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Abstract: Cyanobacteria are a phylum of bacteria which are believed to be the oldest photosynthetic prokaryotic
microorganisms on earth. The phylogenetic group of cyanobacteria was thought to be one of the prokaryotes that contain
monoploid, oligoploid and polyploid species, and one obstacle to engineering cyanobacteria is their polyploidy genome. In
recent years, the ploidy level of cyanobacteria was found to be influenced by growth phase and by multiple genetic and
environmental factors. In the present article, we reviewed the progress, analytical methods and influencing factors on the
cyanobacterial ploidy, and discussed the significance of cyanobacterial polyploidy regarding to environmental ecology and
biotechnology. Based on this observation, the future research directions in this field are prospected.
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1 600
Synechococcus sp. WH 7805
Synechococcus sp. WH 8101

*®1 ERRERAENHREXIHEHY

Table 1 Overview of cyanobacterial species with experimentally determined ploidy levels and selected

parameter s
Species temp(zrr;)tvL\::z (C) ?icr):sl (i:)g Genome size (Mb) Ave(r;i?/ ?\Tg.ome References
Anabaena cylindrica 30 18.5 - 25 [19]
Anabaena variabilis 30 - 7.1 5-8 [20]
10 Microcystis strains 20 stat.ph. # - 1-10 [21]
Anabaena sp. PCC 7120 28 - 7.2 8.2 [22]
Prochlorococcus - - 1.7 - [23]
Synechococcus elongatus PCC 7942 28 24 2.8 3.9/3.3 [1]
Synechococcus elongatus PCC 7942 30 11, LDC" 2.8 3-5 [24]
Synechococcus sp. PCC 6301 38 5to >50 2.7 to iﬁz d [25]
Synechococcus sp. WH 7803 28 - 2.4 3.6° [1]
Synechococcus sp. WH 7803 25 - 2.4 2-4° [26]
Synechococcus sp. WH 7805 25 15 2.6 1° [26]
Synechococcus sp. WH 8101 25 17 3.2 1°© [27]
Synechococcus sp. WH 8103 25 22 2.7 1-2°¢ [26]
Synechocystis sp. PCC 6803 (Motile€) 28 20 3.6 218/58/58 ¢ [1]
Synechocystis sp. PCC 6803 (GT) 28 20 3.6 142/47/43° [1]
Synechocystis sp. PCC 6803 (“kazusa’) 30 15-20 36 12 [28]
Trichodesmium erythraeum |M S101 25 LDC® 7.75 600 [29]
Trichodesmium spp. FCf = = 100 [29]

3stationary phase; Light-dark cycles; Exponential phase/linear phase/stationary phase; °Longer doubling times correspond
to lower genome copy numbers; ® Calculated from relative fluorescence and genome size of PCC 6301; 'Field-collected
samples.
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lacO tetO
DNA ( 10 bp
DNA )
Jorg Soppa gPCR (GFP YFP ) Lacl
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F*2 HMEEREAENBNAREE
Table2 Methods for monitoring cyanobacterial genome copy number
. The scope of
Methods Theory Advantages Disadvantages erfisra References
Spectrophotometry  The cell densities and Easy to perform, Relyingon DNA  Strainswith [1]
absorption at 260 nm were low equipment extraction known genome
used to calculate the genome requirements and size
copy numbers per cell. simple dataanalysis
Flow cytometry The fluorescence intensity of High throughput, Not suitablefor ~ Strainswith [30]
the target strain was compared  sensitive and filamentous known genome
with that of single genome independent of strains size
copy number of E. coli. DNA extraction
gPCR gPCR amplifies the genomic Sensitive Required Strains with [1,17]
DNA of the strain to be high-quality known genome
analyzed, and the obtained Ct genomic DNA and more than 3
value is compared with the genome copies
standard curve.
FROS Individual chromosomal loci Visualized and Genetic Model strains [32]
are visualized by binding of fluorescence constructs are
fluorescently tagged repressor  labeling of living unstable
proteins to atandem array of cells
operator sites.
FISH Use fluorescent probes that Accurate and Unableto Strains with [34]
bind to parts of the visualized analysisliving known genome
chromosome with a high cells
degree of sequence

complementarity.
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*3 HEAARTFAESREXEONSH

Table3 Distribution of cell-division proteins among selected bacteria

S elongatus  E.coli®  B.subtilid*?  C. crescentus®? S. coelicolor#+49
Chromosome structure SMC like? MukB SMC SMC SMC
mai ntained
Genetic distribution of ParA Soj/Spo0J ParA/B ParA/B
chromosome MreB MreB MreB MreB mreB-like?
FtsK SpollIE ftsk?® ftsK/spol I E-like?
Site anchoring at cell Ftsz FtszZ Ftsz FtsZ FtszZ
division
Nucleoid occlusion SImA Noc
Block the Z-loop assembly MinCD MinCD MinCD minD-like®
at both ends of the cell MinE MinE
DivIVA DivIVA DivIVA®
Cdv3
Other fission proteins FtsA FtsA FtsA
gDt eledmitiZSieop Ftsl Pbp2b Ftsl ftsl®
assembl )
y FtsQ DivIB FtsQ FtsQ
FtsL FtsL ftsL?
Ftsw Ftsw Ftsw ftsw?

4Based on sequence alignment, no functional validation has been performed; "It may involve mycelia growth rather than cell
division.
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