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B E [B®) HZLRFEWKYE Periplancta americana (41 ERETES5H, LL3E 7% JL Uil 3145 R 500
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Abstract [Aim] To explore the bacterial community structure of the Periplaneta americana and investigate how it acquires
and carries pathogenic bacteria. Additionally, to determine the potential benefits of these bacterial communities to the host, to
gain a greater understanding of how microorganisms promote the growth and development of P. americana. The findings of
this study may offer valuable guidance for the artificial breeding of P. americana, and insight into reducing the risk of disease

transmission. [Methods] High throughput 16S rRNA amplicon sequencing was used to analyze the bacterial community
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diversity in surface and internal samples of wild and artificially reared P. americana. Additionally, PICRUSt2 was used to
predict community functions based on the composition and abundance of 16S rRNA. [Results] The abundance of the
bacterial communities in the surface samples were lower compared to the internal samples. Moreover, the surface samples
from the wild populations had significantly higher a and B diversity compared to the artificially reared populations (P<0.05).
However, there was no significant difference in the internal samples between the wild and artificially reared populations
(P>0.05). At the phylum level, both the surface and internal samples of P. americana were primarily dominated by
Bacteroidetes (average abundance: 22.91% on the surface and 64.07% internally), Proteobacteria (48.49% on the surface and
12.83% internally), and Firmicutes (20.26% on the surface and 15.79% internally). Significant differential features between
different treatments were identified through linear discriminant analysis effect size (LEfSe). Notably, in both the wild
population and cutaneous samples, we observed a significant presence of pathogenic bacteria from the genus Serratia,
Acinetobacter, and Enterococcus. Functional predictions using PICRUSt2 revealed that the bacterial community in the internal
samples of P. americana has a higher proportion of functional categories related to environmental adaptation, amino acid
metabolism, energy metabolism, carbohydrate biosynthesis and metabolism, nucleotide metabolism, replication, and repair.
Additionally, the proportions of these functional categories associated with the microbial community were significantly higher
in the internal samples compared to the surface samples (P<0.05). [Conclusion] The internal bacterial community of P.
americana is relatively conservative and resistant to change, and plays a crucial role in nutrient metabolism, environmental
adaptation, and immune enhancement. The pathogenic bacteria in P. americana are primarily acquired from the environment
and mainly adhere to the surface for transmission. Therefore, a diversified diet should be offered to artificially farmed P.
americana to prevent disrupting its gut microbiota structure, which could impact its normal growth and development.

Additionally, it is crucial to maintain hygienic conditions in P. americana breeding facilities to reduce the risks of proliferation
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and transmission of pathogenic bacteria.

Key words Periplaneta americana; 16S rRNA; pathogenic bacteria; transmission pathways
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Legendre et al., 2015 ), Hrf—sbimiiifps, fi
N3 Kk Periplaneta americana, 1 sh7E A2
MR s . TAERE S (Nasirian, 2017 ), £
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5GP mE S, 05 s )
BEAYH WASSUEY) (Jahnes et al., 2021; Tinker
and Ottesen, 2021 ), &Y KM 2 PR HF A2
TG F BRI #5532 <1 (Nasirian, 2017 ),
5 NGEFEMRE AR, SEUN R MR 17 18 4 R 7%
BRI o SRR ETERN B ZHE
( Tinker and Ottesen, 2016 ), X &, SEPN I
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A, SRR #Efb i RF AL, BE
i A5 550t ST R A — A 2 AR B AR S A
iRt ( Mullins, 2015; Tinker and Ottesen, 2016 ).
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PLZEHCSE U R B m iy b 4 3k, IR
AR LN 3 AN (R R
I . =R T P R = P A 8 T
WERH ) A1 2 MR (A T ALE 2
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Table 1 Sampling and grouping table

B2 b3 iceil 415 REH | A b B il 415 RAEH

Sample ID Treatment Instar Group Source | Sample ID Treatment Instar Group Source
PE1 T2 A PE1-3 W1 PI1 T1 N PI1-3 W1
PE2 T2 A PE1-3 Wil PI2 T1 N PI1-3 Wl
PE3 T2 A PE1-3 W1 PI3 T1 N PI1-3 Wl
PE4 T2 NA PE4-6 F2 Pl4 T1 A PI4-6 Wil
PES T2 NA PE4-6 F2 PI5 T1 A PI4-6 Wil
PE6 T2 NA PE4-6 F2 PI6 T1 A PI4-6 W1
PE7 T2 N PE7-9 Wil PI7 T1 NA PI7-9 F2
PES8 T2 N PE7-9 Wil PI8 T1 NA PI7-9 F2
PE9 T2 N PE7-9 W1 PI9 T1 NA PI7-9 F2
PE10 T2 A PE10-12 F1 PI10 T1 A PI10-11 w2
PEI11 T2 A PE10-12 Fl1 PI11 T1 A PI10-11 w2
PE12 T2 A PE10-12 F1 PI12 T1 A PI12 w3
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B2 b3 ikl 415 REH | A b B il 415 RAEH
Sample ID Treatment Instar Group Source | Sample ID Treatment Instar Group Source
PE13 T2 A PE13-15 F2 PI13 T1 A PI13-15 Fl
PE14 T2 A PE13-15 F2 PI14 T1 A PI13-15 Fl
PEIS T2 A PE13-15 F2 PI15 T1 A PI13-15 Fl1
PE16 T2 N PE16-18 Fl1 PI16 T1 A PI16-18 F2
PE17 T2 N PE16-18 Fl1 PI17 T1 A PI16-18 F2
PE18 T2 N PE16-18 Fl PI18 T1 A PI16-18 F2
PE19 T2 N PE19-21 F2 PI19 T1 N PI19-21 Fl
PE20 T2 N PE19-21 F2 PI20 T1 N PI19-21 Fl
PE21 T2 N PE19-21 F2 PI21 T1 N PI19-21 Fl1
PE22 T2 A PE22-23 w2 PI22 T1 N PI22-24 F2
PE23 T2 A PE22-23 w2 PI23 T1 N PI22-24 F2
PE24 T2 A PE24 W3 PI24 T1 N PI22-24 F2

T1 FI T2 20 HIFRR R NAEAR FIARKEA . A ORI BE, N 2R mil R, NA R il fo e, W KRR B A b
E, WIAL T mEE R, W2 LT a8 i, W3 LT o8 i i Emie . F 2R AT IR,
FL A F2 R AL T a A B i AL i 2 SRR TR TER,

T1 and T2 represent internal samples and external samples, respectively. A represents the adult stage, N represents the
late-stage nymph, and NA represents the late-stage molting nymph. W represents the wild population, W1 is located in
Shuangbai County, Yunnan Province; W2 is situated in Mangbang Town, Tengchong City, Yunnan Province; W3 is in Diantan
Town, Tengchong City, Yunnan Province. F represents the farmed population, where both F1 and F2 are from two different
pharmaceutical factories in Beihai Township, Tengchong City, Yunnan Province. The same for the following tables and

figures.

IR SRR T o, W5 G PN R MR TG A T
R IURALTE 24 hy b, BSEDN RS T K E M
=S, RNEA 10 g BEEER, T - 20 °C
UK 15-20 min, FEAREHTEME; o RESEU R
ARRSIREE, W =AM EIACKER PBS ZZif
W (2 mL/H), BRRER = MM, ff PBS Zof
TR E ATV I R AR s d. BRI AT
e,

TRPIRERCREES R a. K PBS WEMEHSE
PR W JC KB G , BT 75% B RS HiH
B 5 min, RLEHILHEKIEEME; b. ETCHE
SAF T ) oA, BB B LU TC
W, KT RESILT - 80 CUKFEZRAT4 o

PHARAFTE - 80 CUKFERE i T UK A TR
FREX 0.5 g 420 DNA, &R BRI R TR A
DNA f#i ff] EZNA 41 %71 & ( Omega Bio-Tek )
e, FIH 266 E 1 ( Thermo Scientific,
Wilmington, De, USA) HI 1%l B EEE HL Ik

Kl DNA ) FE S e, $REUFH DNA /-1
1E - 80 °CUKAH %M.

1.2 XESIEMAF

ZM8 Quince 55 (2011 ) Fl Parada 55 (2016 ), )
519 515F-Y (5-GTGYCAGCMGCCGCGGTAA )
F1 926R ( 5-CCGYCAATTYMTTTRAGTTT ) X
FEZAR 16S 1DNA 1Y V4-V5 XPETP 18, IHdi
Ilumina Miseq FCXT AR Sl 77 5 #4700 %

1.3 HESH

Z: MR 3CHR (Hall and Beiko, 2018 ) By 7%,
K QIIME2 ( Version: 2022.11 ) XHllF3545:AY
S i AN HEA T AR, AT AR A AR AR I 3507
5, I QUME2 #f:H1#%) UCLUST J#51 Lt X}
TH (Edgar, 2010 ), X&) 7504% 97%14H
L #4733 A OTU ( Operational taxonomic
units ) X453, JFREEEEES OTU R R T
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HIWERZ OTU IR FA B , R4 51> OTU
TEAFEAS AL & 7 98 i OTU =R I
(OTU table ), *f T4 OTU KIILRFHI, F
H QUME2 b BRIk 2%k, it 5 RDP 16S
AR (Release 11.5 ) BB F SN HEAT U, 4R
WA OTU xR 7262705 B ks (Hall
and Beiko, 2018 ) B9757%, #E—%t 168 Hfit
F1 3 B B mT AL o % T2 4053 43 B ( Linear
discriminant analysis effect size, LEfSe ), fi#i F7E
2430 F- 55 (https://huttenhower.sph.harvard.edu/
galaxy/ ) %22 ¥y AT nl M4k . K PICRUS
( Phylogenetic investigation of communities by
reconstruction of unobserved states ) #K{FIf-45 G
KEGG ( Kyoto encyclopedia of genes and
genomes ) FUHE ZE H A WA D BE ) 2K A 6 R
EREAR DI REVEAT N ( Langille et al., 2013 ),

IyfE 2 5400 STAMP ( Version: 2.1.3), 3f
WBeE a4k (Parks etal., 2014 ),

2 HREHH

2.1 ZHEYSH

Xif 0 AT A R R PR A RS, O
48 MREAERTS 2 755 433 i fiEE 16S
rRNA JEH TS, XL B 751453255 61 374
ANRVESYZEBAIE (OTUs ), Rtk (K1) B
N, B DT DR EE RS ( RIERE 1 OTUs L fil
), OTU % H Bk Z a1 30, X &M
B R AR, RN ARSI P IR R A
KRBT OTUs, EBRF AL OTUs J&,
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Fig. 1 The rarefaction curve of Periplaneta americana sequencing data

i RZ 1, TEIE, Sample is the same as Tablel. The same below.

16 o ZREPEREE L, IREFEARD) Faith PD
FRECE E S TIRNFEAR (P<0.05) (& 2: A).
MR FEA ) Shannon T840 & TRFRMA
(P<0.05) (&l 2: C), XERMKRERFEIRAR
GEB SRR, (A R2E A B
L FHPFES, A RMIEREZ H o mty
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BB Z B 2R (P>0.05) (Kl 2: B),
{H¥E Shannon ZFEPE [, B A= 7R R 4] 7 78 SE I R

R IAR AR 2R (P<0.05), KN
PR R B R B E 2R (P<0.05) (& 2.
D). X—ML LYW, BRREKE ZHHE
(Faith_PD ) fEAR[RIA 5] scA 254810, Ak
FERVA PN TR A P = 5 8 13440 ( Shannon
ZREVE ) 7E B AR BRI 35 A 2 (R BB AT B 2
St BPA ST R 9 YN R B 1 B 3R 1 ]
R4 (P<0.05 ), X AT fig 52 il T 5 A Fiige] 72 26
58 B AN [) % 26 YH e il A A A 5 1) e B M R
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Fig.2 The box plot of alpha diversity indices for different groups of Periplaneta americana

A, KRR FIAN Faith PD ZHE; B, SEPNRUREF A 41 5 10 3R 4UA L 5K N Faith PD ZAEPETEEL
C.EMRIEARF AP Shannon ZHEVE; D. LM KMEEF A4 S1FFAIAFE SR N Shannon ZHEPEFEEL.

A. Faith_PD diversity for the surface and internal microbiota of P. americana; B. Faith_PD diversity for different group of
surface and internal microbiota in wild and farmed P. americana; C. Shannon diversity for the surface and internal
microbiota of P. americana; D. Shannon diversity for different group of surface and internal microbiota
in wild and farmed P. americana.
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Fig. 3 Boxplot based on unweighted UniFrac distances
22 EMXBRARADHNEHRARSER

L ] OTU fUZ P51 5 RDP 16S rRNA
Rl e BEAT XS, FFARE £ E P IS R AT oy
2, RSN R B 547 1 A i ol s T 33 A
[IF0 585 DE. FrakbBih, FELEUFFET]

Bacteroidetes . ZFJE 1] Proteobacteria A5 B J
I'] Firmicutes A ¥, X 3 P IEREEA 5 HE
FHXT Y 64.799%-99.417% (1K 4. A), H,
G TR R R R s 5, P
h 48.487% , WALELN 48.887%, i Al ik
96.051%, FEARPIEEASH, 3X 3 AN TS
H 78.036%-99.281% . Horr, UFF R T fie i,
F340 64.068%, K 67.858%, fi ALk
83.988%,

TE A H LR 2 1 R A Bl VR
W& Serratia (“FYJFREN 12.274% ). A IE
J& Acinetobacter (“FHJFREEHR 10.603% ). KA
PR B Myroides (“F-XFEEH 9.210% ). IH3KEE
J& Enterococcus ( EH#EE N 7.123% ) FIZZTEFT
& Proteus (V344N 5.506% ) (Kl 4: B),
XU JE KL 8 TA . Mok, e BkEA
NLEE 2 4 12 = BE L TR R Aeromonas, 15
AlIA 87.131%. TEFEUMRIEARNFEA D, WL
R E R JE S BN R e W R E R
Weeksellaceae (EHFE R 29.205% ). RIFLFF
HiJ& Parabacteroides (“FI¥FEHR 13.912% ).
T 1% % Bacteroides

#£2 UniFrac EEZRR

Table 2 UniFrac distance difference

4150 1 4151 2 LG HEF thFAE P{H QfH
Group 1 Group 2 Sample size Permutations Pseudo-F P-value Q-value
TIF1 TIF2 15 999 1.007 0.422 0.434
TIW1 12 999 1.257 0.114 0.164
TIW2 8 999 1.011 0.44 0.44
T2F1 12 999 2.379 0.007 0.022
T2F2 14 999 3.273 0.001 0.007
T2W1 11 999 2.104 0.004 0.016
T2W2 8 999 2.288 0.043 0.077
T2W3 7 999 1.791 0.183 0.227

T1F2 TIWI1 15 999 1.665 0.005 0.018
TIW2 11 999 1.099 0.207 0.248
T2F1 15 999 2.217 0.001 0.007
T2F2 17 999 2.910 0.001 0.007
T2W1 14 999 1.958 0.001 0.007
T2W2 11 999 1.900 0.016 0.038
T2W3 10 999 1.579 0.099 0.155
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£53% 2 (Table 2 continued)

415 1 4151 2 B HEZ th F 1 PH Q1
Group 1 Group 2 Sample size Permutations Pseudo-F P-value Q-value
TIWI1 T1W2 8 999 1.047 0.343 0.363

T2F1 12 999 3.300 0.004 0.016
T2F2 14 999 4.301 0.002 0.012
T2W1 11 999 2.484 0.003 0.015
T2W2 8 999 3.082 0.036 0.072
T2W3 7 999 2.503 0.135 0.185
T2F1 8 999 1.842 0.03 0.068
TIW2 T2F2 10 999 2.172 0.015 0.038
T2W1 7 999 1.748 0.048 0.079
T2W2 4 999 2.24 0.341 0.363
T2W3 3 999 2.541 0.335 0.363
T2F1 T2F2 14 999 1.438 0.016 0.038
T2W1 11 999 1.729 0.012 0.036
T2W2 8 999 1.550 0.036 0.072
T2W3 7 999 1.294 0.139 0.185
T2F2 T2W1 13 999 2.406 0.001 0.007
T2W2 10 999 1.452 0.043 0.077
T2W3 9 999 1.182 0.111 0.164
T2W1 T2W2 7 999 1.786 0.048 0.078
T2W3 6 999 1.668 0.175 0.225
T2W2 T2W3 3 999 1.556 0.337 0.363

%A BN AL BEE] A NAN A UniFrac B 9255 o TR RN UniFrac BE S & DL 30 326 (TR X FEAEITH RAE

SRR HEECR 999 ASHEF 20 & 19 7 X EA T3

This table displayed the differences in unweighted UniFrac distances between treatments. The calculation of unweighted
UniFrac distances involved resampling the samples at a depth of 30 326. The distances were calculated using pairwise

comparisons and 999 permutations.

PR 5.100% ) AT & Desulfovibrio
CPYFRER 2.117% JFIHT ##E Desulformicrobium
(FHERER 1.784% ). FEM K UEFT & A B A
], LR R BT 47 ) DA A AN S RN 2 B o AP e 22
So i, FER B AERAE S, R R
PE1-2 5 PE8-9 FEAHHASTE B 111 i b/ oAl
FEAS, (BP0 W & LB B FF & 1], H PES-9 A
AR A 5 LB B SR EAAR ] Spirochaetes (&
4: A), >kAF—HFF PE11-12 F1 PE16-18
FEARHHEE ] Cyanobacteria U HI1HET, MiAEH:
b Ab B ) E NS LS . FEIE KO L

AN TR A S U R g A 2 AT A 1) 4 1l R = B A7
RS Aoh, BIRFEM KW AR A
W EEMDEREE, (AR A 1 SRR
s Vb 7R TG > T HAbb X (K 4. B).
AEASE T Al il DX ) SE N R Mg L ke 1 ) 3R 2 1 38
PR, HARRWA RS FEEAFFEE . 7
FRER TR & Lactococcus MIZSFMREE R, ik H A
FERL 1 B SE PN UNHA = F EE  m k E o 78
PE24 FEA A g 3 T ) e 1 <R I T
(5 87.131% ).

Wil LEfSe sr#rdbfeikRAmiEREA T 4
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Fig. 4 Column stacking chart of the abundance of Periplaneta americana colonies in different samples
A, ETDKOF FRARIRMES L B, B8 FEERT 30 AR HES

A. Column stacking diagram at the phylum level; B. Column stacking diagram of the top 30
bacterial genera in terms of abundance.
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Fig. 5 LDA bar chart of gut bacteria in Periplaneta americana
A, FEUWRMARF SR BERER LEfSe 43875 B. AN HLIX ZE R R#E Y LEfSe 7347 .
LEfSe 43 #ii 1k 44 & LDA>2 F1 P<0.05.

A. LEfSe analysis of the surface and internal microbiota of P. americana; B. LEfSe analysis of P. americana microbiota
across different regions. The LEfSe analysis was performed with selection criteria of LDA> 2 and P<0.05.
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Fig. 6 PICRUSt2 prediction of functional differences in surface and internal bacterial
communities of Periplaneta americana

A, SEPIRBEIR A AR Pathway L2 (922 5 EDIBERY PCA 815 B. PathwayL2 HSE Y B MR AR A 22 5 D RE RS
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A. PCA plot showing the differential functional pathways (Pathway L2) between the internal and surface microbiota of

P& (B:IFJG ) P-value (corrected)

B E R i PICRUSE TR 4 1538 2% 1) S 247 e 491

P. americana; B. Extended histogram displaying the differential functional pathways (Pathway L2) between the surface and

internal microbiota of P. americana. The metabolic pathway on the left indicates the Pathway L1 to which each Pathway

L2 belongs. The histogram represents the average proportion of predicted metabolic pathways by PICRUSt2.
Group differences are presented with 95% confidence intervals.
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3 HFHit5vhig

B A 5 R A s, sy (%
BN R ) 518 T AOA AR AR 5 B R Y
KR H AR BIRZ (Estes etal., 2013; Parker
et al., 2021 ). WAWRT G EHALEY

(Vilcinskas et al., 2020 ), FeAPLHE RS 5 05%
SR (Singh et al., 2021) KAK A1 FHAEE #

( Shukla et al., 2016 ), AHf5EiE 1t 16S rRNA il
J 5% AS R b A R AN (1) H 25 5 I K e 1% &4 R %
SERHEAT 0T, AT B TR SE U e S AL AR
PR AEAH ECAE FH R BRAR , A3 R S50 MR i TR B T
KR o

HIF 5T 22 BRAA AR A 1) 40 T 3 9% A =F & 1
P51 1 2 i TR RAEAS , X SR 5
T — 30 IXPh 25 AR A v R H TR N SR T
FEXT RS FNET 18 1A AP A, AR AN B RIS 25
% BIAEIR R | TR | R SN R KR
BT AIE BRI o BEAh, A 5T 2 W 98 I K
Fr SR 9-13 Y (FMETAE, 2004), iXFEL
YA XE LR R R RS e i, dE T AR R A e
JE R AT EARTAR

KSR RN E o 2R TG
2R ] B R SE N R A AR AL 2 1K
-5 FL AR I, DA SR e 2 B [ b 2%
fENIMARAS A & rFE B9 (Jahnes et al.,
2021 ). AT, TE B 2RV, & RESZIEALF
e 225 XM 22 5 ) B S R Wi AE AN ) A
TG B B SR A AN B AT A 6, TR i e ]
F AT LU i O 2R filn, 7
/N Blattella germanica 7E [ SR P31 A i o] T3
PRE A AR &2 &Y, kS Y E
FE S a3, H I R W 2 R R e D

( Pérez-Cobas et al., 2015), M4, AFEATER
B 28 DR T B8 HA R R A9 A= BB, i
iR B RN, 1 A 1T B P B AN TR 2 A0 i
YRR, SEMTFE B RN EEER . X
SR REE AR, A B TR R Uk Y 2 R
FEANTA) A Z AR AR AL o AR 5 vl LA
P REEA T, FFUCEE 95 YN R e 52 4 A i JEL 30T R 4

i, AT R A MRS ) HUES 22 (] 7 T R A 38 A
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S A e R 1 S U A 40 T PR R R o T B 22
FEPE 1A 30 2 TARIFR R, X 5 ET AT 25 R
— 3, =N FEIE 2 ARSI R R A T2 W Z2 R

( Tinker and Ottesen, 2021), TEAREHEARR a
B ZHEEFR BT, BPAMRIHE 2 5 T = N R 5
MRS (EAERNEEAT, BR T TIWL (T1 K
WREA, W1 AUREFINRAE S 1) A
i TSR Z A0, HASRAEA AR R
FER, XA S ZA A ENE FENEY
SR R B 2 A G o WA ) P T TR 2 52 %)
AR E SR, a4 S8 iE
AWk ek H 284k ( Bertino-Grimaldi et al.,
2013; Bifh&, 2013), fildn, FoKiE 55 E
s S PR RE O SE N R MR B L - Z AR R TR, T
T 55 55T SR N R IR RE AR5 I W T A HL
H— o JFH, B4 FRET P R SE P W AT BE 5 HA
WS A A B A A Wy I AEAE Rl — ML X, TR A
A RETE R Fh [ 7K S-AL 1 8 RE 25 W) A G 4K . AH L
ZF, SRS T AR, A [E R
MMRE R AKCAER, BEYFMERB LR

TEYIFAL AL b, AT FEAR SR RAEAES 2
VIRIFFIRITT . AR BT TR RBE R T T o 32, (AR
FEASIKRRMEATERBEFE LAAEER BIR
AR E L LURIE T o, A AR ) 5
VAR o8 3, HUOZERER T2 ] .
X 5HT A5 45 R —2 ( Tinker and Ofttesen,
2016; Gengetal., 2022 ), HfEp A% (2013)
g, SEUN R B WA 2L LA IE ]

(66.4%) AE, MITHEITAE 17.8%, XM
S Al e T A 5T B FH A S8 I R AR AR Ok B
eGSR G, FEAR TR S G B AN D)
F R D TR IR S B T

TEJRAE b, FRATILEE 3 S P e e A ) ik
PR T TR A 2 25 5, R R e B0R
A 434 AT B B AN TR] o X Se B0 T B S 1D
HIREE . AITRE . BEREE . kEE
AT RS PR FEER 5.506% ). Hiid
H KB (Lancaster, 1962 ) FlA 3 #F &
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(Harding et al., 2017) X} AKEERK, &5l
KRNI B WU, F=H I A BT,
R R B — BN W, B MR
PE, e AR MR R, BIEERS
() R85 B A= /7 ( Pangallo et al., 2008;
Erginkaya et al., 2019 ), SRR F WL T 57K
b, R RAVE A AN IR I A B b,
SRR AR AN B 2 SEAER (Ryan et al., 2017 ),

(AR AR, BRI A R R
Fo B = TR SRR (AR EZER), A
TERFMEA S, A& TIARRFEA, Xx5R
FH 2 YN R W = B30 o PR AR B U T, X B0
PR R A AR b I gt RN b, W
F% 3] 3 41 S0P TR 7 JE IR MRAR 3R E % 3= B2 I fd
TR o X — R BESE T sl iz, BpSEu
R Mg o 1 AR R O I X R 26
PR WA H 15 20 ] fig 2 X Se U B AL 75 2
HMEREREE , XF NS R ™ AR TR 2 . I HLAEAR]
IR 2 PR IE S T EORR , HRER
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2 OCH L XSO 4 S A 1 i 1 )
TRFEARYE . 7ESEUN R P & BRI
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KW 222, RiEHARKE T % Y6
( Vera-Ponce et al., 2021 ), #F5¢RMHMHTINE
JE& ) SR E A RS R ARG, B
R 7% 22 FE 1 B 2 2R 11 BT o 3 o e A1
(Elena et al., 2015; Vicente et al., 2016 ), X
R KRBT T Z L 2SRy 2 a]
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