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Endophytic bacterial community diversity and function in apple
trees of different varieties

Gulinisha-Shayimu' ZHANG Zhi-Dong' YANG Bo> ZHANG Shi-Kui’®

TANG Qi-Yong' SONG Su-Qin' ZHU Jing' GUO Chun-Miao® GU Mei-Ying"'

1 Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Xinjiang Laboratory of Special
Environmental Microbiology, Urumgqi, Xinjiang 830091, China

2 Research Institute of Horticulture Crops, Xinjiang Academy of Agricultural Sciences, Urumgqi, Xinjiang 830091,
China

3 Agriculture National Fruit Tree Germplasm Repository, Xinjiang Academy of Agricultural Sciences, Luntai,
Xinjiang 841600, China

Abstract: [Background] It was rare to compare the difference of endophytic bacterial communities in
apple varieties thought many investigations had been reported on endophytic bacteria in apple trees
recently. [Objective] By analyzing and comparing the diversity of endophytic bacterial communities in
apple trees of 8 different varieties in Xinjiang and Kyrgyzstan, the abundant microbial resources would be
explored. [Methods] Using MiSeq high-throughput sequencing method, sequences at V3—V4 regions of
the 16S rRNA gene were amplified, then communities and functions of endophytic bacteria were analyzed
in these apple varieties. [Results] Valid sequences of 61 487—71 583 bp were obtained from varieties of
apple trees, respectively, which clustered into 24—92 distinct operational taxonomic units (OTUs).
Shannon index and Simpson index were 0.729—1.177 and 0.265—-0.457, respectively. Species diversities of
endophytic bacteria in Xinjiang apple varieties were richer than that in Kyrgyzstan varieties. The
taxonomic analysis of endophytic bacteria showed that total OTUs of Proteobacteria and Actinobacteria
covered 61.16%—97.08% of endophytic bacteria in different apple trees, respectively. They were the
dominant bacteria phylum of apple trees. The number, composition and abundance of dominant genus
were different in these varieties. OTUs in the genus Massilia and Arthrobacter were the richest, ranging
from 6.06%—71.37% and 1.29%—17.86%, respectively. There were some microbial groups of beneficial
functional characteristics related to promoting growth, stress resistance or degradation of toxic and
harmful substances in the environment in these dominant bacteria. The function prediction showed that the
functions of endophytic bacterial community in different apple varieties were different. The function
informations of microbial community of Xinjiang varieties were more than that of Kyrgyzstan varieties,
which included chemoheterotrophy, aerobic chemoheterotrophy, ureolysis, arsenate detoxification and
dissimilatory arsenate reduction. In addition, a large number of unclassified genera were observed in these
varieties, ranging from 13.74% to 69.60%. [Conclusion] The diversity of endophytic bacterial
communities of these apple varieties were relatively rich, and there were significant differences in the
composition and function. Meanwhile, it provided clues to mine new microbial resources and explore the
function of endophytic bacterial communities in apple varieties.

Keywords: Apple trees of different varieties, Endophytic bacteria, Diversity, MiSeq high-throughput
sequencing, Function prediction

YL B (endophyte SRS AR Se e Hk g sy BEAEWIZE R | SR R e 1k A R AR AL s R T
—E B AT B VE TR & R g R ARSI S IIRE , XS A Y A AT
SLET N LA S AN, REUETE B kA DURGRIEE TR A K R A,
BIRER—IAE, TR R AR | WEFE I, A PN A5 200 T 1) R 2 ok B o
2 M RRSR T AME, Mg, B EEBEONFEERAL . A ORI AR AS A R
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WU, 25 FARYEIL [ 5 & T M REPEIR X P A T
PRSI . BRI, R KSR BIAR ™ TAA
(indole acetic acid) () N 4= 4 I& L] 48 7, ACC
(1-aminocyclopropane-1-carboxylicacid) it 2 i 1 4=
PR LR, T AN TR S5 N PR AR Hh i
ANTRIH DX 2 ARG SE DR AT 1 AN SE DR b b R 1 S
WA ZHEE WA E R, HAOLRAEHE 0 A%
(G+C)mol% >~ FC PRI i (48.3%) . S TEATIAI(50.2%)
FIiR (G+C)mol% K > [RBHETE (38.2%), H FEIE
BRI it i ep 23 B B I8 A TR N s I TR S AR T IR
s M S IRARAE I R4 006 /N 32 B i oA 2 4 R
Bm2ESsuE, uwamm 2 TR A, 52
Fite, AR AERERCR oy EE T R
F M E WP ER R, RRZENEAF
WA AP TTIR Bk S A AR Al TR 2 A
BT SR, Hameed 251X 4 AS/KAS S AP Y
AR R, KRR NAERMEEZ, fEd
AR N8 7 PO e o~ P B I e 4 PS B e =19 ) S TE]
s o R AR R, AN [R5 5 AL /K A b+
WAE AN O B 22 5, (B BE A0 AT I i 25
S, RHEESENAERD BE S W &
P RIS S AP T N A S A — e 25 5%, (B
KRIBFN B2 MK

BERAL T2 KA X R ARy, 15
RMERER IR ET T FEE R, 2
LR R I P s R s 22—
ML R ARV, FrERAL T RILLIAR, HFHRR
R BERIRER . BKED . RRFERR, &
SRS EAR S X, MR IRy EE Y, J
SRS T AN TE b B A . A A TR AL AR
PR L B S I A o 3R E A E PR
SR A ) Z2 RE VAL S R A b A o e i A — 2
SRS o T R WAL TR I LA,
W, AN FENEDZHEE, 1Fh—L8
KRR PO A M R E AL, A
V2 5 YIMEACRAE YA G B A YR, AR B
BB AL RO, BEAZN BRKRER

AP AR I AR, EZK IR AR K, HE
g e RO AT A Tlumina MiSeq 238 1
HUPSZEr NP TF ¥ oS e e s e AR e
AR BT 98 AN 35 R T ST AN [R) il ol A S SR AR PN A
YA P PR 2 FE MR K 22 R T b, SRR AR
(7] it o 32 SRS DA A4 40 TR D e TR R 7 425 4 R ) P 4
HEAHE
1 AR5 h8
1.1 RS

HSRAS AN TS IR WE AN [R] SR PSR (3 1)
Hol TR B =B R & E SR BRI, LT
SEAHLERSEAOEE AR . A B ELSRE TR R o S
SR EAIMN, ML R ILEERE, HHEARE AN,
MR- 2% . M PR A AR 83°38'E-85°25'E,
41°05'N—42°32'N., J& TR KEGIET50%, 6
PRI FE, PN 10.6 °C, A FHIRFHE
RS 577.6 kl/em®, 4EHBE 2 783 h, 4EPEHfK
52 mm, 4EZEKR 2 072 mm, JCFEH 188 d A&
AP SRR . K B S IR R R i
1.2 EERFIFMNEE

ZR-96 Bacterial DNA Kit, Zymo research 23 F] ;
SanPrep A3 PCR P Walifbiinl &, 4 TAY) T
(B ARRAE 519G . 2xTag Mix, dt5t
S E A ARAGBRAF] . MiSeq il il FHA-5
ARSI LEYE BRHA R v ; Mastercycler £
J PCR ¥, Eppendorf A+ ; WD-9413B %% 1%
248, AR —EYRHEARAF,
1.3 HEXEREREES

T 2017 4F 9 H RV B AN AR AP 2P0
fERFR ISR (R DB, A TCRFE A
4 °C BT IRAFE, T 48 h N TRmETH AL
M. BASERRESEPI ik, KeA s At H
FRECHRIE RS, A RKFKMPE 10 min, JCRAT
WKy, T5%IK CFEAEPE 4 min, ZTCHIKUE
Wa, H 3% H,0, 21 3 min, FRHICRE/KHLE
3-4 WK, IS5 B K PRI TR 28 ARG I G T
5, JCRE M T AT N A A0 TR DNA FYHEHR
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®1 FRBMERKZIRRIE~H
Names and original places in apple trees of
different varieties

Table 1

i RS FAATR Je 7

Sample Apple varieties Original places

A WFSEIR Malus sieversii M. a4 Xinjiang

B RPIBT/R3 Kalagerma — HriEAsHi Xinjiang

C BE Qiufu iR A Xinjiang

D VP Shayilamu HiEAH Xinjiang

E [ 3 5 Kyrgyzstan [II 75 /K5 HiHH Kyrgyzstan
F JEIR DL Courbet TR Wi H Kyrgyzstan
G wHE 75 Kyrgyzstan VII TR WA Kyrgyzstan
H [ H HE Kuoriejés TR WE Kyrgyzstan

1.4 E[FH DNA BYRER R #1850 5

X B 5 BRI B AR T o B e
U e AKTA EP A, {8171 DNA SRR &F
Z UL T DNA HEE. R AR AL
HL VKGN I 4 . DNA 19 405 B RNk B i ik b iR
O AE YIS BARHECA PR Al Tl wE Y o

i# 1 Hlumina MiSeq 15, MF#4r DNA Ky
16S rRNA JE[H V3-V4 Al X, FIH 16S rRNA %
519 799F (5'-AACMGGATTAGATACCC
KG-3")# 1193R (5'-ACGTCATCCCCACCTTCC-3")
1T PCR ¥4, PCR S ik 2 F1 b 454452544
AP SR Jrk, § 38 PCR P43
JEHE R DRASHIN BRI A, A T sl D PP A0

R2 FRGMERMALMERZRIZ LS

1.5 HEAE. NEMERE D FIES T R II6E
Ty

MFPESHE, XA P S T 8 Ik 7 . PE
Reads Pf#% . Tags 13381 Tags K & AFA 1555
KIARUTHN o SRIGH AT B T3 2600
(operational taxonomic unit, OTU)RZEHIPIFI 3255
Br, 045 OTU FFMIREE S, ZBRTROAMSRA,
YRR AR AR OTU, M4 2 B4
OTU FPSEERMHATIEE R FXT OTU A7
. ZRREEET, R X ERAERAN 32
K EEATRES SRSt . ] FAPROTAX
BRAARSANTR] SIS AR A TR A EA T D RE T

2 HRE46
21 TRSMERMAEMAE OTU RES
ST

8 A A SRR 7 A 1 I A T S AR A
V3-V4 XAGRUTHNEE R 61 48771 583 2%, %
HE O7% AR, AR AR 24-92 4~ OTU (£ 2), T
OTU B ANXTERE, XA SRR A A1 P A T
ZREEST,  BEARFIANIR] RIS P AR A R 22 A
MAEEAAE—ERY225, Shannon $H%UF Simpson &
BOYHITE 0.729-1.177 F1 0.265-0.457 ZJf], K/NH
C>B>A>F>E>H>D>G. ST, HrimAs i i Fi iy
SR N AR AR A T AR T

Table 2 Diversity index of endophytic bacterial communities in apple trees of different varieties

Feah ARUTIIE OTU %t Shannon F6 4 AW AR % AR
Sample Number of valid sequences Number of OTUs Shannon index Simpson index Coverage (%)
A 71 065 75 1.069 0.445 99.9

B 71 141 92 1.095 0.456 99.9

C 63 744 51 1.177 0.457 99.9

D 69013 69 0.811 0.273 99.9

E 71 583 32 0.908 0.391 99.9

F 61 487 27 0.951 0.401 99.9

G 66 614 24 0.729 0.265 99.9

H 61 851 31 0.908 0.368 99.9

H: A BPRR; B REIPIRIS; C: BKE;

D: KB B: FHE 355 Fo FERN; G #HE 755 H: MAIE THE.

Note: A: Malus sieversii M.; B: Kalaaerma; C: Qiufu; D: Shayilamu;, E: Kyrgyzstan III; F: Courbet; G: Kyrgyzstan VII; H: Kuoriejés. The
same below.
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22 AEmMMERMAEMBEMEEITES

FIHFIAZE R 8 AN B i3 OTU J341)
IYJE 18 AN S 22 ASATHZRANR Y . e H ML
TAKHZE, EH%H OTU M4+ 37 A4
H 45 4EEFF 49 DR E o A [R] S FPSE AR v
15125 BT 53 R0 2 BE I B AR (R 3),
SRE S by ot oS SR AR Y N A R R R T R
iR R A

A B W R AR AS th G FMUA 1 OTU 1Y
BH, AT R LR OTU 5 H 418 AR Sz
GO, I 1A IL 8 A sy SRy b o A TR AL
A OTU BHAL 1 4>, MR T FE
(Arthrobacter). /N [A) AP E SR A 10 P9 A 41 B
IRBIHE L BUAFTE R R 25 57 BT S A MLt o P S SR A
PNAEANERAT OTU R B, ol gi i R
AH OTU ¥t HA 6 1, WHMELEW]
(Actinobacteria) I Z1 T # J& (Rubrobacter) (1.21%) .
W Z {15 J& (Saccharopolyspora) (0.81%). 5+ ER
-] (Deinococcus-Thermus)i Truepera &
(0.81%)FZZFE I | ] (Proteobacteria) (3.23%) . R4
48 T8 2N (Anaerolineae) (1.21%) K FE . RHIFT/R
Hah Rl 1 OTU B H 2, A 3141, LUEEH
I'] (Proteobacteria) (13 4~) Fl L ¥ & [
(Bacteroidetes) (9 ™) hHE, FEEENEWHEE
(Psychroserpens) (1.93%) . ZL¥F & & (Rubrobacter)
(1.10%) . BB & (Sphingorhabdus) (1.65%). HhEE
J& (Arenicella) (1.10%) . 7K 21 4€ (4 2F 240 1 1 )&
(Croceitalea) (1.10%) F1 7% JE [# [ | (Proteobacteria)
(2.48%) . WEHEIRTE ] (Saccharibacteria) (2.48%) .
LK B 1] (Bacteroidetes) (2.20%) . W& g 1K 5 ]
(Saccharibacteria) (1.10%) AR FESE, i H
i A B 22 B A P A AR . B b R
WA OTU BEHA 19 4, LLETEEI]
(Proteobacteria) (6 7). WA 1(Actinobacteria)
(5 MFHFFE I 1(Bacteroidetes) (3 M) RF, {H5
/N T 1.00%. VARPLE S FA R OTU £ H
H 74, VAT ] (Proteobacteria) (2 1) R4

x 3 FRAMMERMANEMREFZDBEFSEM
IE\ ;:SZ

Table 3 Total numbers of bacterial taxa detected in apple
trees of different varieties

N

Sample Phylum Class  Order  Family Genus
A 10 22 38 53 56
B 13 29 42 56 69
C 11 20 30 37 41
D 7 18 31 44 49
E 6 12 15 19 19
F 5 9 12 14 14
G 3 6 11 14 15
H 6 13 19 21 21
H B
0 31
ol 1 Corey 19 ¢
1 A
B
b
0 7 E
1 G
F D H
E

1 FRGMERMALEMEEEE OTU £5F RE
Figure 1 Venn diagram of OTUs distribution of
endophytic bacterial community detected in apple trees of
different varieties

I"J(Actinobacteria)y (2 )N F, H 5 HB/NTF
1.00%. 17 /R 7 Wrirda g |30 4 4~ FRea OTU
HHEAD, HE3SHMMARHOTURER 11,
NAFE T ] (Proteobacteria) (0.91%)1 T ARFIE ,
HE 7 SEAMA R OTU ZLHW R 11>, HJEEE
I'] (Firmicutes) W) W& & #F W J& (Halobacillus)
(3.57%), HAPIA-MFBA A OTU $H .
23 AE@MERMAEMERFERITKFEAM
BB

B 8 A b b o D0 S AT 0 2 A R R TR
(OTU Z2/TE 1 AR rh FEE>1%) 485040 11 AT
(K 2), G5 ] (Proteobacteria) . LRI ]
(Actinobacteria) . HUFFH 1(Bacteroidetes) . JERETR
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I"J(Firmicutes) . "2HERE | (Saccharibacteria) . T8
FFE ) (Acidobacteria) . %725 "1 (Chloroflexi) . Wi
W1 1(Cyanobacteria) . ¥#85 W | | (Planctomycetes) .
B @ ] (Thermomicrobia) . % . il & ]
(Gemmatimonadetes), HH, ZFTE T I ]
R FEEEAE], OTU BIETE T 8/ APsE R
W 61.16%97.08%, Ui B3RS A A= ZH BRTREAA]
IR B ARL, (HFEE & AR
24 AE@MERMAEMAENKFERMLE T
BRSO
MR AE 1 RSERPEERE1%, ATHSRUE
YR Y% OTU 4t 0 F o & B W HN
(Alphaproteobacteria)y . B- A& & ¥ W HN
v M W W
8 & I M W W
& B g W N
(Nitriliruptoria) . BR WL 2N (Acidimicrobiia) . 21 #F
W “W (Rubrobacteria) . W& #H N
(Thermoleophilia) . ¥ T & 4 (Flavobacteriia) .
g ¥ B 4 (Sphingobacteriia) . Wi ¥ H W

(Betaproteobacteria) . -
(Gammaproteobacteria)

(Deltaproteobacteria)

100 -
90
80 |
70 +
60
50
40 +
30
20 +
10 +

Relative abundance (%)

(Cytophagia) . # KT H W (Bacilli). Ardenticatenia
M. IR 48 W (Anaerolineae) . 1% B W W
(Planctomycetacia)f! Phycisphaerae 2M 16 ~IL3#4f
W HFIX 16 IR OTU 3 T 8 b F
SERRRE LY 39.14%-88.83% , £ 1k A1 B M AL
B I BEREAS [R5 SR A (] 3). BT
sEan P L o-ZIEAF DN (Aiphaproteobacteria) . B-
AR I ¥ 189X (Betaproteobacteria) . v-7% & ¥ TH 44
WO W W
i L [ 7 TR 2K (Nitriliruptoria) Fil
PRI IR W (Acidimicrobiia) i, 75 /R Wil A9
Fh Ll oS AT D (Alphaproteobacteria) . B-E1E
¥ B 4 (Betaproteobacteria) . v- 7% & ¥ W H
(Gammaproteobacteria)  F ; H " IR 5 48 7 49
(Anaerolineae) 4y i i WF 3 I Al AT, B HF TR 49
(Flavobacteriia){YTE B & s A A o0 A, ¥R AT I
YW (Sphingobacteriia) 53 A TEHT 48 < 7 BT /R 5 FBK &
W, Ardenticatenia 40531 FE BT i 0 HF SE L AN R Br
B[/RIG R R AN (Planctomycetacia) i A TE BT R Y
HPPIR | RPBT R FVMKBLI Y, Phycisphaerae

(Gammaproteobacteria) .

(Flavobacteriia) .

A

Candidate division SR1
B Verrucomicrobia
B Fibrobacteres
B Acidobacteria
B Actinobacteria

® Gemmatimonadetes
u Cyanobacteria

B Thermomicrobia

B Saccharibacteria

B Proteobacteria

B2 FEGMERMAEMERSEMBMAEITEN

B C D E F G H

Sample

Woesearchaeota
B Planctomycetes
B Chloroflexi
B Bacteroidetes

B Parcubacteria

® Deinococcus-Thermus
B Euryarchaeota

B Firmicutes

Figure 2 Dominant bacterial phyla detected from endophytic bacterial community in apple trees of different varieties
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o AT D PP 2 /R T TR R D
25 AEBEMERMAEAEFERBARRE
HY4E RX,

Fe R /DTE 1 FSER T EE>1%, AT RE
YiftvE OTU 2@ T D38 R (Massilia) . 9 FF 1R
(Arthrobacter) . B 5. )il 14 J& (Pseudomonas) . T

100 -
90
80
70
60
50
40
30
20
10

Relative abundance (%)

b K B B (Euzebya) . 1R 2 B3R B )@
WORR OB M OW )R
(Sphingomonas) . hHMUTE & (Halomonas) . ZTEER
W& (Planococcus) . *FRFF R J& (Bacillus) . £1FF
& (Rubrobacter) . KA & (Longispora)? 28 />
LA e (K 4). R, GRS |

(Pseudokineococcus) .

0

A

M Unclassified

W Ardenticatenia
B Flavobacteriia
B Nitriliruptoria

Other classes
B Anaerolineae
B Sphingobacteriia
B Acidimicrobiia
B Betaproteobacteria

B3 FREIGMHERMANEMEREE ML AMEMEAN

B C D E F G H

Sample

B Phycisphaerae

¥ Bacilli

B Thermoleophilia

B Alphaproteobacteria

W Planctomycetacia

B Cytophagia

B Rubrobacteria

B Deltaproteobacteria

Figure 3 Dominant bacterial classes detected from endophytic bacterial community in apple trees of different varieties

100
90 +
80 +
70 -
60 -

Relative abundance (%)

50 |
40 | [
30 |
20 f
10 |
0 1 1 1 1 1 1 1
B C D E F G H

A
Sample
Other genera Unclassified W Croceitalea Arenicella
W Sphingorhabdus W Psychroserpens u Steroidobacter B Geodermatophilus
B Planctomyces u Synechococcus B Skermanella B Patulibacter
B Modestobacter B Ruegeria B Falsirhodobacter ® Curtobacterium
B Mycobacterium B Marmoricola B Bacillus B Rubrobacter
B [ongispora B Planococcus B Halomonas B Aquibacter
B Sphingomonas B Pseudokineococcus B Fuzebya B Pseudomonas
B Arthrobacter W Massilia

B4 FREGMERMALEARRFEMLAERAEN

Figure 4 Dominant bacterial genera detected from endophytic bacterial community in apple trees of different varieties
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ZH B A= B S SR SR B AN [T A B 25 R . HE
. LI & (Massilia) F1715 #1154 J& (Arthrobacter) 11
RFEERR, BRDIEEEMassilia)ERE 7 54
dn B R AR AT I R A, 3 A S A At b A
1.29%-17.86% 2] ; HFEH & (Massilia)FFERE 1
SERSRIBCE AP . RS ITE AR E 3
5, WA E & Arthrobacter) £ FE 38 8 B & 75 /K |
W EV R, MHEEE 7 5. BARpEE
(Pseudomjierjisisonas) {75 /R Wil 3 ANSFpd
ARG, MOFTERA A rhoRpR s KA &
(Aquibacter) TERT R SR A AL = /0 A, T2 /R
BrrHpy M h Rt BANEE
(Curtobacterium) . 5T 14 J& (Falsirhodobacter) . -
N IRIR S (Ruegeria) . TAFEFF IR & (Modestobacter) . &
&I B (Patulibacter)?5 13 JRAAEHIR LA B
frh, (HFEEWEAL. Ml A, BrEmas i
FISERA N A AN E I Z R, 35 K e
S SRR PR A TRTRN 21 B SR VAT A e AR L ) S SR o
KZ, AUfAfE—Ref g, Ak, X 8 AR
R A 20 A K R REE B /K- IH2ERY OTU J7
5, HILFETE 13.74%69.60%2 [, UiHH Al A7
TERERIARFE
2.6 ARMMERMAEMBEIFARBLESN

F 543 (principal component analysis, PCA)
FHES), FERGHT 1 (PCHFIFER ST 2 (PC2)

15— — — — = — — — — — — — — — —
sAcE |
10 B F |
AC OG |

— (] D
é 5 xH |
& [

a8 0 %
3 [
2 -5 |
[
-10 |
A

-15 : ; : : : |
-10 -5 0 5 10 15 20 25

PCI (35.60%)

5 AREMMERMALMERE PCA
Figure 5 The PCA analysis of endophytic bacterial
community in apple trees of different varieties

A it 25 S P TR R 4 13K B 35.60% 1 22.96%,
BTN 58.56%, =SB, B gR A HL 1)
4 A ShRESR N A A TR 2R 22 R ROK
4 NGBRERA 4341 5 75 /R WA 4 A4~ S E
A A0 TR BV AR 22 SR, KR A 56 =
SRR, HEEHER AR B e
2.7 A[E)SRFREE SRR A A 4 T e B E T

fii ] FAPROTAX #5040 e XA E MR E VR iE A 12
BT, 7F— &R b M A REE TIRE. &
M, RS 18 T REIIRE A, HAFEEEREER
s PR AN [T 5, T S A b 5 P A R T 1) T
ABfs B2 T8 /RS U R i A 6), HETERTS
1573 5 AL fig 5 7 (chemoheterotrophy) . 77 & Ak fig
5+ 3% (aerobic chemoheterotrophy) . JR & 43 it U1 e
(ureolysis) . IR EL i 72T B (arsenate  detoxification)
5 4k il 38 JE T BE (dissimilatory arsenate
reduction) o H 5 ZR T M7 4 4 S SR i ol b e R
£ 1 ) BE (1.92%—11.11%) F1 5 4k T 3 J5 3 fig
(1.92%11.11%)FBER R, TSR A b i b b 0 PR
FOMRIITE(4.07%—64.08%) F . BbAh, T
g rh BT R R H A AT R R
(0.1%—4.17%)F 1 A ThAE(E S, Frsdah s & h
H A 2 48 & 3 i (0.29%-0.37%) . A B 43 i
(0.29%—0.37%)%5 25 A UhEfE B .
3 WikE%ie

MYINAER) ZAETHEY S HSmEE s
H, RIVEFEREE Z M, XY A K
A R BB IR H T N A B 2R
W AR 2, il e Iy L rp H A T
P, 168 rRNA JE RN 5 | 10 A i
EY) ZFEME S BT R I OGBS B AN
[, 16S rRNA J:E ) PCR ¥ M2 1R R BRI e I
RivE, P2 ANTE 16S RNA HEH 5 A2 1
AR, 2438 Lok (AR SR A4 %5 9E H bR X
o ARWESER R DR R, XS [ i S
RNAEMHZFEEIT 0T, 26 2 R R
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Figure 6 Clustering heatmap of function gene prediction
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IO, LA TR 7 AN [R) RS2 AR o8 A 240 T
T Z FEERRIE B AR S A
H A3 AR P A A B AR 0 2 R A AR
2, ABREAS [] 5t b 3P SRR 9 A B I 2 RE PR
Br HL BB 508 ARG 6 e S 9B AR AN 7 /R
T T HEAS [ ot A S AR P A T R A TR A
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