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Abstract This study conducted a comparative investigation on wild (MT) and cultivated (ZT) Schisandra chinensis
in northern China. Utilizing high-throughput sequencing technology to analyze the rhizosphere soil microbial communi-

ty structure and potential functional microbiota. This was integrated with the quantification of the primary medicinal
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component, lignans, and the determination of soil physicochemical properties, including total phosphorus (TP) , total
potassium (TK) , total nitrogen (TN) , total organic carbon (TOC), and soil organic matter ( Som). The research
aimed to elucidate the interrelationships among lignan content, rhizosphere microorganisms, and soil properties, there-
by providing theoretical insights into the metabolic mechanisms of lignans in S. chinensis and enhancing the medicinal
value of cultivated varieties. The results demonstrated that wild samples exhibited significantly higher lignan content
than cultivated samples, with schizandrin, schisantherin A, and +y-schizandrin concentrations nearly double in wild
samples. The rhizosphere soil of wild samples showed substantially higher nutrient levels, with TK, TP, TN, and Som
contents approximately 1.5, 2. 6, 7, and 9 times greater than those in cultivated samples, respectively. The
abundance of nitrogen significantly increased the relative abundance of RB41 and Gaiella, while elevated soil organic
matter promoted the enrichment of Mycobacterium. These three microbial groups showed positive correlations with lig-
nan content, potentially explaining the superior lignan accumulation in wild samples. Furthermore, Fusarium, Neone-
ctria, Trichocladium, and Mortierella demonstrated positive correlations with lignan content. Soil moisture content
showed a significant positive correlation with lignan accumulation, as did TP, TK, TN, and Som. Notably, soil pH

emergedas a crucial factor influencing the rhizosphere microbial community, exhibiting a significant negative correla-
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tion with lignan content.
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1.1 #8

1.1 dARFREIERREHRRE JL
TR T AR SR SRR SR 4 A PRI VLA B
HMIIX FIFE AL (121°117 ~ 135°05'E,43°26" ~
53°33'N) , bRic W HF R0 (MT) FIFP AL 2H (ZT)
HRPR LSRR M0y, — 1 T30 T AN T
TR A O AE 5 53— K MT ke MT-1
MT-2 MT-3,ZT +#E4% ZT-1 ZT2 ZT-3 %5 )a T
-80 CHR K, izt 2 [ BAEYRHE AR A
PEAT R Y, SRR [

1.1.2 £2RXAEMERE PE(EER, K
R DR R AT IR F]) § IR BRIk
TEEH TR TR IR T R (0 B,
1322 AR AL BRI B AT BR 2 1) 5 DNA fili 4235
F| 4 (E.Z. N. A. ® Soil DNA Kit, 3% [ Omega Bio-
Tek 23 F]) ; AxyPrep DNA Gel Extraction Kit ( Axy-
gen Biosciences, 52 [E Axygen 24 ] ) ; Quantus™ Flu-
orometer ( QuantusTM , bEgEs| Promega AR ) @E:Flﬁ
# 4 (NEXTFLEX® Rapid DNA-Seq Kit, % [# Bioo
Scientific 2y ) ) ; M 7 3 ] £ ( NovaSeq Reagent
Kits, 52 [ Mlumina 22 ®) . & # B 73 (PXSJ-
216F, b AR B ) 5 L XL T 2 4 ( DHG-
9030, L ifg—fERtA A R A ) s JTR X
(Vario EL T, 5[ Elementar 23 7)) ; JTGZ 7 H1{X
( Vario MACRO cube, #[F Elementar 23 7)) ; MH
HLER/ B 3T (Multi N/C3100, 8 [ Jena 23
) s HPLC 75 R0 AH €35 % ( Waters 2695, 3¢
Waters Al ) ; C18 {354 ( Ultimate XB-C18, |+

HIBRHHARAR) .
1.2 Ak
1.2.1 jbﬁ."*%%;’;?;}g}]g%é\%éﬁ@qi §

HRCH 25 H) (2020 Rl BT RS 25 BRI AT X
HEH LR FREH O F 28 R i FF RN
T FE0.25 mg, INH EEG 25 00 A 1 mL A
XFREG 1,00 mg (BRI, WO R FR G BRI, 4R
UHERE, AL, DAV i R 06 T AR o Ao 1
2o WA N B EE (A) FIUK (B) , R I K 250
nm, PEFEEE 10 wl, BERS A & . JL R T 2R
SCgRT M A 30 H U, RS % AR BUR AR
0.2 ¢F 20 mL ZF i, H EE R 402 30 min

Ja AR BRI Z B FE 200 0. 25 pom SRR, 1AL
DSE . ISR A PFR] b B0 BE VRS i
M [E] 0 ~ 15 min, i S AH K JE A 40% ~ 65%,
B:60% ~35% ;16 ~20 min,A:65% ,B:35% ;21 ~
30 min, A:65% ~ 80% ,B:35% ~ 20% ;31 ~ 40
min,A:80% ~90% ,B:20% ~10% ;41 ~45 min,
A:90% ,B:10% ;46 ~ 60 min, A:90% ~ 65%
B:10% ~35% ,

1.2.2 BERACKFHRE  RAMEF RN
+ 35K & (the water content, TWC) ;R FHICE 7
BrAL 53510 E +- 18 4> 8 (total phosphorus, TP) | 4=
A (total potassium, TK) , £ 3% 4= %% (total nitrogen,
TN) & & R AL E 4% pH(V K V4 =
2.5 1 1) s R EA PR SE ST A0 R 1 8
A5 MUK (total organic carbon, TOC) &, $ 0.1 g
R ZEM HCL A 3RS 1R B A, FT 1 mol/L
f) HCL i € 2= L AE b AN 18 A0, T HEAE b
105 C 45 IO v 20 AL E | I8 3 % (B 46
AR + A HLT (soil organic matter, Som ) A 7
B AR Som(g/kg) =TOC(g/kg) x1.724,
1.2.3 ARFEEMADGHBEMNF PR
e ARk R B BRI R A R A
F BEAT L DNA $2 5, 5 DNA $2 505 1 1% 1
TR B e vl vk AT A A TR T 16
X% V3 ~ V4 a] A2 X fl FH 514 338F (57-ACTC-
CTACGGGAGGCAGCAG-3") #1 806R (5'-GGAC-
TACHVGGGTWTCTAAT-3") 17 PCR 4" 4 ; FL 1A
FEFITS X, R E B ITSI ~ 1TS2 X3 51 9
ITS1F(5'-GTGARTCATCGAATCTTTG-3") FlI ITS2R
(5'-GCTGCGTTCTTCATCGATGC-3") # 17 PCR ¥~
W, REAFES =AY PCR A, i 2% B Bk
JEXHE A 5 (19 PCR 77 9 47 L kR, 1
AxyPrep DNA Gel Extraction Kit Fl Quantus™ Fluo-
rometer X F= A T4 AL ARG I 2 £, i A i
e b AT e 2 I 4 A Tllumina NovaSeqPE250
20

1.2.4 HBRESH AT JLRERFREIPA
REZFR A it 22 5 4 e A PR B 2 ff FH Excel
2021 ST 525G B0 PE A9 S i 25 PR, {8 Trimmomatic
A (version 0.30) F1 FLASH %44 (version 1.2.7)
Xof SR P P 50 23 0 AT A RN DR e A 3, fd
UPARSE %% (version 7. 1) MR 97% WyAEHE
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FPo (£ BR B A1) #E 4T OTU &, fdi 1] RDP
classifier( version 2. 2) #K4 X} e 51 34 T 9 A 0 25 1
B, Silva B da 2 Ho X B (R O 80% #EAT HLXT
PG B -6 T EIBEA TR | B 7 2 M 2
SPEIHT, 3T FAPROTAX $04 % A1l FUNGuild %%
I8 XS 20 T TR AR R L B T A T D) R T 43+, A
Shannon F5% \Simpson %0 ACE #5850 F Chaol 8
BTN R AR B R

2 HERGpH

2.1 tERFREDKREZSENESH

FEHR1. 2. 17 R 7 30 75 A o ittt 4 1 05 7 72
R T R Y =23 850X — 1 668.5,R* =0.999 5;
T FHEH .Y =16 383X -1 250.1,R* =0.998 0;
FHRFHZE .Y =6257.5X -563.0,R* =0.999 0;
TEFZLZE .Y =11952X -1 004.2,R* =0.999 1,
FER 1 AP0, MT SR py FR T REH | Ak H
RMAKRTCREHBEST 2T, MT H 5L
b EAORBER SR T ZT 3K 1A%, 1 MT A1 ZT
Y LR HR & R 22 PR AU,

®1 FEMMELAKRFREIPHAEESE

Table 1  Lignans content in wild and cultivated
Schisandra chinensis fruits
VN4 K
(mg-g™') MI-1 MT2 MT3 ZT-1 7212 713
FRTFEER  26.62 26.19 26.43 13.89 14.13 13.95
FRFEH  19.23 18.99 19.10 16.35 16.21 16.09
HEWTFHE 9.38 9.21 9.28 4.90 5.03 4.91
HAWT2ZE 14.07 13.88 13.94 7.35 7.12 7.23

2.2 dcREKFREETIERAERS T

2 T MT I ZT By -+ 38 34 5 55 2 v
(pH<6.5);MT i TWC BT 2T, F 4l TWC
ZE(E ik 20. 76% (AR s MT 3% TP &
BET 2T 249 1.5 /5, MT +3 TK &84 5.75 ~
5.76 ¢/kg,1fi ZT W} 3.66 ~3.67 g/kg; MT Fl ZT
Y3 TN 55 22 S B3 MT 25 0.93 ~0.96
o/kg, T ZT 4 0.12 ~0. 14 g/kg, MT i TN 52
ZT [ 6 ~7 55 ; MT F1 ZT ) TOC Fl Som 5225
R N B35 MT /Y TOC & &8~ 17.25 ~17.29
g/kg, M ZT /) TOC F WA 2.13 ~2. 15 g/kg,
MT fY Som 5 4 29. 74 ~29. 81 g/kg, 1fi ZT K
Som NI 3.67 ~3.71 g/ke,

®2 HEMMEILEKR T TEBAER

Table 2 Soil physicochemical properties in wild

and cultivated Schisandra chinensis

Kol el
HH MT-1  MT2 MT-3  ZI-1 712 ZT3
pH 6.18 6.19 6.20 6.33 6.34 6.35
TWC/%  35.54 35.52 35.55 14.88 14.82 14.79
TP/(g-ke ') 1.46 1.47 1.46 0.57 0.57 0.57
TK/(g - ke ') 5.75 5.76 5.76 3.67 3.66 3.67
TN/(g-kg') 0.93 0.95 0.96 0.12 0.13 0.14
TOC/(g - kg™') 17.25 17.27 17.29 2.14 2.13 2.15
Som/(g-keg™') 29.74 29.77 29.81 3.69 3.67 3.7I

2.3 JEEKRFREETIEAREZSH

2.3.1 Ak FARFR LI dm i AR T KP4 R,
EZF oM MT I ZT LT TP AN R
SEFT 1K 20 A AR AN T 1 IR, DA AR 0 3
A7 R T 1% MR 11354 10 4>, 78 MT Al
ZT R4 B L B T ( Proteobacteria ) Flill £k
B 1] ( Actinobacteriota ) J2& A % 3= B 22 51 38 K1)
T, AR TE AT THE 27 shA =F e, o 34.70% ~
42.49% ; TR TR T 178 MT H A % = BE R v
H29.51% ~36.04% . £ MT AR Fr + 3% HiAfth
P35 240 B T TR IR i BR AT T8 1] ( Acidobacteriota )
(15.10% ~ 25. 34% ) . % %5 & ['] ( Chloroflexi )
(7.72% ~ 13.24% ) . #L ¥ & '] ( Bacteroidota )
(2.41% ~ 3. 50% ) . #% BK W& ] ( Myxococcota )
(1.89% ~2.83% ) .Methylomirabilota(1.65% ~

E1 deEBRFREETIEEETS
Fig. 1

The distribution of bacterial phylum in the

rhizosphere soil of Schisandra chinensis
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3.14% ) ZEHE ] ( Gemmatimonadota ) (0. 84% ~
1.22% ) IR ¥F i '] ( Latescibacterota) (0. 44% ~
1.60% ) FIE LR WE R ] ( Nitrospirota) (0. 85% ~
1.08% ) . £ ZT FRFr 3 HoAt L 54 g 1 14K
UCHTRAT B 1T (20. 16% ~ 23.26% ) (2% 25 i [
(10.27% ~12.07% ) . S ML 1T (3. 19% ~
3.85% ) HiEREI1(3.05% ~3.48% ) WA HI]
(2.33%-3.08% ) JBAFHITT(1.11% ~2.21% ) |
AL 2 BE R 1] (0. 96% ~ 1. 36% ) . Methylomira-
bilota(0.90% ~1.20% ), TEAET 153 KF |,
MT F1 ZT F A i v 2 R [R], FOR AR =
AR 25,
2.3.2 db AR FARER L3 fm A AR LB K T 20k,
ZFF oA MT Hl ZT 6 H00R T AR Br b 398 20 1 A
T ARG JE K- o3 A A N BT 2 Fv s, P2 AR B -
HEHT 20 fE 340 A Jm A T 22 5 00 W, RB41
FE MT F1ZT rh 24 )@ 55 — 46 %5 D 34 B s, (E L AE
MT HAR XS 3= B B 5 T 2T, 35 ¥ R TE R ( Gai-
ella) 73K ¥T 7 J& ( Mycobacterium )  fiff £k #2 JiE 1A
J& ( Nitrospira ) " 18 A= AR I B J& ( Mesorhizobium ) .
21 3l T J& ( Rhodoplanes ) B M 7 J& ( Pseudo-
monas ) Fl T 3ELLAT B & ( Solirubrobacter ) ¥£ MT H
AEXT BT 2T, M8 A= AR 8 181 & ( Bradyrhizobi-
um) W 5 I PP B J& ( Sphingomonas ) | Candida-
tus _ solibacter . Ellin6067 | Haliangium . Bryobacter .
MND1 FriA & a3 i & ( Georgfuchsia) | W 2 1 )&
( Conexibacter) GEAKT 1 J& ( Reyranella) | 2 . jif
T @ ( Gemmatimonas ) FWE MR ¥1 54 J& ( Acidibacter )
TE ZT WA XS 355 T MT, 78 40 5 & K
R (T 1 N A N o 2 s D = RN i
V0 2 2L [) 200 s A RS 2 B 2 S B, A PN D 22 S
BN,
2.3.3 RERFARGLEMARE S
FE MT I ZT MR Py 38 tp 3L 345 3 900 4~ 41
OTUs,MT 1 ZT 345 1 763 4% OTUs, MT Ji
£ 785 YU H OTUs, ZT M4 1 352 40 &
OTUs, MT FI ZT fRFR LI H V% o ZAEVESE
LR 3, AL Simpson FaBra R, FE B4+
SRR Il O3 A X 5 BEBTAF s ZT 1Y Chaol 54K
FACE 48 0% = T MT, R W] ZT o (14 B Fh 2
W& Al BEAF TR 2 B9 R WOV 5 B 19 ) Ff 5 Shan-
non FEEUHE =1 T MT, R W] ZT FEA v i) 4 1 7 7%

LR, I o ZREETEBUIT, B
ZT M3 MT AR BR A 38 vb (%) 40 B T 7 R B T
A E R AR

B2 JtEKRFIRERTEARES S
Fig.2 The distribution of bacterial genus in the

rhizosphere soil of Schisandra chinensis

x3 HHE o SHMEEY

Table 3 Alpha diversity of bacteria

Bl Chaol 7§20 ACE #5%(  Shannon 8%  Simpson $5%k
MT-1  2162.72  2281.27 6.74 0.99
MT2  1951.65  2123.35 6.72 0.99
MT-3 2189.62  2309.23 6.80 0.99
ZT-1  2368.96 2 658.46 6.97 0.99
ZT2  2957.01 3 149.40 7.07 0.99
ZT3  2927.25  3236.24 7.06 0.99

2.3.4 R ARTARG LE @B LESe 5 1
LEfSe (LDA {4 4) 5 Hr & 8L (&l 3A 3B) , 7F
MT IR b R T 83 s 4 R K I
2 1 B 4K ( Acidimicrobiia ) 1 #g #4315 24X ( Ther-
moleophilia) BT HAKE L, BRI
H ( Corynebacteriales ), + 3 2T ¥ W H
( Solirubrobacterales ) FI{F 7& £ /K 1% [C H ( Burk-
holderiales ) i 3 & % ; 7£ BLAKF I, 20 B R
( Mycobacteriaceae ) I Gaiellaceae ' & & % ; 1M
ZT 11KV b AR TR TR T )R 2 BRI v ) S 2 e 4
7 B KE L, BR AT B (Acidobacteriales ) i & &
£ AN MT A1 ZT thfF7E R & R A A W
T 3 28 24 PR A0 TR
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B3 AEEFHUSZE(A) MELEIKE(B)

Fig.3 The phylogenetic tree (A) and LDA score distribution plot (B) of bacterial community
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2.3.5 @wmBAAHRTAN S FET FAPROTAX %
I8 P M G 7 AT D RE TN , 45 2R UL IR] 4A MT
FZT AR A ST RE L PR RE

( Chemoheterotrophy ) (MT:26.32% ;ZT:22. 13% ) .
7 A Ak e 5 7% (Aerobic chemoheterotrophy ) ( MT
25.64% ;Z7:21.31% ) sh¥)ar A= B s LA 1 (Ani-
mal parasites or symbionts) (MT:4.9% ;ZT.7.79% ) .
NZRIFIR A (Human pathogens all) (MT :4.22% ;
ZT.7. 2% ) . N\ 25 4H 5% ( Human associated ) ( MT':
4.22% ;77:7.72% ) NISJFARNT % (Human patho-

gens pneumonia ) (MT:4.10% ;ZT:7.54% ) 15 & AFEH
(Nitrogen fixation) (MT:2.61% ;ZT:2.91% ) &Pk
FIANAFAE P (Predatory or exoparasitic ) (MT:1.49% ;
Z1:2.70% ) JFHMRA i/ H ( Nitrate reduction) (MT:
1.75% 5 ZT: 1. 69% ) 1 K 2 53 fi# ( Ureolysis ) ( MT:
1.56% ;77:1.23% ) , AEZSIIREVA T Stamp 22575
Br R 5 MURA BB 25 (P <0.05) B4 8T
AE , 48 ANRAHSE N SR AT S A i
% B e E AR A fk ( Manganese oxida-
tion) (K1 4B)

E 4 ZHE FAPROTAX IhEETIM (A) 1 Stamp Z R 547 (B)
Fig.4 FAPROTAX function prediction (A) and Stamp difference analysis (B) of bacteria

2.4 tREKRFIRETIEEREEZSN

2.4.1 Ao EokFARRR £3E A BB K TR R
£ 54 MT M ZT J6 H T AR B 4 18 FUR B
VRGN TR o3 A AN 5 i s, MT FZT
AT RE EIRA 138 T B T ( Ascomycota ) , 4H
XF 42 FE 43 3 R 61. 59% ~73.95% Fil 63.99% ~
67.59% . & MT H H Al B TR O B % 3 1]
( Mucoromycota) (20.01% ~27.72% ) fHF &[]
(Basidiomycota ) (5. 67% ~9. 71% ) i B8 []
( Zoopagomycota ) (0. 20% ~ 1. 18% ) . 4% I ]
( Chytridiomycota) (0. 17% ~0.34% ), 7£ ZT
MR N BEIE](16.41% ~19.91% ) T 1H ]
(15. 93% ~ 16. 24% ) 4 H 5 17 (0. 05% ~
0.11% ) A 11(0.03% ~0.05% )., FEE ]
JKAF b, MT FZT #9460 352 fie 51 18 HF 7% 40 B AH
[F] , A= B 22 RO

2.4.2 AR TARGE L3 A RSB KT 4R,
EZF44 MT FlZT 6K TR br 8 B
KA B AT o3 AT BN B 6 BRI AR PR £

T 20 LA TE B AT B 22 W, BRI
J& ( Fusarium ) F19% {5 J& ( Mortierella ) £ MT F
ZT X HALECR R AE 2T thpg AT
JEE v i B AR AR K O S 5 %% & ( Humicola)) | Dicty-
onema AN B & ( Exophiala) | Solicoccozyma . Spad-
icoides  Tausonia H NIR5% J@ ( Neonectria) JCHH
J& ( Trichocladium ) . /)NEK }E 7 J& ( Leptosphaeria ) |
52 H.J& ( Sebacina ) , Sampaiozyma . K $i. 70 J&
(Mrakia) . Leptodontidium J&% %% % 18 J& ( Plectospha-
erella) VUKL 1)@ ( Tetracladium) %5155 )& ( Pur-
pureocillium)  Dactylonectria F1 385518 J& ( Alternar-
ia) , TMAE MT AR 3 B ph e B RAR U I o
J& TR B AR )® SMEEE (Dictyonema |
Solicoccozyma | Tausonia , Spadicoides | AL 1 @ | E
P T JE | Dactylonectria . %5 11 55 J& | Leptodontidi-
um VUK R AR v I 35 52 H R /N BRI T
H1 Sampaiozyma ., M ELTHE T J& ¥4 AR BE 53, ZT
DAL T T J AH R 2 8 22 S B/ MT PN LT T
FHXS 22 AR
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2.4.3 AR TFARG LIEAABEE SRS

£ MT F ZT AR By 1 58 v 4R 153 977 > H A
OTUs,ZT P4 180 > E B OTUs,MT #4 118 4~
H I OTUs, MT fil ZT ARPr H 3B E BEIS 1Y o £
FEPEFEECILER 4, ZT H A #F R Chaol 5 %UFN
ACE #8500 S5 1 MT, R0 2T ¥ b 4 5
B, 1M Shannon #8501 Simpson 8 %45 T MT,
A MT R ) BE M 2Rt & 2T,

K4 HE o SHEES

Table 4  Alpha diversity of fungi

FEfh Chaol #8%k  ACE 8%k Shannon #5%% Simpson FaR
5 dtRKRFREETEERITS A

Fig.5 The distribution of fungal phylum in the MT-1 734.00 748.96 4.31 0.9
thizosphere soil of Schisandra chinensis MT-2 555.42 576.35 3.99 0.95
MT-3 626.76 645.28 3.77 0.92
ZT-1 769.62 770.73 4.26 0.96
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Fig.6 The distribution of fungal genus in the & . Sh )i B J& | Spadicoides I Dictyonemas %

. e . A
rthizosphere soil of Schisandra chinensis FEAS o
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Fig.7 The phylogenetic tree (A) and LDA score distribution plot (B) of fungal community
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Fig.8 FUNGuild function prediction (A) and Stamp difference analysis (B) of fungi
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Fig.9 Correlation analysis of microbial communities with soil physicochemical properties and lignan content
A ARNEFR & i S B SO AN B R AT S P 0T 5 B MR 2% 245 S ER AL N SO R AT S M AT 5 € R
RESG A SR OG0T s D - EOE B S LB PE B SCE M HT .« FR7RTE P <0.05 K 1IR3, « « FIRTE P <

0.01 /K ERE; « = * FIRTE p <0.001 /K | i

A Correlation analysis of lignan content with soil physicochemical properties and bacterial communities; B: Correlation analysis of

lignan content with soil physicochemical properties and fungal communities; C: Correlation analysis between bacterial communities

and soil physicochemical properties; D: Correlation analysis between fungal communities and soil physicochemical properties.

* means significant at 0.05, * * means significant at 0.01, % * * means significant at 0. 001
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