENS
¥ L 5 5 32

EFRM, ' kA Eem’, TR, AR, AR, KRBT (L W Tk A Rl S B2 O
310008 5 2. WL A2 £r i S HEE 5 , B 31 1300)

WE BN AT+ XI5 EoNEHALERRR FAASHIRBAEL S RO AEAR, Ak KASRMEE
(HPLC) i & taet + Kb 57 R B A - B 4 2 F T AR Fobah £ A a3 RN # 1A B R 54 vt + K o7
ARAESUHBEGALEARN AL LT LFAEAR BE oW AYBRESEEINLEFSZF AR ARGMINE, Fit L
Lm AN SR XEAR ., R Mt TRyt Ao AN AR BRI L TR RS EH A AR RE
It AP ARG SRS B et R et A AR n% SACHME S B R LR 5 AT, IR R T et A A
,,\mm: Bl Ao At B R A 2 A A AR i —F i@t KEGC &M BEME, 283 T 25 A4 HRBAY
RIEBRE EFEAAR, ¥ NCS.70MT ,CNMT .BBE .CAS .STOX 5 A B TH AL L SRBEY S RO BLELELR,
zﬁi’e et + K 55 o ACRE B A By AL AR B L T A N EER A ) LA P R S BRIt R R et R
R R IEI T AR K & 7= AR TR FE R Ay — 7 X,
KB et K oy AR ARG oL R R A
doi:10. 11669/ cpj. 2024. 20. 007 hESES R84 XEEFEERE:A  XEHES:1001 -2494(2024)20 - 1931 - 08

Molecular Mechanism of Accumulation of Jatrorrhizine in Mahonia fortunei (Lindl. ) During Dedifferenti-

ation Based on Transcriptome Analysis

JIANG Tianfu', CHEN Yao', ZHANG Meng', PAN Fupeng’, WANG Kehao', YANG Bingxian', FU Hongwei',
ZHANG Lin'* (1. College of Life Sciences and Medicine, Zhejiang Sci-Tech University , Hangzhou 310018, China; 2. Zhejiang Provincial Key
Laboratory of Resources Protection and Innovation of Traditional Chinese Medicine, Zhejiang A & F University, Hangzhou 311300, China)

ABSTRACT ;OBJECTIVE To establish a callus culture system for dedifferentiation of Mahonia fortunet (Lindl. ) in order to screen
the key genes involved in the biosynthesis of jatrorrhizine. METHODS The contents of benzylisoquinoline alkaloids in callus at
different dedifferentiation stages were determined by HPLC. Transcriptome was used to analyze the gene expression profiles of callus at
different dedifferentiation processes and identify the differentially expressed genes. By analyzing the relationship between the variation
of alkaloid content and the differentially expressed genes, the key genes involved in the biosynthesis of jatrorrhizine were screened.
RESULTS The contents of columbamine, palmatine, jatrorrhizine and berberine increased in varying degrees during the
dedifferentiation of Mahonia fortunei (Lindl. ) leaves, among which jatrorrhizine increased significantly. By comparing and analyzing
the transcripts of the leaves of Mahonia fortunei (Lindl. ) and samples from different dedifferentiated stages, differential expression
genes between different dedifferentiated stage samples were screened. Furthermore, through KEGG enrichment analysis, cluster
analysis, 25 differentially expressed genes involved in jatrorrhizine biosynthesis pathway were annotated, among which NCS, 70MT,
CNMT, BBE, CAS, STOX may be potential key genes. CONCLUSION  During the dedifferentiation period, the contents of
columbamine, palmatine, jatrorrhizine and berberine all increase, among which the contents of jatrorrhizine increases the most
significantly. Callus culture can be used as a method to produce benzyl isoquinoline alkaloids such as jatrorrhizine.
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Tab.1 HPLC analysis program of four alkaloids

t/min A(NaH,P0,)/% B( Acetonitrile) /%
0 80 20

10 73 27

20 71 29

30 5 95

38 5 95

43 80 20

50 80 20
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Tab.2 Real time fluorescence quantitative PCR primers
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Gene 1D Forward primer sequence(5'-3") Reverse primer sequence(3'-5")

Actin( AT1G49240)

GGAGCTGAGAGATTCCGTTG

GAATTCCTGCAGCTTCCATC

NCS(DN11300_c0_gl _il1) GGAAATGATTGAAGGAGG CAACGGAACAGTAGTGATAAG
60MT(DN1303_c0_gl _i5) AAATGATTGAAGGAGGGT GAACAGTAGTGATAAGAGGC
TOMT(DN1303_c0_gl _i5) TGTTTACCCTGAAATCGC CCTTCCCACCTTCTACCG
CNMT-A(DN3795_c0_gl _i20) TGGAGGATGGTTTGGTTC GTTGATGGGTGGGTTTGT
CNMT-B(DN7887_c0_gl _il4) TGTTCTTGATCTAGGGTGT TTATGTCTGCGAGGAGTA
NMCH(DN10562_c0_gl_i2) ACGAATCAAGGGCTATGT GAAACCCAACCAACTCCA
BBE(DNI1247_c0_gl _i2) ATAGTTACGAAGGGTTGTC ACCTAGAGTCGCACCAGA
CAS(DN9772_c0_g2_i4) AAGTTGGCGACCAGTTAT AGGCATGTCACGAGCAGA
STOX(DN4908_c1_gl _i5) TAGTGAACGCTGATGGAG GGTAGGTGGAACAGGAAC
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Tab.3 Determination results of alkaloid content at different dedifferentiation stages of Mahonia fortune. n=3,x +s

Atkatord

) Fresh leaf/mg + ¢ ~! DD_10/mg - g ! DD_20/mg + ¢! DD_30/mg - g ! DD_100/mg « ¢!
Columbamine 0. 144 +0. 071 1.382 0. 160 1. 170 0. 122 1.381 =0. 145 0.795 0. 075
Jatrorrhizine 0.041 £0.029 13.865 +5. 191 24.485 +6. 102 24.890 +1.795 18.318 4. 049
Palmatine 0. 136 +0. 071 1.743 0. 427 1.416 0. 234 1.393 0. 172 0.614 0. 100
Berberine 8.530 0. 381 7.017 1. 620 10. 596 + 1. 388 9.622 +1.683 2.450 +0. 696
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Fig. 1

dedifferentiation of M. fortune. n=3,% s

The alkaloid content in different stages of leaf
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GO - gene ontology; KEGG - Kyoto Encyclopedia of Genes and Genomes;
PFAM - Protein Family Database; NR - non redundant protein sequence database
KOG - eukaryotic homologous group; Swiss Prot — annotated Protein Database;
TrEMBL - originates from the protein sequence database of the European Molecular

Biology Laboratory.
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Fig.2 The Wayne diagram of gene annotation numbers for

M. fortunei in different databases

x4 mrtt+ Ko7 FANF 4R Clean data 411t
Tab.4 Clean data statistics of M. fortunei transcriptome sequencing results
Sample name  Clean reads Clean bases/bp Low quality reads Duplication reads rate/% Dala use rate/% 020/% 030/%

A_l 54 146 330 8 020 311 345 929 666 29.74 97. 86 97.55 93.16
A2 56 286 750 8 324 448 686 832 368 27.55 98.19 97.56 93.18
A3 53792 550 7 954 410 330 758 662 27.35 98.31 97.52 93.03
B_1 52 280 436 7 729 874 659 841 368 26.94 98. 08 97.46 92. 89
B_2 49 097 314 7 256 398 575 791 054 26.24 97.91 97.76 93. 64
B_3 51 976 032 7 690 237 855 744 330 26.6 98.23 97.7 93.47
C_1 53 454 198 7 924 998 317 1 032932 29.34 97.72 97.4 92.71
C2 51981 132 7 689 171 370 1273 994 28. 86 97.09 97. 45 92. 86
C3 49 128 432 7 281 369 051 744 342 27.12 98. 18 97.75 93.54
D_1 54 476 462 8 035 413 917 661 002 26. 36 98. 59 97.63 93.33
D2 47 585 270 7 048 956 504 679 988 26.73 98.3 97.47 92.9
D_3 49 710 836 7 382 526 120 741 530 27.4 98.25 97.49 92.94
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Fig.3 DEGs in fresh leaf and different dedifferentiation days of

M. fortunet
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The enrichment plot displays the top 10 KEGG enriched terms of differentially expressed genes in five experimental groups. Numbers in orange semicircles represent up-regulated

genes and numbers in blue semicircles represent down-regulated genes. The red marked area represents the terms related to the biosynthesis of jatrorrhizine.
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Fig. 4 Enriched KEGG pathways of differentially expressed genes
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A - cluster 1 of gene expression trends from FL to DD_30: Gene expression first decreases and then increases, with DD_10 to DD_20 being the plateau period; B — cluster 2

of gene expression trends from FL to DD_30:Gene expression first decreases and then increases, with DD_10 to DD_20 shows a decreasing trend; C — cluster 3 of gene ex-

pression trends from FL to DD_30: Gene expression first increases and then decreases, reaching its peak at DD_10; D — cluster 4 of gene expression trends from FL to DD_30:

Gene expression first increases and then decreases, reaching its peak at DD_20.
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Fig. 6 Enriched KEGG pathways of differentially expressed genes
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