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Analyzing the nitrate reductase gene (nirK) community in the peat soil of the

Zoige Wetland of the Tibetan Plateau

WANG Yingyan, LU Sheng'e; GHEN Xiaomin, LI Yuefei, GU Yunfu”
College of Resource, Sichuan Agricultural University, Chengdu 611130, China

Abstract; The Zoige Wetland, which is located in the northeast of the Tibetan Plateau, is a typical low latitude permanent
permafrost wetland, with high altitude intensive ultraviolet radiation and high soil organic matter content. The nitrous oxide
fluxes in this area are critical to global warming. The main objective of this study was to elucidate the diversity and structure
of the nitrate reductase (nirK) gene denitrifier community, and to further explore the microbial mediated mechanism of N,0O
releasé in this_climatically extreme area. Based on the soil physicochemical properties and denitrifying activity ( PDA)
analysis, restriction fragment length polymorphism ( RFLP) , clone library and sequencing were further used to analyze the
diversity and structure of the nirK gene in the denitrifier community. The results showed that the highest activity of PDA was
detected in the Axi soil, while the lowest activity was in the Fenqu soil. The PDA was significantly and positively correlated
with soil organic carbon, total nitrogen and nirK gene richness ( P < 0.05). The highest and lowest Shannon-Wiener

diversity indices were detected in Axi and Fenqu soils, respectively. Based on the RFLP patterns, 15 different nirK gene
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clones were selected for sequencing and further phylogenetic analysis. The phylogenetic analysis showed that the majority of
the nirK-denitrifiers in the peat soil of the Zoige Wetland belonged to Proteobacteria, and the dominant species in the Axi
soil were Alphaproteobacteria , whereas Betaproteobacteria species dominated in the Maixi soil. The dominant nirK denitrifiers
remained unidentified in the Fenqu soil. Redundancy analysis (RDA) was used to explore the possible relationship between
the nirK denitrifiers community and soil physicochemical parameters, and the results showed that soil available potassium
and available phosphorus were the two most important factors in shaping nirK denitrifier communities. In conclusion,  the
current study revealed obvious denitrifying activities in the Zoige Plateau Wetland. The nirK gene denitrifying community,
which plays an important role in mediating the denitrifying process, was relatively diverse and positively influenced by soil

available potassium and available phosphorus.
Key Words: Zoige Plateau Wetland ; peat marsh soil; potential denitrifying activity; nirK gene; diversity

FAEAAE T 322 i SO A TR A AR R A S PR A E LB Y (NO; T NOo) RN B T2 ARk RS
BE(NO N, N,0) A Ak A o e R A iRl =4 NO RN, O 3 30R S asoh fsL EU2 2 i
AR EEFE 5 U 16S rRNA 3 PRIE DL B S S MR35 i I i AL 40 18 B R B8 B R AE B 2 A AS g i ok
R GBI AT W , T R FH 4 % S5 s A I A I i 3R TR A b 40 T b e ok MBS T B S AL R O AR AR BF R R
B, RASAE NP S 4 Folt SR AR DG B , 43 591 S A R A A8 Dt , IV i ey /8 D it AR S £ ST P 6 38 D il LA e 4
A0 A D e ST R A D Rt 0 42 110 44 IV S TR 5 0 SR, NO 9 J52 7 A2 DX 3 i T I WA 7 1 J52 il Ak
PR SCHEAE IR W AN AR ER A R BT 2 Rl RIZE AT A4S | —Fh i & 4 H 5 ( Cuenir) A9 nirk &R 4565, 55—
Pl & A WAK LT Z cdl(cdl-nir) B nirS FEFaf5 ) AL niek 3 RUAFAE TVF 2 26 506 R BT BRE P 5 11
nirS R SRS A A0 LUBA S A A3 AT UL B narK 5 RV R 20 TR Al LA B 4 1 52 A 2 7 R385 v A
RABACTRBESSH . Ak nirK SEFRVE R 0 FARICHE ) 22 FH AN R A 35 S G A 200 TR 3 7 205 /) B R A Ak P 1)
WFFE, Qs FRAR I8 R ) 1 VIR DL A R4S HAE SRR nirK S A TR A 0 A FH 1 3 455 [
TR SR nirk 2 FAE R FARICHRGT A R 55 i R0 b A0 S i A B R 25 4 A 2 R X IR AGIA
PR 6 e T i S i AV FH B ke = il 4 AL ) LA TR

TRHL BRI N MR 2Z B AE TR A BRIC R (0 W R AL A G IR b R 25 BRI R o5 v IR b

T e SR AR AU B Rt S LB Z AR B AR AR b, LA T | R R AN S L A L R A
OV RIS AR T e B th T T 2 Ak i A R K B e R R VR R S b AR W) 2 BRI T R
S X, R R AR R M PO L I BT, AFSE N BB X X A R AR ERRRAE 1 SR S A A P A
B BEAT T AR R G AFST , 1 %22 X sl 22 A4 N, O HEBCA A P 8 s ML R 9 0 e DL 08

AL BRI Y] e B BE 285 PE (RFLP ) FR | 5 8 SCPE S 8 T B 25 7 i v J 0 1l U o T 156
- nirK SRS A A TR R ES S5 AN R AR A T 04, 9T 2 TUAR 23 AT (RDA ) RAR R narK S A6 240 7 1Y
SCHEIREEIN T o LU s R 5 e RO A S R G R AR TE Y S RS AL R R R R IR AN IRZ AR
5 1) A A VE PR P s L AR S ek B AR AR

1. RERHZ®

1.1 W5 M

Fr 7R T (e VR A, T V- DU R e S AR BRI Sk i DU 1 R RN AR 1Y) =48 28 S HLIX (32°20'—34°00N,
101°30'—103°30'E ; TH £ 3.94x 10 hm” , Y04 55 3500 m) o 75 7 9 e RS2 MR 123 DX ARk 9 R Bt v v
SRS Ay KATCE K Z IR, R IR . A FIREN 1.1 C (FimiiE N 10.9 C,
SEIARIEIE-10.3 °C ) , PR K N 560—860 mm''®' | B - A 4EPloK R Bl 56 | 32 SR K A= M)
VSR K A - A A Y (KRB BRESMEREE) , HHER OB ED AR 110 MERAE A
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fHEREL,

R1 RELER

Table 1 Details of the sampling sites

RS REE R £33 4 MER T HGRE
Sample code Sampling site Longitude latitude Altitude/m Soil temperature/°C
1 % 102°49’ 02.8" 33°54'57.0" 3487 -5
2 i) 102°48" 48.2" 33°54'58.2" 3452 -6
3 I 102°48" 59.4" 33°55'21.2" 3462 -5

1.2 R

2012 4F 8 A TEA A CHORHYHEAL b, E BT P | 2238 F 43 DX 3 4 T AR e K 1 A0 A X R A 5 DX Bl SR
FE3X 3 AN XISl P 5 B 36 R R VR O IR AR i, B AR R N HE A TSR A AR ML TR 29 0.15 hm?,
AV 3 AR, AT 10—20 em (19 EFF F DU TIR AT, 40 I 1 ke )G HRE, 15 8] =S5 005,
JCW PET WA i Pk @il i s .+ F-20 COkAR TR LA IR £2500T
1.3 IS RO AT

FHEEKE (W) FE 105 CHET 48 h J5REII | AR (AN) B ilfE b Boa b o™ . L 5ea bl
JFi(SOM) pH fH A (TN) AABE(TP) AR (AP) A (TK) A %08 AK) SR Liu 55 AU A7 kb 47
3T, HIEERALE LR 2,

- S AR I R R 2R 0 BREBUR i SERE AL 250 (LA 1) A 250 mL = A, AR
25 mL W (A0 1 mmol/L #ZHEFI 1 mmol/L KNO, ) JE S AR S S vh Uk = A0, fhBOR P +RE F oy
10% B, B8 I BCSAR [RMAR R B TC PR R & W AR T AAS I 2B SR R i R XTI, 76 20 °C 225 v/
min 508 MR K ZE 1 h RS h B S aREUORE  HAHEIINEABT R

N,O WM 5E N, O He i FH 26 E 22 S AT 1 Agilent- 7890A “SUHH (4 15 A I 52 , 46 T %5 Ay He, -4 3
a5, o B N LSRR Porapak Q, THAHURRTPEHIE 545 (1 mL) RS A Sk ee 32 SR oK FE A
N 28 R | 2 - Ar TRAAAT, TR 60 mL/min, 43 BSRE IR B SHEAE 1 3 88 RS I 28 T 22 43 01y
60 °C ,100 °C #1300 C
1.4 3R DNA $2HL

FIFH Fast DNA spin kit for soil 37f|#& (MP BIO, Inc., Irvine, CA, USA) H2#g il 1& i 2 3t it 1d BA 917 #2
B, DRSS DNAARA 50 wl, FIHT 1% A9 SRR HHEE I Ao UK 5 A S0 DNA B 4547 15—, [R]B H Nano-
200 #ZIRFEMAYL ( AoSheng , Hangzhou, China ) Kl Ji&
1.5 nirK BRI 1

B 504 A+ nirK517F  (5'-TTYGTSTAYCACTGCGCVCC- 3") 1 nirK1055R ( 5'-GCYTC- GATCAGRTTR
TGGTT-3%) "0 PCR ¥4 F2F K Fl TOUCHDOWN #3550 wl KWK, 205102 PCR Mix 25 ul, DNA
A6 pul 5 #)(10 pmol/L) 4% 1 wL, B4l /K #h 2 50 pL, P HEFRF .95 °C WiZE % 5 min, 94 °C 30 s,57—
47°C 45 s(BA 3 PEFRIREFER 2 °C) ,72 C 1 min, 15 MG HE KA AE 47 CIR JORE T RSy 1
25 MEFR R FE 72 °C 7 min, B 2.0 WL 7E S EB 1 1% B R BHEE L /K P s 3R, 120 VLK 30
min, FBER SR RS (Bio-Rad, USA) M, PCR =¥ & T 4 CIKFEIRAE .
1.6 wfES RFLP 5347

FIFH PCR Clean-Up™i®3f £ (MO BIO Labs, Solana Beach, CA, USA) X" PCR r=¥yitf74iifk , 4lifk;”
Y138 3L pGEM-T /K ( Promega ) #4775l , HRHE “ W5 FHBE” (FIHHI57) . X-Gal . Amp' 1 IPTG ) X 7 b T HE4 7 1% .
3 ANFE AR TR ISP 270 @ TERE T, R nirk ZER G940 1.5 FTR) 47834, 3745 250 4~ nirk
FERPHYE T,
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5 PCR P=# H Msp 1 F1 Ava 11 FR 1 N VI ( Promega ) AT XY, BEUIA R BARF R 10 ul, fud5.2 U
(BRI N DD 8wl 19 PCR =4 BRI 22 ohofl . il D) =y ook BB W 58 A L vk 80V 60min #E4 74385, T
BUIEVHEE S EE N 2%

FRAERR 1 - BE 2 RR M 2T 2R AR e B 15 MR e B T2 B2k TAE WA R R HEAT P 51030 2 -4
AR FE P HIHEAE NCBI LIRS PRI SRS JP I8 5528 : KX018494-KX018508
1.7 Bk

SRl BE AL BRI Excel 2010 #E47, 5K 3R J7 22 430 A K 7R 380 AH DG 43 B #LFH SPSS 21.0 ( SPSS Inc.
Chicago) 5& M. nirK FCAA 20 18 BE S 451 Z2 A6 R 38 3 Shannon ZREVEFEE(H) , 5B (S) 251 (Eh) #
FIAESE 2 (C) P HEATH . FIH MEGA 5.0 BPF, i i i KA AR 8 nirk 2L R 9 R Gk B W, FIH
CANOCOS5.0 B4t +HEHAb M RN nirK 3 RS AL R VR 25 R0 3T 004 43T (RDA)

2 HR55%H
2.1 HIEELME RS A TE T

3RS B A P R WL ER 2, e BT b DXORE S K S B RS A PE A PUT SR A A
ey 5 A2 B DXRE iy pH . RNBE BE A ROE A R 2 B s 1 o AR 3T DA PRSI DXRE &y, 40 DX i [XRE
i P B P SO (L RH G 44K

R2 BREBRRERKBFLERER

Table 2 Physicochemical parameters in the peat marsh soil of the Zoige plateau

e KA LI BA B b3 HHA A AR

Sample code WC/% pH SOC/(g/kg)  TN/(wkg)  TP/(¢/kg)) TK/(g/kg)  AN/(mg/kg) AP/(mg/kg) AK/(mg/kg)
1 5.12+¢0.09b  7.86x0.03a 281.25+1.39b 5.29+0.05b  1.43x0.14a  7.44:0.03a 1025.88+1.95h 26.01x0.26a 99.83:0.40a
2 6.2820.10a  7.61:0.02a 303.09:0.96a 5.91£0.07a,  1.4120.17a  6.79£0.08b 1079.43£3.03a 22.63z0.11c 96.67+0.10b
3 4.88£0.04b  6.85x0.04b 239.14x0.04c  455:0.06¢, 1.32:0.17h  7.30£0.06a  993.00+3.05c 24.72+0.11b 98.33£0.22a

WC: Water content; SOC: Soil organic carbon; TN Total nitrogen; TPsTotal phosphorus; TK: Total potassium; AN Available nitrogen; AP Available phosphorus; AK:
Available potassium ; 55 . FIE £ bRUER ; B EURLE P< 0.05 K F F &% R
SAH AT P R :33.52—52.77 ng N, O-N g™ ds h™" e {ELHH 30T T b DX, S IR (A0 34 DXt X ([
1) o BIRIAARIIAT o  SORATS TS E A MR S R o B B B ISR (3R 3) .

F3 TEBEWMRURELESS nirk RECHAEBZN K /RBHEXSH

Table 3 Pearson correlation between soil physicochemical parameters, potential denitrifying activity and nirK denitrifier community

+ Mk o - . s o N Ak
g SRR wm B W AR AR Aam O
KERWC  pH R TN TP TK AN AP AK i
soC PDA
JASAL TS (PDA) 0.889 0.796 0.998 0.998 0.835* -0.665 0.969 -0.519 -0.426 1
Shannon-Wiener
. ‘ 0.998*  0.491 0.889 0.941 0.550 -0.906 0.988 -0.815  -0.749 0.918
2 REVEREA 1) 9%
FEE(S) 0.916 0.756 0.992 1.000**  0.799 -0.711 0.982 -0.572  -0.481 0.998 *
B5IEE(Eh) 0.993 0.535 0.912 0.957 0.592 -0.884 0.994 -0.785  -0.714 0.937

WC; Water content; SOC; Soil organic carbon; TN Total nitrogen; TP : Total phosphorus; TK: Total potassium; AN: Available nitrogen; AP Available
phosphorus ; AK ; Available potassium;PDA ; Potential denitrifying activity ; 2 A A MR E(r) ; « P < 0.05; * = P < 0.01

2.2 nirK FERIBEE SCPE BRI PE i Be B 228 it

FRAIE A B 2 BT R (£ 4) 3 MBIXFEAFE 15 4> OTUs, A [6) i X Fr 405 19 OTU 8 7E—5E
25, BT L IX BT OTU 2Bl 2 F IR Z i K /b, Hid OTUL.2.5.8 11,12 24 3 DM HEIX A
OTU13 ,OTU14 g B 4l [X 4545 ; OTU7 Sy 223 H X HAT ; OTULS M43 XML IX 54
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i S 1 7 3 % FH T 0BT B MR 1 & 6
FEVE, SCREREOHR AT OTU ZSMMZ M ZREMEMBIE oo f :
B A3 M4 A ST SR OB SRR 5 s |
T O19%(F4) , AR R ILT 238 W o L
ALK nirk SR, RS SRR RATRIE &
AR 0 S VRS TR ol ik SRS EREGER) g2 0 T i
FFOE gg P ==
FTF RFLP 348 14 nirK LR B 7% 19 Shannon £ E §D 0r
FEVESS R (H) CERHE(S) DARIIAIE (Bh) (R 4), £ P
nirk ST RSILAN AT RE 05 R AE 3 A RBE 5 2
AU Shannon-Wiener % BEFE SR BB IY: 5
291249 JPBIIORFES S RIEHOR BRI T ]
SIRE RS AR, A KSR, it 3 R R 5 i : ,
SIHT R« T - IR 22 BE VE S 85 K A B M %R i AR
(P<0.05), F & 5 MA MR BB (P<0.05), it i &
SIRE S A PR B A SN E1 ERESEEMIRREE LM RBLEY
2.3 RBKAE AN Fig.1 POleNlial demitrifying activity of the peat marsh soil in

JET RFLP [ [il— RFLP X8 F i — A g 2o platean welland
PRSI OTU, CLMIFRAG 15 MRSy (T R Q0 T ER R
B2k 530 bp, Hi4fE Palmer (7575 4 829 4E N FFHWAPERRHE , 7T LK nirK J3 50 22 15 3 8 1K F- . &
HRB TN 15 FF5F 10 252 T THREALL (- 2) |, 4 Alpha-Proteobacteria Fl Beta-Proteobacteria
IS, A 5 557 50 T e H oy R

R4 BERERFEEBMERBFL nirk RELAR SN
Table 4 The diversity of nirK denitrifiers in peat marsh soil in the Zoige plateau wetland

SRR EL(H)

PR 14 P9 U e OTU 2% BIER(C) . FE(S) BB (Eh)
L . Shannon-wiener .
Restriction enzyme Sample codes OTU type Coverage ratio . Richness Evenness
Diversity index
Msp I 1 12 0.9539+0.02a 2.59+0.02b 3.12+0.04b 0.87+0.02a
F Ava IT 2 13 0.9653+0.03a 2.91+0.04a 3.38+0.07a 0.92+0.02a
3 10 0.9346+0.02b 2.49+0.06b 2.81+0.02 ¢ 0.85+0.02a

SNSRI AR ELR SR BRAE P < 0.05 BKFF B 2R

Alphaproteobacteria I IR B Ve R IR P L B A B nirK JORSAL A RE, 5 B T B 51.0%,F 5 4>
OTU J&FixX 12 (Cluster3  Clusterd) , Horft, F R 9 OTU12, 78 250 D IEBIGA T BB seBE 71 i A 43
A, 5 GenBank Al # [ iBALANE Rhodopseudomonas sp. 2—8 (GU332847 ) TEAZ IR /K I B A 85% W ¥ 51 M
IVEs IARR IR A AR A AESE VA P+ A 4058 R 449 KA -4 FESE Y OTU14 4345 27
ANFERE T, b R T BE 10.8% , 2R IR TBIRISIE A0 355 . OTUI3 RYPETIRTT 5 KAL 3], Beoh,
J&T OTUI2, OTUI3 Al OTU14 Ky 5 [ ¥ F= 2ok H Bl P4 b X, S 7 Bl o8 R A A of i 0 35 b B R T
Alphaproteobacteria ¥ ,

Betaproteobacteria A7 5 > OTU, i 5e s F B 38%, OTUS I+ & ,1% OTU & vafE T ain14.4% ,
SRR IR AL AN Achromobacter xylosoxidan ( AB969826) HAG 84% ¥ F AL . HAHABLF 51 >k U T ¥ fe)
A A AL E 829%—89% 2 [11], LAl OTU6—9 MY FEkE TR HE 432K H 22 M X, 7R 22 1R R A AT
R SEFRREE T Betaproteobacteria 4, 54 #43 OTU JCHE i 1 Ho 20 2 HAV ( Cluster 1), 7 78 B T B 501
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1%, 5 X RFESMEETIIRZIE T, Db OTU AL K L 38 | T ok, T w5 L 308 5500 .
folb 3 O NEER RS RS AIL ETE 85%—89% Z [H]

¢ OTU1 (KX018506) ]
94£ Glacier foreland soil (KJ660944)

¢ OTU2 (KX018496)

® [y
A £E
* AKX

® OTU3 (KX018500
( ) Cluster 1,
Agricultural soil (KT210529) Uncultured
Rice paddy soil (JF772643)
99 ¢ OTU4 (KX018501)

57! Estuary sediment (KR060163) — |

€ OTU5 (KX018505) —_
| TE Wastewater treatment plant (KJ498114)

Alcaligenes sp. (DQ108984)

Alcaligenes xylosoxidans (AJ224905)

A OTU6 (KX018503)
A OTU7 (KX018508)
A OTUS (KX018504) Cluster 2,
p-Proteobacteria
A OTUY (KX018495)
® OTU10(KX018507)
54 Agricultural soil (EF645002)
87

Arable s0il (DQ304406) —
A OTUI11 (KX018494) —_

Rhodopseudomonas sp. (GU332847)

P3| Bradyrhizobium sp. (FN600568)
59 Agricultural soil (EF645007)

® OTU12 (KX018502)

97 L Meadow soil (KC119905) Cluster 3,

a-Proteobacteria
@ OTU13 (KX018499)

99 Activated sludge (AB162338)

Devosia sp. (FN600574)
60 [ @ OTU14 (KX018498)
99L Sediment water interface (EF615377)

Bradyrhizobium japonicum (HM060301) B

— €@ OTUI15 (KX018497) Cluster 4,

a-Proteobacteria

0 100 L Chelatococcus daeguensis (JX394217)

B2 HREBERMERBEFEL nirk RELAENREEZETSN
Fig.2 Phylogeny analysis of the nirK denitrifiers of the peat marsh soil in Zoige plateau wetland
TERSAT L85 1 000 BURERY 3L, LR KT 50% i1 0

2.4 nirk SCRHARER B TR A A8 5 SRR R U AR B
A /R S e SRR YR R R P . nirK BCRHARAR AV 5 AV O (B] B9 RDA ARSCYE LI 3, 70 Bréi 2R
R R —HEF R AR AL 0.97 28 “HEFFRIRHIE(EL 0.02, by RTAT A, 28— HE 7 il 55 A3 20l AT A0 B o &
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Fol ), Bk B KT (P<0.01) , 45—l 5 +
AT HUBE R AR SR N B Y, B35 ) K
F(P<0.05) , BT, 7 52 3 i A7 8080 A 0w o
nirk ST R AL ARETE G H SR 3 LA, ph b @
IR 4 A B L OB AT, BT P X Fenqu »
LB, 22 R X A B A 20 A A, A X b X 45 B A T~

ST A% SR I 1 4 B K B 7 4% R BE A nirK @ WCANTINSOE TP
ST AR TRE T AT BL R E | B2 e X5 A b i

DX 122 02 B 8 e K, T HG mir 52 S A T BEET ) 6
EB, 10

-1.5 1.5

3 Wit 3 ERESFEEMERZEFEL nirk RELATFHELEHY

IRBEIN TN+ 4 5K B pH R JR MY S5 2 By RPAHEFE
SRV PR R Al B R G R e e R e R,f“ , "::i“aﬁ‘:“ a‘:"yi‘j. Zf "‘el t""”‘ ‘jd“"
AR AR 1 LA oo T Wt
Bt A S B R R ERIC (R 3) . BAMIIEER N, 2 Total nittogens TP: £5% Total phosphoruss TK ; 581 Total
B RESAR TG VE ) AR B e TR B M A K A potassium’ AN 4 4% & Available nitrogen; AP 41 44 8% Available
BB S8R, 765 K FE R A0 A H HLAG I S A fk phosphorusgAK : 7B Available potassium
PR R R | R0 SR AT T ) 32 AR A A
T White' ™ S8 ANAEWF ST /KT 35 40a AYVRIR VA EA SRS L6 PE S & B e 5 5 5 SOl A7 1 S A
FRANE . FIROFIEEE R G ASCE RARL, 7R 5 7 e e DT s 1) B A A 3 M 52 - S AP B R ) 2 A P
i 7 R SRS Qe SR TS A 8

RGERB TR nirK AR F2E T2, A, 25 K 55 i J i A 5] b Y8 s v 2 e i
nirK SO AR REAAAE W] 0 22 5 . o (BT DG b [X 5325 () v e 17 91 28 T - JE ] ( Cluster 3-4) , /D53
BT B-ZIT], £ oI 7] iy U8 A= K 5 AR 988 78 J& ( Bradyrhizobium japonicum ) | 21 R 5. i 7 J&
( Rhodopseudomonas ) 45 FAFT 1 J& ( Ochrobactrum ) i845 53K 31 FC B & ( Devosia ) i F . HACZE L ALL, Priemé
DT gE B HE Bt R TR R R A W B VR A 18 A A K SR R ( Bradyrhizobium japonicum ,
AJ002516) SZZ LS LS SR AL U E 2R . Saito ST & B E 160 TCHLAL A9 /KA L P nirK ST 1R
FAERR LA b8 A K SR 98 7 B A 8 A 2B M B & ( Rhodopseudomonas, YP782977) LA} 4 H AT W J&
( Ochrobactrum, YP00137298) ' | {B {57 3 [C 5 )& ( Devosia ) A WAHSCHGE . 22 1B X S il AL @ B =50 B-
T, D R a2 T], B AR B-ARTE T TR 08T & (Alcaligenes) . S5AS AR, Prieme 55 AWFS 1
HHA B HE A SR AL AN R 2R B R , A5 BRI T TN B A X 4 A1) T 0 X X ) 3 2 SR A TR RS
REBfE HAME AL . 455 AU LS TG VEFN R GE A T 40 s R 65 1% ot e 8 b 08 9 Y 928 1 1) S i A T
ATHBREEH oI TN PR . SA SRS ML, Katsuyama 25 AFERIFSEAS [R) R AR 4 119 s 6l A0 395 1 R0 8 4 ol
TERS IR & B o T T B P R AR R i 28 A B S A P 1 T BB 2 b, 2 R i 1o D i R i R
B L AAE Z R RS AL TRTRE , i A AT 8 A2 3k 28 e ¢ VE PE - Al A B8 45 1 n B AR JB | 35 7K A Ao M
AR T R A7 A 25 S 8

I8 PR -2 52 0 G A ) R i 24 AR A ) S PR R T SR WV A 5 - S L M o ] A A LG
FXFFIRAGNIR R W 7E A 28 R S8 P (9 (0 R B LA B2 LY S RDA 40T S /s A7 550 A 5%
WSR2 /R s o SR PR T V3 marK SR T AN PR REVA G540 1) B T, Zhang %5 X6 75 8 i J5 55 )+
nirK AL RE S I IE 2 B0 I8 K & B DL C/N FE M nirk SORSAL AN B BE VS S5 M0 1 BB 1, T
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Xie 25 AFF 5 T 9 o J ) 1 Ok v b 200 8 T v 45 40 1) 5 i) i 0 S LRI IS 75 R R I nirK
AL AN A RIS S M A L 7, 1 S5 AR SCES SR AL, 4 Barta 2554 AR 5T & BRAR AR 39 b A 808 X nirk BTl
TR RIS S5 B2 (r=0.83, P<0.001) . Xue 25" B9 2 WA S0 2 5 0 G WA 1 5 nirK SR
RN R B T, BeAh, M OCHF I B 24 S5 Wl R R A o BRI 75 R P, 25 IR R IR
BRI B A I AR G BB P BB BRGSO A B 08 T A SR Vs S A A R R A
OO gE B BT EE AR s IR T e A1 2 I AR 1 A R A Y MR Ak 2 R PR T
REAFTEAE T EARMTE I SC R X B3 R (A R 1N 2000 — 2B A 9T UE S

RSO T 45 R 56 e R e A% VA F RO AR TSR RN narK SR T 20 B8 T 45 405 4 0 2R M SR MR R
WFFE R nirK JED S R R B8 T AT 1T B, 3% X Sk A0 S m A 3 P £ B 37 oA TR 1) ik v AR 2
AT SRR A RO SR nirK SR SR T TR R T4 45 P G R EEIRBE T
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