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[Abstract] Objective: To reveal the composition of endophytic bacteria in Aconitum carmichaelii Debx. and the
correlation with alkaloid content. Methods: The high-throughput sequencing was used to analyze 16S rDNA V4 regions of
endophytic bacteria in the leaf, stem, and root tissue of A. carmichaelii Debx., and the diversity analysis, species
classification, and different and similar analysis of endophytic bacteria were conducted based on the sequencing results.
Alkaloid content in leaf, stem, and root tissue of A. carmichaelii Debx. were detected by high performance liquid
chromatography. Correlation between the relative abundance of endophytic bacteria and the alkaloid content in different
tissues of A. carmichaelii Debx. was analyzed. Results: Endophytic bacteria of A. carmichaelii Debx. were mainly composed
of 4 phyla, 9 classes, 16 orders, and 36 genera. The abundance and diversity of endophytic bacteria in 4. carmichaelii Debx.
were different, but the composition of core flora was similar with Proteobacteria predominating. Six operational taxonomic
units (OTU) were found correlated with alkaloid content in root tissues of A. carmichaelii Debx.. Conclusion: The

composition of endophytic bacteria in 4. carmichaelii Debx. From different regions was different, but the core flora was
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similar. The abundance of partial endophytic bacteria and alkaloid content were significantly correlated.
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aconitine; correlation analysis

E Kl (Ranunculaceae) 3k JE (Aconitum)
MR E AR 2, 249200F0, 4 84 R
(Subgen. Paraconitum) . %3 W& (S. Aconitum)
MEES Sk )E (S. Gymnaconitum) 34~ &Y,
Hrh oL g 2y Y TZERIET S LW EY. M+
(53 Ae) HA KR, B ibmrozk, nTH
TRGERIF . T . O IERE . FEAETR . R
Pk S, AR R Y BRI E
KOREM, DR (A N RIEFEZG ) i),
TEREVE . DUl 2 B 4 b R Pl o T 3k 1 34>
BTN Sk | R SR M Sk BRI R AR
AP AE , (H R T80 & A 5 B AR [ 28 09 A e,
— S by o A A B AR ) A

FEP 9 A R R A K T A IS IR 2N, B
ANTS | RS B S 70 T 5 M) ) A TR B LT, 5 AR AE TS
eI, 2B, mEMBFEZRE RPN, fE
YWNAREAE S EAY A EAEA SRR, ATaER
135 s EAEYIE Y AR ), sRE R b s A
R AR =, e, &R ae AR E ) B
WA, 877 AT 518 =6 Bk A i 5¢
REAEEWHIB ML E L, S AR RV,
FEAC 3k o 5 R 5 v B 1 I R 2 N A LA
REA 7 5 3K H 53 B N AR A R S A B T 5k
B A W0 A A O3 AR I

AT DA A 5 Sk R FLAR R R AR, 12 3k 1Y
AR i S N A TR R TR, R S Sk N AR A
W5 SIS B OCR, LN S L RS
HCHLTH AT e B it —E 2% |

1 ##
1.1 KA

20134E7 H, MHE 53k 2= X BEVE I |
Bevh B L Wi e . H 22 A R

U A i B 3k (BF ) Aconitum carmichaelii
Debx. | #1153k A. carmichaelii var. hwangshanicum .
B3k A, carmichaelii var. truppelianum F1E M 2
3k A. carmichaelii var. pubescens ¥, HEAN X R

SERERD THE, L SHERE AL . T A RE L 2 DY AL S 25 14

Aconitum carmichaelii Debx.; endophytic bacteria; high performance liquid chromatography;

BEIRTF 2 I 5 R S 5 /2 I BE R KRR 2 Ak
P A S P I R A A R 2 B AR TR
HERNBAREEE .
1.2 k2

KEATREN (SE[E Alfa Aesar/AF]); okt =
HLyRALEE  (cetyltrimethylammonium bromide, CTAB) .
K OEE ., Bk, FNEE. BRR ZBEE 0Hral,
g F 25 R B A FRA R B-si ik Ol (36
€ Gibco v H]); WEE, oM (s, 788 Merck
ANwl) s oM (32 Sigma 23w ) 5 %k R A
B 5 Sk JR B (benzoylmesaconine, BMA, It 5 .
ZF0228BE14) . ZHIME L3k )56 (benzoylaconitine,
BAC, #it*5 :ZF0228BB14) . 7K Ff Bk ¥k 12 3k Ji ik
(benzoylhypacoitine, BHA, 4t %5 : ZF0228BC14) .
B 308 (mesaconitine, MA, #t*5:ZF0228BD14)
53 (aconitine, AC, b5 :ZF0228BA14) ., K3
38 (hypaconitine, HA, b5 :ZF0228BF14) 0
F R AR A IR A W), 2E8E>98%; i 4%
W ¥ AF = B R (INTP) . FastPfu 28 wf ¥ .
TransStart® FastPfu DNA 2 & Ef 0 H bt 22044
Yy R B0y A PR A F] 3 AxyPrepDNA gel extraction
kit (32[E Axygen/yH]) .
1.3 &%

5810R 7 £ 3 ik v VR B0l (78 [E] Eppendorf
A H ) L-80 XP AU AR R B o Hl (SEH
Beckman Coulter A ] ) ; DYY-8C AUHE JkAX (AL TN
—AXER)T) s HHS21-6 Bk By (IR Y7 AE Y
1T AN A BRA T 5 ZF-206 B e AL AR 53 Mt R 46
CRBIN T A e B A& AT PR 7)) 5 BK-600D 4 75 i
HUEHL LR IR R 2 A ey A PR A W) ) 3 RE-
5205 B Jig % 75 KA (b SR AR AR AL AR T )
GeneAmp 9700 %I 5 & B 4 ;2 W (polymerase chain
reaction, PCR) MR ¥ 4L (3£ ABI A\ ) ;
QuantiFluor™-ST B 98 g it R 48 (32 [E Promega
N ) 5 1260 Infinity LC %Y 75 0 AH {438 (high
performance liquid chromatography, HPLC) ., EZChrom
Elite 4b ##K {4 (& [ Agilent 23 7] ) ; Luna ODS C (%
JEAE (250 mmx4. 6 mm, 5 um, JE[FE Phenomenex /AH] ).
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2.1 FEARRIRESEH

FERF SR FERL S, BEHC3 T M5 (20 mx20 m)
SREEFEAR, AT 2Z R A EE 25 22 /0 8 2 kme M
TASF-Hl S BEALRAE 10 BRIGEFEAT AR . AEPIAEAS ISR
WIS, AL — 4L TS A kK ik
VEBR B R, BHZRE K MR 3, K sk
Gt . ZERRR 3ANER S, B IR 70% 2B
11 min, 2% WA BRENBER 3 min, 70% Lk
3 (BRIRFFLE30s) . RHZRMKELRI K. KK
AR TR TS, - 80 CIRAE, TN
DNA $25L; J5—d T 3h A R K ik bk 2B i) 1
e, Bt ZERRAIE, 40 CTHEEMEE, Mh
i 100 B, - 20 CHEFF, HTA RS ME
2.2 (R iE T B R Ab B

ZRMHBREAL PR 5 3 it | ZEFIARZH Y, i
CTAB A2 UE DNA, Jf T - 80CHRFF. 4T 16S
rDNA V4 X 4 5514k . 515F 5'-GTGCCAGCM-
GCCGCGG-3" 5 907R 5'-CCGTCAATTCMTTTRAG-
TTT-3', PCRIZWAKFR K20 pL, #HiH DNA 10 ng.
IxZZ W 10 L. 4 U DNARAW . 1IERI0 5194
2 pmol, dNTP 4% 250 pmol, JilZ:EF/K#ME 2 20 pL.
PIHEFEFMT . 95°C, 2min; 95°C, 30s; 55 C,
30s; 72 °C, 30s; TE¥H25¥%; 72°C, 5min, &P
FEACSEATY 1S 34, ATY 11 PCR iR &5 1 1
B, 2% BERERERER Uk DS ik . gl Ak R PCR
PPN i R G E I IH— b B B iR
ey A5 R JRIR S, O AR A B o LR E Tllumina
MiSeq il [5F£5 (Shanghai Majorbio Bio-pharm Technology
Co., Ltd.) L #E47 J¥ (paired-end sequenced, 2x
250 bp) . FE T 16S 4H & A% W5 A4 %54 2 Silva (http:/
www. arb-silva. de) , f# F # 4 Trimmomatic 0. 40,
FLASH 1.2.11, Usearch 7.1, Mothur 1.30.1 1
UniFrac 1. 0 X %48 = 24 fio#r, £KImRiES T H
(R-forge Vegan 2. 0 package) &l
2.3 G i E
2.3.1 fEladl s Ko RBRAE S R 2 e, H
25% B Z 7K 3 mL 29 30 min, R J5 AR A ¥ 7
(SETNEE, WSR2 CWE-1: 1) 50 mL, JnZEJF B E i
i, A (U300 W, JiR40 kHz, KRIET25 C)
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30 mine R EIIFFRRFRIT R, TR G RN 2 I8
R TE, PRSI HHIEAERS . ERG R UE 25 mL,
40 C LA TR WUEW A T 18, FRRYE T 2 mL B,
110,22 wm BERR, SRR T AE P S A
2.3.2 XA AYEIA 53 0K 2 PR B BMA
BAC.BHA .MA ,AC HA Xt 8 5% 0.51.0.20,0.91.1.09.,
0.26.1.06 mg & [i]— 1 mL S, FHH B i O 2 25
220 FE RS A9 5T i R 23 0l o 0.51.,0.20,0.91
1.09.0.26 . 1.06 mg-mL " {1 A= ¥ i XoF B Sl 725 944
2.3.3 @& S X EYHPLC U E 53k %
ZH AR B b 3 XUBE R 34 BRI SR A3 )
T WA A (A) -0. 1% - ZHoKER (B),
FEEEVENE (0~8min, 28%A; 8~ 12min, 28% ~33%A;
12 ~45min, 33%~50%A; 45~55min, 50%A); iR
425 °C; KRB 230 nm; N 1 mLemin 'y 3
FEEON 20 pL; PERRERTEEE ARHFAE 10 C

2.3.4 JjEEE OREEIR . RS Ek A
YImso IR SRR, H EaR 20 3. 3300 R (i £ 1443 )
HESEHEAEM A SR, IR A A M A, T H
RSD., BMA, BAC., BHA, MA. AC. HA ) RSD
I A 1.63%., 1.27%. 1.45%. 1.06%. 1.51%.
1. 68%.

FE MR KSR = SR 4Tk 292 ¢
5y, 2.3 1000 F Jr ik dl A il s, 1%
2. 3. 3T NS T . ARE AT 6 B A e
AT U AR S R, 25 BMA . BAC,
BHA, MA. AC. HA Ji & 4> 5 %) RSD 43 % N
1.90%. 1.73%. 1.56%. 1.46%. 1.82%. 1.62%.

IR [T 32 K 28 BRI T 7 5 Sk AR 4k
21 g 184y, B30 H T — Bl Az P a4 [l e 20
G, Lod] . BRALFE S A BT R X RS
WhE, 2.3 V00T kA AN, $%2.3.3
TR 35 2 HEA T 43 B o AR DU A5 A A R
HomAE R (RSD) 4354 101.78% (1. 44%) .
98.09% (2.15%) . 100.48% (2.20%) . 99.27%
(2.03%) . 98.61% (1.80%) . 101.46% (1.71%).

2.4 HlEAbE

K FH SPSS 18. 0 3 A4 X 2 3k B AR Fofp £ 20 41
Yy il 5 UE AT 2 43 (principal components
analysis, PCA), #EHEE—F s (PC1) FIZE 3
By (PC2) YRR, 15 Sk 2H U A N A 20 T
ZH AT UniFrac 3 58k 2 B R Z AR R RS,
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RiE & W £ A bR 43T (principle coordination analysis,
PCoA) ZritMort R T8 s 5, JF i BHEE
B — 57 FNER A A RR TR

K JH SPSS 18. 0 8 fF AT Bdls ge it~ o0 B, 3t
R (2 £5) 2o, BT RS AR AR ek
Brs YILAP<0.05 WERAGIFE L,

3 #£R

3.1 S a

HPLC | & & 3k it . ZX R BMA, BAC,
BHA. MA. AC. HA &, #{&Kul, FRBHAM
TEAER . 2K M3 B B A SN, L
Pl S Sk it BAC & 4t o 3 5 TSP AR S, MR
BMA., MA. AC fIHA &35 T L n. 5
e R HOR ) AR Fi g 2 W i e 22 SRR . AR TR 3k
Ko AR FRAE [R]— AR LA A= Pl & A 22 500K
WBMAEH 1123 25 P i /3 5RiK 35. 60 mg kg ',
AAE B 2325 P RS . MA ZEE I 23k 25
J B Bk 275. 60 mg-kg ', T AR BEPE P E R
B3 rh R BR H . AC KR T 16 B 1 5 Sk g ZE A
DU 7= R 5 3k ZE ek DU A0, AE LAt 5 Sk AR
R R R R (1) B R  23k,
FEE P BB RS, AR ZE i 6 R i AR
B EERUE A, DSk R HAMEANEY

W& T PCA, 450 (K1) B, Bk&HA
BEAGY A3 WINSLARMEMT LR, RES
SSAR N P B 5 SR K H A 2R A1 8l R
YImg 2 A R AR AL, AR 5 25 A A R
LRI 2R
3.2 B NARAATE K

13 R HAR g ZEFIAR Y P9 A2 40 B 16S tDNA
V4 X AT R Y, 45 2 121 362 254 bp Bk,
PHEAR 2 305 817 25751, A &UF 5 4 E 99. 99%,
FE97% W) B A X M HEAT R E r 25 ot (OTU) 43
J5, 453901~ 0TU, WH ™5k #ilh gk, B
EBEL, B LAPE S S N AR AR Y OTU
o4yl 28, 78, 66, 61, 384, Hiii 204
OTU A &34ty iAok ul, Sk AR 2k
417, 94, 16 H, 36JmAHM (LML),
HAP AR JE B 1] (Proteobacteria) AT 3 B fe i, 2
FFEE ] (Bacteroidetes) . iZEM ] (Actinobacteria)
FPERLET] (Verrucomicrobia) AHXT=EERE (K 2).
PCoA Z5 WK 3, ELLZE, BHLLZE P H
PR EmINE SR PR G SL R U
Bent . BTG B S AR AN b 8k
2. i gsknt . Bk R PrE SR |
JREGIARE LR, B ARRAE, SR
&, MFEALU P AR LSRR, ERIZE A 20

F1 SIRETHMEZHLEYRRESE Gk, n=3)

mg-kg '
F BMA BAC BHA MA AC HA
JRE kit 28.42+0.69a 184.01+0.13¢ 86.87+0.67¢c 14.78+2.84¢ nd 39.69+1.23¢
Fr L kit 31.46£1.07a 245.09+0.23b 61.32+1.39d 164.33+0.84a nd 28.11+0.35¢
B 5 3 0.43+0.17d 557.57+8.70a 234.72+1.66b 65.94+0.83¢ nd 73.28+0.23b
Bk 16.59+0.60c 115.0049.78d 634.92+1.15a 36.81+0.35d 5.20+0.24a 92.78+3.20a
Bkt 21.66+0.76b 232.02+7.45bc 25.22+0.09¢ 148.22:1.26b nd 27.17+0.95¢
JRELG L 34.30+0.26a 7.18+0.25¢ 48.38+3.56¢ 179.80+0.81b nd 221.27£1.31b
FrE ek 16.34%1.39b 13.58+0.36¢ 189.97+1.19a nd nd 55.29+2.28¢
B 5325 8.18+1.39¢ 115.46+3.68a 66.83+0.90b 63.18+1.96¢ 0.42+0.06a 44.21+1.22¢
GIIIET Y 35.60+1.01a 11.77+0.28¢ 79.16+0.48b 275.60+5.53a 0.33+0.04a 381.48+1.76a
B L nd 97.68+0.47b 23.210.03d 5.73£0.21d nd 233.53+10.61b
JRE kA 249.83+2.24b 29.92+0.15b 44.97+1.73d 797.61+2.90b 0.54£0.07¢ 363.79+3.15¢
FAEL SR 405.22+3.37a 38.94+0.07a 318.24+7.61a 1191.92+5.71a 0.64+0.01¢ 256.05+2.63d
B 15 3 AR 47.06+1.10e 3.55+0.16¢ 251.98+1.79b 353.40+1.89d 1.57+0.03¢ 202.97+2.10d
B Sk AR 145.88+0.64d 40.13+0.98a 34.23+1.00d 388.82+4.94d 18.63+0.40a 946.63+13.06a
B LA 213.170.06¢ 29.65+0.10b 198.50+8.35¢ 463.02+6.64c 12.3940.58b 434.34+10.93b

e WA FRERIR P<0.05; nd R KA
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WAHNZE R R, EILSARME AR, BEY
SAR AN P B 5 S AR P A A R AL AR AR IR
Mras g 4, RELLZE Uh- sk wilhsk
25 VUK Y TR R AR TE MR L, A A B RN R R
(Sphingomonas) . AN ¥ J& (Acinetobacter) . H
AT R (Methylobacterium) X 3 4™ J& W) 241 1 = &
£ SIENE ST S TSS U SYE SRSL S N S S ITRERy 75 i
S RCARRL, A e P N TR A A T I Rk
W, PREPESALRERN -, FRERE
(Leptothrix) . B HITH)E (Pseudomonas) . BT
J& (Flavobacterium) . FA6H & (Opitutus) . JthY#
)& (Piscinibacter) . ANSIFT 7 & 40 F B L
OSSR B S SRR i, R EE |
WA HE . M CHE (Dokdonella) . FhlF &
(Mucilaginibacter) . /K/NFF & (Aquabacterium)
TS S 7

4r
il 530
3 - o
2 L
13 Bk
Q_' o
1 -
al1 530
o, Sl
ks UGk
of S Bk
e T s
eSSBS S Bk FUER B3k 1
5 3 g o
A DTN g g 0 S50
1 1 1 1 1 J
=2 -1 0 1 2 3
PC1

B1 Bk RETHMALARKENHSENPCA

3.3 Sk N AR AR A P A G

G55 13 S HR R A L U W 2 e A AR 4
WAL AR, LA Sk B HZR R G AR (BRI ™
L3N A RN AR OTU 2 5 52 Sk iR 41 41
A0 i MO JR 3t (Pearson) FHOCHE AT, 452
W2, A 6B A A AR F B 5 5 Sk AR SUE Yo
HIEADE, RS AC & & IFAH G 1Y BT &
i )E . ABHMEFR (Comamonadaceae) K
5 HA S EIEM R B R . WA R AR
IR B 5 B 481 B (g _norank; s uncultured

Pseudomonadales_bacterium) .
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100

TIITH A H T

ATA2A3B1IB2B3CIC2C3DID2D3ElI E2E3

m mitochondria_ norank m Caulobacter .

N B2 ®
oSO O

XS FE /%
=

m Dokdonella

m Methylobacterium @ Aquabacterium @ Cellvibrio
Unclassified ® Leptothrix | Massilia

m Rhizobium @ Chryseobacterium @ Pedobacter

m Sphingomonas @ Flexibacter m Amnibacterium
m Xanthomonas o Hyphomicrobium  ® Bosea

= uncultured m Kﬂebsiella @ Lysobacter

O Acinetobacter = Sphingobium m Rhodanobacter
= Methylotenera ® uncultured norank @ Kaistia

o Flavobacterium ® Bradyrhizobium @ WCHBI -60_ norank
® Hymenobacter m Pseud oxanthomonas m Patulibacter

| Piscinibacter m Asticcacaulis O Others

@ Pseudomonas m Spirosoma

TE: A~E M URB DU B3k L il gk | BB Sk, BIFG
o BRI S 130K 25 R T 3~4 0
E2 1575 ARBERNEMEHAEM

0.6
0.4} Ple E3& "~
° N \\
Bl S 2N
ot VI
S s B3
3 1of .Be C2
5720_ A3 e eD2
& Cle = e El
[ ]
£ 40l
Al
-6.0}1 °©
—8.0 =1 I ! | | |
-15 -1.0 -0.5 0 0.5 1.0
PC1 (64.79%)
B3 1575 LALARARNEME R PCoA
4 itig

FEL) PN A 200 T 2 B2 B i AR s R ER S5 A
REZTTHBIREMY 5 ERY A E 22 5 R N
W pH B TR SISV B 22 5, RV AR 40 TA
AR LR 25 5, XoF PN A A T R v AL H R
SO . Ding A5G T 58 [ R SR A By ML R R AR
X5 AN el e oA A TR 2 R R VR A
AT, PN A AR R v 19 2R ) o0 R R R
b, FIRE T E R T EW AP AR,
BESE PN LR A e o A2 B RE RN — U, X
U S AE )l o8 22 S 3 S PN A 20 T A [ S PR 22—
WA RS L ik, MR E S, s
Bk BVE . AR pH o S B R B AR S
SR EBPIR S RS LA [F)T44 2 Rl G R A 4
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C3 E3 D2 El B2 A2 C2 A3 E2 B3 Bl Al DI ClI D3

0 0.09 092 9.06 9342
HIXEERE /%

4 15MEBLARARRNERARER S HHE

R2 SARAAHFNNEBESENHSE

Pearson 18X £ 43 #7
OTU e .
L WAAIEE (R r
=
AC 12 g Flavobacterium 0.958"
22 g Pseudomonas 0.970"
23 f Comamonadaceae 0.999™
HA 51 g Opitutus 0.971"
66 g Piscinibacter 0.968"

79 g norank;s_uncultured Pseudomonadales_  0.965
bacterium

. 'P<0.05, "P<0.01; gfCEJE, (UEREL

NN B ) ZRE R SR I, RO R P AR A
AL 50 3 A] e LA A A5 DR ™, A
() 25 5% F RN A I 1) — 2 OTU mT L7 4 18 FHEW)
() M FEAR AR, FE RSB O R L 0T LA Y N A 4
g AR [ I 4 A ) A K TR R [ A BR B
FEOLN AN BHE S AR, (ARRA L5
T =5 5 22 2 V1) 1) 40 TR A 3 6 R ) PR 55 11 b i 0 b o
e (CEEAIAR) . Mezzasalma 5"5¢F 344

%j & B (Cabernet Sauvignon., Syrah Fl Sauvignon
Blanc) 734 TS [a) B0 K S SR AR AR (KR
T KRBT R BT L RN P B AL ) B P A A
FFE S 7 FIT AT 1) 8 2 e ot 250 ELAT — S AT A B 2SR
115 RFEHL S TE G, BN, ZEMIFFIEJE  (Bacillus) |
AT IR 2 B o s A AR R R T oI 2N
(Alphaproteobacteria) . 4N (Gammaproteobacteria )
HURERTAE ]

ARG SR, ®INGkOoTURZ, HEl
53k BELL. BHELMEERK, NWAMHED
BRI b B 5 Sk AR PG P B i S Sk B D R
IR ECERY], EIlS sk REBSLMEMN DL
DAL AR A0 B R B P v 7 14 15 Sk RT3k
I A (B Sk K HS T P A 240 TR B A 2 AT
EMRIZ AL . H5E, WAGE EZEHAIEETT. il
FRGE T R T VAP ROA T, Hrp 28 1)
d T XS 2 AR N A A TR Y AR T TR
"] (83.87%) 5 E M-, HK, A2010TU
RSk S FARRD AR AT X 201 OTU Hr i i
HWIZH)E (Hymenobacter) . $i&E N MEE . Aol
Fra e . WEFFFE . IR R R A TS T 5k
DN A RT3 150 Y 2 S R AR ol A 20 R T T
HR A ORI B, . e, B3k RS TR N A
AT B F A Z A A R BN, AR
HR>I>25 A [R)ZH 200 oA A= 40 1 T 2 BT AR AR

BRI IR R A — R L T 5 Sk R [ AR
TN A= A P 1 = BE A 2R, (HsR R 1Y 5
Sk K HAR i %) 32 5 A 20 TR 2H R AR AR AR, T ELAR
HAURE E B 1 N A 40 1 R S A SV E W me i
HAATEA DG . B kAR A Y m & i 5 N AE Al T
AT . RS . AN SRR
WIEAF R . AERE IR A0 T B 40 5 F e A
Ko BFWE. BPMER . ABRHEFR . F46
TR VR A ) N A TR TR AR AR R AR i DL R
TEE 2 W5 v AT TR B B R S e EAE A K
PEFEEA R I FR, BAA R
BT B 51 EAEYAE Y R R I EAR N, B
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