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Comparative analysis of differentially expressed genes for
biosynthesis of active ingredients in fruits of different cultivars
of Lycium barbarum L. based on transcriptome sequencing
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Abstract: To explore the differentially expressed genes (DEGs) related to biosynthesis of active
ingredients in wolfberry fruits of different varieties of Lycium barbarum L. and reveal the
molecular mechanism of the differences of active ingredients, we utilized Illumina NovaSeq
6000 high-throughput sequencing technology to conduct transcriptome sequencing on the fruits
of ‘Ningqi No.1’ and ‘Ningqi No.7’ during the green fruit stage, color turning stage and
maturity stage. Subsequently, we compared the profiles of related gene expression in the fruits
of the two varieties at different development stages. The results showed that a total of 811 818 178
clean reads were obtained, resulting in 121.76 Gb of valid data. There were 2 827, 2 552 and
2 311 DEGs obtained during the green fruit stage, color turning stage and maturity stage of
‘Ningqi No. 1’ and ‘Ningqi No. 7°, respectively, among which 2 153, 2 050 and 1 825 genes
were annotated in six databases, including gene ontology (GO), Kyoto encyclopedia of genes
and genomes (KEGG) and clusters of orthologous groups of proteins (KOG). In GO database,
1 307, 865 and 624 DEGs of green fruit stage, color turning stage and maturity stage were found
to be enriched in biological processes, cell components and molecular functions, respectively. In
the KEGG database, the DEGs at three developmental stages were mainly concentrated in
metabolic pathways, biosynthesis of secondary metabolites and plant-pathogen interaction. In
KOG database, 1 775, 1 751 and 1 541 DEGs were annotated at three developmental stages,
respectively. Searching the annotated genes against the PubMed database revealed 18, 26 and 24
DEGs related to the synthesis of active ingredients were mined at the green fruit stage, color
turning stage and maturity stage, respectively. These genes are involved in carotenoid,
flavonoid, terpenoid, alkaloid, vitamin metabolic pathways, etc. Seven DEGs were verified by
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RT-qPCR, which showed consistent results with transcriptome sequencing. This study provides
preliminary evidences for the differences in the content of active ingredients in different Lycium
barbarum L. varieties from the transcriptional level. These evidences may facilitate further
exploring the key genes for active ingredients biosynthesis in Lycium barbarum L. and

analyzing their expression regulation mechanism.

Keywords: Lycium barbarum L.; fruit development; transcriptome; differentially expressed

genes; active ingredients
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Figure 1

Fruit morphology of Lycium barbarum L. in different developmental stages. A and B: From left to

right, it’s YA, ZA and XA. C and D: From left to right, it’s YC, ZC and XC.

x1 HRRS
Table 1 Sample number

Varieties of Lycium barbarum L.

Developmental stages

Sample number Duplicate group number

‘Ninggqi No. 1’ Green fruit stage
Color turning stage
Maturity stage

‘Ningqi No. 7° Green fruit stage

Color turning stage

Maturity stage

YA NI-1, N1-2, N1-3
ZA N1-4,N1-5, N1-6
XA N1-7, N1-8, N1-9
YC N7-1, N7-2, N7-3
zC N7-4,N7-5, N7-6
XC N7-7, N7-8, N7-9
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reads, 4 121.76 Gb AREHE, GC &Nl

Table 2 Primers for real-time fluorescence quantitative PCR

Gene Forward primer sequence (5'—3") Reverse primer sequence (5'—3")
marker00046333 TCCTGATGCTGATGAAGATGATGGC GCACACGATGAGGCAATTTGACAG
marker00029155 GGAACTGAAGTCTTTGGAGGAACCC GTAGGCGAGAGTCAAGCATTCAAGG
marker00005595 TGGCACTGTTCTTGCTGCTTCAC AGGGAAGTGGACATTGAGAGGAGTC
marker00027109 CGGCTCGTTATGGAATCTGACCTG CGTTGATCTCACAGCTCTCGGATG
marker00027724 CTTTCTTTGAGAGCCTGAGGGTGTC TCTGAACTCTGGAATTGGCTGGTTG
marker00040298 CTTTCAAGATTGCTGCGTGGGATTC GCCTCGGTCTGAATTGTGTAGAGTG
marker00008029 TCTCAGTGACAGCGGTTAGGAAGG TCACAGTATCCTCCCTCAGCTTCG
LbActin CTTCCAGCCATCCATGATCGGTATG AGCCACCACTGAGCACAATGTTAC

&: 010-64807509
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Table 3  Annotation of DEGs in wolfberry fruits

2.2.1 DEGs IgEFH
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Stage of fruit development

DEGs annotated in each database

Total number of DEGs annotated

KEGG GO NR Swiss-Prot ~ Pfam KOG
Green fruit stage 1508 1766 2142 1526 1712 1775 2153
Color turning stage 1476 1697 2044 1520 1674 1751 2050
Maturity stage 1363 1518 1817 1308 1478 1541 1825
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32 (2.63%

34 (2.79%)
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49 (4.02%)
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31 (2.25%)
Cellular component
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0
2 MIIEREERHADEGs 9 GO EX

Percent (%)

Figure 2 GO enrichment of DEGs at green fruit stage of wolfberry.
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Figure 3 GO enrichment of DEGs at color turning stage of wolfberry.
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Figure 4 GO enrichment of DEGs at maturity stage of wolfberry.
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Figure 5 KEGG classification of DEGs at green fruit stage of wolfberry.
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Figure 8 KEGG enrichment of DEGs at green fruit stage of wolfberry.
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Figure 10 KEGG enrichment of DEGs at maturity stage of wolfberry.
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Table 4 DEGs related to the synthesis of active ingredients and functional annotations

DEGs 7 & 13 ~F1 14 4, % DEGs &4
13 F1 10 4~(5% 4).

Development ~ Gene ID NR database annotation Gene function log, (fold
stage change)
Green fruit stage marker00012475  Phytoene synthase 1 Carotenoid biosynthesis -1.952
marker00035118  PREDICTED: phytoene synthase2, Carotenoid biosynthesis -1.916
chloroplastic-like
marker00025871  15-cis-(-carotene isomerase Carotenoid biosynthesis —-1.575
marker00027654  Carotenoid beta-ring hydroxylase 2 Functional lutein biosynthesis -1.573
marker00005595 PREDICTED: anthocyanidin Proanthocyanidins (PA) biosynthesis 1.762
reductase-like
marker00034314  Anthocyanidin synthase Anthocyanin biosynthesis —2.966
novel.16929 PREDICTED: laccase-14-like Relate to the degradation of anthocyanins —2.541
marker00016307  Chalcone synthase, partial A key enzyme in the flavonoid pathway  —1.954
marker00022688  Chalcone synthase, partial A key enzyme in the flavonoid pathway  —3.724
marker00027109  Flavonoid 3’-hydroxylase Involve in the flavonoid pathway -2.250
marker00038026  Flavonoid-3',5'-hydroxylase Involve in the flavonoid pathway -2.385
marker00018617  3-hydroxy-3-methylglutaryl Terpenoid biosynthesis —-1.548
coenzyme A synthase
novel.21847 Terpene synthase Terpene biosynthesis -8.197
marker00044724  Glycosyltransferase Ginsenoside biosynthesis -1.597
marker00040598  PREDICTED: beta-amylase Carbohydrate metabolism 1.879
marker00045838  PREDICTED: laccase-4-like Relate to lignin biosynthesis —4.276
marker00028451 PREDICTED: laccase-4-like Relate to lignin biosynthesis 3.666
Color turning ~ marker00012475  Phytoene synthase 1 Carotenoid biosynthesis -1.552
stage marker00048068  Phytoene desaturase Carotenoid biosynthesis -1.566
marker00005595 PREDICTED: anthocyanidin Proanthocyanidins (PA) biosynthesis 2.603
reductase-like
marker00012448  PREDICTED: anthocyanidin Proanthocyanidins (PA) biosynthesis 2.516
reductase
marker00021870 PREDICTED: flavonol A key enzyme for flavonol synthesis -1.507
Synthase/flavanone 3-hydroxylase-like
marker00034314  Anthocyanidin synthase Key step of anthocyanin biosynthesis 2.910
marker00015647  Caffeoyl-CoA O-methyltransferase Polymethoxylated flavones biosynthesis ~ 3.047
marker00016307  Chalcone synthase, partial A key enzyme in the flavonoid pathway 1.570
marker00022688  Chalcone synthase, partial A key enzyme in the flavonoid pathway 3.437
marker00022157  Putative transcription factor KAN4 Regulate the seed flavonoid biosynthesis —1.612
marker00027109  Flavonoid 3'-hydroxylase Involve in the flavonoid pathway -3.247
marker00038026  Flavonoid-3',5"-hydroxylase Involve in the flavonoid pathway 5.319
novel.3707 PREDICTED: 2-hydroxyisoflavanone Isoflavone biosynthesis 2.537
dehydratase-like
marker00044724  Glycosyltransferase Ginsenoside biosynthesis -1.724
marker00014229  Glycosyltransferase Ginsenoside biosynthesis -7.018
novel.21847 Terpene synthase Terpene biosynthesis -8.335
marker00030850 PREDICTED: Beta-amyrin synthase ~ Terpenoid biosynthesis -1.703
novel.2667 PREDICTED: Tropinone reductase The branch point of tropane alkaloid 2.603
homolog metabolism
marker00040095 PREDICTED: Vinorine synthase- A central role in the biosynthesis of the ~ —5.001
like antiarrhythmic monoterpenoid indole
alkaloid ajmaline
marker00024878 PREDICTED: Acetylajmalan Play an essential role in the late stage of ~ 2.656
esterase-like ajmaline biosynthesis
)
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(G2))

Development  Gene ID NR database annotation Gene function log, (fold
stage change)
marker00030846  RecName: Full=Sucrose synthase; Sucrose metabolism 5.013
AltName: Full=SS16; AltName:
Full=Sucrose-UDP
glucosyltransferase AAA33841.1
sucrase synthase (EC 2.4.1.13)
marker00044067 PREDICTED: Alpha-amylase-like Carbohydrate metabolism 4.109
novel.11679 PREDICTED: Beta-amylase 1, Degrade transitory starch during drought —9.041
chloroplastic-like stress
marker00022295  Riboflavin synthase Vitamin biosynthesis -1.937
marker00008586  PREDICTED: Monodehydroascorbate Key enzyme in the conversion of oxidized 2.346
reductase ascorbate (AsA) back to reduced AsA in
plants
marker00001335 PREDICTED: Squalene synthase-like  Sterol biosynthesis -2.074
Maturity stage  marker00040298  Transcription factor bHLH36-like A homolog of bHLH36 involved in maize —7.691
carotenoid metabolism
marker00046333  Carotenoid cleavage dioxygenase 4 Catalyzes the production of B-ionone —-1.685
(carotenoid derivatives)
marker00029155  15-cis-C-carotene isomerase Carotenoid biosynthesis -1.563
marker00005595 PREDICTED: Anthocyanidin Proanthocyanidins (PA) biosynthesis 4.890
reductase-like
marker00027109  Flavonoid 3'-hydroxylase Involved in flavonoid pathway -2.711
marker00027724  PREDICTED: Gibberellin Cause the accumulation of anthocyanins ~ 1.862
2-beta-dioxygenase 8-like
marker00015647  Caffeoyl-CoA O-methyltransferase Polymethoxylated flavones biosynthesis —2.731
novel.3707 PREDICTED: 2-hydroxyisoflavanone A critical determinant of isoflavone 1.621
dehydratase-like productivity
marker00028104 PREDICTED: 1-deoxy-D-xylulose Isoprenoids biosynthesis -1.613
5-phosphate reductoisomerase,
chloroplastic
marker00041897  PREDICTED: Geranylgeranyl A key enzyme in the synthesis pathway of —1.985
pyrophosphate synthase, diterpenoid.
chloroplastic-like
novel.21847 Terpene synthase Terpenoids biosynthesis —7.791
novel.21848 Sesquiterpene synthase Sesquiterpenoids biosynthesis 1.862
novel.16162 PREDICTED: Beta-amyrin Influence the oleanane-type ginsenoside  4.963
synthase-like level
marker00040095 PREDICTED: Vinorine Involved in the biosynthesis of the —4.472
synthase-like antiarrhythmic monoterpenoid indole
alkaloid ajmaline
marker00030846  RecName: Full=Sucrose synthase; Key enzyme in plant sucrose catabolism —4.472
AltName: Full=SS16; AltName: Full=
Sucrose-UDP glucosyltransferase
AAA33841.1 sucrase synthase (EC 2.4.1.13)
marker00044067 PREDICTED: alpha-amylase-like Carbohydrate metabolism 2.856
novel.11679 PREDICTED: Beta-amylase 1, Degrade transitory starch during drought —8.414
chloroplastic-like stress
marker00008511  Glycoside hydrolase, family 32 Fructan biosynthesis 4.025
marker00014059  glycosyltransferase Involve in the biosynthesis of xyloglucans 1.533
and mannans
marker00028696 PREDICTED: Beta- Involve in the hydrolysis of sucrose —-1.510
fructofuranosidase, insoluble
isoenzyme 1-like
marker00022295  Riboflavin synthase Vitamin biosynthesis —2.636
marker00024231  GDP-mannose 3',5'-epimerase Vitamin C biosynthesis -1.679
marker00026923  PREDICTED: Pyridoxal reductase, Vitamin B6 salvage pathway -2.272
chloroplastic-like
marker00008029 MYB family transcription factor A key factor in controlling development 1.506

isoform X1

and metabolism
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Figure 17
acid-4-hydroxylase;

CHI:

Flavonoid biosynthesis pathway. PAL: Phenylalanine ammonia lyase; C4H: Cinnamic
4CL: 4-coumarate-CoA ligase;

Chalcone isomerase; F3H: Flavanone-3-

hydroxylase; DFR: Dihydroflavonol reductase; UFGT: UDP flavonoid glucosyltransferase.
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