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A8 R B ok G i S X A AR
F S R 2 0% —Fop s Ae . SR, X R ki
T I DN A 0 A AL R R A T 5 A R
P, W9 T S e SR S 5 AR A B ) 2R
PEFNLL Y, 1T DLk N A 20 B A s Sh A X T 5
L P TiRS A2 1 AR A 2 2 RN H
1 ¥MRERE
1.1 #HiXSRERHM

M55 645, 2 A 2 B LR o St S
R RS R
1.2 DRENMERETE

SR R E AR L, LN R AR KA
Jei LR 56 FH ) 2138 £, B0 T BHE & 23 em,
HME 30 em, JIEHBA L, ¢ 1 7E AL B ER A A 1S K
AN ES R TR DN e sz 9N D I 1 N
HEPIAIAR R s a5 . AR N ek 2
gk, BTG #E A . SR & RAF R
RN S0 FLAT 1A 0025 o 25 28 L o ot 7 9 2
B A E R 1 RR, BN AL BE 3 TR A RN 4%
PP A JC K sk T 100 BRI
W IH #E 10 min, 706 () B3R 30 s J5 Sr Bk 2 &
P, JC A /K Pt 5 Uk, RSG5 4% AR 0 3Rl
227 e BRAL , TR 10 d AT IR A A B
1.3 FTEEMBAIE

DL EHEK Ay 7 fe K FF K B 1Y 75 %6~80 %6 R IEH
Be KX B (CK) , PL B 3EK 43 5 fe K5 K 51
40%~45% T i A B (D) 0, fE R AT,
PRI 3 i KK i, R R bR 2 d
K 3R E A (‘T akeme-10) Wa il 448K 43, If:
HRAf - d5 KK = SR FE K 43 o
14 HRRESTHLE

T4 YR TY B HE AT BORE , B B S A
BRI 52 SR IF ISR 4 & it

HE R AR RE S TR K PP e 1~2 h, oA IR AR T
B b 2 TE K 43, SR 5 B TS R K Bk 3k, 750 &
P32 36 1 min, Jo i KR PE 31K, 3% NaClO ¥ i =
1 min, TR KR 3K, 75% LFEHFIR 30 s, TG
PRI 3 k2 L WU R 1 R A A T LB A
PDA - FAFE M2 [ 8 5 H Al S A A TR 2 R %
I IR R HIH R AW . KBS B ke
ah ik AL T I & A W R A BR S R BEAT 16S

rRINA A 5738 2 07 o
1.5 Z DNAREUK 16S rRNAERE F 51318

£ i 6 R 2 DNA $2 BUR 5 PowerSoil DNA
43 B R F) £ (MO BIO Laboratories ) 45 1 i e #E47 .
e 8 51 9 338F (5-ACTCCTACGGGAG-
GCAGCAG-3") 1 806R (5'-GGACTACHVGGGT-
WTCTAAT-3") 9" 1 16S rRNA V3~V4 X, PCRY"
14 RN 5 2L 3 A #E Tllumina Novaseq JF7°F & E#E17 .
1.6 FIRESHH

WA W) Z 46 P2 2 T Tllumina Novaseq il J5°F-
&, F BR300 5 (paired-end ) B9 77 %5 , Mt/ F BE
SCEEFEATINF . 3f 3 Xt Reads BF4% i 0E , WA mk 2=
M AR 2021 4F A2 AN FAZ A T T T 24 FR Y
BBIT ST YRR R CRME =97 %) & 2 4y
Bt AT LA s A i B 0 R A 5 i — 2D 3R AT o« 2R 1E
B (alpha diversity) B ZFE M43 HT (beta diversity) |
0 E PR 22 S o0 A, VPG T R X A i
A A TR TS 25 A R 2 RE M 2 R, SR SPSS 24.0
A AT I 2250 WT

2 HR5HMH

21 MFHEREOTUsFE

HH 3R LRI UL, IE 8 DK AR R Eh 8% 5t e 2L
34 438 081 243 5l tags, B35 1 5484~ OTUs,
BRI 26116244 157 H 2738} 553 J& 611 Flt;
TR SR R R AR AT 397 772 S AL
tags, BRI 2 006 1~ OTUs, FLyE BN 301 72
#4181 H 340} 653 J& 730 Rl LA N, IEH ek
AEFRT LS E I 5 AR I OTU Bt > T 1 5
AR E B AR R R P A B
J& /T T RAL N S R AR
22 YMEERBEERHAMEN

B L A] UL T 150 280K b TE 5 B KA T
51 RN B AR 4 T A RERT 10 B9 40
W LIRS IE R ] (Proteobacteria) | JEBER ] (Fir-
micutes) fUFTE ] (Bacteroidetes) | itk & ] (Acti-
nobacteria) T # ] (Acidobacteria) . ¥ 4l & ] (Cy-
anobacteria) | £¢ 25 B ] (Chloroflexi) | ZF 5. Jitd 7 ]
(Gemmatimonadetes) . Epsilonbacteraeota F1#2 i 4[]
(Spirochaetes) . HH, IEH BEKAL BT 80 F
A G TR R AR X T R e B HE R o AR R T
(75.75 %) >JERER ] 1(12.45 %) >4UFF#IT1(3.73 %) >
TR T](2.360) > PRAT I (1.6920) > W A BRI 7]
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Table I Sequencing basic information of endophytic bacteria in potato leaves

SR gL N OTU ¢ AR 43 2B e3840 Number of different taxonomic rank
. ARG 5
Group Effective tags Number of i | H Pl R Fh
information ) OTUs Plylum Class Order Family Genus Species
CK 438 081+£19626.51a 1548+227.59a 26+0.58b  62+6.14a  157411.02a 273+21.51b 553+49.00a 611+58.59a
D 397 772421 909.64a  2006+£337.20a  30£2.08a 724+5.13a 181+12.66a 340430.66a 653+64.83a 730+£81.35a

RPN NE F R R AL B EIAE 0.05 K225 83 . T, Note:Different letters in the table indicate significant differences at 0.05

level among treatments. The same as below.

AR AEL Y Unassigned

B Al Others

I VAT T Spirochaetes

B BT ] Gemmatimonadetes

[ #E A ] Cyanobacteria

24515 1] Chloroflexi
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I i FF 1 1] Acidobacteria
L E ] Actinobacteria
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Fig. 1 Composition of endophytic bacteria in potato

leaves under drought stress at the phylum level
(0.78%6) =445 1] (0.70 %6) > 2F BT 1(0.56 ¥6) >
PEHERE1](0.24% ) = Epsilonbacteraeota(0.22%) ; +
FA A0 A B T A% S R PN A A PR AR G R
e B AICHE O AR T T 1T (33.3200) > JE BETH [
(32.16%0) = M # 1§ '] (12.70%) > Ji £k Wi ']
(5.03%) >R FT 1 1] (3.30% ) > Epsilonbacteraeota
(2.76%) > 4 & B '] (2.16%) > ZF 5 L B 1]
(1.75%6) > W 4N ER 17 (1.64%0) > IBHE R ] (1.00%0) 5
M AT RN, RN K B IR Bk 5 T R AL B
S A A R DL T T AR T R
5 SR N A AR AR E AR TR R AT
A, Horh AR TE T TR ARG 56.0 26 , AR TR T T AR N =F JiE
A% 3, JU H: Epsilonbacteraeota 3 B # & T
11.3f%.

TENKN- E(E 2)  IEH 5K S T A0 BT B8
B A AR T RT 10 A B 49 2 B y- AR T T 4N

(Gammaproteobacteria) , # # 4 ( Clostridia) . «- 22 JE
P& 20 ( Alphaproteobacteria) | 8L #T B 24X ( Bacteroidia)
FF T2 49 (Bacilli) . 8-748 JE B4 24 ( Deltaproteobacteria) |
Ji 6 TR 44 ( Actinobacteria ) | /g i@ #T- B8 24 ( Acidobacte-
riia) | £F 48 )% TE 44 (Oxyphotobacteria) F1 25 i 74 24
(Campylobacteria) . H:H, IE # BE KA B Th 4% 2
W R P A 20 T AR AR S B s BRI Oy oy -
P18 40 (69.89% ) > 1R 1 44 (8.75% ) = o~ L I T 4
(4.27%) > 4UFF B4 (3.53%0) >FFF 4 (3.24 %) >
d-ARTE B 49 (1.58%0 ) = I 4k T 44 (1.48% ) = FE TR T
PR AN (1.4600) = 15 S5 R 49 (0.7804) = 25 il 17 24
(0.22%) 5 1 F-Jpram ab BT 545 B 0 P9 A 4 AR
TR X = B2 # e SR Y 4R TR 4K (23.67 20 ) >y -
AR A9 (17.57%0) = 40T B 49 (12.2990) = o2 HE
PN (11.69%0) = #F 1 4 (7.21%0) > 6 -2 I 1/ 4

(4.00%) >THLHFMN(3.07%) > I EHM(2.76 % ) >

I RTRAE Y Unassigned
il Others
A FOGTR A9 Oxyphotobacteria
5l 49 Campylobacteria
O S TR AT A9 Acidobacteriia
O i 28 1 40 Actinobacteria

S —BJE 44 Deltaproteobacteria
I A 2 Bacilli
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Fig. 2 Composition of endophytic bacteria in potato
leaves at the class level under drought stress
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RETRAT W 49 (2.5900) > L4 (1.6200) o itk
AL FE K b B K S T E A b 3T S44
T R N A A TR DL TR A 530 Ry - I TR A TR
W TR0 05 S B A AR 40 & TE WK
Y-8 TR AR T T B R AR 74.9 06, H Ay TR AR AR X 3=
JE XA S T I, R S S ol T A X R R R T
1133.84%.

TEHACE I (E13), IEH Bak AT 51 F4ab 51
T S AR TR S FE T 10 B B SR T IR
W H (Oceanospirillales) \#2 & H (Clostridiales )  #1FF
I H (Bacteroidales) \FLERFT & H (Lctobacillales) AR
J8i 7 H (Rhizobiales) B ¥ 1# ( H Enterobacteriales) .
B-ZEHE 1 H (Betaproteobacteriales) | f #F 7 H (Cam-
pylobacteriales) Ji AR I H (Desulfovibrionales ) &
FI G H (Solibacterales) . HiHp | 1E % Be /K AL BT
LS I N AR A R AR AR X S B e B HE
IR T H (62.91%) > 11 H (8.75%0) > I #F
B H (3.58%0) > 4UAF & H (2.93%0) >FL M AT w H
(2.72%) > W B W H (2.11%) >3- ¥ 1§ H
(1.96%) > &R K & H (0.88%) > Jii i 9K & H
(0.78%) =M FFE H (0.22%) ; T F Wi db R Th4%
S D A G TR AR B e BIRHE T AR
FI (23.6500) = L AT B H (10.00%0) > & B H

(5.97%0) > FL A W H (5.72%) > p -2 ¥ W H

AR Y Unassigned

LAt Others

B E G H Solibacterales

I AT KR H Desulfovibrionales

kP H Campylobacterales

W -5 1 H Betaproteobacteriales
Wk # H Enterobacteriales

I 991 H Rhizobiales

L KT 14 H Lactobacillales
HUFF I H Bacteroidales

B 2 1% H Clostridiales

I 17577 IR H Oceanospirillales
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Fig. 3 Composition of endophytic bacteria in potato

&3

leaves at the order level under drought stress

(5.44%) = W #F W B (4.41%) = 25 il ¥F & H
(2.76%) = g ¥ R B H (2.69%) = i i 9 i H
(211%)>RFICHEH (1.84%) . 45FF£H  FEHK
VB IEHE RAKAR S T S e A T S N
A B R AR ST B o3 i R B AR W H L T
B 5 S B P A A TRV R TR A
REA 95.7 %0 , AT H AR 3= BE B RLAE 1S .
TERHAKCE B (E4) B R Bk BN 5T 2 e
T SRS R R N AR A TR T A R R B A
Jitl 7 B} Halomonadaceae . & %2 I £ Lachnospiraceae .
J% H B AL Ruminococcaceae | Ji% #T & £} Enterobacteri-
aceae . Muribaculaceae . {1 5 £ /R 7 [T 1% £} Burk-
holderiaceae . AR & F £} Rhizobiaceae | i i 9K B #1
Desulfovibrionaceae | # T # £} Lactobacillaceae , 1%
K G Bl Prevotellaceae . F: i, 1F % B8 /K &b 3
T LB B B DN A A TR R AR X T B E e B HE
J¥ B A R (62.87 %) > B IR R (4.6700) >
AT BEARH(3.58% ) >98 B W HAH(3.20%0 ) > FLATH £
(1.31%) > 1A 52 R R (1.20%6) = $UFFE 1], BUFF
P H (1.09%) > M98 W B (0.99 %6 ) > 75 IK [C R B
(0.80% ) >R R BL(0.78 %) s T F Wit F 52
W P9 A 20 BRI R ARLG) =F B2 F e BMIRHE 7 o B R A
B (12.14%) > B & B (8.21%0) > g #T & #t

(4.41% ) > Muribaculaceae (3.27%) > 8 ¥ & F}

I R TRAE Y Unassigned
b Others
I B IR B Desulfovibrionaceae
IR G B Prevotellaceae
0 FLAFEEE Lactobacillaceae
11 58 AR B G B Burkholderiaceae
LFYIH E B Rhizobiaceae
I DR B H AT T 109 Muribaculaceae
B Enterobacteriaceae
B 1 Ruminococcaceae
B BB Lachnospiraceae
I L U R A Halomonadaceae
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Fig.4 Composition of endophytic bacteria in potato

leaves at the family level under drought stress
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(3.11%) > 1A v K B R (2.87% ) > 3 75 IK K B B
(2.67%) > #& 5 Jfl B Bt (2.66%0) > ZL AT W B
(2.38%) > iAo BF(2.11%) o LA H, 7ERK
b IR BOKAL IR 5 B aa ab BT H S et
AR A0 R DE B R 53 531 A 3 B o R R MR T
Bl TR a5 SR N A 4 A BEAE R
KBS AL A « B B RHE M 95.88 00, AR
AR B2 4 1 2

TEJB KT (B 5)  IEH BaK 3N 51 e
T B RS AR A BT 10 1Y TR R R
candidatus_Portiera, & Y8 W J& Lachnospira ., norank
Muribaculacea , B 32 & F} NK4A136 B Lachnospirace-
ae_NK4A136 _group MR & J& Rhizobium . FLATH &
Lactobacillus . Wi 5% 9K B8 J& Desulfovibrio . 3% 1 B J&
Arsenophonus 5 EK & J& Streptococcus M2FTF B J& He-
licobacters Horp  IEH GEK AL BT D48 B0 v N AR
AN RO A N SR R i B HE Y O Candida-
tus_Portiera (62.85%) > E R I J& (2.52%) > 2 I
s (2.2400) > FLAT & s (1.31%6) > & 1B = &
NK4A136 #f (1.13%) > norank Muribaculacea
(1.07%) > %% ¥k W J& (0.83%) = it & K i J&
(0.71% ) > M5 i J (0.67 %6 ) =2 AT BRI J& (0.17%) 5
TR0 A BT S AR AR B AR
J& (6.37% ) > norank Muribaculacea (3.25% ) >Can-
didatus_Portiera(2.59% ) > M { & (2.57%) > 18
1 g (2.5600) = FLAT 31 )& (2.3800) > & IR i Bt
NK4A136 #f (2.14% ) >#EBR 1 )& (1.76 %0 ) = B A 3K
W (1.76 %) >R/ W8 (0.72%) . HItE 758
AKAP b TE R BEKAN R 5 5 ia A BER BB
R PR A A T AR 5T IR 43931 R candidatus_Portiera
MR E . T 50 5 S S i N Az 41 TR A X
FETLER A1 382N : candidatus_Portiera G
HE T B AR X A= B2 2y i) B IR 95.8804 1 68.0504,
norank Muribaculacea, IR & \FLFT AR . BIR A
FENKAAL36 7 AR B RTG53 1 Jos 13
W A B A T R B IR RK Nl s T
203.8%0.152.4%.81.8%0.89.7%4.285.6 % .1 428.0%
112.0% F1148.4 %

R AEL[Y) Unassigned

B LA Others

VAR R g Desulfovibrio

W 55 R T & Streptococcus

2P R Helicobacter

AMEV E Arsenophonus

YR H R Rhizobium

B B R FINK4A 1365
Lachnospiraceae NK4A136_group
FUFF WIS Lactobacillus

M ﬁl EIMHIA‘JI [) Muribaculaceae
laLhn()splra

- Candldatus Portiera
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Fig.5 Composition of endophytic bacteria in potato

leaves at the genus level under drought stress

2.3 Alpha &#4o#

Alpha ZHE MR R e AR S e LR RS
W Tl ZREVEAG O, B2 2 TR0, R AR 23 A 3T
LS T Fr DN A 2 T AR A A e Y B R 2 AR
Shannon $§ ¢ IE % 58 K F (4.36) K T+ R4 BE T
(9.72) , UL BHIE B DE/K AL B B 448 0 B 9 A 20 1 1Y
F & EALF T2 AL B Simpson $5 £ IE # BEK T
(0.6 T T 243 T (1.00) , B HH 1E 4 BEK A BE T
Lt i N AR LR E S T T R4
H 5 Chaol 5 B IE # He /K (2 136.65) fIK T 1 7 4k 3
(2 274.90) , Ui FA 48 S5 Fr 9 A 20 R FPREAE T 5 Ak
PR WA YR 2 TR KT iR A PFh; ACE
F8HIE H 5K (2 938.40) i T T R AL B (2 670.29)
AT DL W IE B e K AL B S48 S0 1 o A 4 B Al 2
FEES T TR, WP IREEE , 2
B ) P U B (B 4223 1 1, BABAI P BEAR TR ) OTU
5 B 2R BIR = Ko

R2 TEMETIREMHAFNEBHEEZSHFEEN

Table 2 Diversity index of endophytic bacterial colonies of potato leaves under drought stress

IYEIEOL WL TrAAREL AR AR R Chaol $541 Ace$iEL W TR
Group information Observed species Shannon index Simpson index Chaol index Ace index Goods coverage
CK 1 548.33£227.59% 4.364-0.95b 0.6040.11b 2136.654-128.16a 2 938.40£310.13a  0.999 2+0.0a
D 2006.004337.20a 9.720.26a 1.00=2£0.00a 2274.904237.89a  2670.29£292.71a  0.999 5+0.0a
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6 T U Y, S FEAR T BB 0~5X 101 1Y,
Wit o 00 P A A SR N, T S AL B A B
FEAN R FIECE 2 TIEH BeK T o A Kl
JE A E 3 2 ih 2t T 22, R WD 3 450 4 0
A7 5 BN REZR v B A B A B I S TC vk T
FEEZ M OTUSs,
2.5 E-TBetaZiF MM UPGMARES

& 7 AL, R AR ERA (D) FIE & Bk 6 R 4]
(CK) £ 5R— 3, U IR A A 8] 22 5 K, LN 22 5+
ANo TEHE AR AL FRFN T A IR A PL 3T & 43
A BB )& candidatus_Portiera R ¥ 35 1) T 18 5 B
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Fig.6 Rarefaction curve sampled

0 100 000

uncultured _bacterium _f_ Lachnospiraceae, 43 1] 5 B

B K19 62.85% F16.37 % .

HAth Others

BRI & Desulfovibrio

BEERTAJE Streptococcus

WP 8 Helicobacter

RIEFE Arsenophonus

KRB AR IR B AR Uncultured bacterium f Rhizobiaceae
% NEFINK4A136/8 Lachnospiraceae NK4A136 group

FLERE R Lactobacillus

*
FS
SERHE Candidatus_Portiera

R FR 7 A8 AR 22 BB Uncultured bacterium f muribaculaceae
K980 AR BIZ Rl Uncultured bacterium f Lachnospiraceae

B 7 UPGMARZESHT
Fig.7 UPGMA cluster analysis

26 RBAKFHBAESH

FH [ 8 AT, 7E P B SR/ NI 20 - e, Eh 4%
B 40 R R N S SRR LR E (Oligoflexus) JH
FEHT 5 )8 (Luedemannella) \F0332 1 J& . FR AT 1 &
(Edaphobacter)i% 4 F 1 J& 09 4 BETE 1 BE K T )
WEEE T T RARET, Ay 16 Fh 40 1 1a 8 19 F B2
WE T FAC R W3 T IR R K AR B, 3X 16 Fh A
PR PR JE 43 3] Ry AR 35 3% O 2 3R 09 ST B H (uncul-
tured bacterium_o_Bacteroidales) A ¥ 3% 77 8 3515
B 37 52 K G AR B (uncultured _bacterium _f_Diplorick-
ettsiaceae ) Vg H IL B4 J& (Methylophilus) Tt FR v B R
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Fig.8 Variance analysis of leaf bacteria at genus level in potato under drought stress
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Effect of drought stress on composition and structure of
endosymbiotic bacteria in potato leaves

JI Ze',XTAO Guanli', CHEN Bin*, LI Junyi', YAO Yao',ZHU Chunyue', YANG Jinrui'

1.College of Agronomy and Biotechnology, Yunnan Agricultural University , Kunming 650201, China;
2.College of Plant Protection, Yunnan Agricultural University , Kunming 650201, China.

Abstract High-throughput sequencing of 16S rRNA from endosymbiotic bacteria in potato leaves un-
der drought stress was performed with Illumina Novaseq sequencing technology to understand the changes
in the composition and structure of endosymbiotic bacteria in potatoes under drought stress. The effects of
drought stress on the composition, structure, and diversity of endosymbiotic bacteria in potato leaves were
studied. The results showed that 1 548 and 2 006 taxonomic sequences were obtained from potato leaves
under normal watering and drought stress, respectively. Among them, 287 were unique OTUs under nor-
mal watering and 769 were unique OTUSs under drought stress. Under drought stress, the abundance of the
endosymbiotic bacteria candidatus Portiera and Arsenophonus decreased by 95.9% and 68.1% compared
with that under normal watering, while the abundance of Muribaculaceae, Lachnospira, Lactobacillus,
Lachnospiraceae_NK4A136 _group, Rhizobium, Helicobacter, Streptococcus and Desulfovibrio increased
by 203.8% ,152.4% ,81.8%,89.7% ,285.6% ,1 428.0% ,112.0% and 148.4% respectively under drought
stress compared with that under normal watering. The Shannon index and Simpson index under drought
stress were significantly higher than that under normal watering, while the ACE index and Chaol index un-
der drought stress were not significantly different from that under normal watering. It is indicated that
drought stress can affect the composition of endosymbiotic bacterial communities in potatoes. Under
drought stress, the endosymbiotic dominant bacteria Actinomycetota and Bacillota were enriched , and the
relative abundance of Burkholderiaceae bacteria increased , which may be the positive response of potato to
drought stress.

Keywords potato; endosymbiotic bacteria ; drought stress ; microbial community ; high throughput se-
quencing
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