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W OE: (5] &2EERTEZ AT S EMAE T ke RAE, FTREBRA LR LS
AR ORALEFZE. [B6] BRTEhARF RN R 2 ERL AT EELBREGE ",
AR EA BRI E RN RBEESRERLS . [FE] RAFBEFREA>BESB
AH; EMESURESS TERBARETAMR; RAFTAL ENEAMRAEZ LI, it
Gjak k. mEEIL; RA SRR EEENE LR E A BRSEF; KA SRR E N ALY
A I A AR R E AR KB E M R AR FH RURAR & B BRI HR LS B R I AR XA
MRS ERFEMEE. [£EXR] ikt 6 Rt S B —F AN A R, REXFEHRT A
(Fusarium solani)#) 4% Ak ) 5 A &1 M E 27 35F FoA4F & (Bacillus velezensis). F& 4 3 Ta4F B (Bacillus
amyloliquefaciens) 5 % % % T8 4F & (Bacillus atrophaeus) 28 5, 49 #0 % B 7| (KJ) A= M| 5048 3F 04T &
(Brevibacillus laterosporus)- Wt 42 AT (Peribacillus frigoritolerans). E X F A8 (Bacillus
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megaterium) 2 A 69 T4 S E M EA A (BY), FFHE AR LA TR )t @tk iXEe . KJ 44 Bl 4
HRATGREEK. EMTLERTE, 757? | F Bk 2o 9 R R B BA(CK), KIAFH
F3E A0 29.69%. B IR K R FEEIK 69.44% (P<0.05); BJ LB AR EIG A0 47.97%. B 7 X F 1%
&% 25.00% (P<0.05). KIARZRZT A A_BALE. DAHRLRMEL. AR, A6k
& (net photosynthetic rate, Pn) & & J5 i & (transpiration rate, Tr), 2 2 4{%7 DPPH 7 IR & B FH BR %
JR B, BDRBAREE. TR, T EP<0.05); BIAREREToHA A_B. ST a/LhEE.
BBy, KA. SRBEASHE. 45 RA Pn. Tr (P<0.05). 4, KIABR CKASE FAT @i
SRFE. ORHBRELENKT, TATRAR., #EFEUEZKF;, BIAZF ELATKHER. 4
k&, wmihndE. FEEESRERFR R-ARMEYHEE. [4£6)] O N EHFRATFE. MR
WF MR L ESE T RABLEARNILAA AN KN Fofh. HwREFRTFE. EXFTR
HRARGAMAZFRAANBNHT LS 2EA R, RAER. WREANEDSERT R RRE
&%%Tmﬁ%&% @nﬁ& AT B BAL RN R RE A T A LES S A LB,
%%ﬁﬁé%iﬁ%%, AR A RS Rt

XA L)3; otdEvise;, THRAEE, BFRAAEE, AT

Screening of disease-resistant and plant growth-promoting
bacteria and evaluation of the effects of foliar spraying with
compound microbial agents on the quality of Angelica sinensis

DU Xiaoxue'?, YANG Tao'”, XIE Tianpeng"*’, DING Qi'?, YANG Linhua'?, HUANG Yufang'?

1 College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou 730000, Gansu, China

2 Gansu Pharmaceutical Industry Innovation Research Institute, Lanzhou 730000, Gansu, China

3 Key Laboratory of Microbial Resources Exploitation and Application of Gansu Province, Institute of Biology, Gansu
Academy of Sciences, Lanzhou 730000, Gansu, China

Abstract: [Background] Continuous cropping obstacles have severely hindered the healthy
development of the Angelica sinensis cultivation industry, making the development of compound
microbial agents to enhance the quality of this medicinal plant an urgent priority. [Objective] We
investigated the effects of foliar spraying with disease resistant and non-disease-resistant composite
microbial agents on the quality of A. sinensis under continuous cropping conditions, aiming to
provide a theoretical basis for developing more effective disease-resistant and growth-promoting
compound microbial agents. [Methods] Bacterial strains were isolated via the dilution plate
coating method and identified through morphological observation combined with molecular
techniques. Conventional methods were employed to determine the physiological and biochemical
characteristics of the strains, as well as to evaluate the growth and disease incidence of A. sinensis.
The content of bioactive compounds in A. sinensis roots was quantified by HPLC. Commercial
assay kits were used to measure the plant physiological and biochemical parameters, along with
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strain-related enzyme activities. Endogenous hormone metabolites were analyzed by ultra-
performance liquid chromatography-tandem mass spectrometry with multiple reaction monitoring
(UPLC-MS/MS+MRM). [Results] A total of six bacterial strains exhibiting growth-promoting
effects on A. sinensis were screened out. According to their antagonistic activity against Fusarium
solani, they were classified into two groups: the antagonistic strain (KJ) group consisting of
Bacillus velezensis, B. amyloliquefaciens, and B. atrophaeus and the non-antagonistic strain (BJ)
group comprising Brevibacillus laterosporus, Peribacillus frigoritolerans, and B. megaterium.
Field foliar spraying experiments were conducted with the compound agents developed with these
strains. Both KJ and BJ treatments promoted 4. sinensis growth, alleviated soil-borne diseases, and
enhanced the accumulation of active components. Compared with the control (CK), the KIJ
treatment increased the fresh weight per 100 plants by 29.69% and reduced the root rot incidence
by 69.44% (P<0.05). The BJ treatment increased the fresh weight per 100 plants by 47.97% and
reduced the root rot incidence by 25.00% (P<0.05). Compared with CK, the KJ treatment increased
the malondialdehyde (MDA), nitrite reductase, ammonium nitrogen, net photosynthetic rate (Pn),
and transpiration rate (Tr), but decreased the DPPH radical scavenging activity, nitrate reductase,
glutamine synthetase, soluble sugars, and chlorophyll content of leaves (P<0.05). The BJ treatment
enhanced the MDA, peroxidase activity, total phenols, flavonoids, glutamine synthetase,
ammonium nitrogen, Pn, and Tr of leaves (P<0.05). Additionally, the KJ treatment significantly
raised the cytokinin and salicylic acid levels while lowering the jasmonic acid and gibberellin
levels compared with CK. The BJ treatment significantly elevated the abscisic acid, auxin,
cytokinin, gibberellin, and 12-oxo-phytodienoic acid levels. [Conclusion] Both the KJ agent
composed of B. velezensis, B. amyloliquefaciens, and B. atrophaeus and the BJ agent consisting of
B. laterosporus, Peribacillus frigoritolerans, and B. megaterium demonstrate disease-resistant and
growth-promoting effects on A. sinensis. The KJ agent effectively controls diseases under Fusarium
stress but incurs oxidative toxicity costs. The KJ agent may be more adaptable to complex
environments and enhances plant growth and defense potential by optimizing the physiological
functions of 4. sinensis.

Keywords: Angelica sinensis; foliar spraying; Bacillus; Brevibacillus; quality

EARAERRG T, MWAEK KT I
A BRAT R S AW A ) A AR B IR B G
FU2 XS W R S B TR A A
AR £ L e REEEN, E S
i N LR e ORa 7/ SN G U PN ]
RGeS0 MR W a (an + 5 . Eh i S5 Y
PrrkSE ZMALE, W S g 3 A AR JL T RE
AR E NN RS R BT A Y O B
1] 32 B PR AR BRI YRR, PR RE
W5 LA A T LA IE T 1] (Proteobacteria) |

X ] (Actinomycetota) . JSEEWE | ] (Firmicutes)
LA B 1] (Bacteroidetes) Jy 57, £ 3 40
J& LA B0 j T & (Pseudomonas)™ . i & T B
fitd J& (Sphingomonas) ', ' T J&
(Methylobacterium) * FEEHANIEE(Xanthomonas)?!
R E o B YRR R A T L AR
I'] (Proteobacteria). T 2% Wi | '] (Actinomycetota).
FRAFIRIT J(Acidobacteria)., IR J(Bacteroidetes).
JE BE B ] (Firmicutes). 2k %5 & '] (Chloroflexi)
M ] (Gemmatimonadetes) FIE AL IR i 4 ]
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(Nitrospirae) Jy =M, A 344N g DA ZFE F AT B
J& (Bacillus) . B} & J& (Pseudomonas) . [ %
1 J& (Azotobacter) . 15 ¥T & J& (Arthrobacter) . 1R
J&i 18 J& (Rhizobium) . % ¥ & J& (Agrobacterium)
AT HEE(Flavobacterium)FWHEREE(Micrococcus)
G op RO BAORE AR A0 TR R B
O R A 2, MR B 43 2 0 ik H AR A
YU D BE I A 2 T O HEAT T R 8 2544
S o PR AT 88 ) S T R T B, DAZEAR
w2 AT B8 (Brevibacillus) O B Bk
R LA AR R A A TR R Tz M . B
B, HT RS PRI R R K SRR A 22
SRR, N HECR AR E , FIR, 25
FE ) PR W 7 o M RS, oA S AR it Ah B A
PRISE | A e 46 ) At ol HE N FH 3z B B il . B
Hi, P T e T A R R R T D ARG
BT R A RS ARSI, I
FEZ W% 2 P SR, KA S vk it R
B J g HH 3 B BT £ A= 25O H i i A BT
M5 Ry = I8 B A W) 24 H [Angelica sinensis
(Oliv.) Diels] TR, HA KM I, 2215
i, T A TP B RS DR BT SR
E, FEFHMAP, FEaE . WA R
R SRRk, HNIRE | 5 B4 XA
HEAERRIRAENER, FREREM L, TR TR,
PEAaE , SO 73R 43 1 DX R AT = 3k 50% LA
BB SR T SRR L A R R
R, JFARBBIZIT SR ENEGHAC
WA Y5z 2. PR R, b R B A
WA Y . (eI AR R B HACR . Gupta
AEROVRIE G R I, A 8 A1 B T (Pseudomonas
aeruginosa) PM1 A DL 5 0 BRI B A8 8 X 0 5
A6 95 7% (tobacco mosaic virus, TMV) 45 7= 4= 41
P, T PMI AT 2 RO #E RNA B9
LS. Guo PV i € B 2F 8 FT B (Bacillus
amyloliquefaciens) Bal3 £k 17 W W3 Jiti 7 7 fifi FE bk
HM b, 3 Bal3 @S TS D S RS
PO A 2 1Y 35 PR 22 38 I 9 M ok 12 vy 7 73k %

Pe AR EE ST s[RI Bal3 W5 (e ot 3
MR ZR R A bR A A  (HAESE PR
I A R 0] UL A A — R R, 0 B AR
T P22 2L ATRTIIE I R L, AT
P TR 25 AR B SR PR XA B, i
ZFAUAT R S EAR PR P B, & TARPRAS
A AN, SRy B ESY 2 2840 1 R S 75 RE
308 o - TR it B T2 R B, AR BRSE LA
RBETERT G, WA R A AR B - S HIAR P 41 21

IR ESRIAK, AR R Zh RE O e 4 AR TR RO 2EAT
BRT A2 IE , 30 2ok P o I A 9 A R X 2
JoER BRI, LAY S e T R A O e e BRI
Hehi

1 AR

1.1 #&

Ui B 24 A4 Az 7 R Fi Tl 4R ARt Y i
159740, SR BE IR KA
RE KA Y B W) 24 1H [Angelica sinensis (Oliv.)
Diels].

1.2 EFRE. FEAFINNE

LB $5 5% . H 2% 55 ) 45 B A ¥ (potato
dextrose broth, PDB)}5 353k | HhA4 245 A Bl
(potato dextrose agar, PDA)% F7 5k | 4 45 b 25
WRIEEFRW . B EE PR R mk—
SEEFRA . SRR b R R A . PR O
SEITWE TR IR A K G 2 2 . B2 DL [ (Ashby) 3% 5%
FAECPCSU L R R A IR A F . O .
R, Kamr. =AWk, dbimmiRiaf
RO FE]; BRIZRER X HE i (4 >98.0%) . FITZRER AL
AT Xk B8 ) (400 3 298.0%) . Z- B AR A i ) HE
(AlifE>98.0%), FIEIRMAYHARGRAR; &
M (total phenol, TP) % # A7 & . DPPH H i
FEGBRAE AN L W IR N A
MR & iU AR & . e R S Al &, db
Ao TRHEARA R 22 IR il &
JTARIIAEYRHHA R AT 5 30% i Ak S0

N =
=)
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W WAL, 2B AR A PR A H
AR, REIETE AN 4k TA R A H]
BRT S (CAS)RHA, ifFrp &bl A A
Al AEERER A mERRER AN &, AR AR
B R A BR A

S TEIRIRZ A%, N 4t e FE AL 2% i
BIRAF; ERERTIESR, FrElvbEey
FEARARAF; W, SRS EERYD TokA
FRAF]; G EOHL, BB A BR A
EHNAT WA BT, g S A R A B A
Al EEEAOLAL, R BB RAF
ZUIREM RN, AKRRFISERA R A F; SRR
TR, ZHRERFHE P EARAR; BmEmak
WAR LTS RN EB BT, 1 SCIEX Z 1A 4y
WS S 2 A BR A
1.3 IR

T 2024 4F 4-10 AT HM A g K
PUREITE F 1A AR S FE LD KR B2k RH 1
A7 BR S F R AL 24 4 Az 28R 7 3 35 Hh i A7
(36.98°-37.05°N, 103.08°~103.15°E), >4l &3k
2550 m, J&RREMES XA, AR
2°C, AEJCFM 140d, HIE4E 2500 h, 4EF%
K 260-700 mm, LIRSS 1 il
5 WA SEFPRE 3 A 249 A T Hb b
1.4 EHHTESEE

PRI NGk HARZT 0.4-0.6 cm) . HER(FT
HIEE 2 100 g)— B (85 Y 00 %)) 1 Fp s T K
th, FREATEE 30 cm, ARFE 15 cm, /NXAEIFR 30 m?
(4 mx7.5m), FHEATEHAPLUIE: GHLE=45%,
J IR (N+P,05+K,0)>4%, 0.48 kg/m?, FhAE
TF) - T it A 2 RTINS R, A 30 d
Wi 1, FAk 60dm, vEHUERKIEK, I
s B IR R 05, SR A2 JC T il B
PR AEAR ZR 1T A 40 IR FEVE AR P R, £
SRR R4 AR AF A FH o AR B 498 JC TR 2%
KB R 1071-107° 4%, AR 0.1% Ay
ORAMEARTEBE . JC W ZE MK U 3-4 i J5 iF

TIHtBE , BRI BOBE FE AR B 107" =107 fiF o 3 31
W HUAR B+ 8 FAR &6 100 L 6 B I A T
TSA. PDA 15385, 28 °CHi %% 2-3 d J5 /0 )
PRI TR VR R - d i Bk dlifh, xTalifb s
M) B iR AT BOE B, w1k BCF
T J& AN 2 LA T 8 sl Ak TR ik . 8
5|4 27F (5'-AGAGTTTGATCMTGGCTCAG-3)fll
1492R (5'-TACGGYTACCTTGTTACGACTT-3") ik
1T 16S rRNA F: [A 5 %] PCR ¥ 34, PCR J2Z i/
K% . 2xTag DNA R A MHIRM 12.5 uL, 27F
(10 pmol/L)/1492R (10 pmol/L)4% 1.0 uL, T &
1.0 uL, ddH,0 9.5 uL. PCR JZ I {4 : 95 °C
10 min; 95 °C 30's, 58 °C 30's, 72 °C 90 s,
34 WAGFR; 72 °C 5 min; 12 °CHEE . 51
¥ gyrB-F (5-GGGGTCTACTGCTTCACCAA-3")
Fl gyrB-R (5-TTGTCCGGGTTGTACTCGTC-3") ik
1T PCRY Y, grB (RAFIHEIR N AR R @ 2xTag
DNA BEBF IR 12.5 pL, gyrB-F (10 pmol/L)/
gyrB-R (10 umol/L) % 0.5 pL, W 1.0 pL,
ddH,0 10.5 uL, PCR [ I %% {4 : 95 °C 150 s;
95°C 155, 50°C30s, 72°C 60s, 34 IKIGEH;
72 °C 10 min; 12 °CRIR . HIKKIMEGAE)E,
PCR Wik 2 b 5 8RR e A PR A
K H Sanger 7700 . fH MEGA 11 4
X 168 rRNA HEH 751 fR5F 5 gyrB J751) i
ATHERER, AR 3B H KT 51 7E NCBI B 7 ik
17 BLAST toxt, RIS P51, FA
J MEGA 11 B R GE R EW
1.5 BEHRIhBERN

X 45 5 B PR 53 ) AT 0 Bk ) B (Fusarium
solani) &G M . fwEThae . WAELL Y . ik
YERT . F2 Ao i 3t 560 25 A # A= b TS AR I X
DL R R AR S . fEAkEE ST . AR .
ACC Wizl ig v . o ALY E v . RIS PR
R E AR PRI AE

FRELT ) . FHJC TR WA AP R L 0.1 mL
TR AR R SR, DO R EAE ot
B, RN 37 cCIRAR 45 5% 24 he S 2 320k
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EHEE) 3 min, WYEREIA P EELLIRG] 3-4 75,
YRS RS

FAER . MR MWL 0.1 mL T
R R OB, UAEMEE R
PO P S W= W e Vg e S B SAR L AT 3 i
PR ZSRv Y

E2 LT R VN O T R Y M= LI
1 30% S E AL S 2-3 T, SRS A S,

i 75 PRI E . ACC it & B PE 2 % SCik
[32-33] 0 A 5[] 20 M 075 R FH AU ' vl L
k. AR AR A LR g
AP . R A BN & U I A5 T A 4y
I ME

PRAEFRARINE . FEPUIE TR E . ARETIRE
WERK 2 AR S I L AR T AR S
WEBABAD ik
1.6 HERXIEFIT

L AR D RE I A A5 L, B sl Ak AR R 4
HAPURDIBEMICYURIRE 2 25, Bl TE 1.4 R
M AT, RASHE RSB, ik
B I T PTG T R 4 (KDY AN P B 4
(BJ). XTHRZL(CK) 3 MAbHERAL, AEAEPRR/NX
A 30 m? (4 mx7.5 m), £ HEE 3K, FiEm Y4
VAL B RS a0 1.4 BTk, KJ 41, BI 4 fEk
Wit 52 45 T 77 2x10% CFU/mMLE®! |, CK 40 4 YR 6
Ji%F i PDB K923, AT 4 Awitfr, Kl
JEF S A% 8 A w)4E A i wi it kb B 1 9K,
LWt 4 Y, DAN R KBS AR e, Wit
B TE] S 5 0, SRR TR E ) 10-20 °C . B JE N
60%-80%,
1.7 MREXE&E

5208 4 KB 4E 5 955 5 Rk AR
o AE/NXFEHLZEE 10 #2505, SRAHAH R
MR, AR RS R 30 A TIRAE, JF
O30 2 O R ESRAT, 1 Oy TR I = AR
A, 1 TIE A A A

1.8 HEA%EK, RELRBUHSTNE

Bt i 6 A~ ¥k BE B BE 1 B 2R R (0.002 16,
0.0108, 0.021 6. 0.0432, 0.108, 0.216 mg/mL),
B B /2 A K1 5 (0.001 14, 0.005 7. 0.011 4.
0.022 8. 0.057. 0.114 mg/mL). A P I xf Ig
i (0.003 94, 0.039 4, 0.197. 0.394, 0.591,
0.788 mg/mL), LU A (v) Wk JBE (o) iE A7 e
[ 5, MG R B(R?) B R >0.999. K 2 =L 6 1)
0 02 et (A T T VRO 25 A3 T R
W, it HPLC ¥, KRRk 0.1 pg/mL,
IS I . HPLC &4 : (i kE . Merk
RP-C18 #E (250 mmx4.6 mm, 5 pm); Vi 30 44 .
1% VKEBIKEE(A) - IEB), BREEVEI(0-60 min,
19% B; 60-75 min, 100% B); ¥i# 1.0 mL/min;
R 280 nm; A3 30 °C; HEFEEE: 20 pl.

&M PR FEPLIE I 100 BRSEEE S0, )5
ARREEE , AL EA . REIK . REK, BEY
VR PR 722 T SRR T 0 A 5 . 4% 2 Bl MLk B
5 R I A R S o BT BRI | BT AR AL
Ml . BEAR MR i
1.9 MREZEIBE LN

Fae HECRS 0 4k ) & U B O e N R
DPPH, i fb¥ . By, 2580 . 7B
B . A E R A L . RS RIS SR AR
R, A WA AEA . TIEHRE .
20 55 i SO TG o A A 48 O A0
2 IH I B A 3 2K (net photosynthetic rate,
Pn). Z& & M K (transpiration rate, Tr), £$4b 20
3NHEHK,
1.10 FREA BN

K # 5 B0 A 6 5% (ultra performance
liquid chromatography, UPLC) 1 &3 X JiT i (tandem
mass spectrometry, MS/MS) K il s, H I 55 %5
TFURIRE A 550 °C, IE B FHECF G R
5500V, B BE o -4 500 V,
fiffE e iR 10-25 eV, 3 THnifEd iy H MWDB
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(metware database)EICHE 22X T iAol ) £ 64 T
NS T o IR = DUSORT BT 15 %) 22 B 1 W
#5 3 (multiple reaction monitoring, MRM) i#f 17 &
AT . 2 A A (fold change, FC) 73 #7142
22 AR . S0P 3 A
L1 HIEAIE R 54

K H SPSS 21.0 H A4 X Bt 44 $ 4 E 47 07
7% 57 MR KL 56 (PR IR 2 ANOVA K 56) 73 A 22 57
V(R E HKOF P<0.05), HiE% =T &
(https://cloud. metware. cn/#/home) 22 il & 5 £ %4
(coefficient of variation, CV) & . 1F 3 itz /)N —-
e H| 5 4> #T (orthogonal partial least squares
discriminant analysis, OPLS-DA)f5 43 &l . k111 K]
FEREIAE

2 EREH

21 EMEESIhEgEDR
2.1.1 EKREELER
A 3 X 24 S R R A 18 RS 3 R ) 0

R ERIESHE

alifl,, JLARAG 18 BRpE bk, VARG AT
HOPEA . Bt REALGEE, 5B
B AN G (OB R WL 70 15 1 R B AR B PR, 020
L T 6 BREBEALZF AT B R AN ZF AT T e 2l
fERIbE, H VR R ZHOCH | ORRE SR8 98
EAFHE, HAMEFTR, G W RE 2F
fil, HAFEMWESN, S5 2 QYL 5 HE
FwiPT (1),

XT i BE TR PR Y 38 J5 19 PCR P2k 700 145
SE L KPR AR A 19 T BR 16S rRNA R 3471 |
ayrB LA A4 5] g & NCBI $0dE %, IF
55 NCBI $048 5 () e 5 A7 Lo, &30 6 tk
B 20 0 R 2 AT T JE B DL 3 T 2 AT T
(Bacillus velezensis). fi# W FHHE (Bacillus
amyloliquefaciens). 25 45 % 16 FF (Bacillus
atrophaeus). B R ZEAIAT B (Bacillus megaterium),
S ZFE AT TR R ) 0 0 2 AT B (Brevibacillus
laterosporus) . i F€ 78 2§ {0 T (Peribacillus
frigoritolerans) (3% 2), BRI P E S RN

Table 1  Strain morphological characteristics
WS WEIES AR
Strain No.  Colony morphology Cell characteristic

DG4 F BE AEIA RIS DS AT =% IR

White, circular, opaque, with wrinkled surface and irregular,

spreading (or diffuse) edge

DG9 Kt AEW RIDEHE GASAEFT = 5RY

Cream-colored, opaque, with smooth surface and irregular,

spreading (or diffuse) edge
DGl1

and irregular edge

DG19 B RBY RIS ST 5 RY

B SN A S INET R Z S

Cream-colored, circular, opaque, raised, with rough surface

FRIR ZFAMEIRE HAT A AR R A =2 P2
Rod-shaped, ellipsoidal endospore-forming,
peritrichous, Gram-positive bacterium

FRIR ZEMEIRE HAT A AR HEE A =2 P2
Rod-shaped, ellipsoidal endospore-forming,
peritrichous, Gram-positive bacterium

FRIR ZEAMEIRIE HA A AR HEE A =2 R0
Rod-shaped, ellipsoidal endospore-forming,
peritrichous, Gram-positive bacterium

FRIR ZEAREIRIE HA A AR HEE A =2 PR

Black, opaque, with wrinkled surface and irregular, spreading Rod-shaped, ellipsoidal endospore-forming,

(or diffuse) edge

DG60 & B B DCTRTE SRS

White, circular, opaque, with smooth, moist (or glistening)

surface and entire (or regular) edge

DG21 e O R A ED] G A N

Yellowish-brown, opaque, with rough surface and irregular

edge

peritrichous, Gram-positive bacterium

FRIR A RE 5 =2 EC P A R

Rod-shaped, ellipsoidal endospore-forming, Gram-
positive bacterium

FEIR ZFAUERIE BA A AR A 2 G PR
Rod-shaped, ellipsoidal endospore-forming,
peritrichous, Gram-positive bacterium
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2 EPKEY16S rRNAEE TS, gyrBEEFFIELFRM 5347

Table 2 Similarity analysis of partial 16S rRNA and gyrB gene sequences of all strains

g5 16SRNAFEHFAIXF  16SRNAKE  gurBIEHFAIXTILEE  orB RN HEE R AR

No. A5 B OB R HFH—2E B35 7% —%t: Bacterial genus Strain designation
16S rRNA gene 16S rRNA gyrB gene sequence gyrB gene
sequence comparison gene sequence comparison (accession sequence
(accession No.) identity (%) No.) identity (%)

DG4 Bacillus velezensis strain = 99 Bacillus velezensis strain 99 IR DU ST AT
CR-502 (AY603658) FZB42 (NC_009725.2) Bacillus Bacillus velezensis

DG9 Brevibacillus 99 Brevibacillus 100 FEHHEATIE S U AT
laterosporus strain DSM laterosporus strain DSM Brevibacillus  Brevibacillus
25 (CP017705) 25 (CP017705) laterosporus

DGI11  Bacillus 99 Bacillus 99 ZEHUAT RS SR TE KD ZE AT A
amyloliquefaciens strain amyloliquefaciens strain Bacillus Bacillus
10-CK-CTC-1 GKTO04 (CP072120) amyloliquefaciens
(MHB894245.1)

DG19  Bacillus atrophaeus 99 Bacillus atrophaeus 100 AT HR Y6 AT
strain JCM 9070 strain SW (CP154443) Bacillus Bacillus
(AB021181) atrophaeus

DG60  Peribacillus 99 Peribacillus 99 SEFAUAT IR T SE A 2R AT B
frigoritolerans strain frigoritolerans strain Brevibacillus ~ Peribacillus
DSM 8801 JHS1 (CP091882) frigoritolerans
(MW578406.1)

DG21  Bacillus megaterium 99 Bacillus megaterium 99 R EE E R ZEAAT A
strain [HB B 4625 strain NBRC 15308 Bacillus Bacillus
(KF475802.1) (CP009920) megaterium

50%-100%. A1 2 s, Ao —Siik
T 98.7%, ULWEEELARATEE,

NN E AR BRI, ] 16S rRNA
SLR S gyrB J K5 1 BRI Y S AE A R 456
KA, W1 PR, wkk DG4, DGY. DGII,
DG19. DG60. DG21 435 5 Ul 3 Hr 27 AT 7
(Bacillus velezensis) strain ZK-3, Il {4 %8 2§ #4 T
& (Brevibacillus laterosporus) strain DSM 25, fi#
TE N 2F ST B (Bacillus amyloliquefaciens) strain
GKTO04 ., 2 45 %F {4 #T & (Bacillus atrophaeus)
strain SW. Tt € %G ZF 1 ¥F & (Peribacillus
B R ZF AT W
(Bacillus megaterium) strain NBRC 15308 i*) 83 ¢
J¥ 50 0T A5 BE 53 R 83%. 100%. 83%. 84%.
100%., 100%, Hift— iR 4L T 5
A I

frigoritolerans) strain JHSI .,

2.1.2 E#RINAEE

R 3 Fos, VSR ZEEFTH DG4 . f#TE
K 2P AR DG, ZE47 2F /4T DG19 X414
R T o i i T i T i ) R B RS BRI g
FEZF AR DGO M FER 2T DG60. ELK
A T DG21 X i i 0 e iR A .
Ah, BORZEEATEH DG21 EA MEkEA ; Hik
DG4, DG9, DG11, DG19, DG60, DG21 ¥j]
SRR, B HEAEER; E44
fAFRE DG19. EORZEMUAT I DG21 & A Ak
A, Aot AR A

Mk 4 R, 6 BRItk &F —x EE %k
7. ARG LR, FHSEAHE. E
RIVBES . Hrb, Hitk DG4, DG60 fMgE#LZ A
X} 2B R 80% T 83%, 33X ¢ HH 33k 46 T Rk 7E 2k
TG 2 AR BCHUR] F 7 T BT P38 96 2 f AT
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&1

Figure 1

| Peribacillus frigoritolerans strain JHS1 (CP091882)
00

Strain DG60 (MW981363)

Bacillus megaterium strain NBRC 15308 (CP009920)
Strain DG21 (OR098475)

{Brevibacillus laterosporus strain DSM 25 (CP017705)

100
L Strain DG9 (OR098469)

Bacillus amyloliquefaciens strain GKT04 (CP072120)

Strain DG11 (MW981362)

Strain DG4 (MW989745)

79]
100
” Bacillus atrophaeus strain SW (CP154443)
— Strain DG19 (OR098473)
100 83
100

— 83
0.01

Bacillus velezensis strain ZK-3 (CP095760)

ET16S rRNAEE MgyrBEEFHERKMEM ARG AER 155 T EUE N GenBank &5k 55 43¢
AR AR ; FrIR0.0MCEH IR R,

Phylogenetic tree constructed based on tandem sequence of 16S rRNA gene and gyrB gene. The values

in parentheses are GenBank accession numbers; Bootstrap values are indicated at the branches; The scale bar 0.01

represents the nucleotide substitution rate.

R BEREIEEWHHE

Table 3  Qualitative results of physiological and biochemical characterization of the strain

W5 AR EHESPUE R fEEEER GiE =4 AR et

No. Strain name Plate Phosphate SN Ammonification 55
antagonistic solubilization Methyl red Catalase
fungi reaction test

DG4 VSRR ZE AT 54 Bacillus velezensis + - ++ ++ -

DG9 i JE 2 {5 Brevibacillus laterosporus - - ++ ++ -

DGI11  f#TER AT Bacillus amyloliquefaciens — + - + ++ -

DG19  Z=45 ZFfFT 5 Bacillus atrophaeus + - ++ + ++

DG60 i FER ZF AT Peribacillus frigoritolerans - - ++ ++ -

DG21 B KZEEFFE Bacillus megaterium - + ++ + ++

+r PHPESSR: ++: sRBHPESSR; - PIMESR.

+: Positive result; ++: Strong positive result; —: Negative result.
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=4 BEKIEERXIIEEALN

Table 4 Quantitative results of physiological and biochemical characterization of the strain

W5 RS WEERZAXT W [ AL AR ACCiE s W5 i A
No. Strain name T Nitrification ~ Nitrogen fixation e Peroxidase Laccase
Relative capacity (%) efficiency (g/g) ACC (U/mL) (U/mL)
siderophore deaminase
content (%) activity
(umol/min)
DG4 DUSEHZEHIAT I 80.00+1.00a  1.76£0.03d  0.088 00+0.000 22b 0 87.78+0.20b 1.71+0.31b
Bacillus velezensis
DGY e %E ZEFIAT I 52.00£1.00d  2.86+0.15a  0.007 50+0.000 33e  0.70+0.015a 3.32+0.11e  1.22+0.45¢
Brevibacillus
laterosporus
DGI11 ek AT A 61.0042.00c  2.04+£0.02c  0.033 00+0.000 38d 0 203.65+2.36a  4.49+0.29a
Bacillus
amyloliquefaciens
DG19  ZE4i T 58.00£1.00c  0.85+0.06f  0.094 00+0.001 10a 0.36+0.041b 1.22+0.11f  1.00+0.11c
Bacillus atrophaeus
DG60 i FEHT 2 AT 83.00+2.00a  1.51£0.05¢  0.058 00+0.000 87¢  0.34+0.011b  16.13£0.10d  1.06+0.15¢
Peribacillus
frigoritolerans
DG21  ERZEMIFFIH 68.004£0.40b  2.68£0.03b  0.058 00+£0.031 00c  0.34+0.03b  27.37+0.59¢ 1.16+0.13¢

Bacillus megaterium

[FISVEHEA NG PR 2257 B

Different lowercase letters within the same column indicate significant differences.

W DGY. B RKZEMAFF i DG21 HA Bk i itk
REJ7 5 DI 2F AT 7 DG4, 2 46 28 fEAT 1
DG19 [W A RERR s MIF614 ZEA0FT T DG %2
A5 ZF AT DG19 . it JE R 2R AT I DG60. F
KEFAAFF R DG21 R H H5R 1) ACC i Z B
PEs DUSERT 2EHUFT B DG4, i T K ZEF AT B
DG11 RIS E ARG E s R ER 2F
FIFT B DG11 B AR Y BB 1

Zil, 6 MRIEHRIEA —E e A Thhg, H
WIS R RIN, 6 PRI AL A= AR O
it mAsbr it T IR 2 (K 2), Hagf e
PESE AR R 43 AP BRI R BT B 2 25, FFLLAE
SRS s, K DUSI I 2F AT I L il DE 0 2 4
FFOE 5 2240 2R AT B AL T R 4 (KD), Kl

6L ZEFEATORT . T SRS 2FAAT I . B KR AEAT
T 2H RO G  7) 2H (BT kA7 H [A) R 86 . KT 4
A BI HAE A BRI R 111 96 B Ee e f T
BeLE, PR 2x10° CFU/mL.
22 AEEMEHEFEK mREREN
X 57 B 20

3k s Fraa, KJ AU B 41y 1323k |
BoREK ., REK, AEYE CKAm, K
HAH PRI CK 4380 29.69%, BJ 41 H k4
CK 413N 47.97%. [FIEF, ARJEH &M R IEL]
6] 23 CK>BI>KJ, Hir, KJ 48 CK 4%
1% 69.44%, BJ 41#¢ CK 4% 25.00%.

BRI . BT AR R A AR . R AR P9 R TR
i )2k PR 4k B D 0.002 16 - 0.216,
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Catego
DGO-1 I2 DgG?;
DG9-2 | DG19
DG9-3 | 1 | |DG21
DG4
DG11-1 DEED
DGI1-2 0| |DG9
DG11-3
DG19-1 i-l
DG19-2
DG19-3
DG60-1
DG60-2
DG60-3
DG21-2
DG21-1
DG21-3
DG4-2
DG4-1
DG4-3

L

Category
Laccase

Nitrification capacity
Peroxidase

ACC deaminase activity
Nitrogen fixation efficiency
Relative siderophore content

B2 EHRINRETHIRLIAE

Figure 2  Functional grouping cluster heatmap of

bacterial strains.

0.001 14-0.114. 0.003 94-0.788 mg/mL, X 4
T & =3 5 0.086 4-8.64. 0.045 6-4.56.
0.157 6-31.52 mg/g; I3 510 97.49% .
98.27%. 97.01%. Z5HREH], KJ A ELR A
FAEE . B NER i b S T, BY ALY
B BRIR & e 0 e T, T ELAR R
AR T H AL

2.3 AEAIESTH YA F A IR A (CIEFREY
20

WK 3 frzs, N % (malondialdehyde) %% ¥
A KJ. BJ>CK, DPPH FE# & CK>BI>KJ, if
A ALY (peroxidase) . L[5 (total phenolics) ., 2
#5 i (flavonoids) 75 #1 &y BI>KJ. CK., X H],
POva TR R 2H AT el e Am i A AL B, =
BN ZEESET S PUAMRE T TR, MAHT
o PRI 1) 2H 30 5 39 iR ATl R e A AR A AT
FBE, (R R N A RBRE

il 4 Fron, AT P (soluble sugar) % H
A CK>BJ>KJ, 4% Z (chlorophyll)Z ¥ A CK .
BI>KJ, (4 3 %R (net photosynthetic rate), 7%
J#% 33 2K (transpiration rate) %% ¥{ &y BJ>KI>CK, iX
T, PURERIATREII G T R e AR
ARG, APURE AR IRECE S

mE s ros, %2 WA G (glutamine
synthetase) & ¥ BI>KJ, CK, 7% MR & Wi
i B2 & J7 Bl (nitrate
reductase) %% ¥ & BI>CK., KJ, IV fig iR ifs J5 il
(nitrite reductase) & Fi &y KI>BJ. CK, # &%
(ammonium nitrogen) ¢ ¥ & KJ. BIJ>CK, % H
% (amino nitrogen)FF N KJ, CK>BJ, XK,
BUI TR R ZH AT BRI 1R A A AU DG
BEL VBT iF 258 &I A DL AR B A s RN BOis o7 4
s T EAL, APLA A REDL e Tl miaE
HK

mak 6 fan, M EBASTEILHNMNESR,
BO6A A A B RCR R I BI>KI>
CK, JfH BJ 411 KJ 41643854 CK 4153
IR T 402.76% F1 358.84%, Jed &R HIECR
8 CK 4150 I3 T 263.16% Fl1 200.00%. {H &
KJ AR a 2 & R RT CK 4], X—7F
JEMIZE R AT RE R, KJ 2 1 B ER o % 2k

(glutamate synthase).
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RS EKRSEEHRDGETFNE

Table 5 Comprehensive evaluation table of growth performance and bioactive components

Item KJ group BJ group CK

7% 3k 4% Rhizome diameter (cm) 3.59+0.31a 3.47£0.51a 2.47+0.37b
##iK: Root collar length (cm) 3.32+0.71a 3.35+0.85a 2.63+0.82b
KK Root length (cm) 20.07+1.49a 20.67+1.11a 18.67+1.29b
ST H BEH Average weight per hundred plants (kg) 8.30+0.79a 9.47+1.25a 6.40+0.53b
MBI A& 52 Root rot incidence (%) 11.00+3.00¢ 27.00+2.00b 36.00+1.00a
FAIZRAR Ferulic acid (mg/g) 1.10+£0.01b 1.26+0.03a 1.04+0.02b
PRI ZRFR A MM Coniferyl ferulate (mg/g) 0.32+0.07a 0.21£0.05b 0.13+0.00b
BEAS N Ligustilide (mg/g) 18.20+0.24a 13.3440.11¢c 17.06+0.38b

[FISVEEA NG PR 2 %

Different lowercase letters within the same column indicate significant differences.

Malondialdehyde @ DPPH equivalent value
3 Peroxidase = Total phenolics Flavonoids

16 - -10 000
145
0.8 14+ a
b 14.0
_ 18000
Q 20 oL
= = 12 @ 135
g o6l B S e
Che 510_ = {309
s |z {6000 & |”7E
s g S 12538
- © gL b > 5]
= Q b = S
L] o = S
S 04F & g 4208
5 2 oL b {4000 & g
53 S g 8
i g < 1532
=9 ks [=|
So21 54T =
: 12000 L0
2r 105
00t 0 0 10.0

BJ CK
Treatment group

E3 ARELEXHEFATREUEERENEE ARG FEAERZERBE, P<0.05. TH,
Figure 3 Effects of different treatments on the oxidative stress system of Angelica sinensis leaves. Different

lowercase letters indicate significant differences, P<0.05. The same below.

RABA, B AZETHTRIDLE R B O 2 SR SR A 0806 & Pk I Be

G E O RER T, A RMAREE HE  RIMEYMROLERET), Hh B HLGSHCRE

AL RO A AR AT L, X —PEREXS T AR A AR A 3R 55 2 A
SR L, YU B EFATUR ER AR R,
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o Soluble sugar = Chlorophyll

2+ = Net photosynthetic rate 112 ? =
= Transpiration rate & &
020+ a g &
) g =
E ol 2 g
g B[k 108 &
2 [l 59
3 5]
g 4t g< < g
g 12 § %
2 & 2
2 2 sz
%) c < B
—
0 o 22 0 D &=
KJ BJ CK “

Treatment group

El4 AERIESTH)A ik R BIT AR
Figure 4 Effects of different treatments on carbon
cycling in Angelica sinensis.

= Glutamine synthetase = Glutamate synthase

= Nitrite reductase = Nitrate reductase
Ammonium nitrogen = Amino nitrogen

150

145 . .
0 140 | % T
S 7 7 80
R é g
A s | 2
21250 b % ab A {60 T
3 % % % 5
S120f e é i g
g 1oy = / = £
o P %E /== /E + o0
e Tom o imH o 271 £
d = : i
S M2 [ Bha 2 | B
= 0 .;-ég Y= H:f:-:fég 0

KJ BI CK

Treatment group

E5 AREIAIE LI F R RTEIFHIFN
Figure 5 Effects of different treatments on nitrogen

cycling in Angelica sinensis leaves.

24 AFECIEITEY AR KA
Al
24.1 CV 5

CV & H T 7 5 B4 29 JORE B 1Y % H 4
bro 1 BhZ50 S 704 PRI (empirical cumulative
distribution function, ECDF), BEWEH|HT CV {H /)
THE S H AP L BRI B, e
A (quality control, QC)H. CV {HEAK A it 5 [t

6 ARACEXHAFXERF ANENF
Table 6

photosynthetic nitrogen use efficiency of Angelica

Effects of different treatments on the

sinensis leaves

Ak EER BA T JA R
Treatment Photosynthetic Total Photosynthetic

rate nitrogen nitrogen use
(umol/i (m*s)) ( ng/g) efficiency
((umol-g)(m*sug))
KJ 9.87+0.012b 172.69+7.31a 0.057+0.002 3b
BJ 10.91£0.029a 158.88+9.47a 0.069+0.004 2a
CK 2.17+0.035¢ 157.87+11.42a 0.019+0.000 84c

RN EEA RN PR E 7 B
Different lowercase letters within the same column indicate

significant differences.

R, EWRE LI AR R E MR . WnE 6
fin, KI4l, BI4l, CK 49 CV E/NF 0211
Yy e T 80%, P SL IR s HAT R A4r
AR M
2.42 OPLS-DA 43#h

i 1 UPLC-MS/MS+MRM 77 75 it A RE 7
PRI IR K E B T 61 MRS, A
R 243K (34.43%) . K FK(19.67%) . IR%EE
2(19.67%) . ZKATIR(13.11%). K2 (8.20%) .
it V& 12 (3.28%) . £ K5 (1.64%) L KRB & .
il i OPLS-DA T fiff 4 h] % 28 A i K OF 22 5%,
i 7 pros, TN 3 R (O Sl A IE A2 3 R
(Y ) X RE 22 5 M I AR RR B 4 30N 53.4% Al
32.9%, MFE It 86.3%, 3 N4 FHLH T AR BR
KAEMEAE, WM ERPE ., H, 22
SEAR I B T e B SR VIP>1, OPLS-DA #5171
9 Q2 fE M 0.984 (P<0.005), BRI {4 i fE
Jiiifa, R2Y {H M 0.995 (P<0.005), AR A
X R TS -
243 RIEHZKEIHAEBER

K 8A. 8B ffian, KJ 415 CK 434 #%
2R 51 R, Horh 9 iR AE B 3 A A) 22
S, BB 17.65%, FENAERKR. 45
WE . NREER., FKAR. Kigik. Hd, K@
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80 fpmm g
S
2 60r
]
o
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]
g 40t Group
[}
3 QC
. —CK
20t —BJ
KJ
ol
0.75 1.00

Ele ARLECVAME HAAIMURCVIE,
HEARFE R /INT X CVAR R g H 7 S iy
e, AFRBEAERAF B4R, QCH iz
FEAS, Hop 5 X0 B2 5 2 X A CVIE N
0.2710.3, 5 X4HF-A7 BB B FOE H o5 8
Yy 80%

Figure 6 Distribution map of CV under different
treatments. The horizontal axis represents the CV
values, while the vertical axis indicates the proportion
of substances with CV values less than the
corresponding value, relative to the total number of
Different different

grouped samples, with QC denoting quality control

substances. colors represent

samples. The two vertical reference lines correspond
to CV values of 0.2 and 0.3, respectively, and the

horizontal reference line corresponds to the

proportion of 80% of the total number of substances.

ik 2-0-B-F A FEA . X EKE, FER
A24 | 2-FTRERAE 4 PR K AR LM,
N-(—)- A F PE K- (L) - S0 2R . R AT -L- 7 5 2
BR . RFER . Wal-(+)-12- 80 Y iR .
6- " WIEHR T AE S PR B T, [FR, KI4
B 2- FH B B -N6- S M BE IR Sy | N-(3- 1| P
LMEIE)-L RN AR 2 PR A R, CK

Scores OPLS-DA Plot

CK]
.

*KJ

25T

0.0

T

Orthogonal T score[1] (32.9% )

—4 0 4
T score[1] ( 53.4% )

E7 ARAELHEFM /AR EOPLS-DARK
) B AR AR S T S AL 0), B AR AR ) ] LA
B HM P2 RARPRFRIRIESS EMr, Yk
P71 Al DI A N 2285 5 1 0l izl
PR R AR o R YRR KRR — DR,
[Fi)— A A it P ] — S (s

Figure 7 OPLS-DA score plot of endogenous
hormones in Angelica sinensis leaves under different
The horizontal axis

treatments. represents the

predictive principal component, and differences
between groups can be observed along the horizontal
axis direction; The wvertical axis represents the
orthogonal principal component, and differences
within groups can be observed along the vertical axis
direction. The percentages indicate the contribution of
each component to the explanation of the dataset.
Each point in the figure represents a sample, with
samples from the same group indicated by the same

color. “Group” denotes the classification of samples.

AR ER AL 3-FM-2-[2-(2)- i H A
Bi-1-THR . RATRFEE . N-(+)- 2R A BEHE-(1)-4&
R 4 VR A TR . X R, iR
PR BB U302 1A A K AR T 2 3 Ao A G
WE, MEERR R MR E R G, Ea
DAAR R AL L 4 S 3T TR ) R 114 93 2% il
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B, 5 Bh Y TR ) AR A R 0 T O S e )
W), AR SFTHRA MR, HokA K b
RS
iE 8C. 8D frzs, B 445 CK 4 3L4 1
AU R 55 Fh, Hoh 17 Fhfeoe W AL ) 22
S, 5 EB 28.81%, FEMMBIKIR. EKE.
WM AE . R KAR . KR, Hi,
O-FIHNRAT . REER AT, ME3- LB -L- R A
QAR . L-ARNAR . Wi . =-(+)-12-84C
MY . RER AL LR . M0k,
3-MIE NI TR . AREER A6, MWE-3- 27 H e
i oK R A 13 PR 7E BY A 3 B, R
TR ALS, FFEEE A20, N-6-5F 00 LR FE-5'-
HUBEIR . 12-FR LR RSE 4 MR B T,
[, BI 2 P WE-3- R . 48 -FCAh 7 -9-#
AR . E-HTANT . RER A4 F 4 FRRER
W, XM, ARPUE B AT BEE 4 1 HL S
T YA A KA T S R e 7 3 R X
DB R IAT TR S, AT AR -B P
[F) 3R AP R Y 245
L& 8E. 8F s, KJ4HE5 BI HibA M=
YR 51 Fb, Hodb 16 Fifqe i 4 a2 5,
AR 31.37%, FENERER . S HRE.
R KA. K., Hrf, RER A20.
HER ALS, 2-FHEHMEL . 12-FF KA R %
A B
@ : ]

51 Statistics
eUp: 4
®Down: 5 i
4 I < Insignificant: 42
L]

—log,, P value

4 P RAE KT A B3 EE, -(+)-12-21CH
VI IGHR . RAIBE-L-F e AR . RATR . N-(-)-
TEATWEFE- ()-SR . MW | 3-15] I T 0 R
LR . RER A6, SRER AT, M|NE-3-2.0
- RAER . 6-FIEARTT . N6-S I Jk - i N
W7 AR 12 PR B TR, FIR, KD
2R 2-F R JE-N6- S M LR IZENS | N-(3-15] 4
CMEIE)-L-HE N RS 2 PR AT I E AR, BI
ZH RS -3 R | AT - T AN T -0- A B
[E-FCANT . RER A4, HRER AL, 3-HM-2-
[2-(Z)- 150 3 BRI e -1- TR . 2 41 R HF i
N-(+)- KA IE-(D-FR N R RS 8 P A IRt
W, X, UM B S NP B R 4
TR RGN B AR R, PR B A RE
TG R SR e, TSP A R A o 4 T
S e X 2 £ NS 3 12 [ (0 o B 108 14 o i
3tk

TFRERRNIREE R

AT N 24 TR P 4 98 FIAR B 0 18 1 6 Bk
ZERUAT B B A SE AT BB iR, & T
SEUCE RS, R PAEPUR I RE Lk A
B, Horp, DUSENTZERIAT R . MRUE A 2F 7
FRBE . 2540 2EF0 AT 1% 24 U5 AR A 96 B0 B — i
JE ST A A AR BUE R, SR ARG 4G

3.1

Salicylic acid 2-O-B-glucoside l 1

cis-zeatin
-0

I“l

Gibberellin A24
2-coumarate
N-(-)-Jasmonoyl-(L)-valine
Jasmonoyl-L-isoleucine

Jasmonic acid

‘ cis(+)-12-oxophytodienoic acid

6-benzyladenosine

SFEEPE
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o L-tryptophan
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_________________ T - A E— Jasmonic acid
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Figure 8 Differential hormone metabolic network. Volcano plot (A) and clustered heatmap (B) of differential
hormone metabolites for KJ vs. CK; Volcano plot (C) and clustered heatmap (D) for BJ and CK treatment groups;
Volcano plot (E) and clustered heatmap (F) for KJ and BJ treatment groups.
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