45 2 ( ) Vol. 45 No.2
2021 3 Journal of Jiangxi Normal University( Natural Science) Mar. 2021
:1000-5862(2021) 02-0180-08
( 550001)
Fe Synechococcus sp. PCC 7002
Synechococcus sp. PCC 7002
3 3 9 ;
10.900 nmol + L™ 0.410.0.003 nmol + L'
CRISPR
ABC
Synechococcus sp. PCC 7002; Fe :
Q5 TA DOI: 10. 16357 /j. cnki. issn1000-5862.2021.02. 11
0
RNA mRNA
( Cyanobacteria) RNA * .
. . ( Synechococcus)
( Prochlo—
rococcus ) RNA
1x10" t
5
2/3 " :
( Fe) Synechococcus sp. PCC 7002
Fe3 +
Fe ( dFe)
2.5nmol + L7" %, M(PST)
Fe Synechococcus sp. PCC 7002
( Fe=SOD) . Fe
( CAT) . ( POD) .
Synechococcus sp. PCC 1
7002
( RNA-seq) 1.1
mRNA Ubuntu 16. 4
120204125
(31760254)
(1982—) N N . E-mail:

20421980@ ¢q. com



181

1.2
NCBI
GEO DataSets
coccus sp. PCC 7002

NCBI
Synecho—

GEO accession

GSE77354 10. 900 nmol * L°'
( ) .0. 410 nmol * L7 ( )
0.003 nmol « L™'( )3
9
1.3
SRA( Sequence Read Archive)
2 °.
SRA-Tools
SRA FastQ
1.4
Trim Galore
[lumina FastQC
MultiQC
1.5
NCBI Synechococcus sp.
PCC 7002 Hisat2(7.5.0 )

1.6 featureCounts

read count.
( )
7

NCBI fea—
tureCounts( 2. 0. 1 ) bam
1.7

DESeq2 R
DESeq2 RNA-Seq

8

( \ )

RStudio DESeq2

1.8 KEGG Pathway
KEGG( kyoto encyclopedia of genes and genomes)

2
(i)
(i) (

)
2
2.1

N 52.7 GB
( clean data) 9

GC 44%

2.2
16 026 972 reads
0. 003 nmol « L™ 76%

0.410 nmol * 1.7
97 % ( 1).

10.900 nmol « L.™!

1%
0.003 nmol * L™" A SRR3132686. 1_trimmed. fq  76.61
0.003 nmol * L™' B SRR3132687. 1_trimmed. fq  76. 86
0.003 nmol * L' C SRR3132688. 1_trimmed. fq  77.93
0.410 nmol * L' A SRR3132692. 1_trimmed. fq 97.92
0.410 nmol * L™' B SRR3132693. 1_trimmed. fq 97.87
0.410 nmol * L™" C SRR3132694. 1_trimmed. fq  97.59
10.900 nmol * L™" A SRR3132695. 1_trimmed. fq ~ 99.24
10.900 nmol * ™" B SRR3132696. 1 _trimmed. fq ~ 99.25
10.900 nmol * L™" C SRR3132697. 1_trimmed. fq  99.24

2.3
2 3 240
3204
98.89% .
2 GTF
GTF 1%
3240 3 204 98. 89 529




2021

182

2.4

1.5
1.0
0.5
0

X10. 900A

featureCounts

X10. 900B

-0.5

I*l. 0
X 0.003A

X10.900C
X 0.003B

X0.003C

X0.410A

x0.410B

X0.410C

pheatmap

R

0.410 nmol * L7

0.003 nmol « L.™*

Synechococcus sp.

PCC 7002

DESeq2

0.003 nmol * L.7*

10. 900 nmol *

X0.410C

X0.410B

X0.410A

X0.003C

X0.003B

X0.003A

X10.900C

X10.900B

X10.900A

10.900 nmol * L.7"
50

pheatmap

0.410 nmol « L7

L—l

—

[SENTS]
— o~

DO O OO0 WVNOWNOOWIOONOO WO O O 0O W
OO0 ONO OT—ANMOT—N MO <IN O N ogtYOoO o O
MO IO IOOMOMMMO FTOOONOOI—OTNNM —O N NOON© DO 00N
DO O OUVDNLD OUOOFTDOANMNITOMOOT MO ~ ANMO S It SO
SO O~ O o OO O <O O O — =
NY) NNY NNNNNNY DNNNNNNNNNNNNNNY NG (2] [212121%) 0y Nnun
Yy @Yy ©@Yoyoyy oryyyyryyyyyryoey oo [\ xeoo e e
ol oty oveubutvtubuy ovtututvesbutoubueutiibey ol ol oty vt v
OO0 OO0 OO00O0O0O0O0 O0O0O0O0O0O0O0OO0OO00O0O OO o o000 o0 OO
OO OO0 OO00000O0 O00O0O0O0O0O0O0O0O0O000O0 OO o o000 oo OO
PSS SIS SIS IS SIS NSNS SIS SIS IS N NN ~ NSNS UL
QO 000 0000000 VOVOVVOVVOVVVOO OO O 0000 00 00
00 000 0000000 OOOOOVO0VOVOV0O 00 O 0000 00 00
(oW o W W W o W e W WA W o W W Wy W W Wa Wa W a Wa Wa WaWaWa WaWa Wa Wa gy a Wa o onoono a0 _00
ZZXZZZ« 1) 0ZZz S ZWsZZZZT 5228 Z2Z
255> > > > 5 > > > > > > 55> us > 5 S>> o WWY £>->
N HNNNZENNNNNNY HNDNNNNNNNNNNNNNY HNY QCN.CCNNNW S =NV SNY

Il

B

IR

s

X0.410C

X0.410B

X 0. 410A

X10.900B

X10. 900A

X 0. 003A

50

2 10.900 nmol * L' vs. 0.003 nmol » L*

10.900 nmol « L.™*

SufBCD

FIdA
SufA.BCD.SE

SufB. SufC. SufR

10

SUF

SufD. SufS

0.410.0.003 nmol * L'

SUF

SufS

SufE

. SufBCD

9



2 : 183

SUF FIdA

—
I SYNPCC7002_RS09305 [l 2. ¢
§YNPCC7002_RS1 6320
I fidA ) 1.5
SYNPCC7002_RS00790
SYNPCC7002"RS06450 1.0
SYNPCC7002"RS13180
SYNPCC7002"RS16755
SYNPCG7002"RS16290  0-5
guYfﬂPCC7OU£_ RS04350
SYUPCC7002_RS 3165 :
SYNPCC7002"RS15610 0.5
SYNPCC7002"RS12440 :
SYNPCC7002"RS13175
SYNPCC7002"RS15615 -1.0
SYNPCC7002"RS15625
guYfRPCC7002:RSOGOOO -1.5
SYNPCC7002_RS06465
- SYNPCC7002"RS15720
SYNPCC7002"RS15605
SYNPCC7002"RS15680
SYNPCC7002"RS15315
[ SYNPCC7002"RS15325
guYfBPCC7002_RS 5330
SYNPCC7002 RS06455
SYNPCC7002"RS15335
SYNPCC7002"RS15660
SYNPCC7002"RS15305
SYNPCC7002"RS15310
SYNPCC7002"RS15320
SYNPCC7002"RS15655
SYNPCC7002"RS15650
SYNPCC7002"RS11520
SYNPCC7002"RS02345
SYNPCC7002_RS01200
hoxE
nuoF
h_c?u
nirJ
SYNPCC7002 RS07220
SYNPCC7002~RS00850
SYNPCC7002"RS00855
SYNPCC7002"RS00865
SYNPCC7002"RS11750
SsYaAPCC7002_RS 08690
| [ ] gYNPCC7002_R808695
X X X X X X X X X
= = = = e = @ e e
: : o s [ (=) (=) (=)
s 5 § £ 5 8 B B B
= ws] (@]
3 10.900 nmol * L' vs. 0.410 nmol + L™' 50
10.900 nmol * L7 CaslO
Nif]J . HoxE NuoF NifJ . NuoF crRNA RNA 3 Csm
Nif] DNA Casl0
NuoF DNA ( transcription
NADH- F NADH bubble) DNA
FMN - (Fes) B Cmr4 RNA
u HoxE NAD 2 14 ( RNA ).
CRISPR mRNA

Synechococcus sp. PCC 7002
0.003 nmol * L™

Synechococcus sp. PCC 7002 Synechococeus sp. PCC 7002

2 0.003 nmol * L™ 10.900 nmol °

L7 0.410 nmol - L™ Cas10+ RaiA HypA DESeq2
( 4) 10. 900 nmol * L'
Cmr4 0
0. 003 nmol * L 357

Synechococcus sp. 7002
.Casl0  Cmr4  CRISPR ( log(Hfutssanee) >1 Py <0-05

) 384 ( log(2 -



184 ( ) 2021
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The Effect of Iron Restriction Induction on
the Transcriptome of Synechococcus

HE Xinying SHEN Tie"
( Key Laboratory of Information and Computing Science of Guizhou Province Guizhou Normal University Guiyang Guizhou 550001 China)

Abstract: In order to explore the effect of Fe restriction on the Synechococcus transcriptome Synechococcus sp. PCC
7002 is as the research object in the study. High-throughput sequencing is used to analyze the transcriptome of Syn—
echococcus sp. PCC 7002 treated with iron restriction. Three different concentrations of iron are used and the exper—
iment is repeated three times for each set of data a total of nine sets of experimental data. The concentration of the
control group is 10.900 nmol * L.™" and the iron-restricted group is 0.410 nmol * ™" and 0. 003 nmol * L' re-
spectively. It is found that in response to iron-deficiency environments Synechococcus increases extracellular iron up—
take upregulates the expression of photosynthesis—related proteins and adjusts metabolic pathways and the degree of
iron—restriction is positively correlated with the number of differential genes. In addition strong iron deficiency af-
fects the ability of Synechococcus sp. PCC 7002 to resist foreign virus infection by down-regulating the expression of
certain nucleases in the CRISPR system and the expression level of the ABC transporter that transported phosphate
groups also decreased which greatly affects its survival.

Key words: Synechococcus sp. PCC 7002; Fe restriction; transcriptome; high-throughput sequencing technology



