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Research Progress of Soil Improvement by Plant Urease
Induced Carbonate Precipitation

LI Mingdong, ZHANG Shiai, YANG Yuanjiang,
XU Haofeng, TAO Xueqing, HE Jia

(School of Civil Engineering and Architecture, East China University of Technology, Nanchang 330013, China)

Abstract: Soil improvement by enzyme induced carbonate precipitation (EICP) is an emerging hot technologie
in the field of geotechnical engineering. The research status of soil improvement by EICP are summarized com-
prehensively, the key technical parameters are optimized, and the prospects of future development of EICP are
pointed out. The standard method of soil improvement by plant urease promoting sinking of calcium carbonate
is suggested. The preservation methods of plant urease and the longterm performance of soil improvement by
EICP under special environmental conditions are conducted. The research results show that EICP can signifi-
cantly improve the performance of soil, the maximal unconfined compressive strength reaches 3 MPa, the abili-
ty of wind erosion resistance reaches 29.1 m » s ', the surface penetration strength reaches 1. 065 MPa, the
rate of permeability coefficient reduction reaches 98. 2%, the rate of heavy metal ion mass content reduction
reaches 99, 96 %.

Keywords: plant urease; enzyme induced carbonate precipitation (EICP); soil improvement; solidification;

heavy metal
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Fault Diagnosis System for Bolt Loosening in
Vibrating Screen Based on Acceleration Sensor
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Abstract: A vibrating screen bolt loosening fault diagnosis system based on acceleration sensors is constructed
by combining LABVIEW software and NIUSB-6363 data acquisition card for the GLS10 linear vibrating screen
spring fastening bolt loosening fault. The loosening fault of the fixed end of the vibrating screen spring cantile-
ver beam was simulated by changing the number of loosening bolts. The results show that when the fixed end
of the suspension arm of the vibrating screen is loose, its maximum amplitude significantly decreases to 53 % of
the original amplitude, which can be used to effectively determine the fault type. When the fault type is the
same but with various degrees, the acceleration signal spectra obtained varies, and the difference of amplitude
is significant, the fault degree of bolt loosening can be determined based on the threshold of the amplitude.
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Abstract; Aiming at the problem of low efficiency of traditional automatic focusing methods and difficulty in
adapting to the high precision and high efficiency of microscopic morphology detection in industrial products, a
microscope automatic focusing method based on the height-guidance of object-side differential confocal axial
measurement is proposed. After obtaining the calibration curve between the defocus amount and the axial light
intensity difference in the measurement system, the motion mechanism is controlled so that the axial distance
between the objective lens and the sample is used to collect images at equal steps. The current axial defocus a-
mount is determined quickly through the difference in light intensity between the front and back focus posi-
tions, and control the axial movement mechanism to achieve fast autofocus. A microscope autofocus experi-
mental platform is built to test samples. Experimental results show that the image focusing speed and sensitivi-
ty of the proposed method are better than that of DFT, EOG and other automatic focusing methods, and the

axial solution of the system is better than 0.4 pm, which effectively improves the focusing speed and accuracy
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of the microscope.
Keywords: autofocus method; axial measurement; axial differential confocal; object-side differential; micro-

morphology detection
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Abstract: The bidding methods such as direct signing bidding method, vote decision bidding method and vote
decision low price method do not comprehensively consider the bidding candidates’ quotation and comprehen-
sive score, the competitive bidding performance is relatively poor. Based on the value for money (VFM) theo-
ry, an innovative vote index method is proposed. The pilot situation of China's evaluation separation method is
sorted out, based on VFEM theory, the preliminary model of voting index method and the most suitable region
model are constructed, and then vote index method is compared with other vote methods. The results show
that the vote index method is a scientific and effective evaluation separation method, it provides certain theoret-
ical guidance for bidders to make more scientific and optimal bidding decisions.
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Tab. 2 Calculation of value coefficient of calibration candidate
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Measurement and Analysis of Summer Indoor Environment
of Farmhouse With Rainproof Patio in
Hot Summer and Cold Winter Regions

LLIN Shuying, LAl Wanling, WU Zhengwang

(College of Architecture, Huaqgiao University, Xiamen 361021, China)

Abstract: In order to clarify the impact of rainproof patio on the summer indoor comfort of farmhouses, typi-
cal cases with high comparability are selected to conduct measurement and analysis of indoor and outdoor tem-
perature and humidity, wind speed, illumination and other indexs. The results show that rainproof patio can
stably and effectively organize indoor natural ventilation, but the wind speed is small. Rainproof patio can ef-
fectively improve the indoor natural lighting of farmhouses, but there is occasional slight glare during the
noon. Rainproof patio is particularly suitable for farmhouses with east-west layout, which can effectively alle-
viate the adverse effects of east-west sun exposure in summer. The indoor thermal environment of farmhouses
with this patio is more comfortable than those without it. In the construction of farmhouses in hot summer and
cold winter regions,the appropriate rainproof patio can effectively improve the living environment.

Keywords: hot summer and cold winter regions; rainproof patio; farmhouse; indoor comfort
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Tab.1 Basic information of farmhouse

AL KE A KE B Kz C

jesan o] A PRI 2R Ae It Ae It

HESRZ B JAE S = A= 1)z

S HEZR 254 T IR 45 14 HEZR 4544
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it K5 5 SRS 1 2838 X YRS L Y NEE S A

M E BRI N 34,4 C, SEIAE . BANEH AR 31,6 C.mE AR 38.7 CL K
SN 25.0 C,2RKERBENHE R 12.4 C. MXHBEE N 39. 6% ~89. 0% , M X IR EE A 67. 4%,
https: //hdxb. hqu. edu. cn



5130 AR, S5 B AR Ml DX B T R AR B A PR S 4 A 31

2 FHEEER

2.1 AT E

202346 H 28 H—7 H 5 H, 41 8 H ik BURg K .2 2 P K55 24 b 5 2 (1% B8 XS kA 70 &, it
BEOMAEH 0:00—24:00 AL FG R A OV L AU A IR B 45 4 TR AR
2.2 MEXEE

TESTO 4051 %1 $ A R0 3 A CEFR 0~30 m » s~ 1, Ik BF 5 %) L AZ88162 I i i AW ( (i
R —30~70 C, SR £0.5 C IR 0% ~99 %, &K B +3%) . GM1030 % i BF (X (&
T 0~200 000 Ix, M AEEE 4200 % 9 & B4 Aghic U aE . HAEUAE N 3 AL E] B 5 min #£17 B 3))
O SR 5 I (SR BEBE X [RI B 30 min #EA4T B 3hid 5%
2.3 MNEHE

FERARE 1R N S BI R S T00 0 45 b 550 308 1 8 A0 AR A0 IR 3k 3000 3 S0 B BE AN R AR B A
FR) 2 J2 R0 TOU 350 i i A A DX ) e ASC o 300 BB T 2 Oy 1. 5 m, AT B N R IR A T i A B T L
EHE R IE R R R RN ESAET 1 2SN MAL BN, eBEREAEITE. T
1B P P AR R AT S

3 LS

3.1 GEWMRAMREENFEENZMN

3011 #ERypa 4t A B.C BYSR (O FIAH N 1 BE CF) S0 A 98 X7 b 18 4.5 Fros . f &l 4,5 A
M AR B H EE SRR 29,3 C L H ESE R AT IR R Ry 73. 7% B N 28. 6 C L Ta]F
AR Ry 79. 5% o B H BRI LR 6:20— 720, Je i Ul BUZE IR I B R 2 C EZARIA
FOT B AR T T8 647 SR G X, B RS20 D 29. 7 C oy H AF S5 40 X8 B Dl 74, 026, 4% 8] F- 21l
K 29.2 C B [E] - XA 6 R B A 80. 8 %6 . k8 C H ] Z 85t 8] HIFJe Jm k1) B 3OF 3 IR B2

40 ~ 100

— K%EB —— REB

38 |-

o REC —— &2C
% —

—— 4

36 30
34 < -0
o B
L) &
20 60
28 50
26 40
Secsssssssssssssssssssss
SERRSAERISSIaRTEENEsamgg
2]
B4 fesg B, C By S D0 0 X L K5 Aqesg B, C By AR M RE 52 D0 A0 X L
Fig. 4 Comparison of temperature Fig. 5 Comparison of relative humidity
data of farmhouse B and C data of farmhouse B and C
UKL AR 05K BB R B EMS 0BT &z
— e +r__,’:E‘
AR T IC B i R IR AR C A TE A7 5 I B I 1 —— %5

ThRE CRE B.C =N BEE/ANARE B
IR B T O EF A

3.1.2 REIRBE4H  KRE B, C I RGEE (o) S8 X
Lo i 6 s . BB 6 ATAN: KR E B, C 1Y% N M AR

v/m-s™!

TR 5 5 S B AR 2 C i ALk 3 30 W e "SSsgsrcnspscensnet
EBMREEMIERE KT C EFmRER g R el
TR AR BRI+ G 184 2 R W 1 R B AE B.C MBS BA AT T
04 I 5 5 55 AP J 4R 75 F 4 © Fie 0 Comparison of wind specd

data of farmhouse B and C

X R i BOR TR E B, K C HYJa R BHAE

https: //hdxb. hqu. edu. cn



32 A R e Al CA R B 2R O 2024 4

AR BORE AT OGS BOCRE SR B P TG R el G T W DR G B R AR B AT B T S 4

2UE IR EE &R, 1222 r
3.1.3  RI¥ELsA AT B.CHE N IR (E) SEl Bl 1 400

% He T BTR. B T AT B AR RRGE T 120
B CoRkE BN 1745 ke Cy & 10
SRR IR 48,4 Ix, ZEWIIE S5 AR BERTAL 101 0
BT EAZERIFHAP KN A CENEa R O
Bt B PR A5 B AT B R A L TR R R L A B 0
e 1 T 25 B b I e A T %
P15 50 5 1 R IFY 0595 A2 R e oK o G T
B I T LAAR A S A YR IR A T ], BT R B C IR ARSI R XTI
3.2 BIEREWREEEREE NS EN S Fig. 7 Comparison of indoor illuinination
321 MIRSAA AE AB TR AHI I EE e of farmhouse and €
X H L 8,9 BFR. i 8.9 AT 4RE A MR TR M 31,4 CLF 8RN 28,9 CL R Ik
4 3. 4 C oI5 AL BUAE 12:00— 13500, g G AR H BAE 6.:30— 700 W 485 1 % 19 P-4 IR 24
RT3 AP 2.7 C et A 5 PR B AT T 3 AR A L 7.3 C ok B A9 % 19 I 5
T3 AR IR 6.1 C et A HIRRBVBUR IS O T B 7E 2200800 I BEPY A E B % 7 F
RS TACE A 29 0.4 CL7E 8,00 22,00 B K E A BFH RS TARE BA 0.3 Cifk
7:00— 15,00 B B A5 AL B 5 P SR E TR 3k o B B U 8% B

FhSH O 0 B A 2 9 AR X 00 FE 15 0L 25 10 9 7 2 B 9 2 S BT J% /P B R B
B AR IE (65. 2% ~84. 8 YO MR T A AC65. 2% ~86. 1% T PG A E B MM I #5 F4KE A,

40 ~ 100

E/lx

—REA — REA
38 | —— REB % —— RTB
——Ehh —— =hh

36
34
32
30
28
26

80

Fl%

70

6/C

60

ol

11
R EEEEEEER
L O T T P e O e o
SHANAFHIOEIBRS—AARF RO ELBRNS

K8 A ALB AR S5 B 35 X LY B9 Aes A, B A% RE 52 D0 BCHE X L
Fig. 8 Comparison of temperature Fig. 9 Comparison of relative humidity

data of farmhouse A and B data of farmhouse A and B

3.2.2 RERIBLH4AH AT ALB R PRGE ST B XS L an & 10 Frs . BB 10 ATAL R E A HRE
B & N RGE AR AN K, 4 R AR o0 B B A7 XU AH A A 358 43 B B i U 05 R 2 A 1R 2 P XU 0 {3
7E 11:00— 1130, F KU H BLA7E 14.30—15.30; 4 B {128 Py 5 25 R B 7E 17.00— 17,30, K ¢
A LB AR K B I B R] 32 R R ws A s A T X B R AR . B R AT AR E A
WS AL 1 A AR 2 B BEE KR RE R AT S 4 41 P A

P JRAE % FH T 408 B XU 30 XL il 3 2 5 N RSB KU B0 R T R R HE B B KU T
ERT A PRIFIEH RKH 5.5 m A CRE 2 J2) 2 R HTH AR BT 4800 R0 I 383, X R H AN ] g
) KGR AT R

95 TR R FHAS [7] 15 28 49 JXU S S 55 4 %o B IR 11 Bras . dn PR 1T ) . AR S A R ER A i BN . R
FETAR R > R I 5.5 m &b XU = K S 3B R 5 B T #4038 KU K/ 5 F R i 25 B0 E B G
U AE 14:00—16:30 BB, RIFIEFB T AT TSR A 0,1 KH: 5.5 m AbF1 K H: T0HB A5 4R 15
A RARE .

https: //hdxb. hqu. edu. cn



%1 PRURA . 4. IS 1L IK A B I K H A9 A& 2 B 2 9 30 58 S0 40 A 33

0.25 0.25

—— REA R o RIFIEHR
—— REB —e— RKH5.5 mik
0.20 - —— 4 0.20 A RIFTIHR
o - 0ISE A
= = 0.10 |- P A ¢ .
L.

A T

T T T T T T

B 10 A AB S A RE ST X L B 11 Bh R R AN (] e B I IR 52 0 465 40 X Ll

Fig. 10 Comparison of wind speed Fig. 11 Comparison of wind speed data at
data of farmhouse A and B different heights of rainproof patio
3.2.3  RERBLAM  ARE ALBIYE N IR E S AR 4000
— 3500
XPLG, i 12 s, B 7,12 AT R E ALB AR 3000
kT CAHB RIS, = N I RE R it 2 5 R 2500
(9 F 3 2 0 SR 7 I S A T IR TR B s 6 11.30— & 2000
12:00 BB 4K F ALB R BEEE L 11:00— 11:30 I B2 300
N . N N 1 000
A1 5T W R T 2% 2 B 4 SOK P P e 58 "
CYHZZR) . ZENBE TR KT B oy REREK EBL 0
BN ARE A RS R TR E BB T SREEEINAAAIIAAEERLES

it e HEURE 2o 7 » o SR I — 8 P it DA RO
K12 qRsg ALB A= Py HERE S50 B X 1Y
4 e REIL Fig. 12 Comparison of indoor illumination
data of farmhouse A and B

1) Bl R Al A 2 A0 R XL (E R 25/
AL GERIFA ]« Bl 0 - 187 R H smf“jt PR A R0 02 s P X L F g XU AN 2 > EL N
BT RICTUR el MU0 o A ST s S D RGE — BRI A BR FE ROCHTA P TR B BESh  BEA B
RIF B AT AL IR 53 B B A A GO R AR 8 A SRl i U R 22 2 12 m, B AR AT 1T G AT RO 1
DU AT RE 7 Az A p AR 5 R

2) 16 2 M BEE By N ORI BT AS SR AR Uk — P B0 RAR RO, R A AP 9] 1i)  FH A Lk
KA BEE BRI R AR R PR FLRIE N BE 3 1034 0 B I A AT B OGO ARG B0 TR R
K. KT BOBE 7RI R AR R SR AT B A R R A e e
AARE BRI P9 B 1 Jk 1 BB o FLTSURR R FH BH OB A LB G R AR T ARE A BB A e o AR AIG
TARE A, T EERA 1T FF AR 5 AR PG LT3 BT 5 BBy I 2R I A i i
() BEJSE L 3o o5 T 3 AP B T RE 2 AR Ok

3) Bl I R H 1T 2 i el A ST A RS BOR R SRR e B AR XU o AR Y A SR A A A
DR BHAR SR AR 2 5 BOE WUOR G AN B 100 Bl B SRl DL o A JE T g A2 B A B IR) Al =5
TARE A TARE BAYA P AL O35 B 55050 BRI B g el s » AR B A 5 ) 30 1 5 2 T
BEA DA A AR T, FLAE 5 v A A BL ol 6 03 ) B Iy i 5 B A SRR . AP B TR A P O
FTAE Bo 1 S SE A AT Bl B ORI 8 R PR A R AR 1 AN T (L
WAL 22 57 AR BONEFIE o S8 b RIF I E A O s 1A 19 5 9 &P & 1 (H 0 A4S 79 3 1) AR 2
AR B g —

4 BEE PRI AR I BB 673 AR AE /P[] I BE(12:00—13: 000 i e 1 TRl Rk, KR
B B AE IR TR AR T ARE Co 12 12:00—12:30 BB i TR EH S ERE BIE
PR Sk BT (RS AR S o B W SR 7 5 SR ot 1 [ Bt A7 i 2o 2 20 SR 00 RO 3 P AR
AR T EEE

https: //hdxb. hqu. edu. cn



34 R ¥R (AR R B 2024 4F
S 23K
(1] 8300 Bl . R X e g SR 2 13 8 9 $A SR 85 28 LT ). sS4 4. 2010(3) : 27-29. DOI: 10. 3969/j. issn. 0529~
1399. 2010. 03. 007.

(2] R 5k fE 3R, 4% RO R 58 I m J AR R 5 70 M [T . s R+, 2017, 33(10) : 26-31. DOI: 10. 13614/]. enki.
11-1962/tu. 2017. 10. 05.

[3] w6, Bk, 3k, 45, 7R 1% 48 = [0] TR K 25 1) KU S BORR I R A 58 LD ] ) 28 0l K% %44, 2022, 39
(3):105-115,124. DOI:10. 12052/gdutxb. 210119.

[4] MICALLEF D, BUHAGIAR V,BORG S P. Cross-ventilation of a room in a courtyard building[J]. Energy and
Buildings,2016,133:658-669. DOI:10. 1016/j. enbuild. 2016. 09. 053.

(5] ERRBUE. BT Airpak 3.0 A=A K H RIS | @ H 16,2018, 46 (11) :11-14. DOI: 10. 3969/]. issn.
1673-7237.2018. 11. 003.

(6] WRIeds . B 500 A . SR N T- 1h 5% R B ZR BRI S0 40 BT [T . #5002 i, 2010 (4% ) 1) - 84-87.

(7] RER H RO, B ARG S R RIS 43 7. IR AR ILSk B 7l RE R B0, @515 8. 2017,45(7)
16-20,103. DOI:10. 3969/j. issn. 1673-7237. 2017. 07. 003

(8] JAZu ARG EH 458 AT R KT 0 $ s 8 XU 0 40 A )], 8 ##470, 2021, 39 (11) : 49-53. DOI: 10. 13942/j.
cnki. hzjz. 2021. 11. 011.

[9] KINDAH M,GIOVANNI S. Thermal performances of traditional houses in dry hot arid climate and the effect of
natural ventilation on thermal comfort: A case study in Damascus[J]. Energy Procedia, 2015,78:2893-2898. DOl
10. 1016/j. egypro. 2015. 11. 661.

[10] KUBOTA T,ZAKARIA M A,ABE S,et al. Thermal functions of internal courtyards in traditional Chinese shop-
houses in the hot-humid climate of Malaysia[ J]. Building and Environment,2017,112;115-131. DOI.10. 1016/j.
buildenv. 2016. 11. 005.

[11] SOFLAEI F,.SHOKOUHIAN M,SOFLAEI A. Traditional courtyard houses as a model for sustainable design: A
case study on BWhs mesoclimate of Iran[ J]. Frontiers of Architectural Research,2017,6(3):329-345. DOI: 10.
1016/j. foar. 2017. 04. 004,

(121 #HMH.EHE, EAL . BONRE R RIEX E = AR m T ] @51y 6§, 2015,43(7) :59-62. DOLI: 10.
3969/j. issn. 1673-7237. 2015. 07. 016.

(18] FHEA. Wil e ge R m R I KBTS LD e - 87 LB TR %4, 2018,

[14] e NRICFIE AR B AL S a8 A SRR S5 0 i 07 i Am v« JGI/T 347 —2014[ST. Jb gt b [ 2 351 Tl Hh R
#t,2013.

[15] BrbE4s . M E. ah 768 A 2R @ XUk L) ], @524 . 2011(9) : 34-37. DOI:10. 3969/j. issn. 0529-1399. 2011. 09
009.

(161 k3507 . 5k BE . EILWH. ¥ FH & b R 4 50000 XU A SR s B 8RB LT DL Tolk 37, 2020, 50(7) : 34-40.

(REERE: &Y R"XHEK: HEP

https: //hdxb. hqu. edu. cn



ERGE N LR WO RB 2% MO Vol.45 No. 1
2024 4F 1 H Journal of Huagiao University (Natural Science) Jan. 2024

DOI:10. 11830/ISSN. 1000-5013. 202311012

Genomic Insights of A Multi-Drug
Resistant Comamonas kerstersii Isolate

WANG Hui', MING Desong”?, WANG Mingxi'

( 1. School of Medicine, Huagiao University, Xiamen 361021, China;
2. Quanzhou First Hospital Affiliated to Fujian Medical University, Quanzhou 362000, China )

Abstract: A multi-drug resistant C. kerstersii 121606 was isolated from a patient with a urinary tract infec-
tion, and the antimicrobial susceptibility testing (AST) and whole genome sequencing were performed, then
comparative genomic analyses were conducted with seven representative Comamonas species strains and
Acidovorax species by average nucleotide identity (AND) analysis using OrthoANI and single nucleotide poly-
morphism (SNP) analysis by snpTree web server. Finally, genomic sequence annotation was conducted with
RAST server, as well as functional annotation of orthologous clusters by OrthoVenn, prediction of antibiotic
resistance genes (ARGs) by CARD, CRISPRs by CRISPR recognition tool, and prophages by PHAST. These
data revealed that C. kerstersii 121606 was a multi-drug resistant bacterium with similar genetic components to
other seven Comamonas species and Acidovorax species. The presence of ARGs in its genome helped to ex-
plain its multi-drug resistance mechanisms. These findings provide valuable insights for the study of novel an-
tibiotics to manage multi-drug resistant C. kerstersii infections.
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Comamonas kerstersii (C. kerstersii) is a gram-negative, acrobic, motile rod bacterium' that

1. Howev-

mainly caused the gastrointestinal tract infections™®*. It is rarely resistant to antibiotics*
er, we isolated a multi-drug resistant strain, 121606, from the urine of an 82-year-old male patient
with a urinary tract infection secondary to prostatic hyperplasia. This strain was resistant to 18 out of
21 antibiotics, including g-lactams, aminoglycosides, quinolones, sulfonamide and colistin, indicating
that it was a multi-drug resistant strain. The property of multi-drug resistance of C. kerstersii 121606
has not been not reported. As the infections of C. kerstersii are rapidly increasing, it is imperative to
understand the genomic feactures and the antibiotic resistance mechanisms of C. kerstersii strain
121606 for better management of the increasing C. kerstersii infections. To achieve these purposes, in
this paper, we performed genomic sequencing for strain 121606, conducted comparative genomic ana-

lyses, and correlated the antibiotic resistance genes (ARGs) in the genome with its multi-drug pheno-

type.
1 Materials and Methods

1.1 Bacterium Identification and Sntimicrobial Susceptibility Testing

Bacterium identification and antimicrobial susceptibility testing (AST) of C. kerstersii 121606
were performed by BD Phoenix " automated identification and antibiotic susceptibility testing system
with the NMIC/ID-4 panel (Becton, Dickinson and Company, Franklin Lakes, NJ, USA), according
to CLSI categories.

1.2 DNA Extraction and 16S rRNA Gene Sequencing

DNA extraction and 16S rRNA gene sequencing of C. kerstersii 121606 were performed as de-
scribed previously™™. It was deposited into GenBank under genus Acidovorax (1 460 bp, GenBank
No. KY014106).

1.3 Genome Sequencing, Assembly, Annotation and Analysis of General Components in C. kerstersii
121606 Genome

Sequencing of the genomic DNA of C. kerstersii 121606 was completed with Illumina HiSeq™
2000 (Illumina, San Diego, CA, USA) with 500 bp library preparations. The clean data were ob-
tained (476 Mb). Genome assembly was carried out by SOAP de novo (version 2. 04), and the ge-
nomic size was 3. 34 Mb (196 contigs, GenBank assembly accession No. GCA _002002445. 1,
ASM200244v1).

The genomic sequences were annotated with RAST server'®. The identification of rRNA genes,
genomic GC content, insertion sequence (IS) elements was completed with RNAmmer 1. 2 servert™.
1.4 Comparative Genomic Analyses of C. kerstersii Strains

To understand the origin, genomic compositions of C. kerstersii 21606, five representative
Comamonas species and two Acidovorax species were comparatively analysed (GenBank accession
numbers: C. kerstersii 8943, CP020121. 1; C. kerstersii J29, NZ_LFYP00000000. 1; C. kerstersii
UBA11446, DOQQO00000000. 1; C. testosterone TK102, CP006704. 1; C. aquatica CJG,
CP016603.1; Acidovorax sp. RAC01, NZ _ CP016447. 1; Acidovorax sp. 1608163,
NZ_CP033069. 1). Both C. kerstersii 8943 and C. kerstersii ]29 were isolated from the same source-
dialysis effluent of patients with peritonitis caused by continuous ambulatory peritoneal dialysis
(CAPD) by the same team from Zhejiang Province, China®.

17, The single nucleotide

Average nucleotide identity (AND) analysis was operated by OrthoAN
polymorphism (SNP) differences between each C. kerstersii genomes were calculated using the
snpTree web server for the assembled genomes with minimum coverage and minimum distance be-
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tween SNPs''', Functional annotation of orthologous clusters among the C. kerstersii strains was
conducted by OrthoVenn''". The prediction of CRISPRs (clustered regularly interspaced short palin-
dromic repeats), prophages in our C. kerstersii 121606 were carried out with CRISPR recognition tool
(CRT, version CRT1. DI, PHASTM respectively.
1.5 Analysis of Antibiotic Resistance Mechanisms of C. kerstersii 121606 at Genomic Level

The ARGs in C. kerstersii 121606 was predicted through CARD database, then filtered with
more stringent cut-off parameters (identity™>50%, query coverage>50% . subject coverage>50% .

match length™100 amino acids, identical amino acids™>100).

2 Experimental Results and Analysis

2.1 Identification and Antibiotic Susceptibilities Profiles of C. kerstersii 121606

With BD Phoenix " automated identification and AST system, C. kerstersii 121606 was initially
misidentified as Sphingobacterium multivorum (92% confidence). Moreover, because its 16S rRNA
gene sequence displayed high identity with Acidovorax sp. 98-63833 (GenBank No. AY258065.1), it
was again misidentified as Acidovorax sp. and deposited as Acidovorax sp. in GenBank after BlastN
analysis.

The AST (table 1) displayed that C. kerstersii 121606 was resistant to 18 out of 21 tested antibi-
otics, including aminoglycosides (amikacin, gentamicin) , nearly all g-lactams {penicillins (ampicillin,

Tab. 1 Antibiotic resistance profiles of C. kerstersii 121606
21 C. kerstersii 121606 7)1 25 f4 3%

Antibiotics classification Name of antibiotics 121606
Amikacin R (>32)
Aminoglycosides .
Gentamicin R (=>8)
Imipenem R (=>8)
Carbapenems
Meropenem 1S (D
Cefazolin R (>16)
Ceftazidime R (>16)
Cephalosporins )
Cefotaxime R (>32)
Cefepime R (>16)
Monobactams Aztreonam R (>16)
Ampicillin R (>16)
Piperacillin R (>64)
Penicillins Amoxicillin-clavulanate R (>16/8)
Ampicillin-sulbactam R (>16/8)
Piperacillin-tazobactam IS (64/4)
Chloramphenicols Chloramphenicol R (>16)
Polypeptides Colistin R (>2)
Ciprofloxacin R (>2)
Quinolones Levofloxacin R (>8)
Moxifloxacin R (>4
Sulfonamides Trimethoprim-sulfamethoxazole R (>2/38)
Tetracyclines Tetracycline S 4D

Notes: S represents sensitive; IS represents intermediately sensitive; R represents resistant.

i SRR MU TS R F T B UG R RERBLE .
piperacillin, amoxicillin-clavulanic acid, ampicillin-sulbactam, piperacillin-tazobactam), cephalospo-
rins (cefazolin, ceftazidime, cefotaxime, cefepime), carbapenems (imipenem), monobactams (aztreo-
nam) }, chloramphenicols (chloramphenicol), polypeptides (colistin), quinolones (ciprofloxacin,

levofloxacin, moxifloxacin) , sulfonamides (trimethoprim/sulfamethoxazole), intermediately suscepti-
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ble to meropenem, piperacillin-tazobactam, and sensitive to tetracycline. These data showed that
C. kerstersii 121606 possessed a multi-drug resistant phenotype.
2.2 General Genomic Components of C. kerstersii 121606

The assembledgenome was composed by 196 contigs and 53 scaffolds, the repeat accounted for
31.2%. The genome size was 3 419 381 bp, and GC content was 59. 68%. It had 3 291 coding se-
quences (CDS), 3 128 insertion sequences (ISs), 17 tRNAs, 3 rRNAs.
2.3 Subsystem Features of C. kerstersii 121606 and Orthologues in Four Representative Comamonas

Species and Two Acidovorax Species

The subsystem features of C. kerstersii 121606 generated by RAST server revealed that it con-
tained 27 subsystem categories (A-A' in figure 1). For example, it contained 80 genes related to viru-
lence, disease and defense, 6 related to phage, prophage (table 2). Further subsystem category analy-
sis revealed that C. kerstersii 121606 had two phages, which was consistent to the number predicted

by PHAST, as described below.

Subsystem Category Distribution

I Subsystem Feature Counts

A: Cofactors, vitamins, prosthetic O: Regulation and cell
groups, pigments (245) signaling (51)
B: mCell wall and capsule (83) P: Secondary metabolism (4)
C: Virulence, disease and defense (80) Q: DNA metabolism (103)
D: Potassium metabolism (14) R: Fatty acids, lipids, and
X E: Photosynthesis (0) isoprenoids (152)
F: Miscellaneous(46) S: Nitrogen metabolism (27)
G: Phages, prophages, transposable T: Dormancy and sporulation (4)
elements, plasmids (5) U: Respiration(129)
bt H: Membrane transport(186) V: Stress response(108)
\% I: Iron acquisition and W: Metabolism of aromatic
metabolism (14) compounds (29)
J: RNA metabolism (160) X: Amino acids and
K: Nucleosides and nucleotides (88) derivatives (346)
L: Protein metabolism (252) Y: Sulfur metabolism (51)
M: mCell division and cell cycle (31) Z: Phosphorus metabolism (35)
N: Motility and chemotaxis (71) A’: Carbohydrates(237)

Q p0o NM

Fig. 1 Subsystem categories distribution of genome of C. kerstersii 121606 analyzed by RAST server
1 W RAST W4 #5 087 C. kerstersiil21606 F:[H 240 0 T & G840 2K o0 i
Notes: In the 27 subsystem categories of A-A’, the values in parentheses represent the gene count of that
subsystem category.
E TR AN 2T AT RERD L IES N IEE RN T RGN LR 5L
Tab. 2 Subsystem features of C. kerstersii strain 121606
22 C. kerstersii BEE 121606 BT 2R L4 1E

Subsystem

Subsystem features Function classification Function description
feature counts

Multiple antibiotic

resistance MAR locus 1
Copper homeostasis 16
Bile hydrolysis 3
Cobalt-zinc-cadmium resistance 9
Virulence, disease Resistance to antibiotics Resistance to fluoroquinolones 4
and defense and toxic compounds Arsenic resistance 4
Copper homeostasis: 4
copper tolerance
[-lactamase 2
Multidrug resistance 18

efflux pumps
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Continue table

Subsystem features Function classification Function description [ Subsystem
eature counts
B o Tolerance tocolicin E2 1
>acteriocins,
ribosomally synthesized Colicin V and
Virulence, disease antibacterial peptides bacteriocin production cluster 9
and defense
Invasion and Involved in DNA transcription 2
intracellular resistance Involved in protein synthesis 7
Phage replication 2
Phages. prophages. Phage packaging machinery 2
transposable elements Phages, prophages Phage tail fiber proteins 1
and plasmids Phage capsid proteins 1
Phage lysis modules 0

2.4 ANI Analysis and Phylogenic Tree of C. kerstersii 121606 With Five Representative Comamonas
Species and Two Acidovorax Species

To reconfirm this C. kerstersii isolate 121606, we calculated the ANI values with other five rep-
resentative Comamonas species and two closely related Acidovorax species. C. kerstersii 121606
showed high identities with C. kerstersii 8943, J29, UBA11446 (99.39%, 99.40%, 99.08% . respec-
tively), and its identities with C. testosterone TK102, C. aquatica C]G, Acidovorax sp. 1608163,
and Acidovorax sp. RACO1, were low (76.71%, 81.34%, 74.95%, 75.07% , respectively). Ac-
cording to the microbial taxonomy for species delineation ((95=+0.5) % cut-off for AND"*, these da-
ta suggested that C. kerstersii 121606 really belonged to the species C. kerstersii, the identification as
S. multivorum by the BD Phoenix  automated identification method or as Acidovorax sp. by 16S
rRNA gene sequence was not correct.

The phylogenetic tree based on SNPs showed thatC. kerstersii 121606, 8943, J29 and UBA11446
grouped together and other bacteria constituted a monophyletic cluster (figure 2). In figure 2, the tree
was built using snpTree server with default parameters; the maximum likelihood tree was based on
SNPs alignment; tree was shown in the rectangular cladoGram format in which branches were drawn
with reference to branch lengths. The tree topology evaluation was based on percentage of concord-
ance. Their distance to C. testosterone TK102, C. aquatica CJG, Acidovorax sp. 1608163 and
Acidovorax sp. RACO1 was the same as the ANI-based phylogenetic tree (not shown).

Comamonas kerstersii UBA11446
‘!TOOO Comamonas testosteroni TK102

1.000

Comamonas aquatica CJG

Acidovorax sp. 1608163
—| 1.000
Acidovorax sp. RAC01

Comamonas kerstersii 8943
1.000
Comamonas kerstersil J29

Comamonas kerstersii 121606

substitutions/site

0 0.25 0.50 0.75 1.00
| | | | |

Fig. 2 SNP phylogenic tree of C. kerstersii strains and Acidovorax species
K 2 C. kerstersii Fitk M Acidovorax H A ) SNP R4 % F W
The orthologoues of C. kerstersii 121606 were compared with other three C. kerstersii genomes

(strain 8943, J29 and UBA11446). It showed that strain 121606 had 2 955 proteins, 2 943 clusters,
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11 singletons. 2 095 clusters were shared by 6000 - A M Single-copy orthologs
B [ Multiple-copy orthologs
these four C. kerstersii strains. Further, the — g C MUnique paralog
r D [ Other orthologs
gene family clusters of these five Comamonas E O Unclustered genes
. ) . % 4000 |-
species and two Acidovorax species were presen- g 5 E| [E
o0
. . . E
ted in figure 3. In agreement with above state- ? 3000 L BT E E ol o =
. 2 E c
ments, C. kerstersii strain 121606, 8943, J29 £ D b D e
o T Z 2000 cB€
and UBA11446 exhibited a closely related simi-
- ] Bl |B| B Bl (Bl [B| |B
larity in single- or multiple-copy orthologs. 1000 - N
A
. g . . A A A
2.5 Prediction of CRISPR in C. kerstersii e A A
© b P O © Q> © ®
121606 S o Y S N
OSP4 & &

CRISPRs are vital constituents of RNA-

Genomes

based viral defense systems possessed by bacteri-  Fig. 3 Orthologous distribution of C. kerstersii strains
a and archaea"’”, CRISPR loci are composed by and Acidovorax species
leader sequence, repeats, spacers and cas gene Bl 3 C. kerstersii [# #k S Acidovorax il i [7] 5 73 Aii
cassette"'™ . C. kerstersii 121606 was predicted to contain 10 nearly identical 29-nucleotide CRISPR
repeats ( GGTTGCCCCGCACACGCGGGGATAGGCCC) (Range: 2657125-2657702 in genome) ,
which separated by 32 nucleotides spacers in average length. The constituent characteristics of these
CRISPRs were same as those originally found in Escherichia coli genome in 198701,
2.6 Prediction of Prophages in C. kerstersii 121606

The C. kerstersii 121606 genome harbored an incomplete (a) and an intact prophage region (b)
(figure 4). The intact prophage region b was predicted to extend from 1 799 206 bp to 1 836 855 bp
(37 650 bp in length) and it carried 35 CDSs. Significantly, one integrase used as the marker of mobile

@. kerstersii strains 121606 j Oth sha PLP

i - >

I I I L I I 1 I I I 1 I I I ! I
784 kb 785 kb 786 kb 787 kb 788 kb 789 kb 790 kb 791 kb 792 kb 793 kb 794 kb 795 kb 796 kb 797 kb 798 kb 799 kb

a @ J4Ena < |

Hyp Oth RNA RNA RNA RNA PLP Oth PLP Oth Hyp PLP PLP Hyp PLP

Hyp

Hyp Ter PLP Coa Hyp Hyp Hyp sha Hyp PLP Hyp Hyp Oth
Att PLP PLP PLP Hyp Ter Hyp Coa Coa PLP Hyp sha Hyp Hyp H)’P PLP PLP Att Oth PLP

DDDDID.I)I-D -DD I>l DOK

1800 kb 1810kb 1820 kb 1830 kb
PLP Int
Identified CDS types:

I Lysis [ 2 Terminase 3 Portal
14 Protease I 5 cCoat I 6 Tail shaft
I 7  Attachment site I s Intergrase [ 9 Other phage-like protein
I 0 Hypothetical protein [ 11 other I V) Transposase
B 3 il fiber B 14 Plate [0 15®RNA

Fig. 4 Predicted prophage regions and elements in genomes of C. kerstersii 121606
B 4 C. kerstersii 121606 K& P 41 H B0 ) HiJ 0k B 1A% DX 38R 2 i 1R

DNA elements''” was identified in b, and the azt sites used to determine the extent of the prophage'*®
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were also found in b, meaning that the intact prophage region b is disseminatable? This assumption
requires laboratory verification.
2.7 Resistome of C. kerstersii 121606

C. kerstersii 121606 (table 3) harbored a number of ARGs contributing to the resistance to -lac-
tams (blaxpcs s blaspy) s fluoroquinolone (AANT (4" )-1b, apmA. mfd, opmH, ogxB), polymyxin
(basR) , elfamycin (basS, [pxC), fosfomycin ( pvrR), aminocoumarin, elfamycin, fluoroquinolone,
isoniazid, lipopeptide antibiotics, and rifamycin[zez(35)], or encoding efflux pump complex subunits
or regulators (acrB, acrD, acrF; mexA., mexB, mexQ, oprM, mexR; smeB, smeD, smeE; ade] ;
mdtF). The presence of these collective ARGs was consistent with the AST profiles of C. kerstersii
121606.

Tab. 3 Predicted antibiotic resistance genes in C. kerstersii 121606 genome

F# 3 C. kerstersii 121606 e [F 20 vy A4 2 o vk 5 7 ) ol

Antibiotic . Antibiotic .
. Functions . Functions
resistance genes resistance genes
. : 7
blaxpcs Klebsiella pneumoniae carbapenemase-2 ANT4H -1
blaspyiq Sao Paulometallo-g-lactamases-1 apmA )
i Determinant of
acrB mfd . )
fluoroquinolone resistance
acrD opmH
acrF oqxB
mexA basR Determinant of polymyxin resistance
mexB basS Determinant of elfamycin resistance
mex . . . .
Q Efflux pump complex Determinant of elfamycin resistance,
oprM or subunit conferring LpaC protein(s) conferring antibiotic
antibiotic resistance resistance via molecular bypass
mexR
smeB purR Determinant of fosfomycin resistance
smeD Determinant of resistance to
smeE aminocoumarin, elfamycin,
tet(35)
ade] fluoroquinolone, isoniazid,
mdtF lipopeptide antibiotics, rifamycin

Notes: +/—indicates presence or absence of the resistance gene in the genome predicted by CARD; bold indicates

discussed.

i /=R R CARD T A% 3k PR 20w o 3k BB 77 78 BN AR 78 s LR R R BT 8 .
3 Discussion

3.1 Underestimated C. kerstersii Infections in Clinical Diagnosis

As mentioned above, during our laboratory diagnosis, C. kerstersii 121606 was initially misiden-
tified as S. multivorum. Later, it was misidentified as Acidovorax sp. even by the gold standard di-
agnosis method, 16S rRNA gene sequencing. In fact, we had the same misidentification experience
with other two C. kerstersii, 202149 and 12322-1 (unpublished). Their identities as C. kerstersii
were not determined until their genomic sequences were obtained for ANI analysis. There are increas-
ing reports of C. kerstersii misidentification due to unreliable phenotypic identification tests prior to
the application of MALDI-TOF™ 1920 As a result, actual C. kerstersii infections might be seriously
underestimated.
3.2 Origin of C. kerstersii 121606 Revealed by Comparative Genomic Analyses

The phylogenetic trees based on both ANI values and SNPs confirmed that C. kerstersii 121606 is
a strain of the species kerstersii and is closely related to C. kerstersii 8943 and C. kerstersii J29. Addi-

tionally, the orthologous analysis revealed that strains C. kerstersii 121606, 8943, and J29 contained
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highly similar single- or multiple-copy orthologs. It is known that C. kerstersii 8943 and C. kerstersii

J29 were isolated from the same source in Zhejiang Province, China"!, which is not far from

Quanzhou City, the isolation site of C. kerstersii 121606. Therefore, C. kerstersii 121606 might have

the same ancestor as C. kerstersii 8943 and J29.

3.3 Multi-Drug Phenotype of C. kerstersii 121606 Explained by Presence of Number of Antibiotic Re-
sistance Genes in Genome

According to table 1, C. kerstersii 121606 exhibited the multi-drug phenotype of C. kerstersii,
which had not been previously reported. For instance, it was noted that nine of the antibiotics to
which C. kerstersii 121606 was resistant (amikacin, gentamicin, imipenem, cefepime, cefotaxime,
ciprofloxacin, ampicillin-sulbactam, piperacillin-tazobactam, trimethoprim-sulfamethoxazole) were
sensitive in 14 clinical C. kerstersii strains®!. Additionally, 11 of the antibiotics to which
C. kerstersii 121606 was resistant ( ampicillin, ampicillin-sulbactam, cefotaxime, ceftazidime,
cefepime, imipenem, gentamicin, amikacin, ciprofloxacin, colistin, trimethoprim-sulfamethoxazole)
were susceptible in four clinical C. kerstersii isolates™. The AST profiles of strain 121606 (table 1)
could be explained by the corresponding ARGs in its genome (table 3).

B-lactams are the primary antibiotics used to treat bacterial infections. The rapid increase in bac-
terial resistance to -lactams posed a serious health threat. The mechanisms of g-lactam resistance in-
clude inactivation by f-lactamases, efflux pumps, reduced permeability, and altered transpeptidas-
est?. C. kerstersii 121606 possessed at least the former two mechanisms.

Firstly, the presence of the g-lactamase encoding genes blaspv and blagpc in C. kerstersii 121606
explained its resistance to the tested f-lactams, including penicillins (ampicillin, piperacillin, amoxi-
cillin-clavulanic acid, piperacillin-tazobactam). cephalosporins (ceftazidime, cefotaxime, cefepime) .,
monobactams (aztreonam), and carbapenems (imipenem) (table 1).

SPM-1 (Sao Paulo metallo-g-lactamases) is a Class B metallo-g-lactamase, first identified in

1”31, 1t shows hydrolytic activity

Pseudomonas aeruginosa strain 48-1997 A isolated in Sao Paulo, Brazi
against penicillins (benzylpenicillin, ampicillin, carbenicillin, azlocillin, piperacillin), with the high-
est activity for benzylpenicillin, ampicillin, and piperacillin, and preferential hydrolyzing activity a-
gainst cephalosporins (cephalothin, cefuroxime, cefotaxime, cefoxitin, cefepime), carbapenems (imi-
penem, meropenem) , the serine f-lactamase inhibitor tazobactam, but not against the monobactam az-
treonam or the serine §-lactamase inhibitor clavulanic acid. The latter two are competitive inhibitors of
SPM-1t%1, The presence of blaspw, was consistent with the resistance of C. kerstersii 121606 to ampi-
cillin, piperacillin, cefotaxime, cefepime, and imipenem.

KPC-2 is a homolog of various Klebsiella pneumoniae carbapenemases (KPCs), the most typical
example of a class A carbapenemase, which also confers resistance to most g-lactams. KPC-1 was first
found in a K. pneumoniae isolate in 1996 in the United State, and showed hydrolytic activity against
penicillin (benzylpenicillin, ampicillin, cloxacillin, piperacillin), cephalosporins (cefotaxime), car-
bapenem (imipenem and meropenem), and monobactams (aztreonam)™??. The KPC-1 transforming
expressing bacteria showed resistance to penicillins (ampicillin, amoxicillin-clavulanic acid, piperacil-
lin-tazobactam) , cephalosporins (ceftazidime, cefoxitin, cefpodoxime, cefotaxime, ceftriaxone), car-
bapenems (imipenem, meropenem), and monobactams (aztreonam)™". Initially identified KPC-2 also
has hydrolytic activity against penicillins and cephalosporins but not cephamycins and ceftazidime. Re-
cently emerged KPC-2 variants evolved by single and double amino acid substitution among clinical i-
solates showed increased hydrolytic acitivity against ceftazidime and consequently increased resistance

[25]

to ceftazidime, while maintaining the resistance capacity to penicillins and carbapenems-**”. The pres-

ence of blagpe; was closely related to the resistance of C. kerstersii 121606 to ampicillin, amoxicillin-
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clavulanic acid, piperacillin-tazobactam, ceftazidime, cefotaxime, imipenem, and aztreonam.

Secondly, for theefflux pumps, the C. kerstersii 121606 genome possessed several type of multi-
drug efflux systems, which would futher enhance resistance to -lactams and other antibiotics listed in
table 1.

The genes acrD, acrB, and acrF encode three types of RND (Resistance Nodulation and cell Di-
vision) efflux pumps that confer resistance to monobactams (aztreonam), cephalosporins (cefazolin) ,
and aminoglycosides (amikacin, gentamicin) and quinolones (ciprofloxacin, levofloxacin, moxifloxa-
cin). For example, the AcrD (encoded by acrD) containing AcrAD-TolC efflux pump confers resist-

[26]

ance to aztreonam, cefazolin in Salmonella typhimurium"**', and aminoglycosides (amikacin, genta-

micin, neomycin, kanamycin, and tobramycin) in E. coli". AcrAB-TolC, a major and clinically im-
portant efflux pump in Gram-negative bacteria, and another type of RND efflux pumps, AcrEF-TolC,
contribute to resistance to fluoroquinolones, which are often used as therapeutic alternatives in infec-
tions 2%,

For the component and structure of RND efflux pumps in Gram-negative bacteria, for example,
the AcrAB-TolC multidrug efflux pump complex is formed by assembling the homotrimeric inner
membrane protein (IMP) AcrB, which recognizes, binds and translocates substrates, and transduces
the energy (proton motive force, PMF) for the drug/proton antiport process, the hexameric mem-
brane fusion protein (MFP) AcrA., which forms a membrane fused tubular structure inside the
periplasmic space, and the homotrimeric outer membrane factor (OMF) TolCM?", constituting a main
means of intrinsic resistance against cytotoxic substancest®.

The TolC encoding gene t0lC, and the AcrEF efflux pump encoding genes acrE and acrF were
predicted in C. kerstersii 121606, but not acrA. acrE was redicted to encode a 399 amino acid-AcrE
protein in C. kerstersii 121606 through CARD database, but it was filtered out and not listed in table
3 because its identity with the reference gene was below 50%. However, AcrE and AcrD/AcrF are
homologues of AcrA and AcrB, and AcrE can substitute AcrA to form a functional complex with
AcrD by associating with the same residues identified in AcrB binding™". So, we supposed that
C. kerstersii 121606 possessed functional AcrEF, AcrED, or AcrEB-TolC multidrug efflux pumps,
resulting in resistance to monobactams (aztreonam), cephalosporins (cefazolin), aminoglycosides
(amikacin, gentamicin) and quinolones (ciprofloxacin, levofloxacin, moxifloxacin) (table 1).

In addition, C. kerstersii 121606 may have MexAB-OprM, which is found in P. aeruginosa, as it
harbored their encoding genes mexA, mexB, oprM and one of the repressor gene, mexR. Overex-
pression of MexAB-OprM induced by mexR mutations can export various antibiotics, including peni-
cillins (penicillin G cloxacillin, nafcillin, amoxicillin, piperacillin, carbenicillin, sulbenicillin),
cephems (cefamandole, cefuroxime, cefoperazone, cefotaxime, ceftizoxime, ceftriaxone, ceftazidime,
cefpirome, cefepime, cefozopran, cefoselis, cefoxitin), oxacephems ( moxalactam, flomoxef),
monobactams (aztreonam), quinolones (nalidixic acid, piromidic acid, pipemidic acid, cinoxacin, nor-
floxacin, ofloxacin, enoxacin, ciprofloxacin, tosufloxacin, sparfloxacin), macrolides (erythromycin,
oleandomycin, spiramycin), lincomycins (lincomycin) . chloramphenicols (chloramphenicol), and no-
vobiocin (novobiocin)®?. If MexAB-OprM really conferred the resistance of C. kerstersii 121606 to
penicillins (amoxicillin, piperacillin), cephalosporins (cefotaxime, ceftazidime, cefepime), monobac-
tams (aztreonam), quinolones (ciprofloxacin), chloramphenicol (chloramphenicol)] (table 1), se-
quencing of the full-length mexR gene in C. kerstersii 121606 should be performed to verify whether it
is a loss-of-function mutant™®/, leading to overexpression of MexAB-OprM and contributing to the re-
sistance. In fact, C. kerstersii 121606 may express a series of Mex efflux pumps as it contained the

genes mexA-N, mexP-R , mexV-Y, mexA-N, mexP-R, mexV-Y, oprA, opr], oprM, oprN,
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oprZ-", most of which were not listed in table 3 due to the stringent filtering parameters mentioned
above.

C. kerstersii 121606 might also possess anthor two homologues of the mexAB-oprM efflux
pumps,SmeABC and SmeDE (a SmeB homologue) F (a SmeC homologue) multidrug efflux pump. as
their encoding genes smeA (encoding the inner-membrane fusion lipoprotein), smeB (encoding the
RND transporter), smeC (encoding the outer-membrane efflux lipoprotein) , smeD, smeE, smeF (en-
coding the outer membrane protein), and the regulation genes smeR (encoding the two-component
system sensory kinase which positively regulates expression of the smeA., smeB, smeC genes), smeS
(encoding the two-component system response regulator) were predicted through CARD database,
and smeS and smeR were located upstream of the smeABC genes and the smeDEF genes as repor-
ted™’. We should mention that, smeA, smeC, smeF, smeR, and smeS were not put into table 3 be-
cause their identities with the reference genes in CARD database were below 50%. The SmeABC ef-
flux pump confers the resistance to aminoglycosides (amikacin, gentamicin, kanamycin, streptomy-
cin, tobramycin), penicillins (penicillin, carbenicillin, ampicillin) , (cefsulodin, cefotaxime, cefoper-
azone, cefepime, cefpirome), quinolones (nalidixic acid, ciprofloxacin,norfloxacin,trovafloxacin).
The efflux pump SmeDEF has broad substrate specificity and contributes to the resistance to a variety

of antimicrobials, including quinolones, macrolides, chloramphenicol, and novobiocin™", trime-

B61  Aside from confer-

thoprim-sulfamethoxazole in clinical isolates of Stenotrophomonas maltophilia
ring the resistance to f-lactams (listed in table 3), the probable expression of AcrEF, AcrED, AcrEB-
TolC, MexAB-OprM, smeABC, SmeDEF multidrug efflux pump also contributed to the resistance to
aminoglycosides (amikacin, gentamicin), quinolones (ciprofloxacin, levofloxacin, moxifloxacin),
chloramphenicol (chloramphenicol), sulfonamides (trimethoprim-sulfamethoxazole).

Overall, these ARGs contained inC. kerstersii 121606 genome explained its multi-drug resist-

ance.

4 Conclusion

Comparative genomic analyses revealed that our clinical C. kerstersii isolate 121606 belonged to
the species C. kerstersii and shared similar genetic components with five other Comamonas species and
the closely related Acidovorax species. The ARGs in the genome were consistent with its multi-drug
resistance phenotype. All the data needs to be verified by laboratory experiments and could help to

find new drug to combate infections caused by multi-drug resistant C. kerstersii.

Ethics Statement;:  This article does not contain any studies withhumans or animals performed by any

of the authors. This work was approved by the Ethics Committee of Quanzhou First Hospital.
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LUCC Trend and Landscape Ecological Security Evaluation
in Kucha City through Coupled MOP-PLUS Model
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Abstract; Aiming to explore the spatial and temporal evolution of urban landscape ecological security in typi-
cal oasis city in arid areas, four scenarios including economy, ecology, landscape ecological security and sus-
tainability (MOP) were used to predict land use/cover change (LUCC) trend, and to evaluate landscape eco-
logical security in 2030, which could help ease the tension between urban construction and development and ec-
ological environment protection. Based on the land use data from 1990 to 2020, methods such as remote sens-
ing and geographic information system grid were used to construct the landscape ecological security evaluation
model in order to demonstrate the landscape ecological security spatial distribution characteristics and change
trends in Kucha City over the past 30 years, and to predict spatial and temporal evolution patterns of landscape

ecological security in Kucha City in 2030 through coupled MOP-PLUS model. The results showed
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that from 1990 to 2020, the areas of cultivated land, woodland and construction land in the research areas
showed an overall increasing trend, while the areas of grassland and water showed an overall decreasing trend,
and land type conversion mainly focused on cultivated land, grassland and unused land. The spatial clustering
status of landscape ecological security value (ESI) was obvious, but the degree of clustering decreased, and the
landscape ecological security level was dominated by medium, higher and high ESI, which accounted for 60.
15%-64.87% of the total area of the study area. Compared to 2020, the changes in ESI under the four scenari-
os in 2030 were relatively large, mainly concentrated in the southern population gathering areas.

Keywords: land use pattern change; landscape ecological security evaluation; PLUS multi-scenario simula-

tion; Kucha City
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2020 4F + 3 A1) 28 BB 45 (CNLUCC) 43 38R0 30 my, 42 I8 - 0% 5 5 LA Jm o L 485 4 P 98 7 B0
LT BB A Ak Ml PRk L b | S L T b RN R R R L AE 6 2, R R B A (DEMD S5 ok A b
Bz [E] £ 45 2= °F- & Chttp: / www. gscloud. en/) . 43 BEA Oy 30 m, 3¢ i FikS AR B2 £ 4 5 T DEM, {5 1)
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ArcGIS 10. 6 Y FE AR St L HART . R4 A7 B Bk & | 4 3 R 28 46 20 B 109 9K 3 BH 5 B8l ok
A o E R B I PR R 2 5 3 0 (http: / www. resde. en/) . B BEETIE K B Open Street map
(http: /www. Open Street map. org) . 4 ZFFEHE K B BT 5 55 G 1 )5y o DA S OB 98 48 147 45 ) (Bl
BGTHEENEE TG A) . BB — 0 WGS 1984 UTM Zone 44N,

1.3 FARFE

13,1 A Ash&E LR 238 B2 2 48 78— B[]0 ] A 25— 26 b b ) B AR AR o0 L TR 3R
NIt MR SR AE — s i ) Y AR AR RE S . R R Bh S K CR—Bh 8B BB A h

7A1-|)7Ai.a l 0
=TAL XTXIOOAO (1

XD F AL HETERIIIHS ¢ A 2 A A AL N BF SRS @ R bR A AR T s i B
1.3.2 XA R XA aEE 3t ISR B AR I 1 2 T 00 DX I P A [] e A1) 26 8 2 1]
(1) 6 Al 3o i 483 7% AN () Lt ) P 258 TR0 22 ] £ e Al ok 5007, S B AF 7 IX L b ) T 288 280 1) 28 g e A 722
AT7 1) Y T PO . b R ST RS A S,

K

S, =1 ) I (2)

Sm.1 Sm.2 b Smom
K em Ry R/ B S ECE 57 NI A 5 Fhb s,
1.3.3 = logistic M ao# 5 ROC w &A%+ R ARk % 2 770, 35 T 50 19 m 348 vk
S A TR B ) 4300 DN B AR Ak AT IR A R GRS AR BE VBB AR B RREOK VAR B AROR L A 1
HER kN H NS [ P A P B (GDP) N 45 B L I 42k 6 I 0 L B S B R I g s L
TR BE B 5F 12 DRI F (o1 ~o012) o B 2010 48 1) 1 R AR 5 12 A~ 39K 8h I 7 #5417 00 logistic
[1E 4341 X 25 B3R 1T ROC M4 a6 5 o DA 2 3K 20y BB Xof 1 28 A8 £k 1) 52 i AR 3 L A

exp(f +,8101 +,8202 TL"'JF,BHOH)
1+exp(B +pior+B0,++p0,)°

log it(P,) =R +pi0, +B0,++B0,. 1)
KB (D P, Ry B AS 40 58 0 R b 2R HE 2R s 00 ~o, MR MR SRS H 58 ~B. N
# - HUR G [0 R A
1.3.4 FUWALZAFN D SWARZ WM Rk
BORIR . SR ArcGIS #0F i i 9 T B B BF 5 IX 43 30 4] 43 4 3
kmX3 km,4 kmX4 km,5 km X5 km B M #%, &3 %t .4 km X4
ke (19 19 X AF 9 DX 300 G 00 ROR B U BOCR T 4 km X4 km (1) 9
B (3L 1004 ) HIBR I Z A7 19 93 A TCRGTAH BT, 35 911 A3F
Moo (& D,

P,= (3

N
AT

WX
39 B3 0L T 4 KR S UL 553 FE 6 00 5 00 2 45 % 4 L
e N NS N ———=km
Priim, S TR HE % LDL
LDL =xC,+yH,+=zF,, (5) L BEFECE AT

R o H W F, 43 5 Ve e i 2 REVE R B K 8 ey = Fig.1 Research area evaluation units
53 Ay % D07 A SR LR 5 2% SCRRC30-31 ] 45 B B9 IX 1 S PR L 4 SR  0.5.,0.3,0. 2,

FOVLNE 55 246 805 A A8 ARG RHRAVE BB A OG , — BT A 5 A S AR B A R T IO G
AU DN RAT O IR 3 X WRSE X N 6 il i ) 500G 559 B2 48 B R 1~ 6, 8 0 — 1k
Jei T AR B PR R R L AP R T g S5O 55 4 o3 50 0. 44,0, 21,0, 56,,0. 33,0
10,0, 79505 g 50T JEE 415 405 7 LG 55 2 48 B AU R AR 25 & e fH (ESD A 5K, Wl 45

ESI, = E;’;l%xu—wXLDLXLVL)o (6)
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L6 ESL HEE kNI R IC I SOE S AE s LV N SOMES BI85 AL RS b DI SR ITEE
i P T AR A NS B TR BA TG BT AR

2) FMANZ R AN . RS R 2 8 B AH R 3 W] A A T B 35 0 76 55 07 w9 A

SN AN TR) STE T 42 R 25 1] A A OGO EE A TG A Sk L R B As a) R O 00 F R O 1k 4 R i A IRl B
K GeoDa R S50 WL AR 2822 A AH HEAT AR DGR 43 A7 » 32 B4 45 42 JRy 25 18] 3 A 5 B Jmy 2 1] 3 AH G, LA
78 PE 22T EST 7878 [a] b/ AH G .
1.3.5 A TaadkAdm s A (PLUS) A 69 & £ Rk LA A48 PLUS BT -
JE& 53 AT SR 1) KLU A2 B AE SR LEAS i1 22 25 T B L AR AR 0 JC M B Sl AL AL, 55 At S R0 AH L L W] 4R A5 BT
o R ASERDURG B2 O 220 R R R [R5 5 () BEA% SR . RIEIF R R IRE LW AES RS e 0
R (MOP) % 4 Mg R

1) BRGS0 . A B UE PLUS #5881 %6 A O A b I FIASE SO0 04 o 6 1 25 5 2010 45 4 1 A1) FH 40805
12 A A IR S0 5 A PLUS B8 LEAS 8, 7T LIS 3] 6 Fotth 25 19 & R HE R, I sl 5
SEBREY 2020 AF A R S AT X H L AT A4S Kappa RE0Ch 0,833 0, BUAKS EE S 0. 884 3, FOM R %
0.069 3, FHUILAT AN, PLUS SRR DL 2 T 5 IXOR ok b R FH 21 4Dl w22

2) ZAE SR, T 30 a R ZE T A b R FH 28 TR0 A B A I T H B b bl Ml R R R
b A 40 T A 5 S 18 P 32 R M B R R A R T R 5 45 1990 — 2020 AFJEE TG A LA K
38 40 1147 28 )P 2T A 3t R S A R R ) 308 Bl e o it DX Y R P8 B TR ) - 2 2% SCik[38-40 111
K LR B S B LT 4 Fhi

1) Zeueffse, U m w1 Hh A M) FH 3 5% 1) B b & JR AR SR 1 o 15 00, 5 by LR b L R R
b 2 iy A A ] b R R M SR i 15 % .

1) AN 5. B B FH g 15 T b R A b 2 1) R i 55 b, /K 3800 & TR ABE 3R 186 T 20 26, [ B 3%
MR B M | K U ) At AR R 10 0, 1 AR L K A R A & JR DX, 6 3 B R F 15 B
H R AT IR B IR AR ORI R R AR | B H KIS R RV T

D AT L. UL 2020 4 5 WA 35 % 2 G HE R Atk 8w 42 35 % 42 (ESIZ=0. 602 9)
R Sy B ) 2 46 X8, 2030 41 - b 1) 0 SROBIHAS 250 H 1 R T 9 B A B R IR M SR T AR A

IV) MOP 5. MOP 1§55 L PLUS BRI 35 AR AR 2R P& mmBEh BT
L mIMA T ER AL SMEE BRI, BT SR 0 i KA AR M R AL BOR BA TR RS (Eux ) 5
B AR (E o0 KA, MOP {46 H A5 H

Ed(X) == Zzld,' >< X, ) (7)
E,x = 211/)1‘ XX o (8
Max(Eyx) 9Ep(x>)o (9

KD O H: X, RIRE P AS T s d,, po N AALTH BT SE IS Y 28 5 AR S R AL
MOP #E8 HAR R A R S5 R 1 R 3R 1 X0~ X 200 Bk b bR | B dth | oK 36, it i
FH M AR ) Hb g 4 st S R AR
F 1 MOP B H 47 ek 23 4 1F

Tab.1 Constraint conditions of MOP model objective function (km?)
RN |
X +X+ X+ X, X, +X,=14 512 2030 4F 45 b 2 B RO AR AR
X, =222 3 P TE AR AR T 2020 4E7KF L DAPRIREIR £ %2 42
X,>1573 M BN T 2020 4 K-, DA U 2R 25 B bR
X324 043 B T AR AR T 2020 4E 7K P, DR 3 E Bk & R
X, >115.2 K3 I AL T 2020 4 TEBUEY 80 %6
X; =149 AT T BRI T 2020 4FE7KSF-, LI 3F 2 5% %
X; =4 465 I FA T BUAAIE F 2020 T8 B 70 %6, LA B 1k 3 B &
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275 T G A AR ANCBT 0 SR ST AR L) AT A A SR M 2 PR AR (D706« k) R R
A AR ] S5OUL 2 TR A 25 M (L IR 95 24 1 R 45 3t 26 1 A 35 0 (L9 A 2 80 O 0 IR) % GOR iR 45 PLUS A
RAPEAT RO AL AR 22 BE A IR AR 5 AR S E AR 2 20

Eux=14.82X,+0.21X,+2.59X,+0.37X,+1 478. 48X, +0. 06 X, , (10)
E,x=06.91X,+21.85X,+7.24X,+45.97X,+0. 08X;+0. 42X, (1)
Max(Ed<X),Ep(X):aEd(x> _'_bEp(X))g (12)

EFXFPEZETT R 10 a (R & 454 L B SR (R S E 1 20 .78 LINGO 12. 0 8 4F b i FAC S
KRS a=0.474.6=0. 526,

2 MIRGRSHWH

2.1 TR ARBFERTH

JEZETT 1990 —2020 4F L M A FHE g & 2 frs. Bl 2 A1 1990 — 2020 4%, g 15 FH Hi AS 87 1)
RYT K B IR I o AT B BLAE 0 B T oA Sy s B b T FROR W [ AR L ) K TS ORI | B
3 AT WAL 30 s AR ER R R T i e 2000 AE TR 46 2 2020 4F 38 A0 38 0 5 DX s P 5 b L SR R T Ml ik 4%

OER iR TN
s
VJA “ifen

42°0'0"N
42°0'0"N
42°0'0"N

= i
£ £ ot Z|ak
& - & S = kiR L & | =Kk Jad
83°0'0"E 84°0'0"E 83°0'0"E 84°0'0"E 83°0'0"E 84°0'0"E 83°0'0"E 84°0'0"E
(a) 1990413 (b) 2000545 (c) 2010413 (d) 2020545

Bl 2 FEZET 1990—2020 4 4 1 F) FH 4 bt
Fig. 2 Land use cover in Kucha City from 1990 to 2020

JEZETH 1990 —2020 4F 4 M F) F 8 25 5 5 1 LA 1L (AA) . 3k 2 ik, B3R 2 B %1:1990 — 2000
AE K I3 45 v (0. 47 %00 T FRIE N 8. 36 km® , A A M Bl 25 B B AR (— 0. 04 %0) , 1 ALk 2> 20. 89
ke, 32 Hof 199 45 b 28 1o AR FbAS I 2 R FH 465 4 0B A 5 2000 — 2010 4F L Bk Ml 3l 25 B B s (4. 46 %6)
T AR A 497, 50 km?® o o F T b 30 25 B A% (2. 63 %), AR 2 1 384, 41 km?® , AHEE T 1990 —2000 4,
T 45 1 2 B A B B B9 52010 — 2020 AF  HE b 3l A8 B e (3. 87 00) L I BAE i 41, 64 km®
YR A B A5 (3. 79 %) L T AR 611, 01 kem? , Akt 35 25 B e/ (— 0. 19 %), T ARk 20 29. 91 km? , AH
BF 2000— 2010 4F , 1% B 0 B El 15 FH A A1, 25 i 2K Bl 2 3 s A /S

2 TR 19902020 4R - A B A5 5 S AR AL
Tab. 2 Land use dynamics and area changes in Kucha City from 1990 to 2020

K/% AA/km*

% 1990—2000 4E  2000—2010 4 2010—2020 4 1990—2000 4E  2000—2010 4 2010— 2020 4F

Bl Hs —0.17 4. 46 3.79 —19.12 497.50 611.01

M 0.09 2.93 —0.19 11. 39 363. 37 —29.91

Fi 0.05 —3.25 —0. 84 31.11 —2126.23 —372.71

IK 35, 0.47 —3.81 2.53 8.36 —70.67 29.09
i A —0.70 3.07 3.87 —11.62 —47.60 41. 64
A H —0. 04 2.63 —0. 42 —20. 89 1 384.41 —279. 04

2.2 hFIREEBIER
PEZATT 1990—2020 4F + A 56 B8 4 M SR AL I 3 s o i 18T 3 Ca) SO SG T AT 41 : 1990 —
2000 4F, bRt 5 i e AR R T L MO ey A SR B A 24, 04 kL BB N B OR D R BTRR A LE
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Sy 49, 219 ;5 H phy oAb 2K HE A 118, 73 km? L 8 A G B K HEHY L SRR & L 58. 40 %6 5 A L 2 i
$ R T 3 5 DR T A AR B A A ) e DR 1 B e o ek TS 00 L b s R i i
JH % 1 B 4 B RS 5/ (19, 87 k™) 3 1% B B 25 b 2 I 6 A% A B4 0y ] o0, HLAG RSt B8/

1 3(b) (o) KA 3E 13 AT 012000 — 2020 4F , 4 b 3 56 8 1 56 B Ra 45 T 42 2% s B b ik A BETR 2K
KTt R U T B M B 5 . 2000 — 2010 4E, B4 BT & LR 61, 90%0,2010 — 2020 4E, #
HBTHR 5 O 56. 60 % 52000 — 2010 4R B 1 F L EE A L ey 87. 19 km? . LB FH M 5 B 4 G
TS 53 5 2010 47 LU Bl 6 A 150 DR /0 B B B 57 9K 15 2K 0% 3 98 O L 34
Wb PR B B s AR B R F D 5 K SR 77 A A L AR AR B AT 2000 — 2010 4R B i
PNLTET

. T =

i \N/ mﬂzom
e ——— ,(/ . = Eigo 412010 \ Hr2020

S #1112000
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< T RHE02010 »
— %/ il \
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7Ki%2020
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Fig. 3 Sankey diagram of land use transfer matrix in Kucha City from 1990 to 2020

2.3 LTitFARZEF S

2.3.1 A A EHZ logistic @A o4 TR ArcGIS F/RH b A FIECHE — (B Ak FEXT 12
A A I IR Bl B AT ASOR SRR B AL B IR S B AR 2010 AF A b R R BOHE B8 — 5% DR S R BN
SRJG K IS Bl 5% S ASC I SCAR @ CIUE-S #6RSJF 17 5% e kb 38 5 S J5 5 459 85008 5 AL SPSS #i
HEAT ZJC logistic M43 4. —JC logistic [MIH R 403 3 Fin. 3 3 Hv.pi~Bs 20 5Bk Ak 7T
b 7K 3 8 15 FH M R R ) R ) G logistic BIH R H — o il ad W R R oM. 3k 3 nr.
9K 2l PR - X3 0k S A S [ U RO TE B, Feom [ AR S PRAR I AR O L R TR B R G .

F 3 IC logistic A& %K

Tab. 3 Binary logistic regression coefficients

UK 5 B P Be Bs B B Bs
01 —47.413 4. 088 —1.713 —6.720 —17. 654 0.106
02 —2.122 1. 150 —0.170 —1.912 0.918 0.135
03 19. 925 2.903 3.212 16.928 6.244 8.792
04 9. 858 —5.222 —8.761 6.595 1. 455 7.638
05 1.187 —0.267 0.692 1.025 —0.750 —1.792
05 —3. 844 —3.067 —0.485 —2.529 0.033 3.398
07 2.093 —0.593 0. 877 2.972 2.842 —6.354
0g 0.395 1. 297 0.873 —5.943 4.413 —5. 283
09 —0.209 6. 686 2.519 —0.183 —3. 289 —6.024
010 —3.722 —4. 787 —4.196 7. 800 —22.636 3. 804
011 —3.388 —3.248 —2.888 0. 342 —5.200 4. 356
012 —14.002 4. 111 5.691 —6.899 —3.305 —1.683

2.3.2 =7t logistic @A M4 R Y5 ROC &% RH ROC L4 5 — T logistic [l H 438, 24
ROC KT 0. 500 B LG ROR R 475 24 ROC /N T 0. 500 B, #0046 &R B 25 . #F i AR M L 4 L oK
B, HE 1 P b R A F B ROC B 43 5124 0. 937,0. 853,0. 766,0. 764,0. 960,0. 852, 7E 2010 4F + Hii
F B 5 4 9K 8 B F- B LA 25 R ROC 2R 45 58 i B 4G BE ¥R T 0. 75 BO8K 8l R - %
FE T A b ) B AR BIF 0 i R D 55 AT T T R R A R AR
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2.4 EVNESRENTETHIL
2.4.1 FUASEANERAE BRI HCAFTONA DL STEN B, SR A 2K 8] W7 S5 45 A BIE
O AR BT 2ES . B 2030 FFR A SR TN T E DIAEGE ) 2020 45 500 AR %2 2 (H  JE Al
PR % 4 (ESI<C0. 260 2) K242 (0. 260 2<<ESI<C0. 417 5) 124> (0. 417 5<<ESI<C0. 548 1) . %%
R %42 (0. 548 1<CESI<C0. 620 7) ./ & 4 (ESIZ=>0. 620 1% 5 MES L 2ER.

PEZTT 1990 —2020 4EAE R L XML NSRE ik 4 s, R4 9:A WEBZ2XEFK.
F ALK SR, R 4 KA A A 1990 — 2020 4F I AR 28 28 4 KT AR 5 BL U B FR A
2020 AEAIG AR A5 224 X AR g/ (3 093, 29 km?) L &% 1990 4E T RE 9. 33 % . i AL /D 318. 43 km?® ; {16 2k
A2 A KT RS REARE B4 0, I 2000 4R J5 Rrgk 3 . o, 2000 — 2010 47 14 8 B K (46. 59 %) 5 i AR
A A DT FRRF SR IG IN  2020 AF T BGE B 5K (4 260. 22 km®) P24 B BOG IR O 42, 17 70 B s A 2
T4 DX ARSI NS W0 s T 2010 4ESE BT (2 574. 65 km®) JHTE 2010 —2020 4E[EZF 1 788. 64 km?
(B 2l 30.53%0) 5 1990 4F 1y 1 AL A KR 5 w8 AR 8 %2 4 XM AR RS2 T B, 2000 — 2010 4FF ok
T A > 3 126. 73 km” (RRJE N 54. 44 %),

R4 PR 19902020 4F 50 25 % 42 X TR K B A8 S
Tab. 4 Landscape ecological security area and dynamics in Kucha City from 1990 to 2020

AT A X A./km” K./ %
Y 1990 4F 2000 4F 2010 4F 2020 4F 1990—2000 4F  2000—2010 4 2010—2020 4F
K% 4 3411.72 3389.21 3 284.43 3 093.29 —0.66 —3.09 —5.82
BAR A 1618.79 1582.68 2320.13 2521.01 —2.23 46. 59 8.66
oz A 1646.34 1684.69 3402.68 4 260.22 2.33 101. 98 25.20
BT A 1783.37 1798.57 2574.65 1 788.64 0.85 43.15 —30.53
e 5754.29 5743.36 2 616.63 2 535.36 —0.19 —54. 44 —3.11

JEAETT 1990 —2020 AR5 A 25 % S G 3 . A 4 B .

i 4 mT . e EST R BMR A S e AR R iz A B A S T e K SRS Z X i)™
2 AR EN /N X Ik o o3 A v A 25 2 4 XA AR FE AL 3020 A3 21 KAV R 70 A AR A B L e KT R U
O A B B B A A A A X e AR AR 2 4 KO0 A T T LS L R M L N T SRR e X
IS g ARt T P M R T M M AR SR BB 0 AL AR I DX 52 AN B /) SO 2K B A i

N BRSPS T
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Fig. 4 Landscape ecological security level maps in Kucha City from 1990 to 2020
T AR Sl A5 /1N o N T SR i 38 by N g 0 BRIt NS Sl T BB R S
A 252 A DX TR B 1 T 5 IR AR A 285 4 DX 00 A1 A B 2T b A 32 b 3y AR R 3 i
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Fig. 5 Global spatial autocorrelation of landscape ecological security values in Kucha City from 1990 to 2020
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al

B LS AP BN EZEAED M T 1 2R 5% 3 2. A RZ & TRIHLNE.M, i 0.772 F
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2.4.3 FWASEERIFZE AL R ArcGIS FER B 4T 5 WA 25 % 4 45 Bk
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o e (L DX 3™ K A T A S 3 A DX 5 At X sk 2 ) [ AH S PR AR AR A B (52000 — 2010 45,
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e 4 ARV A X 3 % 22 4 ) 5 1 3 ) 1 AU L DX s A 22 44 5 R i 450 ) DX pl S o 3 DX Sy IR
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Fig. 6 Local spatial autocorrelation of landscape ecological security values in Kucha City from 1990 to 2020
2.5 EF MOP-PLUS #3!f 2030 £ B Z vy 5k 3£ £ #th 7 A4
2.5.1 FBZEF 2030 F LxA AT SR AESER WA SZR2N R MOP & 4 fiig

SN PR 2030 AR HIRRRAE QNS 5 BTk, 3R 5 A DGR s g Dy MU A G L .

Fo5 ARER T AN 2030 4 2 RRAE
Tab.5 Land type characteristics in Kucha City under four scenarios in 2030
A/km’ 7/ %
R smmn mswn BREE vopmm  mwwr aswr OUEE vopms
#h b 2916.02 2714.95 2833.14  2851.37 20.10 18.71 19. 52 19. 64
i) 1523.99  1555.20 1551.43 1 542.54 10. 50 10. 72 10. 69 10. 69
R 3629.41  3797.44  3706.25 3 732.03 25.01 26.17 25. 54 25.72
K 35k 145.58 178.52 173.87 173.99 1.00 1.23 1. 20 1.20
Y 225. 22 155. 41 176.01 185.55 1.55 1.07 1.21 1.28
R Hb 6 072.68 6111.39  6072.20 6 027.42 41. 84 42,11 41. 84 41.53

EE%EST%IJ FHEL T 2020 4F,2030 47 4R M | g 05 T b /K 3o AR 2 b B b bR b L SR R R e T
FURFEE TR S UF N 0 T FE i 5 ad 3 F T 4 R S b il AU R, 43 51 ok 2 916. 03,225, 22 km” L 43 5]
P BT X IR 20,09 %6, 1. 55 %0 . B 2020 A AL 43 B3N 692. 54,76. 09 km® , AKIRF 4 Ff i 5t o i A
Fe/ (145,58 km®) 5 (5 EE 1,00 %0 5 4= 218 56 F A9 AR b L 50 it L K 31D AR T 4 RO S Hb B oK K ek e B AR
2020 4EHG N 34. 49 km” , B0 5 AR HE THDRR B B 430000 2