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What factors govern the culturability of bacterial communities?
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OO0 Ribosomal RNA operon (rrn)
copy number is  closely
correlated with cultivation biases
across ecosystemes.

0 Conventional cultivation favors

high-rrn taxa, while low-rrn
oligotrophs are  consistently
underrepresented.

O Rhizosphere microbiomes harbor
more high-rrn taxa, whereas gut

microbiomes are enriched 1n
low-rrn specialists.
O rrn-informed cultivation

strategies 1mprove recovery of
elusive, functionally important
microbes, bridging genomic
traits with practical isolation
methods.
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O The soybean rhizosphere prefers Proteobacteria and

Firmicutes, while the maize rhizosphere has a
higher proportion of Actinobacteria.

O The proportions of always rare taxa (ART) and

moderate taxa (MT) in the maize rhizosphere are
both higher than those in the soybean rhizosphere,
whereas the soybean rhizosphere has a higher
proportion of conditionally rare taxa (CRT).
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Quantitative relationship between rrn copy number and culturability
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O A strong positive correlation was

detected between rrn copy number
and bacterial cultivability (R* = 0.97
in soybean and R? = 0.99 in maize),
corresponding to the proportion of
ASVs successfully isolated from the
rhizosphere of both crops.

O At the phylum level, outcomes

reflected this trend: Proteobacteria
(generally high-rrn) exhibited high
cultivability; Firmicutes (very high
rrn)  dominated AAT  groups;
Actinobacteria  (intermediate  rrn)
showed genus-dependent variation.



Preservation biases

o b Mock T-80G
et e, Mock T-20G T-80G _,..‘w:' - \\“Mm“ml]l\\llhmHII\IlIIIIl\ILWHlullr."‘ L s T-206
Sovb e i 3%
oybean ..":.;Qi% ‘m \ mm"""‘“’W""“‘»—q '”-w‘ 249 i » .
e . .&iwr -
t o %“ A
. 42%
55% 2%2 % 86% 29% 95% 93%
T-20 T-80
T-20 T-80 50

4‘?-"(‘

T4
9% 7%
89% 48%

T-80
120 7206 € § 8, § S Mock  T-80 Frgliock
- 100 T e T ), Y % 2 0
K oy S LY \ % it X
= 30 S %2 80 9t 0
of B NG e 3 &"
27, "{n NG ;f}i( a0 S N
%‘ 2 20 &0 3 LG Mee wBho A ._-.__-_,-%
40 s a0 T Mook ®idom=e-E59 750G T20 Motk §F 6 6 T80
. _ 100
g1 R 60 Y i , ,
60 9 Acidobacteria o 275 Actinabacteria
‘ g7 Actinobacteria = l 2 m Bacteroidetes
3 m Bacteroidetes = 40 £ 5 m Cyanobacteria
40 = m Cyanobacteria g 2 m Firmicutes
] a3 m Deinccoccus-Thermus pd ® Proteobacteria
© m Firmicutes P20 225 Unassigned
20 0 25 m Gemmatimonadetes e T o =
o % ™ Bmtec.ba"tg”a ., L] per™ .\w \ .‘-_\_ . % .
© . ) i ¢ 74 :
" no L o 0 T 0 nassigne gy u o ”.Mf-“' BENQQQ0 ETRZ00
b waw:‘-’?" "“J' o 1|l| ﬂ'"v" WW Eﬁf—ﬁ%gg = 5ﬁ3388 m Sl EéPEESS §F2f—?88
T g 4 B8 LIRS 2 LER3 s Pt
[l FH

O Fresh samples captured the broadest diversity. Cold storage without cryoprotectant reduced Proteobacteria and
enriched Actinobacteria, while glycerol partially restored Proteobacteria recovery. Low-rrn taxa declined under all

storage regimes, highlighting compounding effects of cultivation and preservation biases.
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Cross-ecosystem comparison: rhizosphere vs. gut microbiomes
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O The rhizosphere community

O

has a higher average rrn copy
number (approximately 6-8),
while the gut community has
a lower average rrn copy
number (approximately 3-5).

The proportion of high-rrn
copy number taxa in the
rhizosphere community 1is
higher than that in the gut,
whereas low- rrm copy
number taxa are consistently
underrepresented.

The cultivable proportion of
taxa with different rarity
levels shows a significant
positive correlation with the
average rrn copy number.



Cultivation bias and trait-based corrections

rrn-informed corrections
to cultivation protocols:

O Media design: Adopt

Soybean < 10 o 1 /' 100 - oligotrophic/root exudate-based
GE’ . g ¥ 75 O media for low-rrn taxa; use
Maize 'g : ) = 10 3 chemically deﬁn;d media to reduce
10 = it 2 / 50 5* fast-grower dominance.
Human 7.9 -g g '§ > 25 E O Incubation regimes: Extend periods
g_ 5 2 fgg,:;‘ Q Yy X for slow growers; apply fluctuating
Mouse 0 o 0L =3 0L~ 0 - nutrients to mimic natural
O 5 10 15 " © %06 : o
L » —l ,\,ﬂ/q; oS ION environments; adjust
,@’3& , \{8@ rrn Copy number N temperature/oxygen to match
& O rrn Copy number ecological niches.
&
V O Co-culture & in situ cultivation: Use

diffusion chambers/iChips to
preserve microbial interactions; pair
target taxa with helper strains for
cross-feeding or detoxification.

O The average rrn copy number of cultivable taxa is consistently higher
than that of uncultivated taxa.

O The growth rates of 700 bacterial species and 190 archaeal species are

negatively correlated with rrn copy number. O Preservation methods: Apply

cryoprotectants and slow cooling to
minimize selective losses; reduce
freeze—thaw cycles for sensitive
low-rrn taxa.

O As the rrn copy number of microorganisms increases, the time required
for growth decreases.



Conclusion

O Microbes' "great plate count anomaly" and conventional cultivation biases hinder culturing

most slow-growing specialists, limiting applications and biodiversity conservation.

O »7n copy number predicts cultivation biases; trait-based optimization boosts isolation of

abundant and elusive microbes.

O As a strong predictor, r7n copy number should be combined with other genomic features for

comprehensive cultivation guidance.

O This trait-informed framework bridges sequencing and cultivation to advance related fields;

future studies need to clarify the rrn copy number—cultivability causality.
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