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Abstract: Objective This study aims to clone the LbbHLH94-like gene from Gougqi (Lycium barbarum), analyze its spatiotemporal
expression, stress and hormone response patterns, and clarify its regulatory function in carotenoid biosynthesis, so as to provide a
theoretical basis for revealing the molecular mechanism of goji berry fruit quality formation. Methods Using Lycium barbarum cv.
‘Ningqi 1’ as material, we employed techniques such as PCR and qRT-PCR to clone and analyze the expression patterns of LbbHLH94-
like in different tissues, fruit developmental stages, abiotic stresses and exogenous hormone treatments. The overexpression vector was
constructed and transformed into goji plants, and the expression of key genes, enzyme activities and total carotenoid content in
carotenoid metabolism were determined. Results The LbbHLHY4-like gene was successfully cloned, with an 888 bp open reading
frame encoding 296 amino acids, and the sequence was identical to the genome reference sequence. This gene showed obvious
spatiotemporal specificity, with the highest expression level at fruit ripening stage. It responded to high and low temperature, salt,
drought stresses as well as 6-BA, IBA and GAj3 induction, showing a general pattern of promotion at low concentration and inhibition
at high concentration. Overexpression of LbbHLH94-like significantly up-regulated the expression of PDS, enhanced the enzyme
activities of PSY and PDS, inhibited the expression and enzyme activity of CCD4, and remarkably increased total carotenoid content

in fruits. Conclusion LbbHLHY94-like is a key positive regulator of carotenoid biosynthesis in goji berry, and also participates in
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abiotic stress response and hormone signaling. The results provide important gene resources and theoretical support for quality

improvement and precise molecular breeding of Lycium barbarum.
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LbbHLH94-like JE:FI{EAMAC SRS fE b 22 7RI,
HERSEEAS PREEREMK, P HEN
LbbHLHY4-like W] REZ SHfcEHE b= i
o T, AL E M E RS R A 1
5 ONMEL TEBE LbbHLH94-like ¥:[X, R 4Gi50Hr
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R, B TR (2542) CLOkIEE 9% (2000~
30001x) 16h/d. H5E59R 8 h/d 46/ FR 9%, “ahmK
24 e, BETEE 42 C) VRIE 4 T T,
53 7 W it A [ 1R B 1 AR 2% [6-BA (100 200 300
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LbbHLH94-like B:RIE “TAC 1 57 [ R,
TERRIR T3 SRR YE T DL ANR R
S W EIEHF M QRT-PCR A . @il
PrimerPremier 5 Wit LbbHLHY94-like LbPSY LbPDS.
LbCCD4 SRR IR e &Y (R D o fi
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F1 EESY
Table 1 Primers of genes
FE R AR M5 (5°-37) Hig
LbbHLH94-like F: ATGGTATTAGAGACAGTGG FE K 50 [EPCRY 1

eGFP

qLbbHLH94-like
LbPSY

LbPDS

LbCCD4

LbActin

F: AGCTGGACGGCGACGTAAA

R: CAGGACCATGTGATCGCGCTT

F: CCACGACACGCCAATCAAAG

F: TATGGGTTGTTTCGCCGAGTTCTG
R: AACGTGATCTACGCCTTTGGTGTC
F: CTTCTCCACGCCCAACTAAACCG
R: ACCTAGAACATCCCTTGCCTCCAG
F: CCTGAGGCTGATGAAGATGATGGC
R: GCACACGACGAGGCAATTTAACG
F: CTTCCAGCCATCCATGATCGGTATG
R: AGCCACCACTGAGCACAATGTTAC

PCRAI i A AC B 1 2 B PRI PR 22

FERIR LT (QRT-PCR)
qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR
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umol/L 2Bt T &M, Aeo=0.6~0.8) {Z4%8~10min,
W T RS R R 9% 2~3 do AMEIREEE S 50
mg/L ] Kan ol /-0 imehs 7R3k T 2 bk,
FIHEGSAEF b PR NAERRE IR
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H-Fr, SR CTAB V22 HUE A2 DNA, FIH#iik eGFP
SRR ET Y (R 1) 3HT PCR ¥4, 454 Hjikes
MTERR AP K qRT-PCR Al H (15 R4
B\ S & &2 SRS ) W (R GRS A PRy Y
2.7 EFRIE LbbHLHY4-like ¥ ZE8E MM E

Z WL EYRHE AR AR K PSY. PDS.
CCD4 BHK G2 43 M a7 G4 FH 15 B A5 s i Rk
FEP 3 PGS I . FAREVIIIRE S A (1T bR
AEMM R B B AR, BRI A4 AR
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(L ik B
2.8 TXKIE LbbHLHY4-like R BHEPE NES
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b 25 B ke IR ) A 1 B A I o Rk R R
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KT FREE=Awa(eXd) XV uu1000/WXF
V s AREURUS AT, ¢ AT NRARIHICRE, 4

96 FLBOECIR, FNFEREEE, W ONKEA &
3 ER59%
3.1 LbbHLH94-like X E 5%

ALIGLL AL 157 S5 IHIESE cDNA Ny
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LbbHLH94-like R IRIIT TR BEAE, 4217y 888 bp,
Zafd 296 NEAERE (B 1D .

M12 345

M 123456 7 8 9101112

A-LbbHLH94-like 3£ PCR ¥4, M-Maker, 1~5-PCR " #
Y): B-LbbHLH94-like ZEI KT R B PCR %558, 1~12-PCR
7.

A-PCR amplification of the LbbHLHY94-like gene, M-Maker, 1-5 are
PCR amplification products; B-PCR identification of the LbbHLH94-
like gene in E. coli, 1-12 are PCR amplification products.

1 LbbHLHY4-like B F k%
Fig.1 Cloning of LbbHLH94-like genes
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HIRFE HARFERITE AT )Rk, 8 qRT-
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BB kK (B 2) o HAUSE R ERis s
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IG5 30 K, S4) ; S2. S3. S4 WHAKFRIEKTI
BEES, BAET SR (F2-B) . Lidgiik
BZIERIEAACI A B SR s iR 3 RiE, vl Re
ZHRYRE S5 .
3.3 LbbHLHY4-like EFEIEEYIIMBEFRIE DT

LbbHLH94-like FEF7E 1 iR T5 #h 4 F
AW T ) qQRT-PCR & B Exr (B 3)
%45 R R Rk A aCAE A [ Pl 28 2 5 Tk 8 3 72
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A-LbbHLH94-like JEF I HZ3IL ; B-LbbHLH94-like % TEANF]
REMMIRILPRE: ARNG TR RHNZER B GG
B, P<0.05, TFHEIFE.

A-LbbHLHY4-like gene; B-LbbHLH94-like gene in fruits at different
developmental stages; Different lowercase letters indicate statistically
significant differences between groups P < 0.05, same as below.

2 LbbHLHY94-like E=EHIBTZEFRIE
Fig.2 Spatiotemporal expression pattern of LbbHLH94-

like gene
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like 3 [K] 3R 18 2 X R 41 2R % 2 200 0 1RK T
3~6h FFEAERFE AR X (0], 55X HE2H %2 57 8 2
9 h J5 LbbHLH94-like 3N RIEEIZ D LT+, 9~
48 h 2L ah Il FEaH (B 3-B) . # (300
mmol/L & £ 1 NaCl ) ALPEMIACHE RS 1 h,
SR AR, LbbHLH94-like 3K 3675 8 B 35 %
%, 3 hW LbbHLH94-like 3N ik & B i,
12 h i LbbHLH94-like J: N ik Bk ¥, B
T H AT A I R A, e B R SR B, 120 J5
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B
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L
5 ke 2 ¢
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= 0.2 c [ c
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LR S A/
D R ]
S
0.8
% 0.20 b
Sin s
= 0. == -
Z 005 S & b
0 X1 3 6 9 12 24 48
AR I I A/

A AT (42°C) , BAMIELARE (4°C) , CHHAHE (300 mmol- L NaCl ¥R , D ATFAHE (20% PEG-6000 KD -
A-high-temperature treatment (42 °C), B-low-temperature treatment (4 ‘C), C-salt treatment (300 mmol-L™! NaCl solution), and D represents drought

treatment (20% PEG-6000 solution). 0, 1, 3, 6, 9, 12, 24, 48 h represent the treatment durations for goji berries under different conditions, respectively.

B3 LbbHLHY4-like EEIEEMBRIFRIA
Fig.3 Expression pattern of LbbHLH94-like gene at different abiotic stresses
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(A AR RR T ) LbbHLH94-like JE PRIAH N k&)
Bk RGNt 2, I B EESE
1~24 h, £ LbbHLHY94-like FKI% 6-BA I Z
MIRGE B . 100 mg/L 5 200 mg/L (1) 6-BA {843
MR A At LbbHLHY94-like H2RIAR X ik B3 7E 1
h X & ; 300 mg/L 6-BA i 13 #y ic it A
LbbHLHY4-like J:RIAEX RIEEAE Oh Bk, ZJa
TR (B 4A~C) o XT3 MAFRREIKRE 6-
BA AbFEAIFCHEAR f5 LbbHLH94-like 35 [N [{) A% 2%
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= al;_)-c 0.5 bc = b_C = L c ¢ [

0
CK1 3 6 912 2448
AEFR S I T /h

" CK1 3 6 912 2448
Kb fE ) ) /h

CK1 3 6 912 2448
Ak B JE S (7] /h

A. B. C4Jl24 100, 200+ 300mg-L™!6-BA ## 43, D. E. F 47524 30, 45. 60 mmol-L ™' IBA iz A2, G. H. 140724 50, 100, 200

mmol-L™! GA; B & AbH .

A, B, and C-treatments with 6-BA at concentrations of 100, 200, and 300 mg-L™!, respectively; D, E, and F represent treatments with IBA at concentrations

of 30, 45, and 60 mmol-L"!, respectively; and G, H, and I represent treatments with GA3 at concentrations of 50, 100, and 200 mmol-L™".

4 LbbHLHY4-like BFHZ AL TR RIFRIK
Fig. 4 Expression pattern of LbbHLH94-like gene at different hormone treatments

kB, KRPAE 1Th i, 100 mg/L i &K E K 6-BA
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BA X HiAC o LbbHLH94-like 3 [l ) 26 3 2 MK i
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3ANREIREHALHE T LbbHLHY94-like 3K ik
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&, FEH IBA X125 PR A0 A7 7R A% o B B e gk
e IR FE AL R . I Hom i B VK IBA i8fid
KT EEZH B, BREEA RSN, SR AR
TEE IR LS, B0 RIS 5 TR
THEERNEEERE (B 4D~F) . X34
AN R GAs Ao B )5 LbbHLH94-like 3 R )

FEK ek B, AR IR E GAs KR IS SR
g, R R R, mﬂﬁtﬂfﬁﬁi@}a,ﬁﬂo
R RIS GA; 18 LbbHLH94-like 3 K % 15 &
e {42 7 HE L, A B R v TR R Rk AL, A
i B8 H - AR R I . R LUK GA W {E 5
KT FRREKEL, BEHAMNERA. 3 NRE
W AR 7R R IA R MG N, HEW 100 mg/L

Al AR B LbbHLH94-like &R 315 & 18 N &
TR, I H GAs X %5 R A7 IR R 2K
FEfedt, SREMEIE (B 4-G~D .
3.5 LbbHLHY4-like i3 FiA &4k t0iE

) [R5 43706 1% 7 51 5 pNULPG700 3Rk

BRIES:, AR K AT DHSo Bz 4,
2t Kan $iLPEAMIE & PCR [HMES 2, ROMERE
HEARTTY 2 888 bp MUKk (B 5-A) o
D TERA PRI BE P TORLFE A 2 R FF I GV3101, TR
W PCR ¥ G2 H B2k (B 5-B) , REAEAE

[eAn AR
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A-pNULPG700-LbbHLH94-like-GFP # /& K J#T i ik PCR %
5£; B-pNULPG700-LbbHLH94-like-GFP #4A A& FF & 17 PCR %
55 M-Maker; 1~7 4 PCR 4 #47=%).

A-PCR detection of pNULPG700-LbbHLH94-like-GFP vector in E.
coli 1; B-PCR detection of pNULPG700-LbbHLH94-like-GFP vector
in Agrobacterium; M-Marker; Lanes 1-7-PCR products.

5 pNULPG700-LbbHLH94-like-GFP 3RiAZi{& PCR

£E
Fig. 5 PCR amplification of pNULPG700-LbbHLH94-
like-GFP
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FIFH PCR A 4 J5k (R B kAT PH M 5 0« DAY
A= RUREMRFE R 4 DNA Al pNULPG700-LbbHLH94-
like-GFP JiuRL/E NBARHAT 14, 2l fE BN
FEVEXTIE . 25 LS 3 7 BREA AR (B 6-A)
K qRT-PCR Fa I 73 k & H 2R R 5K P, K
it RiE (over expression, OE) #£ Z M) H 113 K F%
KA E TR AR (wildtype, WT) (]
6-B) , KR K T BIMIAC P MR R R &
3.7 XKL LbbHLHY4-like 1R ELHE NER
HABEERIES

N T N K — P AfT LbbHLH94-like %
T E MR N AU R AR O I i R Rk (R
Wi, Xt 3Rik LbbHLH4-like {55 3E kK 5 M B 4 A
H PSY. PDS. CCD4 iX 3 ™S4 B3k DR ) 2 1B 7K1

WT LbbHLH94- LbbHLH94- LbbHLH94- LbbHLHO4-
OEl1 ‘L OE2 OE3 OE4

LbbHLH94-OE2
LbbHLH94-OE3
LbbHLH94-OE4

A Ay Fik LbbHLHY4-like FiifZ PCR %7€, M-Maker; 1-ddH,O: 2-BF4: BUEbk; 3-pNULPG700-LbbHLH94-like-GFP Jiifi; 4~ 10-%% A ME k.
B Nid&iE LbbHLHY4-like #iI4T qRT-PCR %52, WT-NEAEAMIFD, LbbHLH94-OE1~LbbHLH94-OF4-LbbHLH94-like i HKiEWK R ARG
FREFRTHMERFBEAGI R (P<0.05) o C-EF RS RIAEMHRES, WT-EF4: K4, LbbHLH94-OE1~LbbHLH94-OE4-LbbHLHY4-

like S FIEIR R o

A shows PCR analysis of LbbHLH94-like-overexpressing goji berries; M-Maker; 1-ddH-0; 2-wild-type plants; 3-pNULPG700-LbbHLH94-like-GFP plasmid;
4-10: transgenic plants; B shows qRT-PCR analysis of LbbHLH94-like overexpression in Lycium barbarum; WT denotes wild-type Lycium barbarum;
LbbHLH94-OE1-LbbHLH94-OE4 denote LbbHLHY94-like overexpression lines. Error bars represent mean + standard deviation. Different lowercase letters
indicate statistically significant differences between groups (P < 0.05). C shows the phenotypes of wild-type and overexpression plants; WT denotes wild-type
Lycium, and LbbHLH94-OE1 to LbbHLH94-OE4 denote LbbHLH94-like overexpression lines.

6 FRIEERFAMEEE

Fig. 6 Positive identification of overexpression plants

177 qRT-PCR 481 (B 7D o EREI/R, LbbHLHY4-
like EFIENTFEARE bR AW N RN 1) A2 B H
R AR Rt S REER. H, KA MRS
B IR IE R PSY (] 7-A) 5 [ OE3 HhkRKRIEE
BEEGT WT, HRSEREMRRE WT LREFZER,

TS LbbHLH94-like K B A RE1EH % T [H
J& & R B S EE R PDS (B 7-B) , LbbHLH94-
like 3 3B R H L IE RIS RN : T OF #k &R %K

REWEETT WT, H OEl. OE4 ¥k& LiREEE
X, BFET OE2. OE3, W] LbbHLH94-like V] .3
WoE PDS sk, N H T Re S 5 RHE MRE K
AR TR R OCBERE Rl CCD4 {E LbbHLH94-OE1-
OE3 LRItk R R ¥R A T (B 7-C) , H OE1
HAFRILEEZ(LT WT, LbbHLH94-OE4 kR
kS WT MZELJL, #EW LbbHLHY94-like »f CCD4
E R AR
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A shows the PSY gene expression analysis; B shows the PDS gene expression analysis. C shows the CCD4 gene expression analysis. WT denotes wild-
type goji berry; LbbHLH94-OE1-LbbHLH94-OE4 denote LbbHLHY4-like overexpression lines.
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Fig.7 Analysis of key genes involved in carotenoid metabolism in L. barbarum of overexpression expression LbbHLH94-like
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Fig. 8 Analysis of activity of key carotenoid metabolic enzymes in an LbbHLH94-like over-expressed in L. barbarum
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Fig. 9 Analysis of total carotenoid content in fruits of the
LbbHLH94-like over-expressed in L. barbarum
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