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Shotgun Metagenomics

Targeted Metagenomics

* Removal of the erroneous information or noise from the raw
data * Merging of overlapping short reads into contiguous

sequences

* Detection of artificial recombinants that are formed by the‘
ar ling of pr ely termi d frag to the ' |
DNA during PCR amplification |

* Taxonomic classification of reads ‘
* Alignment of the query sequences against the reference =

oty sequences (OTU: operational taxonomic unit)

« Prediction of coding sequences, clustered regularly|

interspaced short palindromic repeats (CRISPR), and

non-coding RNAs

* Assignment of OTUs to the specific taxa

- . « Allocation to a predicted protein-coding sequence
 Statistical analysis of the data

L Steps involved in Targeted and Shotgun metagenomics 4

6 ~ IRIEAELINFEES (metagenomics ) WiTEH FHIVE R 7 AELPER (B R S IHET
YI4gHE : https://www.sciwri.club/archives/7530)
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) pathogen / mutualist @ host community === intra-microbiome interactions ==‘classical’ host-
community members ~ members === inter-microbiome interactions microbe interaction
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probability of pathogen emergence / infection
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v

= negative/inhibitory interaction <« = positive/promoting interaction
- = plant microbes - = pathogen-associated microbes

Current Opinion in Plant Biology
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% 1~ ZOBMAYIHIE A 15 FEAEHINE T REEE T MY -

Table 1 Top 15 OTUs more abundant in suppressive soils* than in conducive soils"

Phylum Family Representative OTU

Strain Accession number
Proteobacteria Bradyrhizobiaceae Chelatococcus sp. 91214 DQ020478
Hyphomicrobiaceae Uncultured bacterium EU881311
Rhodobiaceae Uncultured bacterium EU881312
Xanthobacteraceae Uncultured bacterium DQ158100
Unknown Uncultured bacterium FJ479309
Gemmatimonadetes Gemmatimonadaceae Uncultured bacterium EF612383
Acidobacteria Unknown Uncultured Acidobacterium sp. EU223942
Uncultured soil bacterium AY493920
Actinobacteria Micrococcaceae Agromyces sp. IY07-20 AB546308
Streptomycetaceae Streptomyces sp. SXY07 GU045526
Streptomyces sp. M1037 EU876686
Unknown Uncultured bacterium EU132972
Uncultured bacterium FJj478592
Uncultured actinobacterium FJ542993
Nitrospirae Unknown Uncultured bacterium FJ592805

Abbreviation: OTU, operational taxonomic unit.
“18, 1880, 2 S, 2SC, 2880, 3 S, 3CS and 3S80.
*1C, 2C and 3C.

h -~ R YIMEETFE (Barth Microbiome Project, EMP) (%
%3 http://www.earthmicrobiome.org/)
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The Earth Microbiome Project is a systematic
attempt to characterize global microbial

taxonomic and functional diversity for the benefit

of the planet and humankind. EMP observation tables,

metadata, and other data and

The Earth Microbiome Project (EMP) is a massively collaborative effort to characterize microbial life on this planet. ESU“S are avaﬂ?bleﬁﬁwm the
Zenodo 2 for the Nature
We use DNA sequencing and mass spectrometry of crowd-sourced samples to understand patterns in microbial paper, th’e FTP site, and the

ecology across the biomes and habitats of our planet. The EMP is a comprehensive example of open science, Qiita EMP Portal
leveraging a collaborative network of 500+ investigators, supporting pre-publication data sharing, and
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Mycorrhizae

to the Rescue!
Most Fungi in the prairie are saprophyfic (ihey
consume organic matter) but mony fungi f
di ‘benelit the life. i
g Ha s b s
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FEAE AR A /M 4HAR 25 Lee BUZHIIHFTA KL -Big Bluestem® £ Flint
Hill WA —FERE RN » B4k Andropogon gerardii» —f& ] LIFEF] 180-
210 s ARTFINFMEZE T 240-300 A5rE - HIRAEEF L - BLA
W2 2RI H EEHE A S EE 16-18% 0 S mEIHCE - 2REH MR %
o N EPEE AT AE R Big bluestem B PAEFRRAYAOK B 2R [E] {8 2 14 -
HRE 3.6 ARGV S HEREEAIR A I EE 2-5 Ao HERENE E 5
%t > (i Big bluestem VA RIRME HBERNIHUZEINIRE » B/K L IRFFETEHE
B ERE o FRASERFEI% 0 Big bluestem IVEE R S A8 0 - A R 559 ifE
Ei-small bluestem £ Indian grass > [HEXKFIF—HLOFE
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o bre
[& 21 ~ Big Bluestem 24744 | [& 22 ~ Big Bluestem fREFE
A PR 3.6 AR -
J\ ~ Big Bluestem FU4EREIASE © fEkHE Gray M.M.FEAR 2014 £8Y
WH5E > = Molecular Ecology 23:6011 - 6028

T M4H Lee BFIFLRT R M 4B E R V) 25— 3% Loretta C.
Johnson 7£ Big Bluestem FYAREWIFE » 7€ 4 Flint Hills BY M &ATTDAKIZE K
B R R E R N E AR > Big Bluestem B2 NHEFMAEEIEE EEE
RS PRGN SRS P EPARAESY 1,150 AR R FB RN
TP TR R EDINR REE RIS B2 R 52 T —(E R B ARS8l
W B2 » T H RS —EFRTE L K E LT 2L 24900 b FIRR
PR E I EAR R Ry A B AR R AR KRR i A A R BRI RAED B 5y
HiM[E Fs& Big Bluestem HYEfE > BUEAVE (FFEEFINEEES) (Southern 1L
Ecotype, SIL)&FF 3SR » #rE dr i it &hpE BB AN (Eas tern KS Ecotype,
EKS)RVERIZR 2 > T Pa s H 0 & (central KS Ecotype, CKS)AHEf#:
W2/ IMEANERIN 5 - 52T N B EREE T 18 = (EHh 7R [5) A= REAEAVAE - » AR
BRI B 0T A B 23 o A6 H 5y RIS = (7 I AEE T o Sy RITEE
T =B [EI Y AR REAE - AHSE T R BRIRAVEE KR ST N B R S AR R R I
BIANE PE B Rz R0y A RETEAV B2 T SR ER K % B AL AT AT & 25 770U
EE > BIEIEPR/K R SIL H#hBh - 2l H iz 7Y EKS B CKS Wifd 4 AefE Hoh
EEHIA YR AR SIL AERefE/ D - RS IS E Y B R — E T EERAE
i 10 4 > PR BRI ERAE T ARIR A CLACEHR 15t [F] AR RETEHAY 22
BRI (B R M AR A A YA A B 2 9T 18 LA (5] AR B A R P R R i
FRATAEE - T Lee BURRIAILA £i&@# 10 FREMEERIVEAT DERKETR
AN T E S -
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lllinois

l

) Kansas Missouri

B Central Kansas Eastern Kansas Southern lllinois

SAL WEB CDB KON TALTOW CAR FUL T™ DES WAL

& 23~ 3 fEE fEfE CKS(Kansas S E5) ~EKS(Kansas BEE) AT SIL ecotype(I11inois
FEED) Z AR i B 2 IR ]

Central KS Ecotype Eastern KS Ecotype Southern IL Ecotype

& 24 ~ =f&E[E /& Big Bluestem {HA[E4REFE (Ecotype ) Z AR AT HH R 2 sl b id
A

Site 1 Site 2 Site 3 Site 1 Site 2 Site 3
CKS EKS SIL 1800 CKS EKS SIL

1600 F
1400 +
1200

1000

Plant growth

800 +
—--0-— CKS ecotype
— -8 — EKS ecotype
—— SIL ecotype

600

400

Aboveground biomass (g/plant)

200

&l 25 ~ 3 fEAEREREAY Big bluestem 43 RIAE 3 BRIV ENE RERS
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7L~ Sonny T.M. Lee HIREEREMNFZ Z 4B

Lee iR ER=EBRIA | MLENEEB-LRIITESE - 2 i -IIeA 4
U REENEEL: » SANTHES A i - IR A TGS » LI aE
—fEHTFREAI AT > Rl Lee ARV SEIISHUE & B > FEFEAUIGEFE R -
NIERRGEEAEEL Big bluestem BYEMHITSE o AE /M 4E L AT M i 25 B F
ZI AR R

BITE% /148 Loretta C. Johnson 7F Big Bluestem AYABERHZE - FI|FH 5 i fEfy
HUskEs > BB 10 4 T AR THIRIE R R0 R T S 1Y AR R o] DU RAS LLi =
K B AN Y AR R 5 ELERTIT 2 - Lee B AIZIEAR AL
TERGUE YR G A 42 15 Lo R (5] AR R REAY O > DA AN A FEoRER » T fge]
TRV T LAGE Big Bluestem SMSLLERIN F - AL AT DAE F 12 SE A IR
IRz IS YRR B RE R IR T - (BB B RSN EAT e B4 24 (E A
WA BERZER - B AP S R = B AR A S BN i S A A YA
= BRI ISR E KB R — RN E R 2 &mnfIgf AR L
HYE BB ERE /e A R By - IR HY N 22 SR R B AGI F2ll7 L [SIRE S M st AR AR i
RIREERERT) T A E P R METTHERY E R - BT RSN AR B S
A PROM 25— « FAJE TR Lee ZUAIRAY HEEE & Ryt ad H— s i e
YashoEl - FTLAEE Big bluestem HEHUMTFIREE - Lee FHUHAK » (VI
HEE T DAFRE— LR Y7 (RS s S SRR I i ok > W L
INIIEWEY) T30 AT DA ZE R R M B2 AT R 223 - (el Ry s ki B IR R R 2 -
FEHFF R HERANENEIATTE T S TR B AR - it E R DR
TEETHREIERE  E

KRRSFHE Lee BRI BB HE=IRH (B 26) > hH{ T3 DNA 7Y
REsE > #47 k MP SUPERFASTPREP2 » B 5 =\HR %28 - vl DR B S -
H—R A RS EREAGEE (B 27) - ARy L2 DNA fEGEIRIELH By
OMEGA fY E.Z.N.A.®Soi1 DNA Kit (& 28) » ¥ Lee FRAVEUEL » AslHIEHAIE
8 - R AR EE > SRk % FIRY /2 QIAGENE #Y power soil kit o Fb4h - &
Bz -20°C ~ -80C /KRR it 2 RLOME I B R = 2 (18 29) -
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Esfidli

[l 28 ~ Z<H A28 DNA Fffi F 2 E4HEBBRIGEREIRID
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29 ~ BEEREE -20°C ~ -80°C /KFSILREMBRE
+ - BREEARREM TR TR

AITA 7441 metagenomic HIBFEIT7AR] 70y target specific B non-
target specific HYJ7)% > TIEl 30 RIELASEE AV RAZ B KER BA ELa i ST 4H B
IR EL NS 2B ZE 7 AR A #8527 (Omics) G 0 E RS aRE S Y=
5 16S rRNA sequencing Y JT7ERE target specific @ BJLUEEHERESHE
SRR IRYIEA 2 LR - Metagenomic sequencing JEEFEIEEREEHACHL DNA
HEETER 2 W DI E PSRRI AT L ER  EEFEE
49 0I5 L A DL — 20 R A R A Rl 2% (I A B ) Y AL RS R IR -
Metatranscriptomic sequencing HIFEZZHY RNA #E(TE » K] DAEFRIRAVES
AT DAL « 2 —2 LIRS 9H metagenomic sequencing RIEIFEZCHT DNA »
JE 7 15258l DNA /INF BRI ~ 85/ N B TRERIEE i ~ /N R B I14HEE Ry
B2 5 HI R B 1% P R B = o 91 4H 265 B &5 {8 4 T R R G Y S 0] (f 31)
metagenomic sequencing ERFKEFFIIERILAZ LIFABHLG - FRERZVER
A HEG B 1 AR S AR A R A R RS T - 1 B P BR A A F T 25 9cia =] DAGE 40
NE 32 FR G BRI E B RHEES (preprocessing) ~ AHEEFFAIRYECES
(contig clustering) ~ EAITHMIFVEAS (gene prediction) ~ 3 SHMAL G TR
#% (Taxonomic assignment)FITHEEMEEEM (Functional assignment)HVHRASSE -
EEEREE KEL e BN B SHe R EMEAE AR TR S - RLREA
— B E RN LA 5 EF - DL Lee ZURAGEKERAGESR - S B EHE
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5 =S e it metagenomic sequencing HYRAS » TR N g3l T B0 9AG
AIERR MIERS PR R B = LI E T — PRGBS A E T HE & -
(% > Lee BT (E A —sKEL#eE 5 £ FHY#A - STAVP - IS = Ae A TR & (8
FIREAGmES - 6 G A HHRE > Rt AV E R SRS AT AR AR &R
g AR Z IR A DU — SR B Y 2= B IR T i B —BHERS
T YRR (B 33) -

=

16S rRNA
sequencing

Other ‘Omics

. . Proteome
Metatranscriptomic Glycome

Metagenomic sequencing te

sequencing
Taxonomic

Content Functional predictions

Functional predictions <o on gene expression
based on gene content

v

Long Reads +
Better Assembly =
group genes by genome

30 ~ EREEALNAGER IR A [RIA R AT Fedll F Y S U AR AR

Al

\

S
e
>
bl
@
dim
&

Sequencing
[Genomes N [Shnrt reads 0
OO _— f\N,—» Annotation

O |
—_—— 7]
\ J\& — —— 7]
o
Recovery Contigs D g_
Of\ . <

( \\_/ —_— ——

= \ Y,

Binning

31 ~ Metagenomic sequencing 2 BEH&RFZ
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Metagenomics Processing

: FASTQC FragGeneScan
AbundanceB x
CO;n :;:;n " FastX Toolkit GlimmerMG
concgct fitGCP MetaGeneAnnotator
cbA&S NGS QC Toolkit MetaGeneMark
t Non-pareil MetaGun
etra . .
Prinseq Orphelia
QC-Chain Prodigal

Streaming Trim

Taxonomic assignment

CARMA myTaxa
FOCUS PhylopythiaS
KRAKEN  phymmbl
LMAT RAIphy
MEGAN TACOA
Metaplan Taxy

Functional assignment

CLAMS Sequedex
DiScRIBinATE =~ SORT-ITEMS
genometa SPANNER
GSMer SPHINX
PPLACER TaxSOM
RTMg Treephyler

32 ~ Metagenomic sequencing ZHEDEEa] LUHE FHAVEES

—
O
-

(b

o8 [ Other EEE Shallow cuttings
04 ‘
: .
o 0.2 - ..
~N
= o
§ 0.0 ° %0 Q
Q)o o] fo) o
(o]
02} o 0® ol O &P o
-08 -06 -04 -02 0‘0 0.2 04 0.6
PC1 (41.6%)
(c)

@ Melainabacteria [ Oxyphotobacteria

[O] Posttranslational modification, protein turnover, chaperones
[P] Inorganic ion transport and metabolism

[Q) Secondary metabolites biosynthesis, transport and catabolism
[R] General function prediction only

[T] Signal transduction mechanisms

[C] Energy production and conversion

[J] Translation, ribosomal structure and biogenesis

)

Proportion of sequences (%)

4

45 f_Rhodocyclaceae p= < 1e-15
40 |
35
30|
25
20 |
15}
10 5
5 i
&
0 —— o ——
Core Deep Produced Shallow
95% confidence intervals
ol < 1e-15 ~
©
HOA < 1e-15 :g
o] < 1e-15 £
Ot 1.13e-11 §
_— 3.66e-7 2
O 3.07e-6 ©
—— 7.19e-5§ ©
-3 -2 -1 0 1 2 3

Difference in mean proportions (%)

33 ~ STAMP #kf& = Loy A H Y E F & a5 (Parks D.H.ZE A 2014 4F)
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+— ~ EYEROITEERELE - DUSHEE HIRIR R A Z R UE
P& RBl

R TAGETE TR ELR - A YIRGEE (Mi crobiome ) Y E &S B A I A&
IRETHHEZIEFIITGE y > IRPMEERERE 3 A FEDS 2 HEE TIRE IR
B BHERSE 10 SREHRZHEREEVER IR 1% > 0ERSE 10 PREEREHY
TERIE Ry R T ARSI - HEPREE 60 (B LA o Z1&3ETT 1358 DNA ZEHUEL 168
rRNA V6-V8 S S TS —MEbgiE (8 34) - HEFTEEE h Rk hivis s
A2 - SAMEENE R E BLAR SH Lee BURAIMEN T » T2 T & FE K
AT > BLNMDS St oot ARl e e 4 A L = 22 ([ 35) %5
T RABREER S - 2 E R R E SRR S 2 i (B D) - By
ik e - FONBEARIRVCE YRRV N iR R B EE RV E R
AL RSB LSBT AIRE T EE IRV ERS - B 1EPREG 138
oA (3 2) ] DATE L R0 HE (POs) ~ $(K:0) ~ $5(Ca0) ~ HBisrE &8
HOEL S MR B FH & = L 3 2% - AR I TR A T 88 (SR s BEA
Ao iR - Fon HAR AR AE YRR Z RS ROR > EHIERHE AT - =
SO E YR E N IR S E - FIAS IR A2 H Rk (S E B BEIEEE) BhIR 73 6
BT BURTERTEIR Z A YA B ELAE (DL HARE R (R PR — - DAB
AP AR R Rt PR S i B — HAR DR R R IR G A B ARG
EERH AR DIAYIR G - A s atn AT TR (L0 IR A A TR E
WY o3 R - (B2 A SE B A s 7 AT RE R IR Ry A5 HY
Al HE B PR — e e B AV I B ERREE N E I S 2 A AR E &
& 0 B2/ DR B B IS (s 2 HIE S © A58 DIZEYIH e R ER
RS RIHAY B T LR R SR BT R E T LIRS BN &R - Atk
HENMEYHR RS E - BE LUt E A TR TUEY) BRI R -

Experimental procedures-

Soil DNA extraction

1* PCR by V6-V8
primer

«
4.Alique the soil in falcon

3.Brush soil from the root, tube and store at -80°C,

34 ~ RIS YIRS AT IE 2 B A2 target specific metagenomic 2
EEORIE
22



02
A D&
HA_2 HI 8
H3_S
A 03¢
0.11 Dﬁ ; Dggﬁ%"@ﬁ ﬁ
F AR
R i @ 1.A&E%mE
3 ofr - v 25
S ® 3 ko EEREmUR
é '_13°‘°A &j:;Rﬁ .
ot o : o WK
- o et A SEIREGR
3 2 "
H1_ ot 7
AT
A, o g B
HHES
0 H1_
59
-0'2 2'0 0'2
Axis.1 [20.9%]

35 ~ NMDS &at oAb A i A= PR By H P B aH e 2= 5

2 BEH 3 R PRI HIR TSR

A
Organic P,0s KO CaO Mg0  EC Fe Mn Cu Zn
Soil 3t W5 y  matter
sample Location P
%  mg/kg mg/kg mg/kg mg/kg mS/em mg/kg mg/kg mg/kg mg/kg
Taé::’y"‘ 6.81 197 157.94 93.91 2120.80 116.96 0.04 318.42 4634 7.62 508
I  zhiben 630 3.01 19647 56.59 2275.89 147.03 0.08 72439 9427 11.38 3.89
Il Taimali 699 244 1078.92 116.44 6049.35 165.31 0.06 24121 89.12 29.59 36.63

-+ ~ Sanzhen Liu ZEBERES5

ARSEHITIEATE B Lee BARWTEIT IHE S5, T #iEDT NI ZAE YK
HHEE 2 192d% Sanzhen Liu([E 36) » Liu Bz A EEE - FEH5E 10 B AERN
R Z2 N T AT EYIR LR B S M e 1 B AR B N B —(E H T I
HYER 7 I IL ARt - et 5 iE N BEETTHUN S EET 2 - B2 Liu Zoasil
A REREERT NI RER Y 2013 B ESE R B K EE YRR
ZEE—HIWRSE (B 37) - EhiEiTI AR/ NEREESE —% 0 HEZEEYEE
ok ~ 515 - H P EHNEE > IR HMEFREAHEYREE 22— > 1A
FHRTE SRR E AT PR (R SE R R AT > TSR R E AN SR T E
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AR RBEIATERSCHI B T - R EEECEREAYNTIT - MU SEHEER R RTER T 3E
BAFISRERAESD - ERITFR LB B FRER I e AR AR e it - EfTEEREH]
AV RSENT TR - flApaaE 2R e BLE M~ W S AV THE R R
VratdmaaE L g > TIENEARGEEE NN RSEYRETTTE -
A EZ n] DL R 2 S I N TR SR P B B2 2 A e S B SR A T 2
TTHEY) 5 BRI HERS ~ BTFeEdfiRss -

ol AQO]ONHDM AOO]OIGO!DIW

~g31spoid

solusoNovia (G

SuaMSNY
wov01018 @

37 ~ SERERT NI R EAE VIR ERER a1 2013 FESESE BT Featise fy 55 KER
UERUITSTEAEAC Sl

4=~ Ari Jumpponen BIZE =2
Jumpponen AT EE HEEEE - EEARRE - HEUEYZTE/ER -
HEE =S 77 (R BRI A e KA B Es s A Y AR B R 65 - B T [R5 E
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R > MR E RS AR T 2 AWfE S A R N E A ERS
BIFEREEE TAVEE 1388~ UK ~ AR IF AT/ INE - ARAVEREEECR
KAE AR IR A RE 25 < T AT 5T T AR SRR s S s & e B — R Y
e iR AR AT AE AR e EIPUEAR R4t 3 3 T — APt anfE &)
A B RAEYIAE > B —AV B R MR B A DUR R4 AR R EL B Al
15 © Jumpponen AL T YIAERINT T A G4 - HEAVKE - EE ALK
wr M fth—(ERA 7 IR PRER E B VRS A IR M PR RIS 2R I A K
B S EHE T EE B LR MY T - SRR TIER S AENE o I
DNA B HAHL 0.5 ATTAVERAHEI TR » RIFL A0SR T340 - —/NBR4S
WEATRERLE#E 0.5 A% FIREBEZEKIE NS EINHE » RAHKEN
Jumpponen F#ZE FHRHEF 3 (B IfE Lt AT SRS : 1. {7 FHEE T % & 1158
FEAH T EMN - GRS TIEEINEHEE R ERH 10 A5cHy 1T
ZEHY > A — 2R B AT G g NIRAS I S AR AR R 2R 5, © 2 R AR S
B2 U E - B[ — B e AV A= HL 10 (B FE - 2 1% FRrE 2k DNA JR
B - 3. DURRR SN )7 =08 TR ATEN B N H Y — » 21 EAEE
HYE ST DNA ZEHY -
U - Thomas Platt BIEREEIREERZESE

Thomas Platt BE % FEAYMIZE F RS IR ERE Acrobacterium
tumefaciens FsM MRS AEYIRINA GAE A ~ AR EEUHEMESE > #1 Thomas
R IEAI TR - SR AT AR T — (S D R Y = i S PR ER 2 & (B
38) » — ST E B - — (R I a2 — AR - PRI RS - Ab
B[S YR R E 2 A B AR (8 38 feo/NME) - A
7% A=A DAEREE BT 2 BEARDL BRI - R — RS DUE L5
BRI AP S 1775 (mi croar ray ) » S {EEREE - G HY s TERE A I EE AT R Y
PESCRRFE =Y E (18] 39) > AT Thomas sz A AHSCHAIR 25 BR - SR A V) B iBe 48 B
BT Em R e

Limitations of current approaches to

screening microbial interactions

38 ~ AT E A E B E PR EE Y &
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8

Fluorescence Intensity
(A.U)

o

aeee
Combinatorial =~ ||+
Microwell oo

"m0

Decreasing Well Diameters

Fluorescence Intensity
(AU.)

|
1 10 100 1000 10000
Well Diameter (um)

39 ~ fEPAlFE e EE PR EE V& Z e T B (Hansen R.H. %A 2016)
+4 - EMUHEERELYE

FESEBUE RTINS U E i — IR ERREA S NIERZ BRI S E
HORESO b RRREIME > WEBEREN RSB EEA K - eSS
IZER GRS A 15- 2000/ N - BIA0—{3 A3 DirE 0. O%HIRE &8 N 1% - (|
FEREITHAE 360-450 e 2 i) MRE— I FEA SRR MR - REY=E
{8 700-1200 JT.Z ] M AE I b NI R SR BB R N oh A B I B - WDl
II— 13RI ZAE 210 7T > EAARRE R SAVER T - hlE 40 7 LIEEE
B HAE ITEMRR ~ SESSRBLNE RS T ERRLY 41 ~ 21 B 178 JT - /N
e EPEEEL > AL RE L EAS RS © BERAV(ERS DA ELE fth AU A B
B IGRIEZ EAH B E - FrlnvEE AV ERS B MUK BEER G B R
Se—EREY 1 flme(3.785 AT HE 67 o &t - HEFEARFE S EE A IEAGE
KU B OKERSHEE LA 00 E 2 1 - BANE 1B M B IS ne M & v T -
S EHIRNENDGERERENVEN > REE T 220 TEH - LESMIEEZ
T AREEE(E 41) > BERAEFIEREM - HENATRER AT -
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M. Manager's

= 22 rowoacd BT paire

[ 40 ~ BEHAET walmart JREEERE RS2 /KRGS

1R

Al ALY -

RSIAN MARKET OF
2304 STRGG llll.l. RD SUI‘IE l

41 ~ /KRB TNE AR E 2 K FE R BT
+75 ~ K-State Insect Zoo SEEELTINIIAKEE B & EYIRESE,
PRI IN LA ER B £ YRR (L B N AR s B B2 A KA 12 » 2P
ER3ET 2 HREREERNVEE - BiERER T SEBIENEALR » HES
FEAESIES ~ PTEA RS ~ W ~ Bk RN R AT ENY) - AR A B
FRHY A B s AT A R AN R IS R 22 - R Y 2 R EE N IR E — (I V) BE R ARG
oo —EEVERNEO B—ERERBREESER (G AMRAVER#y » REE 0] DL
FEFV)ER N T/ B AU N —R — R E TR R R E T 0
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7 ANES A — (R RS - R R R A B R —(E R e EE RSNy
B EHE SR R EIRAV R AN MR Bl CE BBV BE v JAH
BRI EEIEE R (B 42) -

bl
-y
£
A\

!_f \

3
INSECT 700
MANHATTAN, KS

42 ~ SERERT N T RS B S 1HA) BF 21 B B e i
++t ~ &5

TRIE Lee BIRAVIR B ERZ% » SEEIREERH HAA 4G ZEN 9 B8 HH#H K - R
BERGERE N AT FE R SA LEREE  BrUE 3 (M AR GEHTKEG B
EHEY - 800 3 E B FH/K AR H ORIt S8 E R E Wit i =
REWIEETE - 12 3 M ANFKEIEER  EANRE EERTWEETE - 5
NG 3 EAFKIERET » WA As—E YAEWRER T ZE g #bEbR - f£1HL
HIRB G R E RSN BRGEIFTK LB FEE R /D - BT
AEBNEREEZ A DARH O B H #r7K - BIBE ATREFE AR 6 i H - BFEREE SRS EER
AR HAESH 1-3 (B H 20y > Fibl— EE& R EFTET L E  BIERL G
ATREHLI A TERER /K T LASH - 1T ELAN SR ERA S BRI B i a5 i 9 Z BN E 4K
% FinE s 22 U0 SETH T B B A o AT ERE B
AEE T RS ERRERERE O FEEE AR
EH - FrRlEE - BRI REEI A BRI - 8 — &R BE R
HEHAZIVER (Mentor) ° {2/E Lee ZRMIVERNFLZ Ari Jumpponen 4% ° Ari H
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CARS M Z M EVRESEE S EYRUEE L Lee B ERIEANAGEE T
HEIBTSE - 1 ELEA Bof VBV SEREL T - BTPAS [ SR B IE - 1 Lee
LHZHINTZE T a1 34 B S (b ST R TS (R R S BRSO HY  ERHYZUY Loretta C.
Johnson E4E RAREHFAVEM - BIURIFRIEVIEMEL > Lee BURHTINARIZE
P AV S B i A G S LE T ST R - AR (B B S Ak — E A tHE S
FIEEH o SO~ (EABREVEESE Lee BURAVAIEIER > Dr. Lee BH ALY 5 High
PR > IEIRFEME ALY 3/ NEFAYRF R AR G » ST E i B s 5 R EEH
ETTRGRA AR > N BB B A K g A HAAEYHHE - NIt RES A
DURAERCRAY e — Ll > Z & At & = B — e SR - (02 0] E-mail »

SRS AT IR % > SRR RS Al T R R B M P i
HE 20— & EAEEESCEAEE) - G LiEE D O B/ A R0E - fEEH A
DIE(E N S A ta iy — /N ] > 280% A DA AT SRR TS i — 2R B A

EH B R ERRUERIE R - AR TN ISR 600 & et Al
LIEEIA 8157 ISRBIARRKAGER - BB FEERRE > HEERER
WA HEETARRENE - FARETEZHAReFENE 15 el - NIt
AEHENZEEE _HL BRI ETARBEESN S - SEThH A BREARRS &
HAHEIAEE > B4 600 EEWHET > BAESARNET 4 55 1R E
—RAEEE 2 & ROECENERROEE 1.5 & - RN a8sFE

BIRHRE R BINCRAETS o/ NEREZH E T — iR R WP TE A $HR P IHY
FRGEHESNHFE R A A EAERE -

= AIINE Y&

— ~ RRSEHEETNITIREZAEYEE 2 Sonny  T.M.  Lee BHEEIRERE > Lee
BIAE M E YIRS AHE S g5 &8 pToemmuph R EFa T - Hi -
NRSRG AR R 1385 HRIS I RERE R - EYrE it 7m
Lee B AHE S & V& EEUERAN T A - RSB RTETIN TR AT
BV E BRI ERS S BhEREEY » W46 TR AV FT a8 B THEE KR R 5
it 5 ~ AEREEAHRARYIAIT  Lee BUATHGERE L2 A1 SH5e e £ Y%
Bt OIS B HE VNGRS - #EHAR ST IHERE G E1E
R HREIZENEER » EEHOLR Lee BIRA LA EIVRITIEIE#E
1T HEARNRERHEREIL R A BBV E R -

=~ BN KRBT SRR A AR YIRS BT B N R E E F U7 A A ST A S D
EHT Ry AR E 2 M ED o] DA A Y Ra B e T BT - 0 > 4]
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B (B IR R YRR ~ ARV S R BRI A VIR
&~ 1Y 3 AR A IARAY L ~ (R DU SR E IR R an T 2iE
IRCEYIES > BISNURE AT 2B EVITTE > IR TR E— R RIATH
AWy A] DU B EPHE DU F - A B NSO B DAY S i R HAR
Ry Bl 5 [ — R AV E R B B HHE SR S - S ERIA T
B (S EEsER B5%5) AT 22 HABATEN  HEM YIRS
WFFERR T R Bt s TR AR  IXER RS HE S =AY S 153K
BMNFYIERR - B R &I EESER YT E RN AR H PRI BLRL - B
VTR ALY RN T EVAE JT FTRE R 1 T - IR BUR R AL
BRI RARTEILEER (7 > FEFE SR -

=~ YHEAEREbT TR & AR SR A R E S YT e VAR R ELA AT
SHA TR Z — AR ES T B BE s Tolbaks - A LU FE 77440
A o HE—E A UGB DU AT 5 A FIRVEE R A -

V0~ SRRV AV E MR A =i min /) - (HiEls 7 Py ey - Hh3h
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