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Functional Insect Groups

parasitism
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Predators
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Pollinator Insects
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Insect Systematics

Scientific Questions

Prof. Robert May in Oxford:

“How many distinct life forms — species -
does your planet have?”

(May 1986, 1992, 1993, Nature; May 1988, 2010, Science)
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Major Sampling Methods
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Morphology-based/ 2003

In China, we catalogued more than 1372 known bee
species, published more than 70 papers after 2009, with
many more unknown yet to sciences.
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P rmtevant Groupe, Pty wimy

e

There are more than 1691 researchers
and students joined us on insect
identification via QQ. They are working
on insect taxonomy, ecology, plant
protection, quarantine and pollination
biology.
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Morphology-based/ 2003

Morphology based taxonomists have been in decline into
rare specialists. However, more demands for accurate
identifications from agriculture, ecology. How can we fill in
the gap?

» With a lot of unkown species, we need to speed up
taxonomy;
» With very large molecular data, we need to provide

taxonomy supports
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1. Quick and Efficient DNA based identification system
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Table 2. Percentage success in classifying species to member-
ship of a particular taxonomic group based upon sequence vari-
ation at COL

(n indicates the number of taxa that were classified using each
taxon ‘profile’.)

taxon target group n % success

kingdom Animalia 7 phyla 55 96.4
class Hexapoda 8 orders 50 100
order Lepidoptera 200 species 150 100

(Hebert 2003, Proc. R. Soc. Lond. B)
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Sample size is important for DNA barcoding .

= DNA barcoding can be complicated by varying levels of genetic
polymorphism.

= Detailed understanding of intraspecific polymorphism forms the basis, is
important for constructing reference databases.

= In practice, there is the compromise between sampling degree and taxonomic
coverage.
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Effect on the number of haplotypes

= The number of different haplotypes is an
important indicator of genetic diversity in
studies of population.

= Random samples of 2, 10, 20, 30, 40, 50, 60,
F0, 80, 90, 100, 110, 120, 130, 140, and 150,
each with 100 replicates

Conclusion:

The benefit of increasing sample size is
confirmed.

A sample size of 20 is able to provide a
reasonable reflection of the polymorphism of
the entire population.

Stratified sampling would be invelved if more
populations are considered.

The numiser of haplolypes
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3. Multiple Loci Taxonomy
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(Chesters..., Zhu*,
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species clustering
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[ spD_ACO12

Quality assessment

of global MOTU = -
under current RI™* for Iteratllons 1..N-1 =x
parameters Rl for Iteration N =y

—

2015, Methods in Ecology and Evolution)
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3 gene dataset for 250 bee specimens

Novel heuristic search of clustering parameters
Figure shows 70 global species units
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4. Species delimitation in HUGE database

*Sample DB

About 80000 insect species were
automatically

and quickly identified based on 24
gene loci

*Blast search sample against complete DB

€<

*Calculate overlap (Hit Span Fraction) for each hit

sPartitioning of loci (with MCL) using overlap scores

*(optional) Select locus partition parameters according to species returned and annotation congruence
*(optional) Test suitability of each homolog for MSA, then discard where appropriate

*(optional) Isolate reference dataset (species labeled sequences), then taxon_blast

Species labeled +(optional) Clustering (in esprit) of reference dataset using pairwise similarities from taxon_blast

*(optional) Select optimal species clustering parameters using reference dataset

*Obtain subject dataset (exemplars for each named species, combined with all incompletely labeled data)

Genus labeled (BOLD)
staxon_blast subject dataset, then cluster (esprit) under optimal parameters determined earlier

+*Combine single locus MOTU using multi-partite matching
Genus labeled

*Assign names to global MOTU using labeled exemplars

€€€€C€CCLLEK<LL

Family labeled (BOLD)

E— Wil (Chesters and Zhu*, 2015, Systematic Biology)




5. Large insect phylogenies

Description of data-type, filtering treatment and
topological constraints of the 11 phylogenies inferred

eapope|d

£5°0/004

oive

EpheInerop[-e}"g'o‘as

t\-'“m‘

Description

Nuclear orthologs unfiltered

Nuclear orthologs reduced for compositional
heterogeneity

Nuclear orthologs reduced for branch-length
heterogeneity

Nuclear orthologs reduced for information content
Nuclear orthologs reduced for alignment quality
Nuclear orthologs reduced for compositional
and branch-length heterogeneity, and information
content

Nuclear ortholog bins reduced for compositional
and branch-length heterogeneity, and information
content

Mitogenomes unconstrained

Mitogenomes constrained to nuclear ortholog
results.

Species-rich partition unconstrained

Species-rich partition constrained to a consensus of
trees from Nucl1-Nucl4

Species-rich partition constrained to tree Nucl-Mt,
as per Figure 1

0/00%

Coleoptera
Elmdlgdaﬂ‘s

Chesters, 2017, Systematic Biology




6. Species delimitation across a range of
speciation scenarios

NC_003426_Ursus_americanus
KM257060_Ursus_americanus
KM257059_Ursus_americanus
JX196266_Ursus_americanus
NC_008753_ Ursus_thibetanus_mupinensis
EFBBT005_Ursus_thibetanus_ussuricus
MNC_011117_Ursus_thibefanus_ussuricus
NC_009971_Ursus_thibatanus
MNC_009331_Ursus_thibefanus_formosanus
MNC_011118_Ursus_thibefanus_thibetanus
KF437625_Ursus_deningeri
KX841331_Ursus_ingressus
NC_011112_Ursus_spelaeus
KXB541334_Ursus_spelasus
KX641293_Ursus_spelaeus
KXB41300_Ursus_spelaeus
KXB641311_Ursus_spelasus
KXB641305_Ursus_spelaeus

EU327344_ Ursus_spelasus
KXB641291_Ursus_spelasus
KXB41337_Ursus_spelasus
KXB41336_Ursus_arclos
EU497665_Ursus_arctos

KXB41325_Ursus_arctos

KX641322_Ursus_arctos
KXB41319_Ursus_arctos
KXB41326_Ursus_arctos
KXB41317_Ursus_arclos
JX196368_Ursus_arclos
GUST3489_Ursus_arclos
GUS573486_Ursus_arctos
JX196369_Ursus_arcios
GUS73487_Ursus_arctos
GUST3488 Ursus_maritimus
JX196284_Ursus_maritimus
JX196389 Ursus_maritimus
JX196370_Ursus_mantimus
GUST73485_Ursus_maritimus
JX196371_Ursus_marnifimus
GUST3490_Ursus_mantimus
JX196380_Ursus_maritimus
s JXA9B3TE_Ursus_mantimus
----- NC_003428 Ursus_maritimus
= AJ42B5TT_Ursus_maritimus

----- JX196386_Ursus_mantimus

----- JX186375_Ursus_maritimus

JX186372_Ursus_maritimus

JX186373_Ursus_marnitimus
JX196392_Ursus_maritimus
JX196381_Ursus_maritimus
JX196377_Ursus_marntimus
JX196379_Ursus_maritimus
NC_003427_Ursus_arclos
GUS73491_Ursus_arclos
JX196367_Ursus_arclos

HQE859.._Ursus_arclos
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Developing a new pipeline

Genome survey
(Jellyfish, GenomeScope)

Assambly Genome Annotation
Transcliptome Genk)me Mitoch%ndrion Re;ieats Genes nc#A
(HISAT2, StringTie) (Canu, (NOVOPlasy) {RepeatModefer, (Infernal,
Minimap2/Miniasm) RepeatiMasker) tRNAscan- SE)
High-quality Assemble Genome Merging asseblies ! , |
{quickmerge) ab initio prediction Transcript Protein
] . . l (BRAKER, Augustus,  evidence evidence
Detecting species with very low abundance - genatfancED ~
Heterozygosity reduction \ /
(Purge Haplotigs) e l -
Structural annotation
More accurately on abundance l A
Polishing
(GenomicConsensus
« Piton) Function annotation
l {(UniProtKB, InterProScan)
Contamination detection l
(PhyIOiigo, VecScraan) Gene families analyses
{OrthoFinder, CAFE})

Completeness ment
(BUSCO)

Zhang*..., Zhu, 2019, Genome Biology & Evolution



Data generation

600-1500

RMB per sample!

4 DNA extraction

Whole §é nome:
. amplification ;
Library preparation

J

lllumina sequencing
g J

Genome assembly

(Raw sequencing data)

l

Quality control
(BBTools)

:Error correction!
(Lighter)

Loci extraction

Extraction of

single-copy orthologs
(BUSCO)

Multi-kmer assembly
(Minia3, custom script 1)

‘Redundancy reduction
' (Redundans)

Scaffolding
(BESST)

:UCE probe design:
| (PHYLUCE, Stampy, |
+ ART, faToTwoBit,
custom script 3)

!

Extraction of UCEs
(PHYLUCE, faToTwoBit,

1Gap filling:

S '(GapCloser):

\_ custom script 4) Y,

Phylogeny

/Sequence aligning )
(MAFFT)

Alignment trimming
(trimAl)

Concatenation
(FASconCAT-G)

Matrix generation
(SeqgKit, custom script 2, 4)

-

Tree estimation

\_ (IQ-TREE, ASTRAL) Y,
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Scientific Questions

The effects of tree diversity on plant-

insect interaction network
Schuldt et al. 2010, Journal of Ecology

The effects of climate change on plant,

herbivores and predators.
Jamieson et al., 2012, Plant Physiology
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Species Interactions

Scientific Questions

/////

pollinator)
Producer Biodiversity?

Network?

Interaction of multi-trophic levels ¢o-existence?

—

Gradient of tree diversity Stability?



Site A: 271 mu (18-4 ha) Site B: 295 mu (20 ha) Elevation

500 m

om

l:l No tree species
l:l 1 tree species
Q 2 tree species
- 4 tree species
- 8 tree species
B 16 tree species

-mmnpeclen

0 250 500 1,000
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DNA Approaches

Morphology or DNA?

An example from plant-
caterpillars-parasitoids

plants caterpillars parasitoids

Fig. 4. Quantitative tri-trophic food web for secondary rainforest
vegetation in PNG comprising 37 plant species, 4803 caterpillars
from 154 species (exposed and semi-concealed guilds) and 643
parasitoids from 76 species (mostly Braconidae, Tachinidae and
Ichneumonidae).

Hrcek et al. 2013,
Oecologia
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5. Green ellipses indicate treatme: com positior rom the undisturbed Control (black) sites towards the

target Heathland habitat (red). Blue ellipses indicate treatments that are not significandy different from Control sites (left unlabelled for clarity).

Ji et al. Ecology Letters, 2013

More bioinformatics
required for large data
analyses
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DNA Approaches
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Overview of NGS-based molecular methods for biodiversity assessment.

Barcodes
Metagenome .
9 ~ Barcode Taxonomic DNA
——» identification diversity metabarcoding
PCR amplification & '
£ \ sequencing Reference
b“ ' H | database Tree reconstruction
A Contigs and refinement
rDNAS

Gene
annotation

, . organelie DNAs
/" Shotgun sequencing &
= &de novoassembly ©

Phylogenetic Metagenome
diversity skimming

Metabolic network
reconstruction Functional Vetadenomics
Partial/whole genomes diversity g

Sequencing depth



Building on previous work on bee
diversity in and around rubber

M d ) b) sForest_wkl_msl  >Forest_wkl_ms2
plantations S
a =as i ¥
Pollen obtained from common bees ,
such as the eastern honey bee . 2P =
. o ¥ s
Plant library constructed for local y
species o
. ¥ o pid| s
2 pollen barcodes sequenced using a :

lllumina platform

Liu et al. (2017). Scientific Reports.
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Species Interactions

Project 1. Nest Trap System

Limited but representative
number of species (pollinator,
predator. parasitoid)

Cheap, standardized, readily
available

Quantifying trophic interactions
(pollen - bee, prey-wasp,
host - parasitoid)

Assessment of species’ entire life
history
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Species Interactions

Project 1. Nest Trap System

Adult broke the [ <

seal

cleptoparasitism

Larva broke the *
seal
>
parasitoid <

vaerparaSItOId Melittobia sp.

<




Tree diversity gradients

4

Trap nest

Hymenoptera host \

parasitoid

/

Year 2015-2016 2018

Number of

tubes 5321 2312
Number of

cells 13790 5164
Number of

parasitoids 1598 493

Hymenoptera host

morphospecies species richness and
abundance

Parasitoid species richness
and abundance



The ecological effect of tree diversity on cavity-nesting Hymenoptera and

associated parasitoids

(A) (B) ©
L] 8 L] )
Y T S S CO I Jissle : .| O Abundance and species richness of
)] L]
g i §01 50 ¢ 0 s 0ts g s 3 ; predatory wasps and parasitoids were
'U L
32 s ¢ i ! s .§2 $ * 8 s s° %45 !__._,:__!»—.—; positively correlated with tree species
[ [ ] @ N .
g8 |0 o 8 N L ; U richness, while bee abundance and
4 . a* ° N 1 I - bee species richness were unrelated
° o ° . . to tree species richness.
1 2 4 8 16 24 1 2 4 8 16 24 1 2 4 8 1624
o 1 = . | O treespecies richness increases the
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3 E . . . .
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= [ ] [ ] ® 9 e 7] . .
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Guo,...Li, ... Zhu*. 2020. Basic and applied Ecology
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Project 2. Predator System

The ecological effect of tree diversity on predator (spider) diversity.

,-3/? Natural enemy hypothesis: Predators
AMENT ST T T ) tend to be polyphagous and have broad habitat
w3 requirements, so they would be expected to

encounter a greater array of alternative prey

s and microhabitats in a heterogeneous
: Net Primary .
Production environment
v
2 Soil Organic
Tree community '.-' Matter Pool

Most related studies were conducted in

N] ® farmland and grassland, not forest.

(23.
=

C. N. Pcycling

Q1: How do predators’ species diversity respond to tree diversity?

Q2: How do predators’ functional traits respond to tree diversity?
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Species Interactions

Project 2. Predator System

2017 2018 2019 2020

Total 4449 2685 1707 2751
April 1862 961 385 NA
June 1577 782 370 973
September 1010 942 952 1779
r Adults 1 Wdentifeaton Reference database |wy| species diversity

/Sequencing \

phylogenetic diversity

Il
ﬁ
I Sequencing of spiders
|
|
|

I
|
Immaturity ||
l

Sampling RN y
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B D
[=] Q

R
[==]

320

—-
2]
o

Spider abundance
B o]
o o

N
o

2 4 8 16 24
Tree species richness

0 25 50 75
Tree functional diversity

Functional richness

5e-5
|
5e-6 s > []
® L 2
se7 |8 8
g o
5¢-8 ®
5e-9
5e-10
®
1 2 4 8 1624
Tree species richness
[ ]
w
w
[
c
o
Q
°
)
2
[
2]
o
o
)
kel
jo R
w
®
0.0 25 50 7.5

Tree functional diversity

O Abundance and species
richness of spiders were
positively correlated with
tree functional richness

° [ ]
0.20{8 o
cC [
@
0 H
° ® ® ° L]
S |
g ®
=}
I
0.10
[ ]
1 2 4 8 1624
Tree species richness
12.5 §
@ [
o °
2 10 |g .
© °
o ° ® o P
c [ ]
'§ 7.5 %
N
= ®
c% 5 e}
L
L
251e
0 25 50 75
Tree functional diversity

Chen,...Zhu. In preparing



< Institute of Zoology, Chinese Academy of Sciences

Species Interactions

Project 3. Herbivore System

Year Month Number of larvae
April(7-24) 718
2017 June(7-7.6) 2053
_____ September(1-15) 472
z April(7-20) 1162
o cdl~) 2018 June(6-17) 3488
Sampling in 2017-2018 September( 3-15 ) 574
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O Lepidopteran abundance, the effective number of species and Faith's PD and MPD ,but not MNTD,

significantly increased with experimentally manipulated tree species richness.

Wang, Li, ... Zhu*. 2019. Journal of Ecology
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O phylogenetic host composition and
related palatability/defence traits
but not tree species richness
significantly affected herbivore
communities and interaction
network complexity at both the
species and community levels
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Caterpillars lack a resident gut microbiome

Tobin J. Hammer™®1, Daniel H. Janzen, Winnie Hallwachs, Samuel P. Jaffe?, and Noah Fierer*®?

Caterpillar Lab, Keene, NH 03431
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from the soil rather than the host plant

Foliar-feeding insects acquire microbiomes i:
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O 7,909 bacterial OTUs from 634
caterpillar individuals

O Different caterpillar species
feeding on the same tree
species showing the similar
pattern of microbial

composition.




3.3 Tree species richness and leaf traits shaped/driven caterpillar-associated microbiomes
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O Tree diversity and leaf traits (Leaf toughness and
dry matter content) was found to drive the diversity
of caterpillar-associated bacteria both directly and
indirectly via effects on caterpillar communities
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Li,...,Zhu*. 2020. Ecology and Evolution




The observed richness
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O Microbial a-diversity: soil > leaf

litter > leaves > caterpillar

M leafs mleaflitter soil

O Phyllosphere is one of the main

sources of the herbivore microbiome




3.4 Phylogenetic relatedness, functional traits and spatial scale determine herbivore

Cco-occurrence
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Lepidoptera co-occurrence was negatively associated with
their phylogenetic relatedness, tree diversity and defensive
traits, but positively associated with nutritional functional
traits. Further, species co-occurrence was higher at larger
spatial scales (tree species or plot) than at smaller scale
(individual trees).

Wang, Li, ... Zhu*. in revision




} Institute of Zoology, Chinese Academy of Sciences

Species Interactions

Project 4. Functional Traits

45*

Specimen

M- Computer Tomography (u-CT) J

3D Reconstruction

Critical Point Dryer

Scanning Electron Microscope (SEM)
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Species Interactions

Project 4. Functional Traits

Transfer descriptive morphology into digital bioinformatic pipeline:
(1) Undamaged anatomy and more detailed characters
(2) Phylogenetic and geometric morphometrics

(3) Functional morphological data for ecological comparison and modeling
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Species Interactions

} Institute of Zoology, Chinese Academy of Sciences

Project 4. Functional Traits

Question: What kinds of morphological characters
assist the larvae have such a powerful mouthpart
crossing phylogenetic barriers?

Experiment:

(1) Carefully examine the eating processes of
phylogenetically multiple lepidopteran larvae
(2) Make 3D reconstruction for their mouthparts
(3) Referring to the corresponding plant
morphological characters, summarize the
important mouthpart characters of larvae

Additional experiment:
3D reconstruction of mouthpart of special feeding
habits (e.g. leaf mining)

Mouthpart of larvae

Labial palp
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