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P B H TR Y 2 BT T T T )iz
PP EAR, B i e A ERf 3R S P
AALRERS PR A S 2 WU E MRV 2 FE I, b fE
o) ) 4 A1 = B AR AT % 5% R R 01T AR SR
v 3 0 AR A K S THT 114 200 R A L T A
v, i s LA R e 00 R R L R ) TR L

1 MBRERE
1.1 #HRSiKH

K 2021 AF M TR T e R D R

B IR U B IR Ak (LB) | 15 7% 28 4 49 Wl n IR 35
FE 3 (PDA) bt A R AE Y ARG R FTAE A A
B K (N = Ezup #E=U4H TR | B 5L 41 DNA
il 423X 77 & RnaseA [ 6xLoding dye., Iy JE b
BBI.S0XTAE, JC# #% M2 44t \DNA 73 1 & 5 ifE
Marker ., 5% .ddH,0, 1XTE ,Big 2xsuper pcr mix,
AT AW TR (L) B A BR A
12 NEE5EHF

2720 thermal cycler PCR ¥, FE#K € /REL
Bo(hE) ABRAR ;DYCP-31DNDNA HLpk Al |
DYY-5 FH H UK A ER AN BT A, b 5t oS — R
]~ DW-86L630 IR ik (R A4, WLAR I I 153 A1 BR 2>
H) B 1S R 58, BIO-RAD /A F]
1.3 RIEHZE
1.3.1  EARPHAEDN S E Sl FRECE KRR
i 25 g, TR AL I A AT 225 mlL JCH 7K 1Y
=Mt B RIR Y 30 min, 52 FH B, R
BT B 1 mL AT 9 mL JC R 2248 K
o AR R 107,107,107, 107 ¥ 5 86 55 14 74
B, AN [ A R A TR B R 100 WL, KR
LA LB A PDA RKi 3R 5FA b, FH G B Ik A i
WA A1 E ¥ LB HI PDA SEARA: 51 & T 37 CHl
28 CHHIRIFFAR T 1G5 L VR B S W EALTE . 7%
KN B m B WK SR i (ST
RO ZOR B RLIR HIR SRR IR A ) | BV R T AL
M (A8 A T8 SUER R B0 ) |, B T T I € S
i, BRECRAA T 95 70 FE DL A 15 % 3 2k alifk, SR )G
H TRV B 30% H i, F-80 CYKAR B, 75 H .
1.32 AE BB TAEDFEE  FEREG.
145 DK v DR R0 TR PR, = TR R AR TR
fEwift,

S . 27F (5'~AGAGTTTGATCCTGGCT
CAG-3") . 1492R (5'~CTACGGCTACCTTGTTACGA
-3,

PCR §"3% . PCR ¥ K & . 25 pL 2x&E IR E
PCR TV J2 W # (Big 2xsuper per mix), ¥
10 pmol/L 518145 1 L, it DNA 2 pL, il dd
H,0 & S & B 50 wL, ¥ 34 &8 .94 CHUAEPE 5
min, 94 C7E Pk 30 5,55 Cil k 45,72 CHEfifi 1
min, 30 YAEFF , fJ5 72 CHEMH 10 min, PCR 4
25 1% B I W EE Jie Pl Sk ARG T, 88 2 1l 1% 4 T AR
FEHLUK A AL, B2 BT T H 2% K B 1500 bp Y
PCR 7213k e KIE B A /Y . 5 45
S oA 36 B E R A Y5 B B K Pt (National
Center of Biotechnology Information, NCBI)%§4j /&
HEAT BLAST X, B T 8 55 U ¢ 22 4030 P
PREYFER F 50 9F T 2., i MEGAT #4444 2 5
GLRE R TR 4 2 A
133 HEEKN ST FAEYHYE DNA Bk
(R 4% oFF 4l AL O B BRAE PDA B3R 3K F 15 3% 48 h
J& , EIHZ 0.2 ¢ W22k BT 1.5 mL KB B O
SR 5 B AR A BB (-80 CTLVe ) v, S S
R ES ARk G R 24 1.5 mL B
OE T, H Ezup A1 xCE R 41 DNA 42 557
&R AE D R IO R L I 41 DNA, il %5
AN HCRE TR TN DNA B M . KA 4% I K
DNA #£ S IRFEFE-20 °C, % H .

ITS #5485 %) . 1TS1:5-TCCGTAGGTGA
ACCTGCGG -3" Hl 1TS4;5 -TCCTCCGCTTATTGA
TATGC-3",

PCR ¥4 . PCR ¥ #8/K & .25 uL Big 2xsuper
per mix, R 10 wmol/L 51445 1 wL, HiAk
DNA 2 pL, it dd H,0 % SRR 50 uL, §8 5%
4 .94 CHUAE M 5 min, 94 CAE M 30 5,55 Ci &
455,72 CHEAH 1 min, 30 KIGEF, fla 72 CHEAH
10 min, PCR F=¥14 1% B IR A B e v ok K62 0
FHEEIE AR 3 AT SO G H Dk 45 S o B 52 B2 T i L
ZA K 600 bp B9 PCR =¥k 18 KE N AR A
B2 w0 e
1.34 WAV ZHEEESTT S, FRICE
K 50 g, BT 450 mL TG E K, 25 B 5 70 1H 5
R 30 min, FH 0.22 pm 9 BEJh 8 R B, 2K
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A (0 TR AA R BOETE RS o BB MR AE 4 CTR 6
DUAE VD L R PR 2 W) A7 e i 22 I )

B 3 A o AR A0 TR L AN TR >R PCR
7 WA He s BE AR SE Y B AN 16S/18S/ITS #EAT 41
il PacBio M Fp-¥- 5l . PacBio SMRT il J5 45 £
9 JEL 6 s, e e B 32 A A5 3 v oA Y BR
AR —BE P41 (CCS) BRI & Kk & 1K 7 51 55 25
% 15 3H ZBHE (Clean Data) . B 28 5
FH QUMEM4K 4 w1 () UCLUS 7E 97% A AH 8L 7k
TR AT AT ERE 42 50T (Operational taxonomic
units, OTU ) 53, Jf- 1 T-4H 18 NCBI #1EL [ UNITE
Iy SRR FEXT OTU #EAT 23 22 TE R, #X4 OTU
PEAT W) Rl AL o BT | 22 00 P 46 RS o pr 0 e
OTU /K L i1 58 7 35 J& 48 %X (Coverage) . F- & J&
$8 %4 (Chaol F1 Ace) Fl 2 #£ £ 45 % (Shannon —wi-
enner fl Simpson) , J-7E [T FE 432K F g8t
AN,

2 HRESMH

21 MBEMRNSBALSRTFIIARN
20y Es 5 alifk, LA E] 11 AR AS [F] 9 20 B pE 3

B, 500 445 A B-1.B-2 .B-3 .B—4 .B-5 . B-6

B-7 .B-8 .B-9 B-10 B-11, H: 7% #F A 41 1
MR B Ve REAE (T 1) o 430 & BB ik 4 77 9 DNA
PEAT PCR 9784, 3545 1 500 bp 2247 (1) 75 M 457 |
HL UK Z5iy T T, ARSI 2ok, HORRAE I Al 2 B
7o B AR Y PCR =4 3 8 26 AR AR KL R A
B2 HIIU Y

20 5 alifl, LA B 12 BRAS R B T 3
B R, 4390 45 M=2 M-3 M4 M-5 M-7 M-
10 M-18 M-21 M-24 M-30 .M-31 M-33, H
Vo AR ELAT ECTR Y SRR VR R (] 3) R ITS 3l
MBIY AT PCR 34, K13 600 bp =47 1775 B
s AR A DN 2R HRRE W] 4 TR o B AR R
(1) PCR 7= 4y 5] 2% 15 42 3 PR A R 2 W)
¥ o
22 RGEXBEMHMHWESE

W A I PR R A B W R 1 1) 1 B AR 1
B F b A% & Genbank, K45 AH B (4 51 5
(Accession number). [FIB}EH MEGA7 #4-#
RGERER IR FEL I R EOE W R4, 2T
B Xof o7 1) 44 Bk RO DR RE D R T 43 B8 ) O 3 A A
% 1 H AR Genbank 755 ME R Z AR ILE 1,

B SEAUHNAEEEEERE

Fig.1 Colony characteristics of the isolated and purified dominant bacteria
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Fig.2 Electrophoretic results of bacterial PCR amplification products
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Fig.3 Colony characteristics of the isolated and purified dominant mould
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Fig.4 Electrophoretic results of fungal PCR amplification products
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Table 1 Molecular biological identification results of some bacteria and fungi in maize
Xl A5 Genbank A7 5 FHX R REAK LA
mH B-1 MZ208806 183 1L ) J% (Pseudomonas sp. )
B-2 MZ191779 S0 A0 Al XA (Klebsiella pneumoniae)
B-3 MZ148013 W& KA (Serratia sp.)
B-4 MZ198259 W AF @ J% (Enterobacter sp.)
B-5 MZ198260 1B 3% 1L 1 /% (Pseudomonas sp. )
B-6 MZ208807 I 34 1 A1 8 (Enterobacter cloacae)
B-7 MZ208808 2 H % (Pantoea sp.)
B-8 MZ198261 % A #) 2 3 A (Staphylococcus haemolyticus )
B-9 MZ198262 &) % R W0 (Pseudomonas parafulva)
B-10 MZ198263 1B 3£ R (Pseudomonas sp.)
B-11 MZ198264 W 3 8@ (Enterococcus gallinarum)
EH M-2 OM279517 388 F % (Penicillium oxalicum)
M-3 OM279518 Z b F (Aspergillus niger)
M-4 OM279519 % AR A (Talaromyces variabilis )
M-5 OM279520 & % (Penicillium sp.)
M-7 0OM279521 # & @ B (Kurotiales sp.)
M-10 0M279522 A & % (Penicillium citrinum)
M-18 OM279523 2 th F (Aspergillus niger)
M-21 0OM279524 4k B AR @ (Talaromyces funiculosus )
M-24 0OM279525 388 4 % (Penicillium sp.)
M-30 0M279526 K AR % (Rhizopus oryzae)
M-31 OM279527 ¥ 2k 4k 71 1A (Fusarium verticillioides)
M-33 0M279528 <% W % (Aspergillus sp.)

23 EXRTHERESHEESN
23.1 AN a-Z LT

1) Fkemge  SRHBEALHEUT 9109 07 2%, Rl
H qiime 4 HEF B il 28 4] (Rarefaction curve), M
il v 20 T A R R £k (18 5) AT DA Bl DU
FRECR BRI, AR R ) OTUs %=
WG, M4 my RS E TG AT 30 SR

150 -

—_
(=1
(=}
\o

50

ML %) ) OTU %
Feature number

0 2000 4000 6000 8000 10000 12000
B AILA S5 00 Y 24l

Number of sequences sampled
5 (HER RIS R & E

Fig.5 Dilution curve of bacterial sample
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Fig.6 Rank-abundance curve of bacteria sample
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3) a-ZHEVEFE R MEREIE SRR B S
THILEE 2, a—ZRENETE BT WORE & R Bl
B REAIZ R MR 97% AR KT B9 OTU 13

B, R a-ZHAEE AR ## 55 % Chaol \ACE,
Shannon #§ %4 .Simpson ,PD —whole—tree & % X} £
A A D B R A AR AT VEAR

K2 PEBENSHEEER

Table 2 Diversity index of bacterial community

H oh Chaol

Shannon

il e & Ace

Simpson PD_

YM20_12MO 176.0000 4.5031

176.3027 0.9204 16.6106

B AN I B 3 % Chaol (ACE, 45 BRI
Simpson ,Shannon 48 %1 43 5l FH T 314k & Fh 1) W 17
TREE . FREEMZ R, 55 3 SO AR 1Y) S04
O, ZAEBOEE, FEAS TR S I ) AR R
%, Chaol ACE #8552 RE 75+ JE #5440, Chaol ACE

RROBOC, REAUE YRS F 805 . Shannon |
Simpson 8§ B E V% 70 A 2 A M35 5L, Simpson 8
B B VR 2 FE PR R, 11 Shannon 8 850 K |
R Z RS . W3R 2 AR S P
G EEAYI H, BIAEAS DU P 25 5 0] DL S A it 1)
HE O, I A BRI Ak
232 w2 R R R R
SMRT Link v8.0 X} PacBio SMRT | J¥* 15 %] [ Ji
R 0P E AT 04 BEORT A uE &0 4y B 45 2
14 734 24 R 98U ¥ 5K AE 1300~1 600
bp Z[8] 3K 1452 bp, H qiime A4 2L
JPIIEAT OTU 328 4R R 14 734 28 RUT 5
Bl 43 HT 176 4~ OTU Hc,

4 OTU $yFp i B2 2, ol LU T/ 51 1 b
{180 ) ol 2H B e FOAE X = B R Aa I 5 A 1 T 8
97% (VAR fBLRE R B3l 43 & 176 4~ OTU v, A
OTU ik 1 UKL P AN AT HEXF, SR)e4eit
HA T 9 H RS B Fh R MECRE  7E )R oK
KOF B FEEHEA T 20 B9REVE T (D7), R RGO
B 4N & 72 & (Pantoea) |, T 5 o0l R 14.8%
W ERTE S (Enterococcus) . ¥ 2 B AT T J& (Sphin-
gobacterium) . 4 ¥ ¥ 1 J& (Chryseobacterium) It
315 109% L) I, 3X 5 Lin S 2VRTR R 55 20F
FEEERIEAR —F, R E (Enterococcus) &
I ¥F B J& ( Sphingobacterium ) 2% 5 8 /N | AN &
0.5%., HEHn e HEE (Flwobacterium) | 5
F= BB JB  (Stenotrophomonas) . TG 8 FF 6 J&

(Achromobacter) )\ E ¥} 1 J& (Comamonas ) .
9 2 B AT 5 )8 (Novosphingobium ) %6 I ¥ T4 &
(Brevundimonas ) . #5 ¥ AT B J& (Gluconobacter) . ¥
fIg i J& (Sphingobium) . LK B J& (Lactococcus ) %
TR, AR 1%, Others /R E X 30 14
i Z S0 0 IR ) R AR R B RT, ik
Y1 B 27.1% , B2 WIHEFEIA O K 3R 4N 1A
() A8 A AN 23 5 ) ARG E M, TIAVE S KR I
PRBHE Y 2R TR, H % 100 20 TR 1) 722 Ak 1 42 52 i)
FARN A B Z AR 451, TS e &
OKKFRL 4 AE BN R AT S b T B A Y
ZWIE IR E AT R 0 e R
J& BB TR TR TG € TR | D R T R
K AR TR I EEOR P, WA B R B TRt
b A AR R oK b AT Y AR K B, H AR K
TR XF ] R B B8 5 W) LU A SR ) K i 1 R
IR Th A, A2 R L 0 A R VR 4
i 4 W 1 )

0.3%

e v R
0.2%

FLERE IR
0.2%

HTREAT v )

e g v

oo AESMBIE 3t

0.4% 27.1%
Z )R
14.8%

7B
14%

>

0.2% /_::;-—7//1‘ ﬁﬁﬁﬂ-ﬁﬁﬁ
@‘ <l o 0
s {19098 /R S R
’ 6.7%
i A5 1 HF R
— = 3.1%
ol {1
{4 24%
1.1% HKF B8 3 € 24
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B7 EXRPHEBEEBSEKELHNABDE
Fig.7 The composition distribution of bacteria

in maize on genus classification level
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R TRV, 3 2K A0 R Y A K B s R T R
KA S, DTS I K Ry ) i i
é|25|O

24 ERHPHEEBHEZHEMESW

241 AEYFER¥5H KA Nlumina MiSeq ¥
BXTHE DNA F BB 17 X0 (Paired—end ) ¥,

45 5] 120 580 & )74, HEid giime FAfF, RHA
DADA2 J5 35X bR P 51 250t o 2K BRI 7 51 I
58112912 %75, XMJ5EE] 112772 %)%
G, PRG35 112 288 5 F 51, bRkt & 1R )5 15
£ 104 589 %751 (£ 3),

®3 BHAWFESITE

Table 3 Statistical table of sample sequencing amount

# 5 N7 WHERBWH T KRBT Pz )59l FE A 57 EIR Y5
YM20_12MO 120 580 112912 112772 112 288 104 589 104 589
25 4 A 8 P BT 9 4 B 2.
Geit, SRR R FE R R AR E 200~250 =
bp ], W&l 8 7% " “r
242 a-ZFEPESHT = £
2421 o-ZHEVEIREC ST £ PRI =70
HILE 4. FEARM a-Z BEPERSE0T Chaol T OD- 5 100
served specie ) 5 AT X, OTU ELEL I

Al DUAR SR AE o W AP i 5 B . Shannon 45 £
Simpson 18 %% 5 #f % ) 2 FE¥E 1 & . Pielou’s
evenness 5 U F1 Good’s coverage $8 %0 (¥ ¥ &
TRE) 3 I FRAETE 7 10 35 2 B2 FOAG H A W) BT o5
Hefil, 3% 4 741, Good’'s coverage F8 5K T 0.9,
Wb B A i SCE vh P 91 A Bl 1 g v 8 AT

Jr oK B
Length/bp
B8 FIKESHE

Fig.8 Sequence length distribution
VL Hh B R AS LR A B R 2
REPERIE S,

R4 HEHENSHEEY

Table 4 Diversity index of fungal community

¥ on Chaol

Simpson

Shannon

Pielou_e Fp oy 2 & Good’s_coverage

YM20_12MO 55.0333 0.6583

2.0628

0.3568 55 0.999996

2422 FEFHML PRI LR
il 2k (Rank abundance curve) BY 4T 8 Sk 4 H
P22 (B 10), BEBIAEAS b & B A HEV% OTU [A]
B 25 SN BETR A Y S B A R
RSB o

243 JBAIEAKE LR R BT BRI
W ITS J£ %1, R H UNITE 508 B B 17 73 %,
BRI GAT A R W R 5, LT X
OTUs, JL45E 5 217 .9 49 .10 H (14 21 )& |
22 F,

OTU i
OTU abundance

w

0 2.0 4‘0
OTU %%
OTU rank

B9 EFEFESHMEE

Fig.9 Fungal abundance grade curve
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Table 5 Statistical table of microbial taxa number at each level

[ I m # & #

YM20_12MO 2 9 14 21 22

Gt 1E &8 (Genus) 73 2K KF EFEERT 0.1% URBER AR IR

BOTET 15 1A% K b AL AR AR (1) . / 0.1% ‘501%
9), I P e A B Ak ) R (Fusari- 0.1%\\
um), 0 5 F Bl R 50.1% , FHo Wk Sk i K %5 & (Saro- mf,}a/ 2 (,
cladium), TF &5 W01 282% , WG (Tar 2% / .
laromyces ) i 9.6% , 5 % J& (Penicillium) /5 2.7%, ?ztﬂ%,?%;ﬁﬁﬂﬁ 28.2%
i B 0.29%% , 3% 5 SCHR[26]F[27 0T 58 45 SR — ﬂfﬁ ﬁﬁﬁ
H, HEHASPWEKRFEE (Candida) . 19 HHIE 3;};% - M%ig%ﬁé

(Wallemia) . 25 .52 5 97 W B (Meyerozyma) | 7 5
IR (Gibberella) S5 &AL, Frdi LHIXA L
1% , A& 43 2 % W J& (unclassified_Fungi) % & 5 1Y
8%, TEEATHLAWE S, FHEEE (Sarocla-
dium) EEH ERET B (S. zeae) .21 9o K 5
(S. implicatum) FARFISFRIL 3 NFP, TR E R
(Talaromyces ) F 24 K ¢ 2 B AR W (T wortman-
nit) JEETRE (T purpureogenus ) . FH AU TR
W (T. albobiverticillius ) 1 2 A 432 Fp , 4L 5 A4~
Fi . H 258 (Penicillium) 54 P. bissettii %R i
% (P. oxalicum) F1ZE B ik 5 8 (P. adametzioides )
3R, MR (Aspergillus) £ EA M %E (A.
Sflavus) BRI % (A, niger) JRHHEE (A, ruber) 3 4
o B AR AE KA B, — 7 AR A — 2L TE Ry
fitg | BE B 2 W R SR I A 2 K R )
BEA S A, ) —J7 W7 A — S A S ke
B R RS YR IS A Y, JUH R
BRAERM, ERPE SR HITER 5
TR EEE, 2 MERER KR AR
IR KB FER EEER T-2 R G HW
RV Yy FEACH Y R BEAE A SO £ oK
T Y P A T A AR AR, A B TR R R OK
HH ) L T R T e )

3 Hik

X K 2 THT 4 D 3 200 T AN BB R AT O3 B 4
A, JEFRAT 11 BRI G R AR R 12 BRE TR B Pk
HARSY FFHI ) PCR P MM R R T, 9148

2.7%

8.1%

10 ERPERHFERSLKTELHNARS®
Fig.10 The composition distribution of fungi in maize

on genus classification level

M UK A4 K ol v a0 R BR  B £OK
A TR BT 0 2R SRR oK T AR
HM G iz W E SRR R BT e AT
J& , BRI EE R R R IR
J& R R R o Y o A P AR A 2R
o0 = 0 R R 3 T S e Al A AT B B T R A
AR, R R R MR Ok
EEMTG YR, X0 R R A B
RO G E XA 2 A E B,

2 % X #
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Analysis of Microbial Diversity in Maize Based on High Throughput Sequencing

Zhang Dongdong, Zhao Jinfeng, Xie Siyuan, Hu Fengwei, Wu Qiong, Zhou Xianging"
(Engineering Research Center of Grain Storage and Security of Minisiry of Education, School of Food
and Strategic Reserves, Henan University of Technology, Zhengzhou 450001 )

Abstract In order to precisely characterize the microbial diversity on the surface of maize, freshly harvested maize was
used as the raw material. The main microorganisms present on the surface of maize were identified by isolation and pu-
rification. Furthermore, the major microbial diversity was studied by high—throughput sequencing technology. A preliminary
isolation and identification of 11 bacterial species were performed from the surface of maize, including 3 species of
Pseudomonas, 2 species of Enterococcus, as well as single species of Klebsiella pneumoniae, Pantoea, Staphylococcus
heamolyticus and Enterococcus gallinarum. Additionally, 12 distinct fungal species were identified, comprising 3 species
of Penicillium, 2 species of Aspergillus niger, along wirh Penicillium, Eurotiales, Talaromyces funiculosus, Penicillium
citrinum, Rhizopus oryzae, Fusarium verticillioides and Aspergillus. 1t was confirmed by high—throughput sequencing that
the predominant bacterial genera in maize included Pantoea, FEnterococcus and Sphingobacterium. The dominant fungal
genera comprised Fusarium, Sarocladium, Talaromyces, Penicillium and Aspergillus. The research findings have laid the
foundation for a comprehensive understanding of microbial occurrence, development, and the metabolic patterns of myco-
toxins during maize storage processes.
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