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Changes in Carbon Metabolism Characteristics and Community Composition of Endophytic Bacteria in

Postharvest Kuga-Grown Apricot
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WANG Bo?, ZHU Xuan"*, ZHANG Zhidong"**
(1. College of Food Sciences and Pharmacy, Xinjiang Agricultural University, Uriimgi 830052, China;
2. Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Uriimgi 830091, China)

Abstract: This study aimed to analyze the succession of endophytic bacterial communities in postharvest Kuga-grown
apricot. The characteristics of carbon metabolism and the bacterial community composition were investigated by Biolog
Eco method and high-throughput sequencing. The results showed that the metabolic activity of endophytic bacteria in Kuqa-
grown apricot was obviously higher at the fully ripe stage than at the green ripe stage, and the major carbon sources utilized
by the endophytic bacteria were significantly different between the two stages. The percentages of endophytic bacterial
communities utilizing amino acids, carboxylic acids and polymeric substances were increased markedly. High-throughput
sequencing results showed that 47 operational taxonomic units (OTUs) including 33 genera in 15 orders were obtained. The
community structure of endophytic bacteria was different significantly in fully ripe and green ripe apricots. Flavobacteriales,
Bacteroidales Clostridiales together accounted for up to 83% of the endophytic bacterial community. Meanwhile,
Rhodospirillales, Enterobacteriales and Clostridiales were predominant in fully ripe apricot, accounting for up to 86% the
total bacterial community. The percentages of Flavobacterium and Bacteroides were decreased whereas the percentages of
Rhodospirillales and Enterobacteriales were increased; however, the percentage of Clostridiales did not significantly change

with ripening of apricots. Furthermore, some pathogens that caused fruit soft rot and gastrointestinal disorders in humans
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were observed. This study can provide a scientific basis to further understand the spoilage mechanism of postharvest Kuche-
grown apricot and develop storage and preservation technologies and for proper consumption.
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Fig.1  Changes in AWCD of endophytic bacteria in fully ripe (A) and

green ripe (B) apricots
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Fig.2  Carbon source utilization profiles of endophytic bacterial

communities in fully ripe and green ripe apricots
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Fig.3  Utilization rates of 8 major carbon sources by endophytic
bacterial communities in green ripe (A) and fully ripe (B) apricots
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Table1 Statistics of sequencing data for microbial strains in fully ripe
and green ripe apricots
i RIGEAEC BRI ARUTAIE OTUHER
W 46 217 45320 45316 42
TEH 60 100 58 991 58970 47
Bt 106 317 104 311 104 286 47

222  FEAhIE] AlphaZe BEPE AT

WREER. WMEEE. WSS
ST FE i (R Alpha 2 FEMEEAT T HfE, L2, 45H%
W, SFERITRTHIES T AN AEE99%, i35
0 R 0% Y A 1 S W HE N A SR S P A B VR
B OTU TR, FEZE/NAR KRG N A B B IA 1 4R
FICARUAN K s (H 5 BN LA P9 26 TR B A A AR P B o
AR RS UM AT RS, UERAREVE I — MR
A, SEBVNAE BRI & M.

#2 AREREEREFPAEREDS TS
Table2 Bacterial diversity in fully ripe and green ripe apricots

FEfh OTU¥i &  BER/%  HREH FEHHEHR
TR 42 99 0.454 0.145
56 47 99 0.443 0.121

223 WAEEBEE S ATRE BT

FIFHIRDP classifieXf %+ it HOTUMR AT T 4
H. B BoE B0, #— DR d
o ERFM, FEE/NEA RGN AEMER L &8 A
1, 12404, 15408, 2348, 33 M8

W N
25
M4 HAT ERERER AR WA SRR R

Fig. 4  Major bacterial orders in fully ripe and green ripe apricots apricot

B FERR EEE WSRO TE 2N
A K A AR GH B R VE B o A Lol A E R 2 .
Fafor, 58V A A 90 T8 0 3 B N B A
P B (Flavobacteriales) . ##f % H (Bacteroidales) ,
A R I41% . 28%, FHAE5E BN A A LA
B T RF; 4008 H (Rhodospirillales) « J#T B B
(Enterobacteriales) RTERCIN A AR AN B R ) 2T
M, 35 B I60%. 15%, HBHEMNNATNAE
?Hﬂﬁﬁ‘/ﬁqjﬁﬁlﬁtlﬂﬁﬂj:ﬁ%m: W HAERENEAA N
AR BB K, A T B B 10 %4 = 2 58 B
14% . THABE <A ME H (Aeromonadales) . 1%
JigfA H (Spirochaetales) 5 IR0 35 BB 4 Bl & /I A7 1)
JSCERFE R 3G A i R B

£3  RARPFLEEERELRAFLHETEHR
Table3 Major bacterial genera in fully ripe and green ripe
apricots apricota

A %
%y’\ —j‘f T =] E’_‘ji
B TR
IR FIR AR & 4228 % unidentified Blattabacteriaceae 50.60 1.39
Jé H BRE FINK4A21425 8 Ruminococcaceae NK4A214 group  6.42 2.09

HHET R Gluconobacter 4.01 74.09

WARHEKE Treponema 361 0.52

BEFIRR AN £HUCG-00224BF Succinivibrionaceae UCG-002  3.21 0.52
R FIRCO [i71E 25 Rikenellaceae RCY gut group 3.21 0.87
BRI AHUCG-00124## Ruminococcaceae UCG-001 2.01 0.87
o TR AR R RIR-725H Christensenellaceae R-7 group 1.60 3.83
8 B FF1E 8 Ruminobacter 1.60 1.22

T IR ICH BINK3B3 1258 Prevotellaceae NK3B31 group 1.61 0.52
L & Prevotella 9.64 3.65

ik B )8 Brevundimonas 321 <0.01

98 B BKEE Ruminococcus gauvreauii group 1.61 <0.01
V2 W)@ Pantoea <0.01 4.17

Jo B BRI AHUCG-00225 B Ruminococcaceae UCG-002 group  1.61 <0.01

B MR, RN ARG P ARG B A A S
W33 AE, AN EERNT.01%HEIE, HHAN
HAW K144, TENABWE K12 4, RHEEE/NEA
BCGARERIE N, HNAERBRISE TR, X435



XY TR

E6mill=

2018, Vol.39, No.22 145

Biolog A= A B2 40 T 45 R — 5. 18 X FF it b E 22
SINTRIL (3D, FHVIN AT 32BN A= T B ph e i AT
RAERIAR S IE . R B AR B BRE BINK4A21425 7
AR, 2y 5] b BAK150.60% 9.64%K16.42%, %)
5 RARII67 %, BB /N B BCAFE G N, TR
R R R B, A S SRRV B AR R 91.39%
3.65% 2.09%; HiKEAT BB R 58 BN A ) 4o AL 3
WRE, dEARIT74.09%, HUCRZEE. 0 E TR
BIR-7KHF. HIREJE, 700 5 A 14.17% . 3.83%-
3.65%. i /IN A BCAE R N, TR B AT o B A
W TIE17.5 5, ZEER N T 4416 £5, 1A R
ERIR AP R IBBRAR T £197.25%, ¥ K14 J@ AR B 3R A
NKAA214HFEFEAK T £967.45%

BB AL, RS 58 B EE R/ A R P A G R R
WA REAMNTHFRDNBA, HBEE RS RHY
I, FR B S A E G IR B .

33 #

HYNAERMREZ, W 200 TARBEY A
[FRAL, BEF=A: Z AE AW =, A BulR . B
W PURTE R S mb], BAE R R S 1 T
REP, DR EBERIEEIIRE S IORIE . FR, A
WAL @ 2 Mg S SEWNARE . K E MR, &
WA S P R E B AR ok,
DAL A Ko ) SR S P A B I T D, R T R SR R
KR P 2B TR A E 9 e B AR . AHIE TR I Biolog A= A5 AR
R EnE R T, 6 PR 2N AR P AR A R R AR
AT o0 WEFUREH, FEA/NEA R G N A 4 B BV
RIS PE R T B B AR, S8 B0 TR/ (LA AR TR BT
RS THANEA, 20053 NATm143 5.
BB R, B RN A BRI RE , FA
WK AP Wy R SR i 21 o A6 T B LU o) B S B
i, MAHZARERE. RIRE. ZRUWERNEMERE
Lot . BREE R, WRES FE 4/ AR TR R
RURSEH K.

I, 6 SR G P9 AR 20 A B VA AR BT R
ANEAS AR AN R HE47 ANOTU, WRI1S ANH, 334
J& o 1EH MR/, FR A B TR S5
ZRWE. F£H—-HMSEAKF L, SFEE . WFE
H ARR R TR R A T /N A P A 0 T T T AR
S BEFP 2R 983 %5 17 58 AN 1A PN A A B A TR
AR H . M B AR E B E AR, 5 akm
86%. WA /NEA KGRI, BEAFEE . U
W H BEREAT & EO IS T R, MR H . AT E
BERT O LL iz B, AR H WA R B — %

M50 K BT R, B /N 3 B 3, 3
WAE BRI 51 B R %, X — 45 5 5 Biolog 4 A% 4>
Brah A EL 2 B 7 17.5 {5 F0416 4%, 1 sl AT IR 44
BEARAF KB BT 5 L R BN, 2 5 291897.25%;
AL, MR AR EERERINKAA2 14 B IE T4
67.45%. HH ERTT W, KI5 56 3E /N A A A 4
B A B B T ERNAT, HEEE R R
B, HERFARSWAATEENRNES.

AR TRV, N4 SRS 5% % EEK
RE M FESCE5 gy Rk & W/ i
PEVEFIA HLER AR AL 7 R B, 7% SR s v o8 ) Bl 4 1 ir
R R 860 0 W O R B, R I BRI, X ]
R85 58 BN (1A P4 A i B P R R K A 4 1R B T o L
B R BRI 6o T B A A SR S R B 0, SRR
MR TR, AHRHERBRRRA SRR, ETRA
FrE IR R A, &R s pHME B, AL
PP (3 N2, W RESBE T R R IR R A R B
IS, B RAE RN, R R, e &
G R 2 RGN, LLRCE IR U R R R R
MR A, BT RE SR R, BRI A4
TR VR LB T v o T SR A S SR 1 R R S (T R R
W, KRZWIREEAEREEOREN, & SBURSEX
JEiE K R R AR MO I . AR TR B, A
25 AN P REAT R . 32 R S AR S A B R R
WE SRS B E LT, WRESIE S/ AR R
PRSI R0, MSRIRAE TAE IEZETF R .

Hah, mEAECSREE AN ik, B
ZEMAE TS EAR] . BRI EBEI TR, DA
RN A G BE P AR 2 PP 5 s B AR SR B . ol
FPE . O IRATE . BERRL, REER. YHERKERE
SR, B AR AN O s E T, H 4L
A T fe ZFLE B, AT . T IR G
SERE T B TR Y s TR P A R B R A ) B
B, TSR AR RS 5 2 R Yy, fE B AME N IRTS 7 R
B AT R,

BT, A R A A h R
KRHFFERM, FEZE/N A AR B R A TR 2 B 6 28
W, WA, ATRHEVCI A R, A R A
- K% BB (K G B e TR AR /N (LAt AR B R
TAEE LR BT AR . BT B R B AP 8 S T
S, H 5 NRRERE 2 G R, T
5L AT e AR B R B T A AU AR RS T AR
G W N 2 (P 7 R NS R N E = QDI S 11 -8 K
T R T S I AR A S b, LA R R AR
R T AERE R X S2 6/ R AT A AT
B, AT AR K R — 2 (R IBE o ARG 7%



146 2018, Vol.39, No.22 B53ik

=

XY TR

WR B B RHS BE 0 R A R BRI SCE, fERERE
AR 5 =S AL e Tl L, A A 2 R RE A DRk AT
BE SN EANBREVE A O, MRIE sy 5 2 1A i
W ZE BB TE R S8AIE .

BRI AN P /N A 2R 5 TGRS
FENLER SR 7 A, Ny H I AE . REFSROL TR AAE
25, WO ER /D B A E IR AR S R T RE I WF TR O
TR .

EEpa N

(1] B2 5, R, ER, . B T4 BUIR BARAE 1 o] (1], Aeolk
T#2, 2016, 6(5): 53-56.

(2] BAZER, EHGEZ, SERL, AE. P EE A AN AL LAY R S TN L ALy
Brid1. B MRS, 2014, 30(7): 286-291. DOI:10.13982/
j-mfst.1673-9078.2014.07.052.

(3] SKHME, mBEE, 2RO, 45 REEAY 5L sl R T IR R IR
SIATII. BT R AR, 2006, 43(2): 140-144.

[4] LEE H H, AHN J H, KWON A R, et al. Chemical composition and
antimicrobial activity of the essential oil of apricot seed[J]. Phytotherapy
Research, 2015, 28(12): 1867-1872. DOI:10.1002/ptr.5219.

(51 T 7 9B 4 /N P At A A e R 0 DR R i 4 Y 2L ) S B
KD BEARF: PEEEER R, 2012: 1-7.

6] BRHTE, JHRAL, e, & A/ A A REYOR T ZH K]
it Tollk, 2016, 37(8): 171-175.

(71 FREZR, BEME, 20, 55 B B BRI SRS R RO A ).
Al TREEER, 2006, 22(9): 241-244.

[8] RTINS /N A VA R R A LR AR A 5G 2k [R
FIBFFLD]. 5 & AT Frssiolk K2, 2015: 1-3.

[91 K, 253, RN, S YA SR IA) /N A S S S A AR AR G hiad
REVERR L. A6 50T, 2013, 13(4): 15-18.

[10] 775 Rt R A A JE R /)N 1 4 5 i JE o A JER AR PR 5 [ D).
BB AT Bl R, 2013: 1-7.

(1] EBE HaEA B A R ECR G IO B AORT FL[D]. 1 50 UK
22,2012 1-21.

[12]  EFGFT. NAR ) 5 W75 A 2B Al 1 20 A 1 L AR S 2T AE D)
REWFFE[D]. #EIT: 1195 K%, 2013: 1-11.

[13]  Bde, 377, AR5 MY A @I FCE R I]. A4 oRim, 2015,
31(8): 30-34. DOI:10.13560/j.cnki.biotech.bull.1985.2015.08.005.

[14]  dHZEE. PR RSLBRIZ Y. Botryodiplodia theobromae® i W HE
Je A BT IR BOAR BT FE[D]. i 1 R K%, 2013: 1-18.

[15]  WEEERL, 385 5. LIRGAEM AR KRR M]. dbat: R
H AL, 2006.

[16]  SMERN, Dh48, K, 45 DNASREU VX S0 A A2 1 2 REERT AL 10
SEMAT]. N BE 24 K2 2541, 2015, 32(4): 729-734. DOI:10.13359/
j-cnki.gzxbtem.2015.04.033.

[17) SRR, BiSess, £Hi, &5 26T mil S0 4R IS g X 20 B AR
FEHESMHTID). D243, 2016, 43(6): 1218-1226. DOIL:10.13344/
j-microbiol.china.150371.

[18] SR, 4R77H, Ui %, &5 HEG & H AN FIEE R IR LR by 1
BERUEIRRE ZAEIE]. A2 54K, 2012, 32(10): 3031-3040.

[19]  sedsy, SKAEZE, dhmik, & YN E R BRI Y T
FEHERI]. AW TR, 2017, 33(2): 178-186. DOI:10.13345/
j-cjb.160277.

[20] DONMEZ M F, KARLIDAG H, ESITKEN A. Identification of
resistance to bacterial canker (Pseudomonas syringae pv. syringae)
disease on apricot genotypes grown in Turkey[J]. European Journal of
Plant Pathology, 2010, 126(2): 241-247. DOI:10.1007/s10658-009-
9536-x.

[21] YAO T, ZHOU Y, CHANGYONG A Z. Research development of the
differentiation and control of citrus bacterial canker disease[J]. Science &
Technology of Food Industry, 2011, 32(12): 139-141.

[22] MORYAN G. Pathogenic organisms as causes of apricot
decline[J]. Acta Horticulturae, 1995, 384: 521-532. DOI:10.17660/
ActaHortic.1995.384.82.

(28]

[29]

[30]

[31]

(32]

[39]

[40]

[41]

[42]

[43]

CRUZ A F, SOARES W R D O, BLUM L E B. Impact of the
arbuscular mycorrhizal fungi and bacteria on biocontrol of white root
rot in fruit seedlings[J]. Plant Physiology & Pathology, 2014, 2: 1-5.
DOI:10.4172/2329-955X.1000114.

R, Tz, o0, 45 BT A R E W i R A A
BURRIAZAL ). AR, 2016, 49(20): 3981-3992.

WRIEER, RONGL, BRoaak, 55 A RSO A W R ol AR R S REE AQAt
A BRI R [T]. SR 24, 2009, 26(3): 320-324. DOI:10.13925/
j.cnki.gsxb.2009.03.012.

i, HEDCHE, BRBHACAE, 5. HIE AT R 20 28 B HL R BN T AT 7
HERE[T]. 2% &, 2010, 30(2): 86-90.

HE, AN, RIRAR, S TR T 25 59 I AT B A
TAEIRLI). HYRY 23R, 2011, 38(1): 31-36. DOI:10.13802/j.cnki.
zwbhxb.2011.01.004.

BRI, GALE, WA, S IR BRI L 5 4 KR SR R D]
T A, 2010, 29(3): 7-9.

FREAE, ROE, moRE . R RS b BUR N B b 1
KA E(T]. & EHE, 2009, 34(7): 2-5. DOI:10.13684/j.cnki.
spkj.2009.07.038.

ot DARE BIMOE R W R T B OE R . RS
PAFE[D]. ALt h E AR AR, 2010: 43-46.

B, AR, LM, S5 — T 55 RV 1 7R TR A/ BRI RAE T
i R : CN105434476A[P]. 2016-03-30.

SILVA L C A D, LEAL-BALBINO T C, MELO B S T D, et al.
Genetic diversity and virulence potential of clinical and environmental
Aeromonas spp. isolates from a diarrhea outbreak[J]. Bmc Microbiology,
2017, 17(1): 179-188. DOI:10.1186/512866-017-1089-0.

WG SE, M, RWI, S5 TR AT 1 X HE B AR/ SRR A 0],
o A 4 AR, 2013, 25(8): 869-873. DOI:10.13381/j.cnki.
¢jm.2013.08.035.

KR, T HE S SR T THEAHRHT AN BRI I 375 A U 2 2 5 i 3 o ¥ (1
JLID]. F & H B K%, 2016: 27-42.

JOHNSON E L, HEAVER S L, WALTERS W A, et al. Microbiome
and metabolic disease: revisiting the bacterial phylum Bacteroidetes[J].
Journal of Molecular Medicine, 2017, 95(1): 1-8. DOI:10.1007/
500109-016-1492-2.

IV E. SRR AR AT . SWTRIBA RG], S ST,
2016(20): 111.

HUWS S A, KIM E J, LEE M R F, et al. As yet uncultured
bacteria phylogenetically classified as Prevotella, Lachnospiraceae
incertae sedis and unclassified Bacteroidales, Clostridiales
and Ruminococcaceae may play a predominant role in ruminal
biohydrogenation[J]. Environmental Microbiology, 2011, 13(6): 1500-
1512. DOI:10.1111/j.1462-2920.2011.02452 x.

GOMEZARANGO L F, BARRETT H L, MCINTYRE H D, et al.
Connections between the gut microbiome and metabolic hormones in
early pregnancy in overweight and obese women[J]. Diabetes, 2016,
65(8): 2214. DOI:10.2337/db16-0278.

LEY R E, GOODRICH J, WATERS J. Modulation of fat storage in a
subject by altering population levels of Christensenellaceae in the GI
tract: US2017042948[P]. 2017-02-16.

GOODRICH J K, WATERS J L, POOLE A C, et al. Human
genetics shape the gut microbiome[J]. Cell, 2014, 159(4): 789-799.
DOI:10.1016/j.cell.2014.09.053.

FERGUSON R, COULON F, VILLA R. Understanding microbial
ecology can help improve biogas production in AD[J]. Science
of the Total Environment, 2018, 642: 754-763. DOI:10.1016/
j.scitotenv.2018.06.007.

ZHAO J B, LIU P, HUANG C F, et al. Effect of wheat bran on
apparent total tract digestibility, growth performance, fecal microbiota
and their metabolites in growing pigs[J]. Animal Feed Science &
Technology, 2018, 239: 14-26. DOI:10.1016/j.anifeedsci.2018.02.013.
SHANG Q, SHAN X, CAI C, et al. Dietary fucoidan modulates the
gut microbiota in mice by increasing the abundance of Lactobacillus
and Ruminococcaceaell]. Food & Function, 2016, 7(7): 3224-3232.
DOI:10.1039/C6FO00309E.



