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Abstract; To investigate the characteristics and diversity of microbial communities in roots and rhizosphere soils of
Coptis chinensis var. brevisepala with different growth years, this study employed Illumina high-throughput sequencing
technology to sequence the roots and rhizosphere soils of 1-year-old, 2-year-old, and perennial plants. The results were
as follows: (1) The a diversity indices (Shannon, Ace, Chao 1) and the number of total operational taxonomic units
(OTUs) in the rhizosphere soils of microbial communities were significantly higher than those in the root tissue samples
of the same growth year. (2) Microorganisms in roots were predominantly composed of Proteobacteria, Actinobacteriota,
and Ascomycota as the dominant phyla, with Bradyrhizobium, Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium ,
Actinoplanes, and Leptodophora as predominant genera; in contrast, the rhizospheric soils exhibited Proteobacteria,
Actinobacteriota, Ascomycota, and Mortierellomycota as the dominant phyla, while norank _f_ Xanthobacteraceae,
Bradyrhizobium , norank _f_norank _o _ Vicinamibacterales, FEpicoleosporium, and Mortierella were identified as the
dominant genera. (3) The microbial diversity in both roots and rhizosphere soils of Coptis chinensis var. brevisepala
exhibited significant changes with growth years, especially during the critical transition from the first to the second
year. (4) LEfSe analysis demonstrated dynamic shifts in signature microbial communities in roots and rhizosphere soils
across the growth stages of Coptis chinensis var. brevisepala. 1-year-old roots were significantly enriched with
Actinoplanes , Pseudonocardia and Epicoleosporium, while their rhizosphere soils were notably enriched with MND1,
Sphingomonas and Epicoleosporium; in contrast, Bradyrhizobium , Steroidobacter and Saccharomycopsis were significantly
enriched in perennial roots, and Bradyrhizobium, Candidatus_Xiphinematobacter and Trichoderma were preferentially
enriched in perennial rhizosphere soils. Through this project, the structural characteristics and succession patterns of
microbial communities in roots and rhizosphere soils of Coptis chinensis var. brevisepala are preliminarily elucidated,
providing a theoretical foundation for developing microbial agents to enhance growth and disease resistance.

Key words: Coptis chinensis var. brevisepala, rhizospheric microorganism, community diversity, high-throughput

sequencing, growth years
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PN A T RT3 R R T R RN R 2R R e 4
ik K. AN, A BN A B E Phoomopsis
liquidambari 1G5 ) v 73 B 45 2 1Y 4 - 58 56 B
T2, REAT R K g it A R A SRR, 400 g it 7 4 G
(Zhou et al.,2022) . RERENIEY 5 + I AH T AR
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Te 45,2024 ) o ML B G A Wy 70 AE 4 3 P A T
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45,2021 ;48554 ,2024) | FE YR B A A= 20 1R 7E
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BHAMGTRAMEY E K, BEHEWREE
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PETFEC 288 0 (2 I ARG B, 2020) , FEOR IR
S5 (2024) BFFE R, P9 A TR RIUAR B 1 A= 9 i ) A1
BEARMP R AERS R, £ T2 T, X &
B R b A i P R €A B PN AR B, T RS 0 AR B
MAEY R, B Y B A M (He et al.,
2019, 2022a, b) , KL, #FFHEY N LB AR PR
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B e [ SRR X O B T X, SR R A
FP O A W — AR A WA AR TN 2 AT AR e
HRZH ZURNAR PR - S i T 2E W E VR 4540 5 22 AE v sk
PR, SRV LA R ()8, (1) %5 2 5 % AR 5
DAL A TR AR 7 AR B - 98 TR R 465 R R AIE B — 2 I Ik
FUNMAT 5 (2) K 20 AR N SR B A 0 T 5 B
KARBR A AR fL B A, DA R 45 A K B B A A 34 Bl A=
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1 #HE 7 *

1.1 Hm*E

2024 4F 1 H b A) FE W VLT B0 R K G A AR
PRAP DX Jo S B0 VR Th R AR A R A MR A . R
AERESLET  FENLIERC T m x 1 m K/ANBIEETT , 7R 5
ANFETT BRI 1 MRl B B A AR,

WA T EGM RGO EMN R R EE, BT
T B W AR A D 2 O INRRE B IS
AR | by S /D X 4 e R FL i 2R 5 1 T, AS
SELEBR I 1L 4315 5 (118°54704"E .30°06'37"N,
154K 910.93 m) MR EEREIE/E R IX . %
DX R A 3 Y L RB A A A b AR 3 v 0
M ASRA SR, R R 2 AR AR MY, R R R
Mg H IR AR AR (— 4R 1 ~2  EM P
A 3~5 R EM 24410 FEM &L E) (5K
FIFNGK/NF,2005) o —4F A AR AR R 22 48 A
SIS R, LTE 15 R, 0 R R 2 B oK £
B ARE 1 mm 245 09 L SRR AEAR b R A AR
A TCHEE A 50 mL PBS 28 Wi, G
BT H i 4, DA AR 2R 11 4 B AR B £, B BRAR
S, AT = B0, DL E BN AR B R FEAR . AR
K 75% (FERE T T 5 min, K W, 0.1% 1Y
UWHEFRENTH R 10 min, feJ5 I ICEE K oh ik, JC B U8
AR 22 1 K 43, 85 A0 B S Y AR B - 39 FIAR £ 21
FERBEATHE B, FT-80 C, —4F4 W4E4
2 4 A 5 2 8 3% AR 43 51 4 5 Rootl | Root2 Fil
Root3 , #Fx + 48 43 5l 4 % °& RS1 RS2 Hil RS3,
AAEH S REAR

1.2 E[F4H DNA 2EUE PCR # 1%

4 E.Z.N.A.® soil DNA kit (Omega Bio-Tek,
Norcross, GA, U.S.) #2/EF-M, $LEURAE Y HEV% 19
MILN4] DNA, 22 DNA Jf & ¥ A, UL S DNA 4
JEE TR B I S J , A R DNA VB MR FH T PCR
P, HARME DT 5l . W AR A SRR
16S V5— V7 w0 ZF X # % F 799F ( 5'-
AACMGGATTAGATACCCKG-3") # 1193R ( 5'-
ACGTCATCCCCACCTTCC-3") ; % + 3 REA Fh 168
V4 0] 28 X Afi ] 515F (5'-GTGCCAGCMGCCGCGG-
3') Fil 806R ( 5'-GGACTACHVGGGTWTCTAAT-3';
XFRF A RE A H By ITS X B A ITSIF (57-
CTTGGTCATTTAGAGGAAGTAA-3") Fl ITS2R (5'-
GCTGCGTTCTTCATCGATGC-3") . PCR R WA % .
5xPro Taq 10 pL, FIEFI4 (5 pmol + L) 0.8 pL,
TG (5 pmol + L)0.8 wL, A DNA 10 ng -
pL KRN 2 2 20 pL, $7 34 F)F .95 C HlAE
3 min, H T 27 ME (95 C P30 5,55 C
Bk 30,72 °C FEAH 45 s),72 °C ZE{H 10 min, 4
CIRAE
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PG E AR SO ; (4) B HT#E 2K M1 PCR ™47,
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Sefdi FH Fastp (https : //github. com/OpenGene/
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0 #F, B {8 1] FLASH ( http://www. cbeb. umd.
edu/software/flash , version 1.2.11) #HF7 P4, PHEE
J& , . H UPARSE 11 (http ://driveS. com/uparse/ )
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EBRIR A RS, S BRI S R R LR A R 8 )
P 25 BE A, B0 A2 99.09% UL L 1)y 51 7 55
(Good’ s coverage) , ffi H RDP classifier ( http://
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rRNA $04% FE (v138) Fil UNITE EL B ITS %44 )%
(v8.0) AT R I RE, EARE Ry 70% , I Ge it HET%
45k
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cloud. majorbio. com ) b #47, AR A& W T . ff
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Wallis Bk 1K 3 3 7 2H 18] 22 53¢ ; 2£ T Bray-Curtis fH
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RE T S5 R AR S 2 1) 22 5 35 M 5 >R T LEfSe 73
Hr (LDA {8 >3.5,P<0.05) iR 54 2H T3 s 2
b G R 2 S U E R

2 HEREAH

2.1 AEEREZEHER KRR R AED N FE
‘LT

M 30 AN AR 44U 4 3 RE AR R4y B3R 15
1 335 63045 F1 1 149 786 SAMELALIF ], SEH K
FE43 )4 377 bp H1 256 bp, @i 97% M JE B
X, P A o S R 2R A 6 102 S F 13 304
AU OTUs, FLE TS M e 25 50 s, iR 4l 4
T IEREA SN IARAS 1526 973 451762 136 S H
Ak 9, -3 4 BE 43 3 29 A 257 bp F1238 bp, 5%
LRI 1675 S 4 214 4~ OTUs, TGig 2

Y TR A R LT TR AR U AR 1A U 8 3
FARPR H3AEA {2 OTUs %4 H W 8 K F AR Pr £
SEREAS

36 Ao ) S A R £k R, B A RO 0 B0
B, & erms —EmER B TR (e ), &R
FPTI00 o 0 8 B2 DB i R o v ) K 22 8 A T R L
AN, JF B A0 T i 2 5 2L AR W s B 2 0
Hry ok,
22 AAEREZEHERARRRHNEYEHEHES
kil

PR AS 1Y T2E W 0 9 0 R B 3B 0 (Ace,
Chao 1) %ﬂ%#@%‘éé&( Shannon , Simpson ) mFE1,
TCIETEAR 2H SRR A IR S MR B 3R A v Bl A=
KAFEFBR G AN, 41 B A9 Ace $8 URT Chao 1 $5%0C
3 AR AL, T 40 B Shannon 38 £ 2 T B
Simpson 8 £ I #aH UL BH A= 4 AF BR X 40 1 B
T T BESE ANK AEX 4 TR 22 61 5 ) B 2

TEELR T, bl A AE BR A 35 hm, AR 9 LT
i Ace 35 KL FIl Chao 1 #5400 W F ME 2 5, M
Shannon 54 Fl Simpson 5 £4 2 SEFE 5 FH & #, R
br+ 3 BB Ace 1 Chao 1 880 4T &, HAE
PR AT A2 RN 22 4F- A2 1) TG b 25 1% 25 5+ ; Shannon $5 £ Al
Simpson TR ACAS 2, v B B A K AR PR B9
S AR PR b B ) 2R RN,
— 5 WA ] — A IR 2 v 3 AR N R AR PRt 2 ) 2
FEVEFREL, 45 2R W7, JCI8 2 A A 2 LT, AR PR
T IEH ) Ace $5%1 . Chao 1 $84 1 Shannon $5 %3
BE R TRALFEA, S HM A YT+ 5 E
MRS THRNATR,
23IAEFERESHERNFARELEFEMEEE
ST

FF Bray-Curtis 5 3%, F| FH 3 248 B5 ( principal
co-ordinates analysis, PCoA ) HEATET OTUs 7K1
TR eI 2 SR AL BE 73 B, 28 ANOSIM K6 6 55
WY TR TR K P b ] — A AR FR J 25 i i AR RN AR
PR AR R AR R AR TR — i, AN R A KA BRI AR A
(MR :R*=0.695,P=0.001; #Br +.R*=0.700,
P=0.001) , fift B3R5 314 49.36% F1 43.16% (I 2.
A B) . TEERF/KF E, [F—E KA R N E WA
RAe—ik, H A RER B (K 2:.C), 2, [A]
AEARPR 1 RS1,RS2 \RS3 BEAR R AEE—iE , A [F4ERR
ZIAREATT 438 (R* =0.828, P=0.001) ,41[f] £ 7
BT R 43.46% (1 2.D)
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A, T,

Rootl, Root2, Root3 correspond to 1-year-old, 2-year-old, and perennial root samples, respectively; RS1, RS2, RS3 correspond to 1-year-

old, 2-year-old, and perennial soil samples, respectively. The same below.

1 AFAEKERESEEEZERANFRETIEMAE (A B)FNERF(C.D)WHEFEHLE

Fig. 1

Dilution curves for bacteria (A, B) and fungi (C, D) in roots and rhizosphere

soils of Coptis chinensis var. brevisepala in different growth years

2.4 AEFEREZEHERKFRIREE B ZIFE
ST

2.4.1 WA BEE M AT TE R AR AR R
3435134 6 102 4~F1 13 304 4B OTUs,
Horp  RAZ S IR A 32 1197 4
49 228 1~ H 408 NEL 814 NE 1 627 ANFh; MR Fr +-
by et AR R 4B R A 51 17 156 44 380 4>
H 625 MR 1207 A& 2 770 B, N T AR 2H
HkA FAEAT AR 22 T OTUs A g /K7
THYFFEE, OTUs 5 B 7R, Rootl , Root2
Hl Root3 A1 6924 A 4 & OTUs, (7 & A KA
FRAR P9 41 B OTUs &L ALY 45.18% . 45.28% Fil
52.92% KA B4R OTUs 3 1A 1 431 4~ .1 114
A T32 A4 (K 3:A) , PR EEEHA 5 196 -4t

HHP OTUs, 53 3l 4 25 A K AEBR A0 B OTUs &L %K
i) 54.54% .59.73% 1 60.20% , X it B bt & A4 K A4E
PR A HE I A PR 3 b A B 4 OTUs it 2 T
R, —FAMRPR R rh A A TR OTUs 25 A
™%, H2484 (Kl 3:B).

TENT 70 25K b MR A DLAR JE 1)
( Proteobacteria) . 2% T8 '] ( Actinobacteriota ) £l %k
R 1] ( Myxococcota ) A = B H AN T ], H v AR
JETR 1T 0 =F B BE AR R w3 n, & e 3o A
48.82% 72.44% 1 75.27% (B 3. E) . 7EMRBr +
BRI ZEEI,RATEI
(Acidobacteria ) FIZ W ], H A AR L 0 1) =F BE
e SekeE T 76 RS Wi s, BRAT B T T 2 B 5 g
AETHE, MR T TR S B AR TR (B 3.F)
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Table 1  Diversity indices of microbial communities in roots and rhizosphere soils
§ T Bacteria K Fungi
TREL
Index
Rootl Root2 Root3 RS1 RS2 Root1 Root2 Root3 RS1 RS2 RS3
Ace 1842+ 2012+ 1842+ 5999+ 5876+ 5736+ 322 = 177 = 246 = 505 = 1034+ 1152+
206a 167a 257a 386a 283a 70a 165a 164a 172b 158a 287a
Chao 1 1787+ 1960+ 1801+ 5859+ 5697+ 5612+ 322 + 177 + 245 + 508 + 1040 £ 1161 =
189a 153a 254a 368a 31la 69a 165a 163a 174b 162a 293a
Shannon 5.14 £ 5.27 4.73 7.07 £ 6.96 + 6.94 + 4.05 2.04 £ 3.66 + 4.44 + 4.79 = 5.04
0.26a 0.19a 0.39b 0.04a 0.06b 0.11b 0.40a 1.52b 0.38a 0.19a 0.81a 0.37a
Simpson  0.022 =+ 0.023 + 0.044 =+ 0.003 + 0.003 + 0.004 + 0.05 + 0.44 + 0.06 + 0.05 + 0.06 + 0.03 +
0.01b 0.01b 0.02a 0.00b 0.00ab 0.00a 0.02a 0.37b 0.03a 0.02a 0.09a 0.02a

¥ : Rootl \Root2 ,Root3 43 % B — 4 A | AF A= Fl 22 45 A BOARAE AR ; RS1 RS2 \RS3 43Sl X B —4F A= | AR AR T 22 48 AR AR B £ 48
FEAR . BUE G WA R 71 3R 21 R R 4E PR AR R /] 22 57 .38 (P<0.05)

Note; Rootl, Root2, Root3 correspond to 1-year-old, 2-year-old, and perennial root samples, respectively; RS1, RS2, RS3 correspond

to l-year-old, 2-year-old, and perennial soil samples, respectively. Different letters after values indicate significant differences among samples

of different years within the group ( P<0.05).

15 J& 7K 3F I, Rootl . Root2 A1 Root3 #1345 4
PH 493 A, AT 4T o il AT 70 A4S 73 AN 42 A
(B 3.C) #2000 M 40 v 1 v 2 L 454, 2 R
FRFEA i 32 B2 L2 A= MR 9% B @ ( Bradyrhizobium) |
W W B W BE ( Allorhizobium-Neorhizobium-
Pararhizobium-Rhizobium ) M £ 2 t B &
( Hyphomicrobium ) S0 B (Kl 3.G) , Hirfr 18441
SR B MR T B R B B L Steroidobacter | 57 WE 7 &
(Variovorax ) BYFHXS = J8 Fifi 5 40 =5 B0 3% A AR BR Y
Bommsgom, EAREEME, R FKRER
( Pseudonocardia ) . 5% B W J& ( Streptomyces ) .
Galbitalea 2T 1# J& ( Microbacterium ) 25 1F Rootl H1
AT 2 BE 55 i , B2 7E Root2 |, Root3 H1 3= BEARAIK
FEARBR -+ 3 3845 772 A~ 40 B )8 , RS1 RS2 \RS3
SrA 200 4 514 38 Al AT E (B 3.D)
A AT & AR X B 8RR UK norank _f
norank _ o _
Xanthobacteraceae Fll 1% A= 2 9% I J& (&l 3. H) .,

norank _ f _

Vicinamibacterales, norank _ f _

Nitrososphaeraceae, norank _ f _
Vicinamibacteraceae .norank f norank_o_norank c_
bacteriap25 , ZF {0 T B J& ( Bacillus ) 7E Root2 , Root3
FRRA X = B 15 5 1T norank _f_norank _o_ Gaiellales 7F
Root1 " AHXT F EER =,

2.4.2 AR BEAT S WA AT X R
RPN AR B 4 38 40 B I 5 45 2R 64T LEfSe 43 B
(LDA BIfE >3.5) , 7053k 4% T 25 A1 7 4> 2257
BEMANEJE (K 4. A.C) . Rootl , Root2 , Root3

hEAE8 N6 M Il N EREERE, HiTE
Rootl H1 5.3 & 5 (4 Top 3 BB LW sh & H &
(Actinoplanes) AR~ R & 85 % W& , 7 Root2
PR 22 R R norank _f_SC-1-84 ¥ 24 i 54 I TR
J& ( Sphingomonas) , 7t Root3 1 J& 18 A= 4 981 1 J& |
Steroidobacter . Tardiphaga ( &l 4: B), RS1, RS2,
RS3 Horiil 3 A2 4.2 Al 35 22 57 W&, RS
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Fig. 3 Analysis of bacteria communities in roots and rhizosphere soils of Coptis chinensis var. brevisepala
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Fig. 4 LEfSe analysis of bacteria in roots (A, B) and rhizosphere soils (C, D)

of Coptis chinensis var. brevisepala in different growth years
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Fig. 5 Analysis of fungi communities in roots and rhizosphere soils of Coptis chinensis var. brevisepala
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Fig. 6 LEfSe analysis of fungi in roots (A, B) and rhizosphere soil (C, D)

of Coptis chinensis var. brevisepala in different growth years
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