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M athematic methods for the evaluation of microbial diversity and
their applicationsin the research on wastewater treatment systems

XIA Yu' HE Xu-Wen" WEN Xiang-Hua?

(1. School of Chemical and Environmental Engineering, China University of Mining & Technology, Beijing 100083, China)
(2. Sate Key Joint Laboratory of Environmental Smulation and Pollution Control, School of Environment,
Tsinghua University, Beijing 100084, China)

Abstract: Microbial communities play central roles in global climate regulation, human health and
industrial biotechnology. The quantification of microbial diversity is important for the understanding
of ecological characteristics of communities, their dynamics and functions. Herein, we introduced the
commonly used apha-diversity indices, including richness, Shannon-Weaver index, Simpson
diversity indices and Hill’s diversity number. Also, we summarized diversity evaluation ways which
are used in estimating the coverage of molecular methods (e.g., rarefaction curve and good's
coverage) and community richness (e.g., Chaol and ACE indices and taxa abundance distribution
curve). Then we showed the application of mathematic methods in the research on microbial
diversity by taking wastewater treatment plant (WWTP) as an example which is the largest
application of bioprocess engineering. Current investigations showed that taxa richness and Shannon
diversity of activated sludge microbial communities in full-scale WWTPs increased with the increase
in sampling sizes of different methods. However, the disparity between sample size and community
size is a common problem in microbial investigations. By reconstructing microbial communities
using DNA sampling data based on certain taxa abundance distribution curves, diversity of the
communities was evaluated. It was shown that microbial richness was characterized with large
uncertainty. Shannon diversity, and especially Simpson diversity indices which are weakly dependent
on low-abundance taxa could be estimated accurately. They are good tools to evaluate and compare
microbial taxonomic diversity. Developing novel modeling approaches and advances in sequencing
technology can improve the accuracy of microbial richness evaluation. In addition, clarifying
phylogenetic and functional diversity of microbial communities are also of substantial importance for
the understanding of microbial ecology.

Keywords: Diversity, Microbial community, Alpha-diversity index, Rarefaction curve, Taxa
abundance distribution

(Biological diversity)

(
) 13 ” 1 ”
[
[2-5] 10°° [8] 1g
10*-10° (Prokaryotic species)!®*?
(6] 101 [
1%
7 1%-15%112%3

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1780 (DG ESTE Microbiol. China

20 90
DNA
o
(11]
(DEEG)
( (T-RFLP)
)
3 —a >07% DNA
P v (Operational taxonomic unit
o OTU)
(Within-habitat diversity) B
>97% (Taxa)
11 B ERENA
(Between-habitat diversity)
a (Richness)
[14-15]
[16-18]
OTU [17-18] 16S rRNA
oTy& 16S

rRNA PhyloChip

1 B o SRERERIR o
a [24]

Shannon-Weaver Simpson Hill

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1781

®1 ERAERHETISKLCERGMEVEE S M EERIELR

Tablel Quantification of microbial diversity of full-scale municipal wastewater treatment systems

Methods Sample size Richness Shann_on—Weaver . S MPson's Chaol ACE Good's
index index of diversity coverage
|solationt™*! 39-57 strains 58 1.06— / / / /
genera 144 a
I solation!™ 60 and 69 strains 9 and 11 1.89 and / / / /
genera 193a
Clone library!*® 53-78isolates |/ 3.68— / / / /
512b
Clone library*” >200 isolates 330TUs 3.01b / / / /
Clone library!*® 119 isolates 94 OTUs 442b / / / /
DGGE®! / 7-17 Bands 0.72- / / / /
1.12¢
454 pyrosequencing™™ 18 808 sequences 2 455 OTUs 6.42b / 3902b / 0.942b
454 pyrosequencing®®” 16 489 sequences 1 183-3 567 / / 2044~ 2146~ 0.861-
OTUs 7086b 6934b 0.959b
454 pyrosequencing®®! 7 422-11 151 21764123 6.26— / / / /
sequences OTUs 7.36b
Illumina MiSeq sequencing®® 2397046429 7 156-10 714 7.32- / 31196~ 63106— 0.69-
sequences OTUs 7.99b 43581b 91613b 0.78b
Illumina MiSeq sequencing® 9923-172859 715 5.46— / 1182—- / /
sequences 10030TUs 5.98 b 1776b
Phylochipt¥ / 1126-1729 7.0- 0.985 9— / / /
OTUs 74b 0.9936b
a b >97% oTu c DGGE

Note: a Calculated based on genera; b: Calculated based on OTUs (with a 3% nucleotide cutoff); c: Calculated based on DGGE bands.

1.2 Shannon-Weaver 353 % H N FH

Shannon-Weaver (H)

(Evenness)

H=-33,pInp
S

Shannon-Weaver

Weaver

Shannon-

Shannon-
Weaver 3.01-5.121'6%8
(DGGE) 0.72-1.12!% 16S
rRNA Shannon-
Weaver 6.26-7.991%%( 1)

Shannon-Weaver

1.3 Simpson ZHEMHEXEREENA
Simpson (D)
Simpson (Simpson’s index)

A=35,pf
pi [
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