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Abstract: [Objectives] To provide theoretical basis and technical support for exploiting and utilizing
beneficial microbes and their functions, the mechanism of color formation in tomato fruits related to
endophytic bacteria in stems of different tomato varieties were analyzed. [Methods] Based on MiSeq
high-throughput sequencing technology, informatics analysis of the endophytic bacteria in stems of
tomatoes between red and yellow varieties were conducted. [Results] At the genus level,
Brachybacterium, unclassified f Enterobacteriaceae, Lactobacillus, Corynebacterium, Pseudomaonas,
Microbacterium, norank f norank o Gaiellales, Chujaibacter, Sphigomonas were the specific
dominant endophytic bacteria in stems of red tomato varieties; And Curtobacterium, norank f
Mitochondria, Amycolatopsis and Trichococcus were the specific dominant endophytic bacteria in
stems of yellow tomato varieties. Meanwhile, the abundance of endophytic bacteria and their functions
in stems of red tomato varieties were higher than those of yellow tomato varieties. [Conclusions] The
composition of endophytic bacteria in stems between with red and yellow fruits of tomato varieties
formed specific dominant endophytic bacteria, respectively. And higher abundance of specific
endophytic bacterial genera and gene functions were found in red fruit tomato varieties than those of the
yellow variety. It suggests that the fruit color formations were significantly related to the composition

and function of endophytic bacteria in plant.

Keywords: tomato (Solanum lycopersicum L.); endophytic bacteria; high-throughput sequencing; function
prediction
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Figure 1

The appearance and morphological characteristics of different fruit colors Solanum lycopersicum L.

varieties. A: Jinniu 101 (Y1); B: Huangxiaoya (Y2); C: Jimei No. 3 (Y3); D: Niumai fanqie (Y4); E: Aili
(R1); F: Fengzhu (R2); G: Taotailang (R3); H: Qianxi (R4).

F1 MFERES5YFTRR

Table 1 Sequencing type and primer sequence

Primer name Primer type Primer sequence (5'—3") Sequencing platform  Sequencing length/bp
799F Endophytic bacterial AACMGGATTAGATACCCKG MiSeq 394

1193R ACGTCATCCCCACCTTCC

Illumina MiSeq iM% : FJH AxyPrep DNA
Gel Extraction Kit (Axygen Biosciences, USA)
B ] — AR PCR Wy b 4T Il ¥y 2l Ak
RA IR 2% I8 BE e AT DIk, I
A Quantus™ Fluorometer (Promega, USA)XJ [H]
W= A TAGIN R i . i F] NEXTFLEX® Rapid
DNA-Seq Kit #FF7# ¢,

FIH Tlumina 2> 7] ) MiSeq PE250 -5 it
FrFe (11 3635 AR ) BE 25 BB RS /) o Jt s
Bl bA% 2 NCBI 58 2 31 T HE XS
1.4 FitHh

$4i % Excel 2013 FI IBM SPSS Statistics
21 GEit xR Bos gt oA, F R R
P B RARUER(SDY 7R o A L5875 A
YR A R A RS I-sanger = 548 73 M1-F-

BT ELE IR/ Fr. R Shannon $5 % F1
Simpson FEHCY, FAFL N AN E LR, Ace
FEBOA Chaol FRECrHramid £ & 1 .

2 HERFuH

2.1 OTU BEALF

BT 97% AR AKX IR T S T SR 2
MrAc B, 2 FiAS TR R B A R 2SR N A A P AR 4
ER 32T 97 ML 239 MH L 418 MR
859 1~J&@ . 1 488 1~Fl. 3 354 4~ OTU (operational
taxonomic units) (% 2), HH, @ F M AA
[ 2EACERGE R 30 1], 89 4. 212 H.,
376 B}, 756 J& . 1275 Fh. 2865 1 OTU, HZ4H
SN ST Y Ui N R sy S 6= s I R
3107, 8544, 210 H. 357 R, 715 J&. 1183 Ff
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Table 2 Numbers of endophyte bacteria in stem of different fruit colors Solanum lycopersicum L. varieties

at different classification levels

Number of operational

Number of different taxonomic categories

Sample . .

taxonomic units (OTU)  Phylum  Class Order Family Genus  Species
Yellow fruit tomato (Y) 2 865 89 212 376 756 1275
Red fruit tomato (R) 2070 85 210 357 715 1183
Total 3354 97 239 418 859 1 488

x3 TRREEMNRMEDBRNEAETMZHFIEHEL

Table 3 Diversity index of endophyte bacteria in stem of different fruit colors Solanum lycopersicum L.

varieties

Sample Shannon index Ace index Chaol index Coverage
Yellow fruit tomato (Y) 3.65+1.67a 1593.17+412.54a 1341.11+415.53a 0.98

Red fruit tomato (R) 4.01£1.32a 886.14+180.08b 851.68+200.96b 0.98

Data in the table are means£SD. Values followed by different small letters mean significant difference between endophyte in
stem of different fruit colors Solanum lycopersicum L. varieties (P<0.05).

<l actamicro@im.ac.cn, & 010-64807516
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Figure 2 Proportion of dominant endophytic bacteria in stem of yellow fruit tomato (Y) and red fruit tomato

(R) at phylum level.
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Figure 3  Proportion of dominant endophytic bacteria in stem of yellow fruit tomato (A) and red fruit tomato

(B) at genus level.
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Figure 4 Venn diagram of endophytic bacteria at genus (A) and species levels (B) in different tomato

colors.
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Figure 5 The variation of predicted functional profiles in different samples (hierarchy level 1).
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Figure 6 The variation of predicted functional profiles in different samples (hierarchy level 2).

DRI J2 42 2 o5 BE, w] RE 2 AN [R] 2R €5 3 ki
i R IR PO 0 A R AR R DL KR
%\ﬁ%ﬁ%ﬂﬁém¥ﬁiﬁﬁﬁiz—
M52 1AL K A N AR R 2R S
zi,ﬁxﬁ%@%m%ﬁiﬂxﬁ%%%
Bl .
2.6 TEHREHED pH 547
HIPEL 7 RIR, 0 AN T 3 00 2 o R 25

R pH, B EAFAMSA ()RR pH
5.48+0.26b , £L {5, 75 Afi i i (R) A 223 T pH
5.95+0.19a, L7273 pH W& T
AN . R UEHEDN S 0 R AR 2R
W pH AAEEREES, AMUEW T &ENNAE
A BETE ARG, T H T RS A TR RR R &
AR A BRA AN, TR B T AS R A SR 52 3%
PUNZREENS

http://journals.im.ac.cn/actamicrocn



612

Chen Siyu et al. | Acta Microbiologica Sinica, 2022, 62(2)

NANANRNNANN N
NS N
\— — —

oo
ook v

Y

7 FARREEFMEKRZEITRA pH

Figure 7 pH of different tomato colors.

3 Wik

AR S 8 R S AR AL R BOR ] S R
AL A AE g B 22 50, RSN €6
MR, ME MR, BMLARULAEFTR
SR AR EEASC, I, AR
AR A S F/AILL R, HA® MRS &E
(IS R D IO EA W T N (= W {1 =1
IO 2T 3 Al Bl s 218 3R Al R R S rh
[ D e i a ED VA SR CEIE T A

ZAMMRCUESE, HYNERRSER
T RIRFAE R BRI, I, KREERGA)E
LRI T AL R BB A7 R R
(ABA)XT B-#1%0 N R A BHA EPEEER0PT.
WAL, XK R A, EKER. M
Ly B R S AR AR A W R BN S R T
(1. SR, e 1A 2 B2 EAC,
B JEERE TR 1) A TR £ 2 UG s IR . SR
2 . KA R 5 T By A AR WD R SR S Tk
P20 TR 2 W IR AR G, TR ) 4 A 2
FHRAREY, pH S5gmifE iR R mal’,

AT B, L ] (Actinobacteriota) . A%
JE Wi 1 (Proteobacteria) . JEBEW | (Firmicutes) .

P4 actamicro@im.ac.cn, & 010-64807516

LS TE [ 1(Chloroflexi). TRATHE I J(Acidobacteriota) .,
URF B[] (Bacteroidota) Y5 J2& 05 {6 RN 21 €6 2 ik i
FAE R ST I LR N A i 112, Hoi#
[ R R T TS o e . Hrp, |
T At AR AR ZE T TR TR ) A A R B O s
60%LA b, SZAHEL, Z00 3 i P Ak 25
TR BT VAR B2 5 EE U 40% 2647 . Rl
RIS [ TA I Ah , HA S AN T 128 8
Pl Y S 2T A 2 Al it A s T A N 1) 5 C 2 Al

P OHCHE I, v Rt R R R P e
SELIBE TR « RATIR S B AR £
HZ A, £ mh N IR R T RERR T4
AWETERR . RFR G DAY BRI, [F
EAHMERKER . RN REEREH LR
AIRETN G TAN B AR A A, sz, 40
035 it it R R PN DR I 3R A 2R B i T RE LU AH
o7 ) B0 s R R Ol T S A

g — I, MR kK MAKREE
(Rhodococcus) . R AR¥F & (Brachybacterium) .
AT B (Microbacterium)J& 4 7 A 7] DAA: ;=28
BHE RO KGR AT DU R LT R
FHIE AR, 5 B AT A AR
R A WK Iy ey =N G S N T SRS g )
T A —E o R I8 (Pseudonocardia) |
AL & (Ralstonia) . FFF TR & (Brevibacterium)
Z1BR 1A J& (Rhodococcus) . 21T 7 J& (Bacillus) .
B AT 1 - B L 20 A [ J& (Methylobacterium-
Methylorubrum)%§ 6 NI H AN )& 4 , ik 41
A AR A B & (Brachybacterium) F U 5 J&
(Microbacterium) . FHLL R [RTFRKGFF R
unclassified f Enterobacteriaceae)] %5 %54 L H#
AN TR i o 21003 i b R AR TR R R A b
. BMARDREN R A AN AR, )
RE S 21 €0 i it A o R 5 2 20 5 1Y) T
L



FRIBFEE | fUZE P24, 2022, 62(2)

613

AN, PICRUSt ZHEETUM /M ik E & 18
AR A D RERE I R Tz B Y, RIS
KEGG ¥ FE AT L X A= Wy D g 5 0 e
AN OUARSE &, NWEFE R W AR S T R S it
HE YOO A g & B (o LT (7 i Al
PREETE N A 40 TR, BRI A AH O A S R — 9 )
RE = A g, H B PP R ZE RN AR
TR A A M) ReaE K S L, BRAVLRSGESN, 1
T AR N 2T A an . R, B AL
T LA RE AR ZE TS N AR AR R A 46 A
ZHRIIReE, BG5S A EAEH (signaling
molecules and interaction) )k J2 J& )V £ 4t (sensory
system)&h,  Z1 €47 Al it PR AR 25 0 P AR 20 T
IR R, B 1E R R G (circulatory
system). iz #i(membrane transport). ii5ZSFl
W) & AL I (metabolism  of terpenoids and
iz H Ml 4y f# (transport and
catabolism)3 35 /> " T RE )2 il 3 K #5 D1 %%
B e T AH DL A B A R A X — IR R,
ST i n FE AR ST TP B N A AT, P T
A P € 7 A5l D S R A A S AR e, i
MBS T L E S 2SR
F14) il 25 B PN TR 3R PR

Ji— 7, ST, AT A AR AR
TR pH Ry 5.22-5.74, THTZT €4 i b PR AR
T pH By 5.76-6.14, HMAN s FER TR pH
FETER 25 . BULHED, AS[R]ER 03 b
FaAR, 5 Foni 2R €008 B DR RT R A A A A
BCSAH, HEREARIT pH. NS5 N
ERIAEE S50, e AL (T A R R L A4
R e R AR AR B 55, OF & R E LA
FRCHANAMRETT. BN . HILHERA R
RELHOFMAARETR S, B TEETHEHAAR
] A= BRI BE 0 FF AN AR AN &, TR T AR
PRZEFHR A A S 5 1 A [ A SIS B P VR 3R B

polyketides) .

i, BEMPZR TR AR DR Rk L BN [R] 1Y
RELHE

4 G

SRS, 4 3] kg 218 T 8 3 it AT
ZEHH, JEARAT I JE (Brachybacterium) . K432
KW FF i (unclassified f Enterobacteriaceae) %,
2 ¥ W (Lactobacillus)y . 1 F W &
(Corynebacterium) . 2k # & (Pseudomaonas)
AT 1 J& (Microbacterium) . norank_f norank o
Gaiellales . #4 [XH % )& (Chujaibacter) . 2 I
PR B & (Sphigomonas) A B 52 £1 64,75 i d B
TR 2R A LA N A AR R s /D IR
(Curtobacterium) . norank f Mitochondria . Y47
¥ M W 8 (Amycolatopsis) Fl W F BR W )&
(Trichococcus) W) & B (4 35 7l i AP AR R 28 0B R A
PR N AR S . IeAh, RESEE 2@
1) 6 Aot ot Rp AL R 2R b, P B € 3 i
WO EE NN ER IR, TR AT
SAHY N IBER 500, T AS ] o R 1
AR TG AR AR N A R R R A A
[vi) R 400 25 i REL AR ZE TG 45 B RE S 1 PN A A TR
J& o FHULHERT, TR SCEEIE S AR N AR
NG VR 2L S D RE R AR OC

i

S0

[1] Ranc N, Muifios S, Santoni S, Causse M. A clarified
position for Solanum lycopersicum var. cerasiformein
the evolutionary history of tomatoes (Solanaceae).
BMC Plant Biology, 2008, 8(1): 130.

(2] 9K, WRBL, BAR, Wiz, Kk®E, R L,
T, PhVBUR. FAPUMEAR CEER SIHinl Y 5EkE |
KEHPUWRENEE. FERA R, 2017, 50(7):
1242-1251.

Peng HR, Pan Q, Wei ZL, Pu YD, Zhang YZ, Wu GT,
Qing L, Sun XC. Cloning, expression and antiviral
function analysis of tomato resistance-related gene

http://journals.im.ac.cn/actamicrocn



614

Chen Siyu et al. | Acta Microbiologica Sinica, 2022, 62(2)

(4]

[10]

SIHinl. Scientia Agricultura Sinica, 2017, 50(7):
1242-1251. (in Chinese)

WL, XVEIE, iR, s, sk E, RN,
ML, FHE, AN, T SYTA (M ve b Je ik
#r. FELIEE, 2017, 50(15): 2936-2945.

Pan Q, Liu XX, Peng HR, Pu YD, Zhang YZ, Ye SH,
Wu GT, Qing L, Sun XC. Cloning, expression analysis
of Solanum lycopersicum SYTA. Scientia Agricultura
Sinica, 2017, 50(15): 2936-2945. (in Chinese)

Breksa AP, Robertson LD, Labate JA, King BA, King
DE. Physicochemical and morphological analysis of
ten tomato varieties identifies quality traits more
readily manipulated through breeding and traditional
selection methods. Journal of Food Composition and
Analysis, 2015, 42: 16-25.

RN, BEE, BHEM, R, 242, 22, %
B, R FoaisR SR BRI O, EEAR
Fi s, EB3E, 2017(3): 29-37.

Wu L, Zhao JJ, Luo JW, Wang C, Li FM, Li YZ, Zhang
Y, Liang Y. Studies on inheritance of fruit color and
major pigment contents between green and orange of
tomato (Lycopersicon esculentum Mill.). China
Vegetables, 2017(3): 29-37. (in Chinese)

X7, BE#AT, Kim Pyol, Kim Min-Jun, Song Hyondok,
BEAE, EF. AR LEBOI > T AL SR
W, FAZ2E4H], 2020, 47(9): 1689-1704.

Liu X, Chen YZ, Kim P, Kim MJ, Song H, Li YH,
Wang Y. Progress on molecular mechanism and
regulation of tomato fruit color formation. Acta
Horticulturae Sinica, 2020, 47(9): 1689-1704. (in
Chinese)

Liu YS, Roof S, Ye ZB, Barry C, van Tuinen A,
Vrebalov J, Bowler C, Giovannoni J. Manipulation of
light signal transduction as a means of modifying fruit
nutritional quality in tomato. Proceedings of the
National Academy of Sciences of the United States of
America, 2004, 101(26): 9897-9902.

Mazzucato A, Willems D, Bernini R, Picarella ME,
Santangelo E, Ruiu F, Tilesi F, Soressi GP. Novel
phenotypes related to the breeding of purple-fruited
tomatoes and effect of peel extracts on human cancer
cell proliferation. Plant Physiology and Biochemistry,
2013, 72: 125-133.

Petric T, Kiferle C, Perata P, Gonzali S. Optimizing
shelf life conditions for anthocyanin-rich tomatoes.
PLoS ONE, 2018, 13(10): e0205650.

e, g, KREEE, XIEE. DB F R SR
G BRI . P R AR A AR, 2005, 21(4):

<l actamicro@im.ac.cn, & 010-64807516

[12]

[13]

[14]

[15]

[16]

176-178, 187.
Pu GB, Liu SQ, Du HT, Liu L. Effect of light quality
on tomato fruit qualities in turning-color period.
Chinese Agricultural Science Bulletin, 2005, 21(4):
176-178, 187. (in Chinese)

Lurie S, Handros A, Fallik E, Shapira R. Reversible
inhibition of tomato fruit gene expression at high
temperature (effects on tomato fruit ripening). Plant
Physiology, 1996, 110(4): 1207-1214.

Ito Y, Nishizawa-Yokoi A, Endo M, Mikami M, Shima
Y, Nakamura N, Kotake-Nara E, Kawasaki S, Toki S.
Re-evaluation of the rin mutation and the role of RIN
in the induction of tomato ripening. Nature Plants,
2017, 3(11): 866-874.

Karlova R, Rosin FM, Busscher-Lange J, Parapunova
V, Do PT, Fernie AR, Fraser PD, Baxter C, Angenent
GC, de Maagd RA. Transcriptome and metabolite
profiling show that APETALA2a is a major regulator
of tomato fruit ripening. The Plant Cell, 2011, 23(3):
923-941.

Ma Y, Szostkiewicz I, Korte A, Moes D, Yang Y,
Christmann A, Grill of PP2C
phosphatase activity function as abscisic acid sensors.
Science, 2009, 324(5930): 1064-1068.

Sun L, Wang YP, Chen P, Ren J, Ji K, Li Q, Li P, Dai
SJ, Leng P. Transcriptional regulation of SIPYL,
SIPP2C, and SISnRK2 gene families encoding ABA
during

E. Regulators

tomato  fruit
development and drought stress. Journal of
Experimental Botany, 2011, 62(15): 5659-5669.

i, SR, Ty, A3 4MNE ABA BRIl ETH
X P Al R S AN LD AR S R PR B AR R
%, 2007, 38(6): 784-787.

Weng Q, Zhou BL, Yu Y, Fu YW. Effects of
exogenous ABA, BR, ETH on changes of lycopene’s

signal core components

contents in fruit of tomato. Journal of Shenyang
Agricultural University, 2007, 38(6): 784-787. (in
Chinese)

Liu L, Wei J, Zhang M, Zhang L, Li C, Wang Q.
Ethylene
biosynthesis in tomato fruits by jasmonates. Journal of
Experimental Botany, 2012, 63(16): 5751-5761.

FYE. ANE GA; FI ABA X 35 i 3R 5% 3 546 H T Il
SR Lo A= PRALRI O FE. VB AR 2 2 g 3,
2016.

e, A, SRR, RSP R MR TN
AR WE ST HE R TV AL BE A2, 2016, 57(8):
1319-1324.

independent induction of lycopene



FRIBFEE | fUZE P24, 2022, 62(2)

615

[20]

(21]

[22]

[25]

Long X, Yan X, Hong JL, Liang ZS, Chen HM.
Research advances on endophytic bacteria of plant
seeds. Journal of Zhejiang Agricultural Sciences, 2016,
57(8): 1319-1324. (in Chinese)

Zhang Y, Yu XX, Zhang WJ, Lang DY, Zhang XJ, Cui
GC, Zhang XH. Interactions between endophytes and
plants: beneficial effect of endophytes to ameliorate
biotic and abiotic stresses in plants. Journal of Plant
Biology, 2019, 62(1): 1-13.

Emami S, Alikhani HA, Pourbabaei AA, Etesami H,
Motessharezadeh B. Effect of
rhizospheric and endophytic bacteria with multiple

Sarmadian F,

plant growth promoting traits on wheat growth.
Environmental Science and Pollution Research, 2019,
26(19): 19804-19813.

Ali S, Charles TC,
phytohormones their
promotion In: Doty SL (ed). Functional importance of

Glick BR.
role

Endophytic
and in plant growth
the plant microbiome. Springer, Berlin, 2017: 89-105.

Glick BR. Plant
mechanisms and applications. Scientifica, 2012, 2012:
963401.

Shahzad R, Khan AL, Bilal S, Waqas M, Kang SM,
Lee 1J.

endophytic bacteria enhances salinity stress tolerance

growth-promoting  bacteria:

Inoculation of abscisic acid-producing
in Oryza sativa. Environmental and FExperimental
Botany, 2017, 136: 68-77.

Cohen AC, Travaglia CN, Bottini R, Piccoli PN.
Participation of abscisic acid and gibberellins produced

by endophytic Azospirillum in the alleviation of

drought effects in maize. Botany, 2009, 87(5):
455-462.

Glick BR. Bacteria with ACC deaminase can promote
plant growth and help to feed the world.

Microbiological Research, 2014, 169(1): 30-39.

Khan AL, Waqas M, Kang SM, Al-Harrasi A, Hussain J,
Al-Rawahi A, Al-Khiziri S, Ullah I, Ali L, Jung HY,
Lee 1J. Bacterial endophyte Sphingomonas sp. LK11
produces gibberellins and IAA and promotes tomato
plant growth. Journal of Microbiology, 2014, 52(8):
689-695.

VERE, S8R, fEZEH, FIb0h, A, Fm/msh T
B e o AR s - 398 A 0y 2 PR R 2 TR R 24 1) 52
M. PEl 2R 4R, 2020, 47(2): 253-263.

Pang SC, Guo S, Ren KY, Wang SS, Yang SD. Impact
of grafting on soil microbial properties and bacterial
community structure in tomato rhizosphere. Acta

Horticulturae Sinica, 2020, 47(2): 253-263. (in

[29]

[34]

Chinese)

Liang J, Zhang J, Wong MH. Stomatal conductance in
relation to xylem sap abscisic acid concentrations in
two tropical trees, Acacia confusa and Litsea glutinosa.
Plant, Cell & Environment, 1996, 19(1): 93—100.

Borel C, Simonneau T. Is the ABA concentration in the
sap collected by pressurizing leaves relevant for
analysing drought effects on stomata? Evidence from
ABA-fed leaves of transgenic plants with modified
capacities to synthesize ABA. Journal of Experimental
Botany, 2002, 53(367): 287-296.

Simpson EH. Measurement of diversity. Nature, 1949,
163(4148): 688.

Chao A, Wang WH, Chen YC. Estimating the number
of shared species in two communities. Statistia Sinica,
2000, 10(1): 227-246.

d JUIH, VREFH, 5. BRI E R S AR
B 5. AR bl K223k, 2006, 37(4):
459-462.

Meng FJ, Xu XY, Li JF. Study on correlation of the
tomato fruit’s pigment content and surface colour.
Journal of Northeast Agricultural University, 2006,
37(4): 459—462. (in Chinese)

Bresn, i, FENG, ERE, shir, 2K
b AN 7R VX O N G TR R 3 R S
SR F RN, IR, 2013, 54(5):
526-528.

Ruan MY, Ye QJ, Zhou GZ, Wang RQ, Yao ZP, Li ZM,
Wan HJ, Yang YJ. Changes in pigmentation of cherry
tomato fruits of different colours during ripening.
Journal of Zhejiang Agricultural Sciences, 2013, 54(5):
526-528. (in Chinese)

LRV, BREESR, XISCH, P, B, AT,
RELHY, Wdh, WO, K&H R AR AR
SEFALL IR A U R 3R K N TR R B TR 22 S
7%, "REJR3E, 2019, 32(8): 157

Dou JL, Lu XQ, Liu WG, Yuan PL, Zhao SJ, He N,
Zhu HJ, Gao L, Ji WL. Effect of ploidy level on
expression of lycopene biosynthesis genes and
accumulation of phytohormones during watermelon
(Citrullus lanatus) fruit development and ripening.
China Cucurbits and Vegetables, 2019, 32(8): 157. (in
Chinese)

Gao HY, Zhu HL, Shao Y, Chen AJ, Lu CW, Zhu BZ,
YB. the
biosynthesis carotenoid-related volatiles
independent of ethylene in tomato. Journal of
Integrative Plant Biology, 2008, 50(8): 991-996.

Luo Lycopene accumulation affects

of some

http://journals.im.ac.cn/actamicrocn



616

Chen Siyu et al. | Acta Microbiologica Sinica, 2022, 62(2)

[37]

[38]

[39]

[41]

o0, A LA R L H R AL
. B-E MK, B, GA. ABA FRMEL. FZ
274, 2005, 32(3): 482-485.

Wang GY, Xia RX. Changes in the contents of
lycopene, beta-carotene, sugar and endogenous GA and
ABA in flesh during the fruit development of ‘Cara
Cara’ Orange. Acta Horticulturae Sinica, 2005, 32(3):
482-485. (in Chinese)

FEERK. B YRR XA A K R AR O B S
o [ Al A2 B Al 23738 3, 2019,

Feng J, Jiang LL, Zhang JL, Zheng H, Sun YF, Chen
SN, Yu ML, Hu W, Shi DF, Sun XH, Lu HF.
Nondestructive determination of soluble solids content
and pH in red bayberry (Myrica rubra) based on color
space. Journal of Food Science and Technology, 2020,
57(12): 4541-4550.

K, RN, MEE, b, REK. —H™K8
BN E KE . KA EYER, 2005,
29(2): 206-209.

Zhang Y, Wu G, Yang BY, Chen SY, Song DL. Isolation
and identification of one carotenoid-producing
bacterium. Acta Hydrobiologica Sinica, 2005, 29(2):
206-209. (in Chinese)

PRIEHL, TE2R, BHEER, BF07, BRENL, IVE S

L PELZLER T (Rhodococcus sp.) B7740 ;=S %
MR ISR IR AL K H B 2RISR 8 D R ME.
iR, 2016, 37(2): 25-30.

Chen YS, Wang R, Xie BJ, Yang JF, Chen JG, Sun ZD.
Optimization of extraction of carotenoids and
identification of menaquinone carotenoids from
Rhodococcus sp. B7740. Food Science, 2016, 37(2):
25-30. (in Chinese)

Giuffrida D, Monnet C, Laurent F, Cacciola F, Oteri M,
Le Piver M, Caro Y, Donato P, Mondello L, Roueyre D,
Dufossé L. Carotenoids from the ripening bacterium

Brevibacterium linens impart color to the rind of the

<l actamicro@im.ac.cn, & 010-64807516

[45]

[46]

French cheese, Fourme de Montbrison (PDO). Natural
Product Research, 2020, 34(1): 10-15.

Wang ZB, Sun JX, Yang Q, Yang JM. Metabolic
engineering Escherichia coli for the production of
lycopene. Molecules, 2020, 25(14): 3136.

Liu L, Wei J, Zhang M, Zhang L, Li C, Wang Q.
Ethylene
biosynthesis in tomato fruits by jasmonates. Journal of
Experimental Botany, 2012, 63(16): 5751-5761.

Jiang LF, Song MK, Yang L, Zhang DY, Sun YT, Shen
ZG, Luo CL, Zhang G. Exploring the influence of

environmental factors on bacterial communities within

independent induction of lycopene

the rhizosphere of the Cu-tolerant plant, Elsholtzia
splendens. Scientific Reports, 2016, 6: 36302.

WIELHR, TEDUG, ZEXMER, AT, X, BT, SR
K, E/ME. MEF TN A AR E S S 2R

WA, 2020, 60(3): 601-616.

Xie HL, Wang HC, Cai LT, Zhou H, Liu C, Lu N, Shi
CH, Wang XP. Community structure and diversity of
endophytic  bacteria of tobacco seeds. Acta
Microbiologica Sinica, 2020, 60(3): 601-616. (in
Chinese)

Dk, ZERER, skiE4A, XIRE, 0T, S50 HE.
B 1 JBURR 77 DA [ ol A A B 5 06 A L S AN TR
PHRAE S AR B RE T . Wb 223, 2021, 30(3):
54-67.

Ma X, Luo ZZ, Zhang YQ, Liu JH, Niu YN, Cai LQ.
Distribution characteristics and ecological function
predictions of soil bacterial communities in rainfed
alfalfa fields on the Loess Plateau. Acta Prataculturae
Sinica, 2021, 30(3): 54-67. (in Chinese)

Wu ZX, Hao ZP, Sun YQ, Guo LP, Huang LQ, Zeng Y,
Wang Y, Yang L, Chen BD. Comparison on the
structure and function of the rhizosphere microbial
community between healthy and root-rot Panax
notoginseng. Applied Soil Ecology, 2016, 107: 99-107.

(RLTTH  SKIENT)



