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PN EMIFERIEF G TN ER L E AGE RA LR T

ekl b2, kIR V2, EEAR S KE S, B S, =7

B S B, BRI 750021; 2 BoR B AU PR A I I s, 411 750021; 8 5 LA
FREB ML RRERT AL, 411 750026
WE M (Lycium barbarum) 2 BB MR, FAT40 S0E 2R 5 A e RIE B UIAH 5%,
{ERACAS 58 MR RRAH 5 23T AL AN B A, 29 1 FOAC ORI B s ORI - AR T
A ER R A B s 2 25 5, AHEFTLL 3 FhAEAR BE ) 22 e B MIAC AP BN A RE, I 7K 35 156
ST HAER KA SO P ESR . GRER, BTt 6448 2R
FLHF(DEGs), Hith L-vs-H 41 DEGs B %, ik 4413 4>, Al3E i 2583 A1 R i
1830 1. g T i e th 281 Mgk A ¥, LA MYB. AP2/ERF 1 bHLH ZKikA+E, H
KA LER . GO FESHTRIL 1714 4~ DEGs #{ 543 32 1~ GO % HH, KEGG
EHESITR DEGs FEFEE T ARNGAE G RAEYEEG 5 F@Eg. Hd, MYB19
(Lba07g01820)2 5 A ki % v ({1 1% Ly K6 K, TIRT (Lba08g00069) 2 i 215 5 Sl i
%O, EATE MR AN AR R AR R R R EAER . qRT-PCR B8iE | sk 2H AR
HI AT EEME o ASHIE 9T B IRAE AT FRAR AT 7 AN e AR TR B e S N 4%, AR AHEYIAR 22K B HL
IS 78 Wfg, ¥R T ML A AR TE B 73 HLEE, Jottic S HAt A AR 40 (1) ast A%
o R BEE T B AR LA .

R MAC, AKEE, AL, By, REERER

#AC (Lycium barbarum)s2 jifit(Solanaceae )it J& (Lycium) % A KR A FEY), 2 —
ot 7 1) 24 B [P A ) (E N 055, 2024) MIFCAE 2 BRZ0H 80 AP, FE A TR AbE.
WARWEL NEFMHX ., R EEG 7 fh 3485, FZE AT TE. Hil . B,
TS (U v - A /R S, 2013). MIRCEELRIIH . ST 2RI & 2 K0E, £ THE
ThZERE PACI X TR R B (b E AT B 15(2024)) Seit R, FREHM)
Fe R HE I RBUA 356 hm2, 4=l {6 280 680 1470, WERAIFEMEE K. Ak, Hifd A
AT T M. R R, P SOE R R, R B A A . K
APPSO I, MIACAR AR HAEAREUR, FEMARSCIERIFR 7 ik T T A 2 . Al
BT X F BB FHEAUKEESE . Hd, FHfR Ml E M e EE T, A
AHAEFEIME, BOSZmE. BRORFFEEAR RFFMESEIL S, AT R sz A& 2 FhiA
From, HASE SRS RAEMEE 1 22 IR (NS E5.,2021). 58 F S (2025) TEH T AN [
S0 PO EEFFAE SR B AE AR RCR I R, AT AR AR RIS, T A IR A0 R v R AR AR
# gk MG 55 (2025) K B A MR E 0 ST HD A AT AR AR A B 3 R A

Wik HY: 2025-04-25; 425 H #1: 2025-09-02
HEWH: THEESATIR RG] A E) (No.2024BEH04068)M1 T 5 15 S8 34 (N0.2023AAC05025)
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A EAR (adventitious root, AR)/ZHE MAEYIZE. . REZEHAM A K ERIIR, HiESAR
B BT I BT, A AE KRS, &5 R IE R R % DA
K(E#FEE, 2024). HWAERKIZAZ DR IRIEY LR, =302 PR s
FRIAEE, ST S BRI ) B AR A R L B (5 A5 4%, 2025). WFFiEE
W, ARKRENCREE SIS EEZOEN, Had HEM 258, CmEMERNTF
R EMASEAR I TE i (Angeles et al., 2022). 1Ak, —Sei R 75 Rt fE AR @R & At
TR R BB IEIEH . EXTHLEI T (Arabidopsis thaliana) ik 7 b &L HY5 1E 1)1
PERE MR 2B (i, 2020). X% A (Larix gmelinii) AN € & A3 N HEAT 0 M7 & B, AP2
KIS N T R I8 (ZE R, 2014); #1114 (2024) 78 X i (Citrus reticulata) A e MR K&
AR ) R DR e SR Bl A4S 5 SRS 2 R I R CSARF7119 Z Stifitia A e iRk, H
L &5 A KR8] T IRE(Z 1A 242, 2020). WOX 5 LBD %35 N e A E R K
Py EE EEMA O, £ (Populus.)th PagWOX11/12a 1E[A11% PagSAUR36 3K, ¢
HEM R SEAR R B (Liu et al., 2022); ARF7 Fl ARF19 158 i iR 7, #ilis LBD %
BRIk, FEAU R T AN e MR B 7 o R 3 R (i 72 /E H (Lee et al., 2019). X SEFL [K5H
RUASRR R ML, AR, KA, WIIEEAR ER R MR E . il A
A EGR I EOE R, E T AR T, A KRR R s i ANE S
T, WA ERMIEREE . ITHK, BEE S FAEVSFEARNAWIRE, Bk 2 Wt st
GRRVERE YA 8 MR R AR AR SC TR DR S FLR A B o SR, % T AT A s MR R A A SR R (8] R AT
FEEERE, HoorT AL AR 8 4 B .

IKEAE R — MBS R BT EOR, BRI R . PRI AT o . BN B H A Z =5
BT 32 232 060k, BLC N TR A KR & 1B 7 o (Dutta et al., 2023). SR T
WhE s 14 AAFERIAC SR REAT T IHEAKRE AR RE ) U FU(E RS, 2024),
RIMAFIMRVERR G ) 7 2 3, BHEIEER 2 TR G . 52T 00, w7t
B s LI Fe AR S B a0 W, it — B2 AT AN e ARUR A R o B SCBE R [T, IR s
I 5 € B PCR HAR XS B PRI A AT 208, MIACAS @ % 1 231 TR L 42 it
(0 DL, 3E I % 5 A S MR A G R BE R, DA MAT R T 1t SR AR AL R R SRy, R A A
(38 o R ERE LA B R S
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1 MRIERE
1.1 REEFR

FE T A 2H Ry 6 M AT (Lycium: barbarum) AR 8 77 1 25 A YR B 0 45 BB (F 5 R EE,
2024), AWFFUE 2R AN AL AR BE 70 22 5 (0 = Ao AR RS AR (A RL (R 1), T 2023 4F
3 Hk B 7 EABL 2B MACHIT 7t B i AC Aot 51U 8] (38°39'N, 106°09'E), 1 /9B Aok,
AAKIER . ORI bR, R S AT KR AR AR .

1 ANF R B ARG A ARAR S

Figure 1 Rooting status of different germplasm of wolfberry

R 1 GAREAREE

Table 1 Basic information of test material

Number Germplasm Natural rooting ability
H C1 [
M Cc4 h
L C12 i%

1.2 REFH*E
1.2.1 7Kg LE

e BT — 4R 42 HLERH I 50 om AR SOMIRIRAT R, R LR R R T BT b, 8
SR EYIEON IR, TRUIEONRIN, R Ay 45°, HRKEEZ08 15 em. iR 3 A
500 mL fI#RF, 73BN 200 mL Z818K, BRDATRHEE 156 AREEFRTINAA F o ZKES I (8]
N 28 d, FERT— A FIRBARR, RAEEECE T AT AR N ETR, B3R N E O 16
h, %17 8 h, W&y 25°C, RN 70%. Jio IR L E R 20618 78 2 7 4K 815 77 (IR
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il L ENIEL ). BEREH—UOK, FEREHC AR AL
1.2.2 REGEFRNE

KEE 28 d JEHHTRBARIRINE . B WAK B AR, R AAR I BELIEE 1
SRR R RGEEAT &, AP AR TSRS B R (mm) . PR E
(mm). ~FIERE(GK). ERE(%) AL ER R ARH

FMR AR AT

S BPARAR (i) =326 -4 A MR i A3 B AR R

P2 A AR B (G ) =R A AR e R A AR PR AL

PR R (mim) =328 B0 Fat AR A AR R P8 A PR AR AN 4

AR (Y0 )= EARPR A i A

A HR SRR B = AR 2R x - 2y A R BT A AR/ A AR A
1.2.3 RNA 281, EEHE R 4% REMF

FMPUIEIREL 28 d J5, BUHARSH ST R 2T 04 R AR S e U
E RNA, 2 TaKaRa iGf G 0F U BT 8 4F, SR BE 34~ H 2 . i H] Nanodrop
2000 M5E RNA WREEANZERE, 8T BOIRHEREI Lk PP RNA Sg 84k, JHE Agilent 2100
WI5E RIN A EBRZHEA RNA JG, & RNA Bt F& i cDNA. Zid4lifh . RufEE . i
A RAERN RS0 IRG, TRk K414 200 bp ) cDNA Fr Bt PCR ¥ i falifh,
KM S0 . RS Qubit e B Bor Tkl insert size, JFilid Q-PCR i€ A A%
WEE(>2 nmolL™"). f%, %M EAsEdE =317 pooling, M llumina HiSeq 4000 ¥ &
HEAT T o
124 ERFREEREEREES

JR 46 W 7 £iH (Raw data)4t i 42 f5 3145 119 4k (Clean data), A Hisat2 #4(Kim et
al., 2015y 3k 13111 Clean data 5#iic & i & 2 2% B [K 4 L X} (Zhao et al., 2025), FIH
FRKM (Reads Per Kilobase of exon model per Million mapped reads )i x} il e K347 &
00T, 3T DESeq2 #fF(Love et al., 2014)fiiik 2 7 Rk 7 [ (differentially expressed
genes, DEGs), BA&ZHUN: (|log2FC|21, adjust P<0.05), Ff¥ 35751 DEGs #E4ThAe LR
MEEDINT. GO BHESMET GO Bdlaf, NHIE ) LTk 561714 2 2 5 2 H) GO Terms.
KEGG %48 FEFH T~ Pathway 351 & 52700, adid il ) LTk 46 0 i 22 s A JE R v (.28
£E1¢) Pathway. F|H Cytoscape #f4(v3.8.2)% ik Ak e py 3L [K AL HE 4T FL R 1A W 25 434, Fil
il cytoHubba ffiffiE it MCC 521 Degree 2248 5 HiAc A & MR I B VAR 56 i R% O 3k
K. At (g B, A, E4EES%)E https:/cloud.metware.cn/*F-& . TBtools
A4 (Chen et al., 2020)#1 Cytoscape 3.8.2 (Shannon et al.,2003)5¢ Ji..

1.2.5 qQRT-PCR Bif
N T B UE AR AT 7K B AR S 2H 24 S 2L B (R T SR, AT U T 6 N OB Ik 5
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A, A IDT(https://www.idtdna.com)fE 28 #{  TH- 4 S 1 51 W (38 2), I FH St ¢ e &
PCR (qQRT-PCR)f I K 1A K T 1284k, PCR [ NiAk &4 TB12.5 L, 1 uL L35 #(F),
FHFEIPI(R)1 uL, cDNA2 L, ddH0 #h 78 % 8.5 L. RMifEFA: 95°C 5's, 60°C 30 s, 40
AMEFF; 95°C 30's, 95°C 10's, 65°C 5's, 95°C 55, ] 2780CT {+ HIL R I X KL B .

F 2 SRR LE R PCR

ElEZIE2 ]l

Table 2 Primer sequences for qRT-PCR

Gene name Forward primer (5'-3") Reverse primer (5'-3")
Lba01g02920 GAGCAGGAAGTATTCGGAAGAG TCTCACCTTGGCCTTTACTTC
Lba02g02340 TGATTCGGTCAAGGTTGGTG TCAAAGGTGCATCAGGTGG
Lba05g00045 GGAGTACTATGCCAATGGAAGTAG CTTCCTAAACTCCTCCACCATT
Lba08g00069 TGACTAGATATAGCAACGGGAATTG AATCTTTCCACTACCCCAACTG
Lba03g02895 TGATTACATTGGTTTATCAGAACTGG AAAAGAGAAACCCCAGGAGAC
Lba07g01820 AGAGAAACGGCAAAGACAGG GGTTTTGGGATATGCACGTG

1.2.6 YRS

¥ F Microsoft Excel #7553 B ] SPSS 27.0 #4770 52 |k, FIH
Origin Pro 2024 £,

2 RS9

2.1 BB PR R VA
% 3 P, Frllff) 9 MRS GC & 242%; Q20297 % (Q20 il iif f5 it & 2l

KT 20%FHs3E o5 SR AE ) HAE); Q30292% (Q30 #Homid i 5 it & 4UE K T~ 30% 1 H A

SIS Z5 BT, AU P A fh SRR, TEAT R SR S AR T

R 3 MNP SR

Table 3 Summary of wolfberry sequencing data

Sample Raw data Clean data Clean base/bp GC content/%  Q20/% Q30/%
H-1 48404626 46717712 7.01 42.64 97.57 92.95
H-2 45878844 44315116 6.65 42.7 97.67 93.14
H-3 48327682 46516034 6.98 42.6 97.63 93.1
L-1 46659612 44897478 6.73 42.58 97.59 93.02
L-2 43250526 41506088 6.23 42.89 97.59 92.95
L-3 46562114 44939580 6.74 42.81 97.46 92.68
M-1 44204862 42262414 6.34 42.71 97.48 92.75
M-2 42387892 40971976 6.15 42.7 97.54 92.87
M-3 44474752 42938000 6.44 42.65 97.48 92.72

22 RS STRERTREERLE

XA [ i R MIACHR F 2 e R IA BE R HEAT L R 0 #r, S5 RANIE 2A Frow, ERgr 1 M

B 2 HIRRREZR )70 0 28.99% 1 23.33%, RiHFREZRN 52.32%. A4 A

AR

NEF, AFRLHEAZIETAG, RUAFRFESERARRMZES, ST RSN
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ol o i

T FRASTR] b R AAC R R FER R AR B AL, AN R] S R AAC AR R (1 2 7 Rk B R kAT
o, AR ER(E 2B), £ RRILEKN(DEGS)EH S FIHERHEERZ R Lvs-H, T
B E D )52 M-vs-H. L-vs-H &HZEREE S 4413 4, M-vs-H 5 M-vs-L 51
B8 3061 A, 3151 A4, Hod L-vs-H v Lifi3E A 2583 4, M-vs-L 1 %K%
N 2196 AN, 11 M-vs-L H R DR R BCR A T AT A 2 2 ek, Bk %€ th 1924 A B
LR o UL, (AR IR R R R 0A 2 S M A AR AR BB B BRI, AR e R IR W] R Y TR 4%
AR R R R OCERAE

A

5000

1000 |

essed gene

3000

2000

PC2 (23.33%)

1000
M

Number of differentially expr

PC1(28.99%)

B 2 AN[R] fin R AT JE R 3R 0K 22 e e s A 2 e i

(A) ASIF & A FIC L 70475 (B) ASIH b R MAC LE B 4LIRN ) DEGs

Figure 2 Transcriptomic analysis of gene expression differences among different strains of Lycium
barbarum

(A) Principal component analysis of different strains of Lycium barbarum; (B) DEGs of different strains of

Wolfberry between comparison groups

2.3 BERETFHLEESHE

FEARRFFL, PR FAEMAC AR AR I 2 i DGR A € i e, LSS E iR A 55
NARFEFKBER 281 NMEFE T & 4 BREEHATHHEREFRE, Kb MYB.
AP2/ERF-ERF 1 bHLH Zi i) 3 5 1 £ &40 1 30 4~ 27 A1 20 A, frfEHT=. MYB
FKIRLL 30 MR 7 B R AL g E AL, R HAERE FON Grb BB S (1 s 7K AR RE Y
FEEIhEE. MYB Kk H s KR 7Rk —, 22 58MEKKE . #EREN
7 DA R 3 5% ol 55 2 P A= 2 ek 72 . AP2/ERF R 1/~ 43 5 AP2/ERF-ERF 1 AP2/ERF-
AP2, F35ILL 27 F1 8 AN T BRI B EE —ANEE Uy, HAERY M AEK R & A
i B A EEDRE, R EEYIEEE S SIS PHam 2 45T, bHLH KREL 20
NSRRI T IEEALE R =, SXKIRERD I Z M A IR R EREER, 3R
Gl SR AR AR AR PR A R

i ERTR, & 4 S SR R T SR I FRE R R R T AR AS s MR A R RE AR
TE IR 1R 92 X 4% AR BT R
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4 BEATH R T
Table 4 The top ten transcription families in terms of expression quantity

Family name The number of transcription factors
MYB 30
AP2/ERF-ERF 27
bHLH 20
MADS-MIKC 16
WRKY 15
LOB 14
NAC 12
B3 10 10
AP2/ERF-AP2 10
GRAS 8

2.4 ERKRIKEHE GO & KEGG EENT

GO &M FE E 5 N4k F I EE (molecular function, MF). A% 2% i 72 (biological
Process, BP)F14H i 2 43 (cellular component, MF) 3 41~ K2%. A T #E—DHF A i & Al
FEKEESFAF F AR L2 T DEGs A7 7 ThRe, GO &£k, —IEEH| 321
S HT, P-value WNEIKREZRTT 10 MMk H (R 5). % 5 Hirfa s B ALY FFE(BP)
DEGs - g AL 7. Al &7z imiis UL AR S S S 77 TH -

BN AEY) P BT REAEAS AR TR R B R $E T ORBEER, ik — B at ifiic A
TEARB AN 73 TR M 7 B AR AR R

% 5 DEGs 17 GO &%/ #r
Table 5 GO function analysis of DEGs

ID Description

G0:0015074 DNA integration

G0:0042744 hydrogen peroxide catabolic process
G0:0043269 regulation of ion transport

G0:0009698 phenylpropanoid metabolic process
G0:0034762 regulation of transmembrane transport
G0:0009699 phenylpropanoid biosynthetic process
G0:0042743 hydrogen peroxide metabolic process
G0:0044550 secondary metabolite biosynthetic process
G0:0034765 regulation of ion transmembrane transport

G0:0009626 plant-type hypersensitive response

RN 7 e RIB K (DEGs)i) KEGG & 70, ANHE TR 11X Bedt (RIFE 2> ki A
YIRS EDIRE . WK 6 R, I KEGG & il BA P-value /NI KIEHCHT 10 4
B HEAT ROR . BTSSR TR, DEGs 35 W R AE K K L& Hi(ko00940). HEYIBERE S
# 5 (ko04075) IXAEAR Y AEY 75 (ko01110)55 18 ¥ . DEGs & &ikids TR 555
T MY EREA AR AT . Hh, ABAHSSCER O RN &R A
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MM R A ORISR 6 R o= BRI AT S S R A LA S S W AT A T R A QA
XL K ) B SRR W] DEGs W] REfEAEMI AR E « SRR UL, HTidifh bl 4n
PEE & AT R A EEAR . 5T 8 SHDGEE T, EYBEE T T A R AR
)R AR T DEGs FEAEMIMER T S SONE G LI TR A 7 A o BV AE DD RE

U4k, DEGs it & S T3 VI BR 2 i, WnHrTae2 5 DNA BB R, difr kA RE
P MAREIR AR 0 S SN S T DEGs fE4H I B AR N 2% I )2 2 51 IX B4 RO TR
NEfi# DEGs {EMAEHRE T M/ RINLHIR Ot T EELR, O8RS DhREsS uEAT M H]
WETCBLE T At

# 6 DEGs 1 KEGG &% #T
Table 6 KEGG enrichment analysis of DEGs

ID Description

ko00940  Phenylpropanoid biosynthesis

ko04075  Plant hormone signal transduction

ko01110  Biosynthesis of secondary metabolites
ko04626  Plant-pathogen interaction

ko00073  Cutin, suberine and wax biosynthesis
ko00592 alpha-Linolenic acid metabolism

ko01100  Metabolic pathways

ko00520  Amino sugar and nucleotide sugar metabolism
ko03410 Base excision repair

ko00591 Linoleic acid metabolism

2.5 AABERES TR <BEETFE

AN E R AEREER . —, AEE R EHRE, WEAHEMARKKE. MG,
AHMIARAL . TR MR T B S o e 5 o AR 2 (045 N 4 A h A5 2 A%,
MHEMEFRRELE . N TRESHAF R ZMACR 2 RE N % @R, KIE KEGG
FEDRIZHAE BBE 22, kil 211K DEGs 2 5 ARSI AT & &£ 0 i, &R H i
Z A BN IR A GBS . BRI =/ TFs (MYB, AP2, bHLH)5 2% 74 b2 i i 1 3 K] 33047
PPI M4 #y%, 7524041 IR] A8 FLAR F G R (8 3B). K PPI 4551 5\ Cytoscape3.8.2 #iff,
JHiT MCC 5L A1 Degree HiLSEIHEAZ BT 10 FIZ L IEK (B 3C). R E R, FFER TR
MYB %) MYB19 (Lba07g01820)%% 5% A Fifi i 5 K Akt il POX31 (Lba07g01438).
POX3 (Lba02g00972). POX12 (Lba03g01880)4s 3k [ H 1F 1M 2 5 HIAC A sE AR I Bk -
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>

(0)

m Lba02g01425
& Lba07g01438
il Lba04g02932
& M Lbal0g00570
B 1ba06g00715
B 1ba03201072
B Lbalig00691
B rbalogo2216
S Lbal0g02219
B Lba06g02872
B 1ba08g00933
B W Lba02g01304
I Lba04g02534

| kg

Lba03g01880
Lba05g00525
Lba04g02532
Lbal2g01730
Lballg01134
Lba02g02764
Lba04g02535
Lba02g01834
Lba03g01729
Lballg01138
Lbal0g01638
Lba05800526
© Lbal2g02018
Lbal2g01909
| Lba02g00341

Lba04g02537
Lba05g00931
BT Lbal2g02016
M Lba08g01267

Lba05g02311
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e
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B 15206201326 W 15002200595
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Lbal 1202409 E -. Lba03g01775 m
= B Lba12g00930 B 10a06g03535
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B Lbal12g00872 B 1506203536
TRV Bl o023 Bl 0701732
CCR T Lbal2g00871 Bl ibanigoraar
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Bl 0320239 = Lba03g02901 | 200
B W baosg02668 B W Lba03g01440
B Loatog02290 B Lbae01860

_bal0g01366

Lba07g01061 B [ Lba06go3ssa
B Lba09go1623

{.
B 1 Lbaligooacs

DDV ES W DDV

CCoAOM

CCR
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. \ax C
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I 15205200045
DDV
CYP73A
| [ |
DDV
UGT72E
B W ubaizg02104
B B vharzgo210s
DV

CCoAOMT
W 15202202340

DR

Lba01202920

CCR

CAD

Min O ax

bHLHB bHIM15
bHLH10 bHLH4
POX40
?gigpxwox‘nwzccm bHLH16 bHLH14 .
bHLH19
Hmpexs bHLH11 .
CAD3 POX21 bHLHI7 &wumz

HCTs CGOAMOT BHEH?

POX3 POX16
POX18. 4CL10 MyBio

, MYB19
Fo@4 —pox3t MYB4 MYB25
Hewe \ MBS MYB14
POX42 @re2
cymrs a0 MYB26 MWYB16
POX15 MYB21  MYB18
POX33 N o
POX41 POX43
POX12 POX20
ERF21
Paa Y ERF19
“Hlert
X29
PALRS 11p0ne0 sausPOXT ERF25 ERF1

. U‘2
A ‘

B 3 ORI i B O BR AL K] 1 2% 1]

(A) ZRPIbEiE s B S R LA (B) SRBEER 2% [ (C) R+ IR Bk R W 2% 1
PRI R K RIB A, IREOFRRmRIE, RORRERE; BB RN RS EER i E 2, KR E RS
R B, /N RO R E A N

Figure 3 Phenylpropane pathway and key gene network

(A) Phenylpropanoid pathway map and related gene heat map; (B) Key gene network diagram; (C) Top
ten key gene network diagram.

The shade of color indicates the level of gene expression. Darker color represents high expression, while
lighter color indicates low expression. The size of the circles represents the importance of the genes.
Larger circles denote high importance, while smaller circles indicate low importance. The same applies

below.

2.6 EMHRESHFERS TR RERRZ
EE SR TR RKE IR N NSRS S Eay. i 4 pr
7, KEGG &£ MRk KB 2 7RI 4 & R B MM S5 i, 304 8 M
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HIM 2 S5 AR R . &K ZiER (auxin)f) TIR1. ARF Z 57 3R15, AUX/IAA #0H|; 15
YA B M B 2K B V& R (abscisic acid )il i, ABF %= %1k, PP2C. SnRK2 [k %
ik, ISEEK 4B (brassinosteroid )il # 4 BRI1. BSK 253314, BKI1 g #lifil . R IA = /]
=HJ TFs (MYB, AP2, bHLH) 5tV E A5 55 Sl 3 K AT PPI 2SR, 15 2 {4
8] FE A HAE F 9% 2 (] 4B) . K5 PPI 45 5 5\ Cytoscape3.8.2 #fF, i MCC Hi%E Al Degree
FFATRHRA AT 10 PR L EEF (K 4C). 4R R, TIRT (Lba08g00069) &Ik & i imi, &
R, MYB15 (Lba06g00477)iEid 5 IAA1 (Lba03g02895). IAA2 (Lba07g01906). ARF
(Lba06g02707). BRI1-3 (Lba01g00821)%52% [K H.AE i 11 2 5 MIAC A e AR T -
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Figure 4 Hormone signaling pathways and key gene networks
(A) Hormone signaling pathway map and related gene heat map; (B) Key gene network diagram; (C) Top

ten key gene network diagram

2.7 FEMEZEBXERSERIBIFEXMES
K FTA hub FE[R 535345 A [ i R RO G VR S0 e, W0k 7 Fiors, Lba06g00107
POX40 (Lba11g00692) 5 4= % i 3% 4 5%; IAA4 (Lba08g00096). MYB15 (Lba06g00477).
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PP2C-4 (Lba08g01505)5 A= A& R 45 A XM e i; TIRT (Lba08g00069) 5~ By HRAH 2. %
HiE, POX18 (Lba04g02547) 5 F MR KAH S E B i B BT = 54 S MR DAR S 3 [H T4
AN [EFp T R ) 2k B AR (B 5). bHLHT7 78 H i Ris & i, HA5AEMRMH ST bR 2 1A
K(E 7); MYB15 [t MYB19 7£ L R EEHm, 55 7 AERRZ AN H AR bR 2 K
(FE 7)o

R 7 i DEGs HAEMAEARHIA KIS 1
Table 7 Correlation analysis of pathway DEGs with root formation indicators

ARD ARL REI RP
ARF 0.666 0.773 0.890 0.265
bHLH7 0.462 0.592 0.749 0.495
BRI1-3 —0.845 -0.917 —0.981 0.010
CCR1 0.316 0.166 —0.046 —0.968
ERF21 —0.395 -0.250 —0.039 0.986
HCT1 —-0.361 —0.500 -0.672 —0.587
IAA1 -0.711 -0.811 -0.916 —0.205
1AA2 —0.852 -0.922 —0.983 0.022
1AA4 0.955 0.989 0.998* —0.269
Lba01g02094 0.298 0.441 0.621 0.640
Lba03g00273 0.577 0.696 0.832 0.373
Lba03g00908 -0.111 0.043 0.254 0.895
Lba04g01876 0.647 0.757 0.878 0.289
Lba05g00843 0.429 0.563 0.725 0.526
Lba06g00107 —0.580 —0.448 -0.249 0.999*
Lba06g00184 0.436 0.569 0.730 0.520
Lba06g00553 0.517 0.642 0.790 0.439
Lba08g00116 0.231 0.378 0.565 0.692
Lba12902681 —0.072 0.082 0.291 0.877
MYB15 —0.952 —0.988 —0.999* 0.260
MYB19 —0.877 —0.941 —0.991 0.073
POX12 —0.406 -0.260 —0.050 0.988
POX18 0.994 0.999* 0.967 —0.448
POX21 0.618 0.489 0.294 —0.996
POX3 0.181 0.028 -0.184 —0.924
POX31 0.995 0.968 0.893 -0.623
POX40 —0.604 —0.474 -0.277 0.998*
PP2C-4 —0.908 —0.962 —0.998* 0.141
TIR1 0.999* 0.979 0.914 —0.584
UGTT72E2 —0.646 —0.755 -0.877 —0.291

RP RERAERE,; REIMCRAERZMIRIGE; ARD RF-FIIRM; ARL REFIFHRK; * R BF MK
RP stands for rooting rate; REI stands for rooting effect index; ARD stands for average root thickness;

ARL stands for average root length; * Indicates a significant correlation
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Figure 5 Expression analysis of transcription factors related to adventitious root formation in Lycium
barbarum
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Figure 6 gRT-PCR analysis of DEGs
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3.1 HREFEASERERPHIBEER

AENGREWTEAR IR AR AL, W2k, R RIAR R, X TREWINEFREE. 37
BE3E B DL S S ok e ZE DG BB, 1 #%5 5¢ Rl F- (transcription factor, TR)EAN EMRIIEL . KB
AR R OCR E A €, E R B R R IE, R (S s . Al ig ik
B IFE(Wang et al., 2024). A7t % 5E 2SR E 5, Hob MYB. AP2/ERF
bHLH ZR M N1 HE i 2, HHRIEEAR W R M. F1a, MYB19 (Lba07901820)
PR P B AR HE B i 7 2 AN LR R TL, 110 MYB15 (Lba06g00477 /eI R 5 58S
BEEHSEZANMERKRRMERERFEOLELR, KEREZANHAPER TRIE. Fu %
(2023) KL F T MYB. bHLH SE7ET L A8 AR R A it T B ok, Zp] 4%
(2022)7EF T 41 GAZ IS EMRTE I K B AP2/ERF Al bHLH 2 5K & L AUM /354, 4
FEE (201945 i, R I AR 5, SRR TEDT 1AL (SR A Ja B A 52 MR T B “155
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Pz, XEEEURRY], Fet Il s g R i L RIA M2, e A ERBE AR E . 1
A, ANTR] i FHOAC SR IR ) 22 R AR T e S AR AR BE T IO Z2 A B DI 2K o R RATE FE AT 8t

B I N G BRI IX S e SR A 7 i T e, AR AE AN AR A A A AR D
3.2 FARRHSEMHRESHSEBRERS ST ERTR

RNERITE Rt — N R, 2R 2R R . AR
FAEAER R R R 3F B AE I (Zhang et al., 2023). AHFF0 il % 50 5 K R,
2 S DN R S SRR IR A G B S A R m g b, LR AR K 3R (auxin) 55 T 1 oG
HE TIR1 (Lba08g00069)F1 ARF (Lba06g02707 )fEAS[H M A Miic h I BB Z R &
i, H5 AR ORI AR AR S AR R R AR O, TR TN Bl I O B B ) POX18
(Lba04g02547) 5 F ¥ MRKAH S E ot X5 AW AU EE R — 3K, 3R WA T4 el B S A ik
OB B T BRTE AN E AR S S AR R B O (RS, 2024), HLZELLRE IR AL R IR
TIRT F1 ARF Ji L 4% 5 FI R 1E 17 A= A 2 AR il (Lakehal et al., 2019). 14, ZFijt
FEFR, VR (ABA)FIHSE 2 i B (BR)TEAEA) (1 A= K & 7 R S5 i )3 oy i 5 B 2 () €6,
T RS E R AR G FEH (Zhao et al., 2024). AHF 7T & B V% B2 (ABA) FIH S 2
B (BR)Z 5@ 3L [ (1 ABF. PP2C. BRI Z5) R FLH B 2 0 2 F ik, X EWLF
PR (R IRV FHAE MR AN 52 AR T R S ] Bk, X 5 30 A FE 00 45 SR — B0 ANIR] R AAD
AR TE I R FIR A RS S B AR, (A HRIABFAERE R R, XE
HA M ACAS 28 AR T Fi i B2 v P R AEAE i RS R PR R AL, R SRAT 90 P — S AR 3R L 8

G TEM RN EARRR, PAERHAEAE NI Bt B AR L] .
3.3 S REXEERITNHES ML

AT G R I A S A AT R B 1 LR I S R A, RGE HH R R AR A T AR R e A O
K& RF . H, Lba06g00107 1 POX40 (Lba11g00692) 5 A 4R S 4H o ¥ i ok, TIR1
(Lba08g00069) 5 MLk Ml Stk fe it . BUE W AR, TIRT E NHEMIAE K R 24k, fEHY
HRREMZA TG EEER, AR E (Shu et al.,2018). X LEHE A fE
WA R KR R, A ERMTE MK E . APFIE R 1AA4
(Lba08g00096). MYB15 (Lba06g00477). PP2C-4 (Lba08g01505) 55 A= i &k 5 ot e ik
o Ui IAA 5 PP2C FI g S 5 IR A @RI AR, AL 45 RAERL R IF A i HOE it ot
t g & B (Song et al.,.2024). 14k, it PPl 4% /341 F1 Cytoscape % #4 % i i 72 94
2R, Ferk T 5RUNE R 2 HWATES RN IR R, &b, il HRIAM LK KAl
RMESHTIHESR] TIRT. MYB15 Sk 5, HRika 5EMRIbrm ARG, Hlgess
AERR AL, (AT Z 8 AR, ROk BOE I R R S5 7 g AT 30 E, AR EA7E
FACASE R B B . 534, R UTE RS ¥ POX18 (Lba04g02547) 513
RRACAH P fie R, X AR FL A o o R A AR, X R HIAC A & fRE e 75 o vl e A
FEMAFRAETH AT L] . AW FUE S 28 d (RS Bds 4 52 21 5 A AR R AL v B AH O f 3
B, XL R R RIATTRES 5 TIREIES . KEAERERE. KRRFLEEGAERAH
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Comparative Analysis of Transcriptome of Adventitious
Roots under Different Hydroponic Conditions of Lycium

barbarum
Yang Gaier" 2, Zhang Xuan'-2, Wang Jiadong" 2, Zhang Bo?, Duan Linyuan?, Li Xiang® %'
'College of Forestry and Prataculture, Ningxia University, Yinchuan 750021; ?National Key
Laboratory for Efficient Production of Forest Resources, Yinchuan 750021; 3Lycium barbarum
Research Institute of Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750026
INTRODUCTION: Lycium barbarum is an important economic forest tree species, and its
cutting propagation efficiency is closely related to the formation of adventitious roots.
However, the molecular mechanism of adventitious root formation is not clear, which
restricts the large-scale breeding and efficient utilization of Lycium barbarum.
RATIONALE: In order to explore the transcriptome differences in adventitious root
formation of Lycium barbarum, three wolfberry genotypes with different root-forming
abilities were used as experimental materials. A hydroponic experiment was conducted to
analyze the transcriptional differences during adventitious root formation.
RESULTS: Transcriptome sequencing identified 6448 differentially expressed genes
(DEGSs), with the L-vs-H group having the highest number of DEGs at 4413, including 2583
upregulated and 1830 downregulated genes. A total of 281 transcription factors were
identified, mainly from the MYB, AP2/ERF, and bHLH families, with distinct expression
patterns. GO enrichment analysis revealed that 1714 DEGs were enriched in 32 GO terms.
KEGG enrichment analysis indicated that DEGs were mainly enriched in the
phenylpropanoid biosynthesis and plant hormone signal transduction pathways. Among
these, MYB19 (Lba07g01820) is a core gene in the phenylpropanoid pathway, and TIR1
(Lba08g00069) is a core gene in the plant hormone signal transduction pathway. Both
genes play crucial roles in adventitious root formation in wolfberry. qRT-PCR validated the
reliability of the transcriptome data.
CONCLUSION: In this study, the transcriptional regulatory network of adventitious root
formation in Lycium barbarum was analyzed for the first time, which provided new insights

into the root development mechanism of woody plants, revealed the molecular mechanism
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of adventitious root formation in Lycium barbarum, and laid an important theoretical
foundation for genetic improvement and efficient breeding of Lycium barbarum and other
woody plants.

Key words wolfberry, hydroponics, adventitious roots formation, transcriptomics, key

genes
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