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Abstract: To explore the regulatory network of flavonoid biosynthesis in Lycium barbarum var. auranticarpum,
we utilized broad-target metabolomics and transcriptomics to analyze the differential metabolites and
differentially expressed genes between L. barbarum var. auranticarpum (yellow goji) and its hybrid (hybrid
yellow goji). The results showed that 55 kinds of flavonoids were present in higher amounts in the fruits of hybrid
yellow goji, among which flavonols (63) and dihydroflavones (13) were dominant (60.09%). By screening the
differential metabolites in the flavonoid biosynthesis-related pathways, it was found that cinnamic acid,
swertiamarin and dihydroquercetin were present in higher amounts in hybrid yellow goji, while quercetin and
epicatechin were only present in hybrid yellow goji. A total of 23 244 differentially expressed genes were detected
in yellow goji and hybrid yellow goji, with 14 129 genes upregulated and 9 115 genes downregulated in hybrid
yellow goji. Eleven differentially expressed structural genes related to the flavonoid biosynthesis pathway were
screened out. The expression of seven key structural genes (LbANS, LbF3'H, LbF3'5'H, Lb4CL, LbDFR, LbPAL
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and LbHFLS) involved in flavonoid biosynthesis were all higher in hybrid yellow goji than in yellow goji.

Meanwhile, four MYB transcription factors were upregulated in hybrid yellow goji. Therefore, these key

structural genes and transcription factors may be the key genes regulating the differential accumulation of

flavonoids in yellow goji and hybrid yellow goji.

Key words: Lycium barbarum var. auranticarpum; Metabolomics; Transcriptomics; Flavonoids; Regulatory

mechanism; Transcription factor
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37°34.9636' N), #Fik 2 872 mo HS24% 5 57 B
WRMHE, T-80 CUKFEFLRAE, H TR
ST . IR LG A EAGA, Y0 H 2% E Merck
YNGR
1.2 Hik
1.2.1 B

SR AR IR M AT SR 5L R ol 7E R T AL (Scientz-100F)
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fi$ 18 Time (min) 7K Water ZME Acetonitrile
0 95 5
9 5 95
10 5 95
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2.1.2 B2 AR B A A

AW TRz #E A QU2 223 LRI ) 11 25 487
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and genomes (KEGG) & %4041, 4w 312 FiZE
S A, R SRR 20 KA H, L
IR B AT

Amino acids and their derivatives (80)

== F}fiZJ< Phenolic acids
= KJEE M7 5% Lignans and coumarins (39)
== /¥ Alkaloids (107)
== i Flavonoids (171)
o BRI
— I’;Ig:u;:él_e_?;%eesnzl:gstg)‘r) derivatives (45)
=== Al Other (100)
=== A}l Organic acids (61)

== {{i{k Steroids (5)
m [|5J Lipids (131)

Fig. 1 Phenotypes (A) and differential metabolite distributions (B) of the two goji fruits
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Table 2 Statistics on the number of differential flavonoid metabolites

ZA Type 30 Number i Up i Down

7 H-li Chalcone 9 4 5
&3 Dihydroflavone 13 5 8
S Dihydroflavonol 8 4 4
167 % Anthocyanidin 1 0 1
&M Flavonoid 11 8 3
A EE Flavonol 63 36 27
TE BB Flavonoid C-glycoside 2 1 1
H Lt E2S Flavanols 7 1

P& RS Aurones 1 1 0
&1t Total 115 60 55




%4 W 55 M5

e TACHTZE 2 AN SR A2 FRHT AN R i B ORISR AL A AR R AL 431

ﬂ?;ﬁﬁwqi-,s-o-ﬁ#jb;%&-(lmz)-Rﬁlﬂﬁ)é-(1%3)@#17@2):&-(1%)?@%% I
Tomatidine-3-O-glucosyl-(1—2)-[rhamnosyl-(1—3)]glucosyl-(1—4)glucoside
P B mE A e |
Feruloylhistamine
L SRR |
Erythorbic acid; isoascorbic acid
(-)-HsF A |-
(—)-Loliolide
B E-3-0-0"-OXS T G I I B 7-O- i Bl |
Quercetin-3-0-(2"-O-p-coumaroyl)sophoroside-7-O-glucoside
WA |-
Aculeatiside A
) 2.3- R A3 AR |
2,3-Dihydroxy-3-methylpentanoic acid |.
MR 3- 2 A U
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Trihydroxycinnamoylquinic acid |
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LUk
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Glu-[lycibarbarspermidine OJismoer
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) 1-EHEIR I bE- 152 |
1-Aminocyclopropane-1-carboxylic acid
o EEREERIE |
Cinnamoyltyramine
ﬂé»’ﬁﬁk%ﬁ-s-o«o"-o-xm',,"MJ:L}?:T-r‘r*mﬁ-s-u-ﬁ&mﬁ-w-o-ﬁmmﬁ 1
Petunidin-3-0-(6"-O-p-coumaroyl)rutinoside-5-O-glucoside-4'-O-glucoside
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K2 RS EzE RSl

Fig. 2 Dynamic distribution of metabolite content differences

P<0.01 NEIMETTIE S &40, PBELT 0, &
NEEEEE . 2R KEGG BAER WK 3, %
SR & 4R Ll A S 2 (R B B 7 A IR AR T
A6 Bi(ko01110) 2K A KE 4 M6 Fi(ko00940) F
KB E Hi(ko00941)
2.2 BEFHEFES T
2.2.1 JPHVHEE e AR

K H Illumina NovaSeq 6000 /=738 &l 721 & %
B SR A N A8 T MR SRS cDNA SCFEREAT B
SRR, IS 45 937 882 A1 40 949 267 4~ Raw
Reads, ILJEJE A=A T 41 073 465 F1 40 368 818
> Clean Reads, Q20 (B2 EAH =20%)HN 95.79%
F197.72%, Q30 (Bl i F=AH =30%) M 89.98% 1
93.55%, GC & =554 40.36%M1 41.57%. 4551 %
BFAZ P R A% 354, Clean Reads i &4, 1l R4
WATEE, AT TR S s Hr .

FJH KEGG. Nr. SwissProt. KOG. Pfam fll
GO 55 (A Bds 2 XF BT 4T Unigenes #HT 1 28 1 i T
W, 25 R W 3.7 BT T 50 067 (31.06%)71 243
(44.20%)+ 44 068 (27.34%). 37 928 (23.53%). 54 417
(33.76%) 1 41 196 (22.56%) /1™ & [ )i - X T 25
AT FNR LN, 2390 5 % E (Solanum  tuberosum,
19.33%)~ kM MH %L (Nicotiana attenuata, 12.62%)

L
=
o
=

Log, FC

*3 BEREDREERS T

Table 3 Summary statistics of function annotation for unigenes

Hdi FE Database ¥ Number %
KEGG 50067 31.06
Nr 71243 44.20
SwissProt 44 068 27.34
KOG 37928 23.53
GO 54417 33.76
Pfam 41196 25.56
Annotated in at least one Database 74 026 45.93
Total Unigenes 161 184 100.00

B Capsicum annuum, 11.86%)5E [FIVE(E 4).
222 ERLRILFEF DR

A 23 244 A FEDRTE 5 FAAC A28 52 B SR M)
firhZRRik, LERMIL S, F 14 129 M
DR 0 (7 2R A8 38 R M AT i Rk KPR, 9 115 A4
FEDR R U (7F 28 A AT P R B KR, 31047 A
FHRFKIATLZERE 5: A). KEGG HBEERHr4h
REW], 2R EEEEERNIET(ko01100).
AR = AW A ii(ko01110) 55 ik 2. HoH,
80 ™ unigenes ¥ VE B B R E B & g e, 9N
unigenes #f ¥ B 21 3 B A0 BB B 09 A2 0 A R &
1% J& 8 A~ unigenes ¥ 3 FE B 7 5 B A= 0 & RS 1R
(K 5:B).
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Fig. 3 KEGQG classifications of differentially expressed unigenes
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== Hifll, Others (8.12%)
4 TR G RV A
Fig. 4 Homologous species distributions of the predicted protein
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