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Abstract With the promotion and evolution of 5G or even 6GG communication technology, the demand for
data communication traffic is growing rapidly. In the face of scarce spectrum resources, the demand for
large-capacity, high-speed, and low-latency communications has become increasingly urgent. Exploring
new spectrum resources and improving system performance have become crucial technical problems. Thus,
millimeter wave and terahertz wave have entered people’s vision, providing more possibilities for the future
interconnection of everything. This paper demonstrated phase insensitive PAM-4 signals generation and
terahertz wave wireless transmission at 100 GHz based on intensity modulation and heterodyne coherent
detection by simulation. The bit-error-ratio (BER) performance can be improved effectively by the offline
digital signal processing (DSP). An intensive comparison of performance versus various parameters operat-
ing at three bit rates was discussed, providing significant guidance for photonics-aided THz-wave electro-
optical components design.
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The Influence of Parasitic Parameters on Current
Imbalance of Parallel SiC MOSFET

ZHANG Yonggang'**,NING Pingfan "**,LIU Jie'*,
WANG Didi"?, XIAO Ningru®,LI Yugiang®****

(1.School of Electrical Engineering and Automation. Tiangong University. Tianjin 300387,China; 2.School of
Electronics and Information Engineering, Tiangong University, Tianjin 300387 ,China; 3.Engineering
Research Center of Ministry of Education for High-power Semiconductor Lighting Application

System, Tiangong University, Tianjin 300387, China)

Abstract The parallel connection of SiC MOSFET is an effective means to increase the power density of
the system.For SiC MOSFET used in parallel in high-frequency and high voltage environments, the differ-
ences of parasitic inductance, parasitic capacitance and other factors make it difficult to realize the equaliza-
tion of the parallel current. Therefore,in order to analyze the [actors that lead to the current imbalance, this
paper uses the spice model provided by CREE company official website to build the related simulation and
test circuit.Based on the device parameters provided in the data sheet,the parasitic capacitance and parasitic

inductance were differentially set,and simulation was conducted with PSpice software.The influence of
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different parasitic parameters on the dynamic and static current imbalance at the load voltage of 600V is
analyzed.Finally,a method based on impedance balance combined with core inductance is designed to sup-
press the dynamic and static current imbalance of parallel SiC MOSFET, which can effectively inhibit the
current imbalance.

Key words parasitic inductance; parasitic capacitance;parallel SIC MOSFET ; current imbalance
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Propagation Dynamics of Autofocusing Circular Bessel

Gaussian Vortex Beams in Free Space

JIANG Junjie, DENG Dongmeli

(Provincial Key Laboratory of Nanophotonic Functional Materials and Devices,

South China Normal University,Guangzhou 510631 ,China)

Abstract Based on the split-step Fourier method and paraxial wave equation, we introduce a new class of
Circular Bessel Gaussian Vortex Beams (CBGVDBs) with the autofocusing property and investigate their
propagation dynamics in [ree space. By increasing the beam size, the [oucs properties of CBGVBs will
change.Propagation dynamics of CBGVBs with an on-axis vortex and off-axis vortex is also investigated.
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KT IR A K AgY (MoO, ), : YT ,Ho*" ,Tm**
o, AR IER R

T oA R

(TR K2 424k TRt TR 400715)

i W AT A AR T A AL R KRR IR A& T AgY (MoO,),:Ln* (Ln=Yb* ,Ho’ .
Tm') %A, £ 980 nm LS H A T AR T kA 69 ki AR R 5 A B4 AL, AgY
(Mo00,),:Yb* /Ho*" # E#: 3% R 4 k% h 4 & A 4 (539 nm) A4 & K 4 (658 nm) L& . AgY (MoO,),
Yb''/Tm' 8 L&A SR 22 A EELHUT5 nm), H =45 YD/ Ho'' / Tm® & F 8, Mo #7345
H A G & L% e (0.3345,0.3309) . 5 E MR AR E & B A AFE AL (0.33,0.33) . TR LA LM E
FHRASHELR,

Fehltin] KGR LEBE b kB

Wi sy RS TB321
Xk g A ‘%h,%

T RRE CZEI IR %) b BURS (OSID) B
Study on Up-conversion White Light of Hydrothermal
Synthesis AgY(MoO,),: Yb’" ,Ho’" ,Tm*" Phosphors

JIANG Li, YANG Jun

(School of Chemistry and Chemistry Engineering.Southwest University.Chongqing 400715, China)

Abstract AgY(MoO,),: Ln*" (Ln=Yb,Ho,Tm) phosphors were successfully prepared by simple hydro-
thermal method without any additives. The up-conversion luminescence properties and energy transfer
mechanism of phosphor were studied under the excitation of 980 nm near-infrared. The up-conversion emis-
sion spectra of AgY(MoO,),: Yb*" /Ho'" were composed of green emission (539 nm) and red emission
(658 nm) ,and the up-conversion emission spectra of AgY(MoQO,),: Yb* /Tm®  were mainly blue emis-
sion (475 nm).When Yb*™ /Ho*" /Tm®" ions doped,the relatively ideal up-conversion phosphors (0.3345,
0.3309) were successfully prepared,which were close to the international standard chrominance coordinate
value (0.33,0.33) and may have potential applications as biomedical probes.

Key words hydrothermal method; up-conversion luminescence; energy transfer
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A A XRD Al SEM J3 5058 T H W AR S5 4 5 R0 A2 (0 /N1 o A JRL A, 56 0 b4 ek 1) 40 B0 45 4%) R0 A 2 P Joi 7
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PERT LI Yb'' /Ho ' /Tm® 8240 0 5T RSB SCIRGE ™, & e ik 2 2 0E 5
DB A fep T T AR S R BT RO IR ™ KGR AR AR SR FH 9 AT PP R KA BT

A FEIEAE AR AgY (MoO4), : Yb*™ /Er’™ 55t Ky Y i UM 04 ff 5 i 1 it — 2D 4R 50 L 1 e
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EL R 5 4898 T H E Rk R L 3L

1 8385

1.1 8

AgY(MoO ), : Lo’ (Ln=Yb"" ,Ho'" ., Tm* )%ty i & S /K L 58 LMY . & 35 mL F5 B F /K T Uk
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1.2 452 0 Y A LA
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2% ((NH, ) s Mo: Oz s 77 B TR AR AL T4 BRA L JUAR Ry 23 B el , AgNO, FUAS S 43 B 28, 1 A AR R e
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Preparation of Phosphorus-Doped Graphite Carbon
Nitride and Its Application in Methylmercury Detection

SUN Xiaotong' . LIU Yao',DAI Zhengliang” , WANG Bei*,
HUANG Jianhao* ,CHEN Xing'

(1. School of Resource and Environmental Engineering. Hefei University of Technology, Hefei 230009, China;
2. Anqing Changhong Chemical Co., Ltd., Anqing 246002, China)

Abstract Methylmercury is extremely harmful to organisms in the environment, so there is an urgent
need for a rapid and efficient detection method. By doping phosphorus into graphite carbon nitride (g-C;
N,), the band gap was reduced and the catalytic activity was improved. An electrochemical sensor for the
determination of methylmercury (CH; Hg™ ) was constructed by using phosphorus doped graphite carbon
nitride (PCN) modified gold electrode. Under the optimized experimental conditions, CH; Hg ™ exhibits a
sensitive differential pulse voltammetry response signal. In the concentration range of 0-25 pg *« L™', the
response peak current has a good linear relationship, the sensitivity is 0.42 pA/(pg + L") and the limit of

detection is 0.182 pg « L.7'(S/N=23). In addition, the influence of inorganic mercury in CH; Hg' detection

75 B #9:2021-03-07
ELWH:HEAAREESTHE (21777164) ; L 88 BHEE KL T H (202003a07020004) ¥F B)
BWAEE R B, 0 Rk S0, WF 5805 1) - K35 4e 458 i #% R, E-mail : xingchen@ hfut.edu.cn,
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was climinated by adding SnCl,. PCN sensing interface shows that the detection of CHy; Hg' by heavy
metal ions has good anti-interference ability in the presence of Cu*' . Cd*" ., Pb*", Bi*" and As*' . The eval-
uation of the stability and reproducibility of the sensor also achieved good results, and the detection rate of
CH;Hg" in actual water samples reached 94.7%-104.4%. The results show that PCN modified electrode
has great potential for the determination of CH; Hg™ in actual water environment.

Key words P doped graphitic carbon nitride; electrochemical analysis and detection; band gap regulation;

methyl mercury
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Preparation and Electrochemical Application
of Ultra-thin Carbon Nitride

LIAO Guodong,DENG Wenming,SUN Yanjuan,ZOU Jing,JIANG Jizhou

(School of Chemistry and Environmental Engineering &. School of Environmental Ecology and

Biological Engineering, Wuhan Institute of Technology, Wuhan 430205, China.)

Abstract Bulk carbon nitride (g-C;N,, CN) prepared by using different nitrogen-rich carbon sources as
precursors, using liquid nitrogen as the stripping solvent, using high temperature-rapid gasification com-
bined method to strip the bulk CN to prepare the ultra-thin CN nanosheets were successfully applied to the
degradation of photocatalytic pollutants and the construction of environmental hormone electrochemical
sensors.After a series of optimizations, the nitrogen-rich carbon source and carbon nitride stripping a-
mount with the best preparation conditions were obtained, and the results showed that the specific surface

area of CN prepared [rom different nitrogen-rich carbon sources was greatly increased alter stripping, and
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CN prepared with melamine as the nitrogen-rich carbon source the average thickness of CN lamella is the
thinnest, 1.5 nm.When the peeling amount is 1.0 g, the peeling effect is better and uniform, and the spe-
cific surface area is relatively large.Compared with the bulk CN, the specific surface area of the stripped ul-
tra-thin CN increased by 8-12 times, the average sheet thickness was less than 2.8 nm, the number of a-
tomic layers was adjustable, and the impedance was greatly reduced. The rate constant of photocatalytic
degradation of RhB is 58 times higher than that of bulk CN, and it has obvious electrocatalytic activity for
the environmental estrogen tetrabromobisphenol A (TBPPA).This article provides a new idea for the in-
dustrial application of large-scale preparation of ultra-thin CN nanosheets with adjustable atomic layers.

Key words ultra-thin carbon nitride; liquid nitrogen; stripping; photocatalysis; TBPPA
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=R FH M (Melamine, Ma) ; —55 % (Dicyandiamide , DCDA) ; #i Jk ( Thiourea, TU) (|5 24 £ Fl fk 35
A BRAED 5 PUIR XY A(Tetrabromobisphenol A, TBPPA) ; i A& ;18 MQ « cm ™' #4li /K ,

XRD(X-Ray Diffractometer, AXS D8Advance, Bruker, f [# ) ; TEM( Transmission Electron Microsco-
py.JSM-2100 %, H A< 8, 1) ; Raman ( Laser Confocal Micro Raman Spectrometer, DXR, 3£ [H); UV-Vis-
NIR (Ultraviolet Visible Near Infrared Spectrophotometer, DSR,Cary 5000, 2% [E) ; B fk 2% T /E % (Electro-
chemical workstation, CHI660C &Y, | iff JZ #2) ; 9¢ ) )6 3% 1L (Fluorescence Spectrometer, FS, Jasco FP-
6200, HAS) s X HF£ % M 7 g3 (X-ray Photoelectron Spectroscopy, XPS, MULTILAB2000, 3% &) ; [t F
FUMRAY (Brunauer-Emmett-Teller, BET, ASAP 2020, Micromeritics, 3% E) ; i 7 J1 B i 5% ( Atomic Force
Microscope, AFM, &) ; 64k 2% )2 W (Photochemical reaction instrument, BL-GHX-V,HH ),
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1.5 AeE ik
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1077 mol/Li TBPPA T* 4 mL By pH=>5.8 MR Z% mid W b - O LAk 2 TAR S R A 22 PO AL AR
- AR A (Ag/ AgCD Sy 2 Lo B AR, 35 B Fi A Ay T AR Fl A 1 — P ARG AR 3R 1447 90 PR AR 22

2 HiR5itie
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Synthesis of Pyrrolo[ 1,2-a Jindoles with Sodium
Arylsulfinates as Sulfur-containing Building Blocks

LI Mengting, WANG Dan,NING Zhitao, WANG Luyao,DU Zhengyin

(School of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070, China)

Abstract Synthesis of 2-sulfonylated 9 H-pyrrolo[ 1, 2-a Jindole derivatives by tandem radical sulfonyla-
tion/cyclization/isomerization is described., which use sodium arylsulfinates as sulfur-containing building
block to react with N - propargylindoles in the presence of I, under air atmosphere. The protocol has the ad-
vantages of readily available starting materials, mild reaction conditions, wide substrate scope and the a-
bility to construct C-C bonds and C-S bonds simultaneously.

Key words N -propargylated indoles; Sodium benzenesulfinate; Sulfonylation/ cyclization/ isomerization

reaction; Pyrrolo[1,2-a Jindoles.
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P PRARZH R T N RPN 05| e 5 it Pk Sl E AL fac-Tr(bpy), BIMEALT . L CH, CL AL, A 2.0 4
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FH Nal A7 F TBHP AL A T AT Az i - Bk Ak 9 H-NEIg I 1, 2-a [0 WEfir AE B F U0, T sl 7 2R A 2
i CuSO, Al K, S, O it R A BT 2-5At 3H ML I 1. 2-a |WIBEATA G . [FIRE B oK B384 43 )
fdi il CuCl,-TBHP il Cu(NO,),-TBHP [z & & il % 1 2-%if Wk 1k 9H—ﬂH:“§3-’F[1,2—a]"§I W=~ H -'"V 1 2-
WEEEAL 3 H-mEng [ 1. 2-a 10 WE-3-FRT ">, 2019 4F, T4 IR JF & T — Bl FH 55 56 30 6l 19 1F hy Al 1t Ak 3K
G 2-REBEAL 9 H-ME& I [1,2-a M[WEF (5350 L (R iR RN Z07E N, SR iEAT , 0F LT 28 2.0 Y4
B AgOAc fEREALH, DABCO » (SO, K, S, O Jg — F AL B 19 77 (8 K I8 . 5 DY J5U Bl e o5 Jk
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firE G
E =R,P(O)H, refs [5,6]
E =RC(O)COOH, ref [7] ‘
E =ArSO,Cl, ref [11] o
|

E =ArSO,NHNH,, refs [12-15] |
E =ArS H, ref [1 E= -

= (O)OH, ref [16] Ar” " NONa
E =DABCO(SO0,),+ArN,BF,, ref [17]
E =K,S,0; + AfN,BF,, ref [18]
R'=R,P(0), SO,R, SAr, C(O)R This Work
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1.1 kA R AR

S0 BT B T B T 2 TR 2B R T L 8 R R AT 2R AR Al b At A R 3 Sk T A b Al 1’?
REILAREGE (' H NMR) : 400 MHz # 8L JR X 8 600 MHz ¥ 3L RN . Bimg LRk 3E% (°C NMR) .
MHz #3401, CDCL, SH¥ 7, TMS 1E 8 MR . fE2: 0088 (O UL ppm 45 i (R & ﬁ%&(])UBE‘FQZ(Hz)%}
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o B RETE X-4 B0 BUE SO0 8 A B SE 8 RORBEIE . ZAB-HS XSUR £E & 43 P B AL i 2 23 Bt ik .
1.2 FHR K

6] 20 mL B PRI AL (0,15 mmol),2 (0.45 mmoD) 1, (0.15 mmoD) FIZS L F N EE(2 mL) . JiE
KRN T RN IRA WS T 120 CHEFE 12 hy SO WO 2648 25 RV R e . a1 ak A 2 My
53 B RN AR R A Nk LR SRR VR AR BT . IR 2 ECh E kA A — R e S
Y A5 200 B R A2 RE H NMR #17C NMR ## 47 R AE . 5 SCERER RS R — 20, BA R RIS PR
AEBHE AN T : 2-((4-(Tert-butyl) phenyl) sulfonyl)-1-phenyl-9H-pyrrolo[ 1, 2-a Jindole.Pale yellow solid; mp
101-102 °C.'H NMR (600 MHz, CDCl;): 8 7.93 (s, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.39-7.29 (m,
8H), 7.27-7.25 (m, 2H), 7.20-7.18 (m, 1H), 3.82 (s, 2H), 1.24 (s, 9H); *C NMR (CDCl;, 150
MHz) . ¢ 156.0., 139.6, 139.5, 135.2, 134.0, 132.5, 129.8, 128.0, 127.9, 127.2, 127.2, 127.0., 126.1,
125.4, 125.2, 117.5, 115.3, 110.8. 34.9, 31.0, 29.1. ESI-HRMS: [M+Na]" C,; H;; O, NNaS, cald. 450.
1498; found, 450.1493.

2 RBREIR SR

2.1 SRR EBR S

TE A ] 1-(3- IR BE DY -2-BR-1-38) -1 H -1 W 1 4 FH B8 2 TVt R M A Sl S S I, XoF 52 g F I 90 118 0 ek L
LR B EARR) TR AR R AT T AR AR 1 TR . B, AT T 1- (3R RN -2- b1
FH-1H-M|BE(1a ,1.0 equiv) Al 4-H Fe 2R WAl B2 40 (2a 5 3.0 equiv) AT . HI0A 1.0 45 LAYE ML,
CEAE BRI 1E 80 CHRAAM T MW 4T 12 h )5 A3 5] 7 r s 7= 2-W R 3-9 H-mL g I [1, 2-a 95| W
3a PN 480 (entry D)o Jy T 5= W) A8, AT T BT S hn2a 70 L (194, SCE 45 R WA 2.0 &1
L 2> 5 803a WORKEAR R 1520, IR H IR FE TR I T 222 W IR G ) (entry 2) . 248 fN2a Ky 4.0 X4

x1 RURBEEH

g I, ,additive — 0
@? ' /©/ o solvent, 12 h ms//
= Ph ’ g \©\
la 2a 3a
Entry Mole ratio of 1a : 2a I Cequiv) Solvent T/C Yield/ %
1 1.0/3.0 1.0 EtOH 80 18
2 1.0/3.0 2.0 EtOH 80 15
3 1.0/4.0 1.0 EtOH 80 46
4 1.0/3.0 - EtOH 80 0
5P 1.0/3.0 1.0 EtOH 80 53
6¢ 1.0/3.0 1.0 EtOH 80 5
74 1.0/3.0 1.0 EtOH 80 12
8¢ 1.0/3.0 1.0 EtOH 80 23
9 1.0/3.0 1.0 THF 80 0
10 1.0/3.0 1.0 1,4-dioxane 80 0
11 1.0/3.0 1.0 DMSO 80 60
12 1.0/3.0 1.0 MeNO; 80 32
13 1.0/3.0 1.0 DCE 80 39
14 1.0/3.0 1.0 toluene 80 23
15 1.0/3.0 1.0 HFIP 80 66
16f 1.0/3.0 1.0 HFIP reflux trace
17 1.0/3.0 1.0 HFIP 120 70
18° 1.0/3.0 1.0 HFIP 120 71

## :a:Reaction conditions: la (0.15 mmol). 2a (3.0 equiv), I;(1.0 equiv based on la except otherwise indicated), solvent (2 mL) in Ar
atmosphere at indicated temperature for 12 h in a sealed pressure tube. Yield is isolated yield;b:15 h; c:2.0 equiv of Na;CO;3was added; d:2.0

equiv of Cs; CO3was added;e:1.0 equiv of TBHP was added additionally; f: Under air atmospher,
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W i 3a B 7= 3R 46 % , 77 I WA W R A AL Centry 3) o 1EBEA BN L AE g AL 30 A5 00 R, 5 I AT
KA AT WL T, B AEAE XTI N 2 e (entry 4) . MW EFEI 12 h FEH E 15 h B, 7= 9 7= 2R 38 Jin &
53% (entry 5), ¥E T RIRATHFTE T 8RN A AL TR )= 9y R 0y 52, 25 53R W], i A Na, CO; il Cs, CO, &
BRI R LB E 2, AR5 83a IR 3K 5% M1 12 % Centries 6 and 7), 78 A R 1.0 245 80 4t
TS A (TBHP) M 1.0 2418 LAFIRAG T 23 %R (entry 8) o Bl 5 FRATRE A A ) Cln 2,1 L U AR
WemR 1. 4- s L IR A T 1L 2- R S e TR RN S U N B (HFIP) #4770 & Centries 1,
9-15) . & 7S IS P9 BT % N B R LA 66 Y0 1 = R A4S T 3a o 25 FRATTE LA 7S 9 5% VR B R I i 751
HE— B BRGE T R . KRR 59 C I IR A F T 345 TR BE 0 B AR 7=, 1 24 76 %5 B 09 S 48 h 120 °C
AR T HEAT RV L 3875 1 3a 1972480 70% (entries 16 and 17), % M AEGE 7E 25 UK T 120 °C
AT HEAT 8 71%193a (entry 18) . M6 FIRITH 25 R, AT BE M BB KA AE 1.0 Y& LIE#F T,
N - P 0 W 15 55 FE S B R A RE L R 123 N SR N BE VA ), 120 “C /ML 12 h, 453 9 H -k JF[1,2-a ]
| R 7 8 B 1
R

R3 1
Q R
, .
N § L, (1 equiv) =" 0
N, o AT,
R N
) \_— R R¢ , d

R2
HFIP, 120 C, 12 h, air

3q 65% 38 55 % 3t 73%

i by
S S

3u36% 3v 40%

£ :a: Reaction conditions: 1 (0,15 mmol), 2 (3.0 equiv) . 13 (1.0 equiv) » HFIP (2 mL) in air at 120 “C for 12 h in a sealed pressure tube,

Pl 3 N-pg e iR R 55 S 6 R B 1 IS 40 3 T
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WARTREN2 5 1-(3-R L N-2-Be-1-30)-1 H-W| Wk la L & AT IR W 0040 S . R B 45 v 1 5L 05 58 s i 4l A
A-RUT R A PR A A % S I R 4 8 R 2 AT, 45 B AH B Y 77 4 3a , 3b M3, P B3 A3 R 7104, 63 % il
58% ., 4T A A W H T A B 95 B R R AN . 0 A0 4-F . 4-Br F 4-CF. . AT A 19 %6-34 %6 89 77 2R 564k Sl AR I
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EAREHbR T W3g WORBAK N 1626, HK AR T AL R YIL Bk — 58 BRI BCPG L RY X2 1 5%
M, 2 R FIEN A-F 3, 3-F1 3 L A- Z FE A A-BUT SE 0 K1 5 2a 1Y SO RE A8 IUR 1 47 45 21 AH 1 1Y
FEH3h-k L EARLR 60% . FEMARME T D7 I B R R TR SRR E A R0 RE AT 32 L DL 38 -
62 % M AR E T WM 3ln . I Ah . 4-CF, 1 4-CN A Sy 35 % o, 7 35 J1 7T E B Ay o, 74800 S 380 o7
AL WL 30 %5 K1 29 %6 i 7= SR AS B AR 19 7= 130 F13p o fw e » TRATTHIF S 1 0] W B 28 vp 3R L R [l {7
B4 IR IE . A FRATTR LAY S FE I W 3R [ A0 3-FF 0L, 7-F 2L 6-F 2R A S-H AL R W R B R 4L L
S51%-73 % MRS T BAR ™ W3q-3t . & Z I (40 6-F F1 6-CD B i m5] e 58 A 32E 47 3% = N . I
DL SR ISCRAS B BT T 1 W13 u-3v o B Y BRI A E 2RO 6 A 1 R LA A S

2.3 IR BLHLENR i )
S T IR ) N~ P L 5 ) ¢ 1L (1 equiv) =
BT 5 0 £ OB 1 o B SR 9 06 L \ )©/ O o, {900 j@

TERRIE S IV 5% 1 F TR ATHEAT T — 2 A h
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Total Synthesis of 1,3,4,6-tetra-acetyl-2-
deoxy-Z-azide-Glucosamine
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Abstract In this paper,we used the commercially available Glucosamine hydrochloride as starting materi-
al,totally five steps,to synthesize target product 6,which can be used as unnatural small molecular probe
for metabolically labeling O-GleNAc modified proteins in mammal cells.In the condition of acetone, con-
centrated HCI at 50 “C in step 3, we discovered an interesting byproduct 7 with strong fluorescence, the
structure of which was further confirmed with NMR and MS, and the plausible mechanism was also ex-
plored.

Key words molecular probe; O-GlcNAcylation; glycosylation; metabolic labeling
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Rk @R UM G KA G K, O N-EENEEA, O- BN lEAS, b OE#EY
N - BEFEE (O -linked B-N-acetyl glucosamine, O-GleNAc) B3 AL J&— 245 5k 19 O-Bl LA & 4600, 3
BERAETE AR IR IR I . O-GleNAc Wi S AL AL I "> OBl PR S48 R e & 2B B, 6 fF B
A O-GleNAc Wi HAR S % WOE sl TURR , BORFEA [0 T O-GleNAc HE5E A0 /K - 149 742 1l X 37— 25 W]l %
PLRA H R S, A, O-GleNAc # Ak 55 85 92 A0 A8 1 A BL L ] 72 20 458 PRI 3R A oR T e o i 1 80 59 4
HEATWE AL 5 LB AL, DT 08 2 B 26 i A A i 2T B S B MR AL B R R R J2 . 2 5 R R R AL 5 b
HAKEE A O-GleNAc ¥ # & (O-GleNAc transferase, OGT) fl O-GleNAc /K # i (O-GleNAcase,
OGA! | G CME AW A WLk 12 nl LACKE 4 4 5 5% 16 8 UDP-N-Z, Bt 4 % % (UDP-N -acetylglucosamine,
UDP-GIcNAo) , Nl OGT 51315 B 098 1 % 4, 058 & B 48 R B B ik 1 RE P& i i1 AR X 28 i T
A2 vh A R B ARG 42 5 A S UDP JE X . E T8k OGT R 5I R F T L B 5 1 B - 35 28 Jm s I
I AT LLXF O-GleNAc #E3EAL 19 8 @ A7 508 X 8 & 3 O-GLeNAc #5358 4k S5 3 AH OG5 0 19 BIF 53 4 ik
Frv@ie, H TS HOE 2 Fh & A S0 BB W JE R AR N Or TR B T ESE O-GleNAc B 5 A 5 11 Fh 28
RO 5 4 (R Pt e 2- i 4-N-2% Al Tk 2 56 4> S AL A 205 A, GLeN Az F1RH R (1 > FLoH 4 7
Ac,GalNAz & PR & MAREE  HG BT — e D2 2k ) g 0 08 U 56 21 FUBE B 40 J5URkE , 78 T B L 48 T 44
ZMT 5 SR SN A R 2- 6 S -IN-5 2 T R IBOA Y BROBE e (A 3 i S R AL A SR AR B B AR
BRBRAZ TR AL TR L A0 BN P T I A TR AR AE — B B R A B R . I A e R A A A e Ak
MRS SRR A, M TS LWL, T BT IR E R SRR R W, T RE A
BB I TR A I B S O-GleNAc MG I BF 22 50 B 108 X,

OAc AcO OAc OAc N, Ac
(0]
A,?\Qoé%fom ACO%OACAXQ&OAC Ag%&&ﬁom AcO OAc
H NH NH NH NH
S S S S
N3 N3 N3
A\
Ac,GIcNAz Ac,GalNAz Ac,GIcNAILk Ac,6AzGIcNAc  Ac,4deoxyGleNAz

1 TR O-GleNAc B SLAL /A 4 1 351
AL A T A B R R O R AR JRRL , it — R A N AR BN TR 6, BROR 44 %, 4 Western blot
Kl % 26 EAT = R ) Bl R AR IE R, M IE S8 O-GleNAc ML SE M A I IR 3Rl . Sboh, E L THE 3
LG YA TETSER RERAR .50 CRAM PRI H AR T % H [ AR 7E 365 nm T HAG 1R 5% 1% WA, AN SCH 3T 4%
T O 25 T vk T — AL W LA A L S SR SR I P AR T — R g A B LA R 2 R AR U S TR b
FNHT BTG Py T H A A AR Y2

1 S8R5

L1 k7SI Ey

2 W A TR TR W K H b T LR SR B A B A A 5 187 A W SRR SE T A RO A R A
K >R A Bruker 300 M 1 400 M ## 2:4z , LC-MS 43 Hr & >k H Waters 3100,
1.2 98505 ik
1.2.1 443 b k. KA 110 g.46 mmoD % MEFE 10.2 mL 1Y 5 mol/L S AL W H . 76 vKIn 4
P B PE Bl S AT A B (5.64 mL,46 mmol. 1 eq) . £ 50 B E AR AE 4 CARAFS R . W BIRAY A
K B Ak TR CBE 10:1 phyeshig, T M2 G W 12.6 g 2,778 88 % . A 2lifh. HEH T F —
A i G AL & 12(3.97 g.13.8 mmoD) M 1E 20 mL AYMLIE A I b, 76 vk I S5 F R B0k BE S 2 A
L PREF(7.84 mL,83 mmol,6 eq) . FEVKWE S0 F B WK E =il Bt 2. o B & e 50 SR R AE 1
T4 A EEE3(5.8 2, 7% 91%, "H NMR (400 MHz,CDCly) & 8.21 (s,1H),7.67 (d,]J =8.4 Hz,
1H),6.92 (d,] =8.4 Hz,1H),5.94 (d,J =8.0 Hz,1H),5.46 (d.J =3.2 Hz.1H),5.26 (dd,] =10.4,3.0
Hz.1H),4.27-4.07 (m,3H),3.84 (s,3H),3.68-3.53 (m,1H),2.17 (s,3H),2.06 (s,3H),2.03 (s,3H),1.
89 (s,3H); “C NMR (100 MHz,CDCl;) 6 170.40,170.09,169.63,168.69,164.47,162.32,130.27,114.07,
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93.52,71.78,71.56 ,68.76,65.98,61.33,55.42,20.77,20.68,20.51.HRMS (ESD :m/z [M-+NH, ]+ calculat-
ed for Cy,y Hy; NOyp :465.1635,found : 465.1637.

1.2.2 Aebdhna F27 94 %, LA W35 g,10.7 mmoD) ¥ A6 3E I I b L i 8 B T IR E & 50
CL4HE 10 min, AN A 2.5 mL R ER . 7 BV AE K it [ 40, R 0V 4 28 300, I ACKS o 19 £k, HE BASURE
AREF AR T AR T A VKK 277 2-3 he A A1 il ik . 008 g 10: 1 phPEshg ., T4, 1524k & P4
(3.5 @) =R 85V HEHAT T —2 W4 8 AT M R%dE ' H NMR (300 MHz,CDCLy) § 7.72 (d.J
=15.6 Hz,2H).7.62 (d.]J =8.7 Hz,4H).7.03-6.96 (m.6H).3.89 (s.6H);"“C NMR (75 MHz.CDCl,) &
188.90,161.59,142.71,130.11,127.68,123.54,114.45,55.44.

1.2.3 AL&-H5 894 . B aW4a3 g.7.8 mmol) 7 EL25 5 F P MEAE 20 mL 4 W b rp 4 /U8R, B
JEIMA 5 mL MEBE OB SN AL T Uk 40 T FREe it PE L b5 B N A E 2 BE & (1.22 mL,15 mmol,2 eq),id
R I3 2 1 H B RS i HE 10 min, WRAF S5 A ERRR 5 — S e 22 0, T8 . 1 2L G 995 (3.3 @) )"
% 89% ,'H NMR (400 MHz.CDCl;) 6 6.42 (d,] =8.8 Hz.1H).6.19 (d.] =3.6 Hz.1H).5.31-5.17 (m.
2H) ,4.46-4.40 (m,1H),4.25 (dd,J =12.4,4.0 Hz,1H),4.07-3.90 (m,2H),3.92 (s,2H),2.19 (s,3H),2.
07 (s,3H),2.04 (s,3H).2.03 (s,3H);*C NMR (100 MHz,CDCl;) & 170.47,170.16,169.37,166.73.92.
46,71.85,69.85,66.37,61.28,50.36.42.44,20.89,20.69,20.62. HRMS (ESD :m/z [M+ NH, ] calculated
for C;s H,, CINO;,:423.0932,found:423.0935.

1.2.4 44546 96w, Bik&5H5(1.8 g,4.2 mmol) 5 NaN, (0.54 g,8 mmol.2 e)IBE, M A 10 mL
DMF ¥l 4. FHR 2 70 °CL i /. IR H , BEZ& K DMFE Jié i, 26k e 2 B 1 40 88 Al Ak Cf ik - £ 1R
ZME=3.1),18%] 1.3 ¢ HFrfb &6, /7% 72% ., H NMR (400 MHz,CDCl;) 8§ 6.42 (d.J =8.8 Hz).6.19
(d,J =3.6 H2),5.31-5.17 (m,2H),4.46-4.40 (m,1H),4.25 (dd,J =12.4,4.0 Hz,1H),4.07-3.90 (m,
2H),3.92 (s,2H),2.19 (s,3H),2.07 (s,3H),2.04 (s,3H),2.03 (s,3H)."*C NMR (100 MHz,CDCl;) &
171.51,170.64,169.13,168.65,166.87.90.26,70.34,69.81,67.43,61.49,52.43,51.24,20.66. HRMS (ESD ;
m/z [ M+NH, ]+ -calculated for C;; H,, N, Oy :448.1680,found:448.1677.

1.2.5  #Zmpe e 3 fe Rt AR T . 4 HEK293T 40035 7246 & 10 X0 /i 4 1L 19 DMEM K5 3% 56 b e R
37 CHI5.0% A b BB 240 . FRan i K % 80%-85% %5 &, 1) 40 Al v i A & AR Bk 200 pmol/L
Ac, GleNAz SUH R (R BLAY DMSO fE g % B8, T 855 384 P 4k 221555 24 h,

1.2.6  Western blot A& #R4+6 472 &, HAMFEH 2 1.5 mL #0048 .500 r/min .0 5 min, L FREEF
FEJT I JCH PBS T BE W 5 78 A~ /NILrP i A 200 L 48 B 2447 & (1 X lysis buffer \PMSF .25 1% & 14 B 1]
HiFR 10 R BEEREEI K FD . T 4 CIEMAES 2% 30 min; 2L RS 12000 r/min 4 ‘CE.L 10 min; B0
SR KA R R LVEBUBUR BB ) EP A IR T BCA B E L 200 pg BUR T, 32 1.5
ml BRI A 170 pl Z4# % .0.2 1. 100 mmol/L CuSO, (& 100 xmol/1.),0.4 pl. 100 mmol/L
THPTA (CuSO, : THPTA=1.2, B /K% L) .0.2 w100 mmol/L Biotin-PEG-Alkyne (& ¥ & 100 pmol/
L), Z M 2 h AR RS T IA 1 mL KB EE, F—80 C#ik 2 h, BUE 5 F 10000 g,4 °C B> 10 min;
JIA 500 pL Pk HVEE, IR VRS BRSO, e BV W, S TR T 15 mins B8 A 80 pl 4% SDS
buffer(4% SDS,150 mmol/L,50 mmol/l. TEA pH7.4),% il 20 puL. 5Xloading buffer,Z# 10 min; FC K »
BFL EFE 30 pl FE AL FEATHLIK 0T s UK ZE HUS L L 280 mA (180 min #EAT I (NC 5, GE 2 &) s ¥ 5% 4f
P REAE TBST B & 1 5% PR 4R W A < 617 3 1 F HRP-Streptavidin(1:10000 # 8,1 h J5.
PBST %t 310 min;) X4 PEad 5 19 BE A AL 2% RO IR R 5317 .

2 #W5itie

AR LA A 0 S A 2 R R R ke R JRURE L 7E 5 MR A AE TR 5 0 Y AU A TR A D A A
P e A S x4 2 W 0 A B B A I I ER 3P 5 i 7 P O R 1 R T 4 1 P T BEAT 4 L IR AL AR 40 A B v e 4
3 F% A T N0 B v R R B A TN R VA R B BR AL PR B SN R R A S REIR A I Bk R R R
B 1] A4 5 5 R WE I W P 5 S S BE U VTR AL ST AR OB SR L OF R A B AL e AR B H bR
2-FZ RO EFE-1,3. 4., 6-D0 £ T Ik 4 49 B 6 (181 2) . IF 38 5 A% i, 3% Uk FL 45 M o S8 O BLAH 7= . FRATDR



56 LIe7 AV NI S S | JQEREZNR S N D)

200 pmol/LEREH6 5 Hek293T 4UMEMFF 24 h, 1 B 25 X BT, i 42 40 i o 24 i $2 B 85 L i i 5 Biotin-
PEG,-Alkyne &4 click W . e 228 1 western blot K0 & AT & BT R 516 5 XT IR 4H AH Hﬁ,\ﬁﬁﬁl% ]
FRICRCR (B 3) , 5 2Z 00 Hi il i SCmk— 30 .

OH OH

OAc conc.HClI OAc
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NH,-HCI SM NaOH N\\(j\(7 N\\@\O NH,-Cl
1 2 \ 3 \ 4

(¢}
(¢}
OAc X =
Cl
Cl)J\/ AcO (0]
_ YA O&w Ac _ NaN; ACO% ~0 o
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O O:S 7

Cl N

5

3

I 2 ﬁﬁwﬁﬁ?ﬁ‘r‘% i 5 i % 2

DMSO 6
ou (KD)
(6} HO/é%/O -
l = —
HNJg\IH " HO i gg_
PN’ 3
'/\/T;N\/\O/\/O\/\O/\/O\/é N’; 95—
Cor = Anti-bioti
1-D10lINn
VeNa| THPTA og s
Mo o€
o] NH @ 43—
i 0

H
"'//\/T;N\/\O/\/O\/\O/\/OV@N 34

B-ACtn s s—

63 AL 6 4 293 2L 158 RE AL b 3 (F BIL I o &5 2

3:Diode Array

a 278
® i Range:1.435e-1
Area

Time Height Area Area%
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1:Scan ES+
1005 (b) - 3595-53 5.19¢7
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S
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Pl 4 il LC-MS itk &7 1450
WA FEA B PRI G6 MRt B p L IRAT R B R 3 DMk R BR A1 50 C TN B I 25 F F . AR B T — Fh 7
365 nm $EAMKT HAGS T HAT SR AU 0, HBCPE O /N IO @17 40 B — MRV IRET AR PE . IR T H BAR 254
A FRATTRE S IR B W AT RSB A A 2 SR N 4 R VAT R LA B I RN 2,64 5 9.42 min fi R
PP 20 (P 4 Ca)) ARIEAE A W AR 43 BT AR B B IR) 9.42 min W FRATTEE SR 5 A9 98 Ak 5 W - L v 19 5
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Abstract With the continuous improvement of people’s living standards,natural antioxidants with low tox-
icity and high efficacy have become a research hotspot. Polyphenols, vitamins and polysaccharide com-
pounds have attracted much attention [rom researchers because ol their strong antioxidant activity. The
binding of natural antioxidants to proteins may affect their antioxidant activity.Concentration is an impor-
tant factor affecting the antioxidant synergy between different natural active ingredients. The antioxidant a-
bility of active ingredients will gradually increase with their increasing concentration, but their synergy may
not necessarily increase.In addition, the synergy between the same antioxidants in the mixed solution is dif-

ferent in different antioxidant models.Response surface methodology (RSM) can provide experimental

I 75 B 89 :2020-12-06
HEE&£WMB:HEKAKBAILE T H (22073039 % i)
WA R XU Lo DURR T 2082 B0 A 00, BF 5 O 1)« 9 B 2 2 AR AR TR Tk 4 1 B L E-mail : panpanliumin@163.com,



60 LIe7 AV NI S S | JQEREZNR S N D)

schemes for the screening of the ratios with the maximum synergy.In this paper,the natural antioxidant ac-
tive ingredients,the influence of proteins on antioxidant activity.the synergistic effects of some natural an-
tioxidants and the optimization methods for synergy were summarized. This will provide ideas for the de-
velopment and optimization of synergistic natural antioxidants.

Key words natural antioxidants;synergistic effect;proteins;response surface methodology
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Study on the Injection Safety of Domestic Medicinal
Excipient Sulfobutyl Beta Cyclodextrin Sodium

SHEN Jian',SUN Tao”

(1.School of Chemistry and Chemical Engineering, Weifang University, Weifang 261061, China;
2.School of Pharmacy,Fudan University,Shanghai 201203 .China)

Abstract Sulfobutyl beta cyclodextrin sodium (SBCD) can be employed as medicinal excipients for many
pharmaceuticals via an inclusion model. However, for a long period, the SBCD production was limited by
external incorporations such as Cyclolab, which has been always regarded as a famous “bottleneck” phar-
maceutical product. The study on the injection safety of domestic SBCD is an important ice-breaking area.In
this work, the substitution degree, hemolysis, renal toxicity, safety of supreme large injection doses of
domestic SBCD were studied in detail.Compared with the original marketed product, domestic SBCD show
comparable hemolysis and renal safety.Based on the in vivo experiments obtained from SD rats, the domes-
tic SBCD possessed favorable biosafety upon supreme large injection doses. This work will provide impor-
tant reference for breaching the blockade of foreign products and further marked application of the domes-

tic SBCD.
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Taxonomy of Cortinarius spp. from Taihang Mountains

in Beijing Municipality and Hebei Province on the
Base of Molecular Phylogenic Analysis
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Abstract The samples ol Cortinarius (Agaricales) species collected [rom Taihang Mountains in Beijing
and Hebei Province were identified based on the phylogenetic analysis of ITS sequences using Maximum
likelihood analysis and morphological characteristics.In this study,29 species were reported in such aera,of
which 18 species were new to China.In addition,result from phylogenetic analysis based on ITS sequences

from the type materials shows C.pastoralis is a synonym of C.epsomiensis.The standard sequences and
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core references for molecular identification of each species are provided as the basis for future investigation
of Cortinarius resources in northern China.

Key Words macrofungi;taxonomy;ITS;molecular phylogenetic analysis

22 5 )& [ Cortinarius (Pers.) Gray 1821 3R J8 T4H T 1 1 ] (Basidiomycota) | B 4 49 ( Agaricomycetes
Doweld) . JE#E H (Agaricales Underw) . 22 X5 £t (Cortinariaceae R.Heim ex Pouzar)™ (54 |- 4455 H A W
Wk 22 RN TR T A A R H YR R T . 2T JE Y P S Index Fungorum F
B 44 PR BOHE P2 A0 SR LA B A R 43 28 BT AR E I 5585 A A K ERMFI 2, — s R B ML R T T
P9 B W, W e 22 B (Cortinarius sinensis L.H.Sun, T.Z. Wei & Y.].Yao) U B3 4 45 — 28 22 11 4%
BE I — AR AR AT E. A DB I B 22 IR (C.orellanus Fr.) #2408 22 578 (C.
speciosissimus Kithner &. Romagn) %%, B TEERE .

AR, F RG2S R0 128 T 2 W R W AP B9 %8 52 f1 43 28 WF 98 . Sudrez-Santiago et al.t iz F
I'TS FEHN 434, ) BR YN VG FE 514 X 1 22 H7 52 W)@ ( Telamonia) ¥ 2 i 47 AL € . Harrower et al.m™ 5 1
ITS J7 50 53 # » & SR IR) o 22 RS TR AN [7] 7= 1, 1) bk 56 B9 90 7 A 25 57, RIAAEZE IR AE P . Liimatainen et al.""
e F 8 oA R T 22 R P B 55 08 (Phlegmacium) . Dima. et al.'™ 3&F 1TS F 504387, %F 7= 0 b
BRIP) Anomali \Spilomei Fl Bolares = A~ #4T T2 M, Liimatainen, et al. BT ITS 40 Mrat 5, B
T PR RIS E T 184 AR DNA KTERS 5 B T REW R %4 .

WE 2B E R 5 2R o RS g L A K A R BRIE o RS E I R o
2019-2020 4, AT H 20 FF J AT X KAT L0 X J KB FL R IR e A, B T ITS PSR E K F b, KT
29 M2 JRTE AR SCHIE R GBI 5E 45 3R, LB 1 3 ] 22 5 1 7 2R 0T 5T

1 MRSk

1.1 A AR A 25 9 N AR AT

FrA R A bRt B ml b RAT I X, FRAs RAERT, JEAE ST I IF 0 kM5 B . AR A R BE T )5, 211K
Tk 8 Vg A Ha Kb B S AT R B R 2 B i A I 5 R AR AR 1 (HMAS)
1.2 JBEERES S REE

R BT S0 BE R FR AR 10 SR A5 B X AR AR 1Y 72 WA AR AR 47 WL 5%, 32 B AL 45 1 S AR 4% 21 B4 0 1 R/ TR
B0, | 3 TR 0 R SRR L A B O AE UER UL T AR AR B A T BT BEIR A TR I R SR W
TR AE . TR I A VB 3y 40 IR I TE 5% 1) KOH I i 7848k rh WL gE , & T 400-1000 1% s F
LS. S B YRN A A% O IR 28 40 28 S0k, E AT IR S 2
1.3 X TFRFERGHMN

PEIBR A DNA LY 3 H ITS P A7 . 2 AT H GenBank &N #509 % 40 0 F AT 5 19 1TS 341,
EFRRMRESIL WHERE L BN XTSRRI F 5. HTIRENERTFRELE SHNL
TR ARAR AT /3 2 S R IERI N4 44 .

2 &R

2.1 R LEGEREG N

LMY ARV H 29 M2 BT E YR B 113 R bn A0 122 Z5 ITS J¥ 51 (5 3 nbn Ay 12 Z& wife ITS J¥
410 M GenBank T # 1 ik 29 DR R LG A I AT EE ITS 241 69 2% AW RS LTINS T4,
VIZEIBEE R ) 2 D Fh, Hebeloma aurantioumbrinum F H . louiseae B FRA N ITS P 1E AN FE, 45
193 25 ITS J¥ H) A M B Gl T T A7 HE P J5 o R 1 MEGA-X iE47 e KR R G R E
B HTRGERKE T EI& YT ITS P40 KA E B IR 1,

h BV W XA AH AL R 2 W20 R G E AT R 4R T O A Y 22 I T ) R e R B L 4 R
RGO FZ WAL R 5320 4 ADREL 2390 LAFG 1 & W) b 1 90 R S L AT TR B9 die JORIUL R 0 BT, A 8 4 R
RGEREW ., MIG3 T RER GG R GG 53 W58 AR ST G800 RAT 1 IX 22 5 3 R Fp A %5 5
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H 29 AFr i TR ] B R GER B RO S BT Xy T AR AR TTS F 471 64 Bl 5 5 47 X L
IR R 22 (6 SR 5 1Y 2R 58 5 B RS0 R S RN LA IX 20 RIS SE 44 41 3R 50 % 7 e LI 1-1 4
Rl ATURZLBEERERELEANEXFIER

¥4 SEAEFR A i GenBank 4% 22 3CHk
Name Voucher Locality GenBank accession No. References
Cortinarius absarokensis 1B19830352, F 3L (Holotype) #% B2 2% (Greenland) DQ295099 rzo]
C.alboamarescens H T.Niskanen 04-850, &% & ( Holotype) 7% 2% (Finland) NR_153042 GenBank
C.albocyaneus HMAS291371 1 [E (China) MW555445 *
C.albocyaneus HMAS291374 1 [# (China) MW555446 *
C.albocyaneus HMAS291406 1 [® (China) MW555443 *
C.albocyaneus HMAS291360 1 [® (China) MW555444 *
C.albocyaneus HMAS291443 1 & (China) MW555449 *
C.albocyaneus HMAS291444 71 [# (China) MW555448 *
C.albocyaneus HMAS291446 1 [# (China) MW555447 *
C.albocyaneus S:CFP1177, fif i X (Epitype) Hii it (Sweden) KX302206 (8]
C.atroalbus HMAS291386 1 [ (China) MW555450 *
C.atroalbus HMAS291398 1 [ (China) MW555451 *
C.atroalbus HMAS291487 1 [# (China) MW555452 *
C.atroalbus HMAS291516 71 [# (China) MW555453 *
C.atroalbus TUB 011922 - AY669687 [o]
C.atrocaeruleus HMAS291394 1 [H (China) MW555456 *
C.atrocaeruleus HMAS291395 1 [€ (China) MW555458 *
C.atrocaeruleus HMAS291413 [ (China) MW555454 *
C.atrocaeruleus HMAS291414 1 [H (China) MW555455 *
C.atrocaeruleus HMAS291455 1 [ (China) MW555457 *
C.atrocaeruleus HMAS291457 1 [ (China) MW555459 *
C.atrocaeruleus HMAS291497 1 [H (China) MW555460 *
C.atrocaeruleus HMAS291505 1 [ (China) MW555461 *
C.atrocaeruleus 1B 1951/0161, F X (Holotype) YA F) ( Austria) FN428992 £s]
C.biriensis HMAS291460 1 [H (China) MW555462 *
C.biriensis TEB638-15. F# X (Holotype) W E (Norway) NR_153081 GenBank
C.bivelosimilis TN10-014, £ (Holotype) Jn & K (Canada) MF379636 GenBank
C.bivelus HMAS291494 1 [# (China) MW555463 *
C.bivelus S:F44841, #i 8 : (Neotype) i $ (Sweden) KP866159 0ol
C.bivelus TUB 011897 7 [ (Germany) AY669682 [
C.boreotrichus H 6032724, £ (Holotype) 2% 2% (Finland) MF379638 GenBank
C.brunnei folius H:T.Niskanen 09-153 % F (USA) MT934926 [o]
C.brunnei folius TNO06-146 (H) . £ (Holotype) 7% % (Finland) EU259284 r1z]
C.caninus BP:B.Dima DB5567 1% 1% (Germany) KX302241 (8]
C.caninus S:CFP627 . fi#t BEBLSL (Epitype) Hi 44 (Sweden) KX302250 &1
C.castaneus HMAS291411 1 [ (China) MW555464 *
C.castaneus PC:PML275, # i3 (Neotype) 7% [ (France) MT934954 X
C.chrysomallus LY69_217, =L (Holotype)) ¥ [# (France) DQ102670 r1o]
C.cotoneus HMAS291474 1 [H (China) MW555465 *
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Name Voucher Locality GenBank accession No.  References
C.cotoneus 0S579 gk (Norway) KC842423 f13]
C.decipiens PML 366, #i 15z (Neotype) % [H (France) FN428988 (5]
C.decipientoides HMAS291436 1 [ (China) MW555468 *
C.decipientoides HMAS291439 1 [# (China) MW555469 *
C.decipientoides HMAS291461 1 [# (China) MW555470 *
C.decipientoides HMAS291462 1 [H (China) MW555472 *
C.decipientoides HMAS291463 1 [H (China) MW555471 *
C.decipientoides HMAS291467 1 [# (China) MW555466 *
C.decipientoides HMAS291468 1 [# (China) MW555467 *
C.decipientoides HMAS291509 /1 [# (China) MW555473 *
C.decipientoides HMAS291510 1 [# (China) MW555474 *
C.decipientoides HMAS291511 1 [ (China) MW555475 *
C.decipientoides G:367, F L (Holotype) 7% 18 (France) MT935002 £o]
C.desertorum HMAS291429 1 [ (China) MW555476 *
C.desertorum HMAS291469 1 [H (China) MW555477 *
C.desertorum PRM 154750, F#53{ (Holotype) H# 78 (Czech) MT935008 Lol
C.disjungendulus HMAS291420, Clone 1 71 [# (China) MW555478 *
C.disjungendulus HMAS291420,Clone 2 1 [H (China) MW555479 *
C.disjungendulus HMAS291420,Clone 3 1 [# (China) MW555480 *
C.disjungendulus HMAS291420,Clone 4 71 [# (China) MW555481 *
C.disjungendulus HMAS291420,Clone 5 1[5 (China) MW555482 *
C.disjungendulus H L.Kytovuori 98-861, +#i ( Holotype) Fi # (Sweden) NR_131838 GenBank
C.disjungendus H:P.A.Karsten 4370, J5 #4530 (Lectotype) 7% 2% (Finland) KP013190 [14]
C.elegantiomontanus 1B19890226 EE (USA) GU363465 fis]
C.elegantiooccidentalis WTU JFA 13226, £ (Holotype) FE(USA) NR_131811 GenBank
C.elegantior HMAS291369,Clone 1 1 [H (China) MW555483 *
C.elegantior HMAS291369,Clone 2 1 [# (China) MW555484 *
C.elegantior HMAS291369, Clone 3 1 [# (China) MW555485 *
C.elegantior HMAS249874,Clone 1 1 [ (China) MW555486 *
C.elegantior HMAS249874,Clone 2 1 [# (China) MW555487 *
C.elegantior HMAS249874,Clone 4 1 [ (China) MW555488 *
C.elegantior HMAS249874 ,Clone 5 1 [H (China) MW555489 *
C.elegantior 1B20010192 ER I (Europe) GU363461 t1s]
C.elegantior TUB 011388 1% [E] ( Germany) AY174850 f16]
C.elegantior TUB 012709 BRI (Europe) EF014262 (17
C.epsomiensis K:74963. F i (Holotype) K EH (UK MKO010952 (18]
C.epsomiensis HMAS291356 1 [H (China) MW555545 *
C.epsomiensis HMAS291465 1 [ (China) MW555546 *
C.epsomiensis HMAS291466 1 [# (China) MW555547 *
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Name Voucher Locality GenBank accession No.  References

C. falsosus HMAS291376 "1 [ (China) MW555494 *

C. falsosus HMAS291393 H1 [ (China) MW555496 *

C. falsosus HMAS291416 1 [ (China) MW555495 *

C. falsosus HMAS291361 #1 [ (China) MW555493 *

C. falsosus HMAS291437 H1 [ (China) MW555497 x
C.falsosus HMAS291438 1 [H (China) MW555492 *
C.falsosus HMAS291440 1 [H (China) MW555491 *

C. falsosus HMAS291445 w1 [ (China) MW555498 *
C.falsosus HMAS291471 1 [# (China) MW555490 *

C. falsosus PC.3886, £ (Holotype) ¥ 1E (France) MT935040 rol

C. famatus HMAS291373 1 [# (China) MW555499 *
C.famatus HMAS291377 1 [ (China) MW555500 *

C. famatus HMAS291392 1 [E (China) MW555501 *

C. famatus HMAS291434 1 [ (China) MW555502 *

C. famatus HMAS291483 1 [H (China) MW555503 *

C. famatus HMAS291484 1 [ (China) MW555504 *
C.famatus HMAS291485 1 [H (China) MW555505 *
C.famatus HMAS291486 1 [H (China) MW555506 *

C. famatus HMAS291496 1 [# (China) MW555507 *
C.famatus HMAS291506 71 [# (China) MW555509 *

C. famatus HMAS291512 7 [E (China) MW555510 *

C. famatus HMAS291513 1 [® (China) MW555508 *
C.famatus PC:4099, L2 (Holotype) 7% M (France) MT935043 (o3

C. favrei HMAS291401 H [ (China) MW555511 *

C. favrei VMS15 Jin % K (Canada) FJ717520 tel

C. favrei 1B 19990627 1 [# (China) AF325575 tis]

C. ferrugineovelatus HMAS291370 [ (China) MW555515 *
C. ferrugineovelatus HMAS291372 71 [# (China) MW555514 *
C. ferrugineovelatus HMAS291419 "1 [ (China) MW555516 x
C. ferrugineovelatus HMAS291354 1 [# (China) MW555513 *
C. ferrugineovelatus HMAS291358 1 [ (China) MW555512 *
C. ferrugineovelatus HMAS291441 1 [H (China) MW555518 *
C. ferrugineovelatus HMAS291442 1 [ ( China) MW555517 *
C. ferrugineovelatus HMAS291472 1 [H (China) MW555519 *

C. ferrugineovelatus H 7017995, £ (Holotype) i 1 (Sweden) NR_131875 GenBank
C. fulvopaludosus H 6033460, £ #i3 (Holotype) 2§ 2% (Finland) NR_154868 GenBank
C.glabrellus HMAS291447 1 [H (China) MW555520 *

C.glabrellus MICH 10357, E# X (Holotype) % [EH (USA) NR_170846 GenBank
C.glaucopoides MICH 10358, Z i3 (Holotype) 2 [E (USA) NR_157938 GenBank
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Name Voucher Locality GenBank accession No.  References
C.glaucopus S F44760 ., 7 #i3 (Neotype) it Mt (Sweden) NR_130222 GenBank
C.hemitrichus HMAS291378 1 [# (China) MW555523 *
C.hemitrichus HMAS291357 1 [ (China) MW555521 *
C.hemitrichus HMAS291359 1 [# (China) MW555522 *
C.hemitrichus HMAS291435 1 [# (China) MW555531 *
C.hemitrichus HMAS291448 1 [H (China) MW555524 *
C.hemitrichus HMAS291451 71 [ (China) MW555530 *
C.hemitrichus HMAS291454 1 [# (China) MW555526 *
C.hemitrichus HMAS291456 o1 [# (China) MW555527 %
C.hemitrichus HMAS291458 1 [ (China) MW555528 *
C.hemitrichus HMAS291499 1 [# (China) MW555532 *
C.hemitrichus HMAS291514 1 [ (China) MW555525 *
C.hemitrichus HMAS291515 1 [E (China) MW555529 *
C.hemitrichus F44875 8 #5 2 (Neotype) Fif dL (Sweden) MT935113 to]
C.heterocycloideus 06-247 , 4 (Holotype) W Bl (Norway) MF379632 GenBank
C.heterocyclus S F14330, F£# 2 (Holotype) Hij # (Sweden) NR_171337 GenBank
C.heterodepressus H 6031902, 4= (Holotype) 7% *% (Finland) NR_154869 GenBank
C.hinnuleoarmillatus G 00052098, T2 (Holotype) ¥ [ (France) NR_131790 GenBank
C.hinnuleocervinus HMAS281436 1 [# (China) MW555535 *
C.hinnuleocervinus HMAS281438 1 [# (China) MW555534 *
C.hinnuleocervinus HMAS291475 1[5 (China) MW555533 *
C.hinnuleocervinus HMAS249873 1 [# (China) MW555536 *
C.hinnuleocervinus H:T.Niskanen 12-175, E 4z (Holotype) X[ (USA) MG136827 GenBank
C.hirtus PRM: 154756, F 1 X (Holotype) 7L (Czech) MT935140 Lol
C.impolitus MICH 10366 EE(USA) NR_170848 GenBank
C.jonimitchelliae H.Lindstrom 03.339, £ (Holotype) Hig M (Sweden) NR_153073 GenBank
C.minusculus HMAS291385 1@ (China) MW555538 *
C.minusculus HMAS291367 1 [# (China) MW555537 *
C.minusculus HMAS291476 1 [# (China) MW555539 *
C.minusculus HMAS291479 1 [ (China) MW555540 *
C.minusculus H.:T.Niskanen 12-031, £4%x{ (Holotype) 75 2 (Finland) MK211178 L0l
C.minutulus HMAS291364 1 [H (China) MW555541 *
C.minutulus HMAS291517 1 [# (China) MW555542 *
C.minutulus HMAS291520 1 [H (China) MW555543 *
C.minutulus G:13297/157a,JF ##E R (Lectotype) Fii -+ (Switzerland) MT935232 Lol
C.mucicola HMAS291415 1 [® (China) MW555544 *
C.mucicola H:T.Niskanen 09-205 FHEH(USA) MT935237 tol
C.pastoralis H 6031247, £ &3 (Holotype) 2% 2% (Finland) NR_153074 GenBank
C.pastoralis HMAS 279963 1 [# (China) MK966510 fz1]
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Name Voucher Locality GenBank accession No.  References
C. pluvius HMAS291470 1 [# (China) MW555548 *
C. pluvius 1B19971044 % [ (USA) AF389142 [22]
C.roseomyceliosus PC:A.Bidaud 01-10-144, ¥4z (Holotype) ¥ (France) MT935387 0ol
C.saniosus HMAS291425 "1 [ (China) MW555549 *
C.saniosus HMCFP739 Jit it (Sweden) DQ102671 (23]
C.scotoides HMAS291432 71 [# (China) MW555550 *
C.scotoides HMAS291464 1 [# (China) MW555551 *
C.scotoides G:13312/166a. £ (Holotype) i 1 (Switzerland) MT935421 [o]
C.septentrionalis 1B19950027 B ) (Norway) DQ295104 L10]
C.septentrionalis 1B20000048 1% B 2 (Greenland) DQ295103 f1o]
C.squamivenetus H 6001874, 1 (Holotype) 2% 2% (Finland) NR_131864 GenBank
C.suberythrinus HMAS291417 ' [ (China) MW555553 *
C.suberythrinus HMAS291459 /1 [E (China) MW555552 *
C.suberythrinus G 56, F# 5L (Holotype) ¥ [ (France) NR_171364 GenBank
C.subferrugineus RH592 7% [H (France) MH784820 GenBank
C.subferrugineus RH71052 % [# (France) MH784822 GenBank
C..subheterocyclus HMAS291433 W1 [ (China) MW555555 *
C.subheterocyclus HMAS291522 1 [ (China) MW555554 *
C.subheterocyclus H 6029909, E# 5 (Holotype) 2% 2% (Finland) MF379631 GenBank
C.subpaleaceus H:1.Kytovuori 08-995, 355 (Holotype) 7% 22 (Finland) MG136824 [e]
C.subrubrovelatus HMAS249871 1 [ (China) MW555556 *
C.subrubrovelatus PC:A.Bidaud 97-11-431, K (Holotype) 4 2% (Finland) NR_153009 GenBank
C.subscotoides H:T.Niskanen 12-010, F# X, ( Holotype) 2% 2% (Finland) MK211175 Lz0]
C.subtilior HMAS291353 o1 [# (China) MW555557 *
C.subtilior HMAS291427 o1 [# (China) MW555558 *
C.subtilior G:13316/167, E#i X (Holotype) it + (Switzerland) MT935534 (o]
C.tenebricus HMAS291384 th [# (China) MW555562 *
C.tenebricus HMAS291407 1 [E (China) MW555559 *
C.tenebricus HMAS291366 1 [ (China) MW555561 *
C.tenebricus HMAS291493 1 [# (China) MW555563 *
C.tenebricus HMAS291501 1 [ (China) MW555560 *
C.tenebricus HMAS291519 1 [ (China) MW555564 *
C.tenebricus G:13514/168a. £ (Holotype) Bt 1 (Switzerland) MT935543 [s]
C.venetus 1B19970371 BRFH (taly) AF389167 fzz]
C.venetus 0S580 W (Norway) KC842422 f13]
Hebeloma aurantioumbrinum BR-MYCO 173985-64 , F£#12 (Holotype) WL (Norway) NR_152902 GenBank
H .louiseae BR-MYCO 173982-61, 3 (Holotype) B (Norway) NR_137918 GenBank

VMR AR A 9 50 5 UKL RS A AR 5+ 2R JF 91 AR5
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Cortinarius albocyaneus HMAS291446 MW555447
C.albocyaneus HMAS291444 MW555448
65| C.albocyaneus HMAS291374 MW555446
C.albocyaneus HMAS291360 MW555444
100 C.albocyaneus HMAS291406 MW555443
C.albocyaneus HMAS291443 MW555449
70 C.albocyaneus S:CFP1177 Epitype KX302206
C.albocyaneus HMAS291371 MW555445
100 C.jonimitchelliae UPS H.Lindstrom 03.339 Holotype NR_153073
C.pastoralis H6031247 Holotype NR 153074
C.epsomiensis K:74963 Holotype MK010952
87| C.epsomiensis HMAS291466 MW 555547
54 C.epsomiensis HMAS291465 MW555546
57| C.pastoralis HMAS299963 MK966510
C.epsomiensis HMAS291356 MW555545
99— C.cotoneus HMAS291474 MW555465
51 99 C.cotoneus voucher OS579 KC82423
C.squamivenetus H 6001874 Holotype NR_131864
100] C.venetus OS580 KC842422
C.venetus IB19970371 AF389167
C.septentrionalis 1B19950027 DQ295104
100| C.septentrionalis 1B20000048 DQ295103
__63 C.absarokensis IB19830352 Holotype DQ295099
78 C favrei HMAS291401 MW555511
72] Cfavrei 1B 19990627 AF325575
C.favrei VMS15 FJ717520

60 C.subrubrovelatus PC A.Bidaud 97-11-431 Holotype NR_153009
98- C.subrubrovelatus HMAS249871 MW555556
C.glaucopus SF44760 Neotype NR_130222
95! C.glaucopoides MICH 10358 Holotype NR_157938
C.elegantio-occidentalis WTU JFA 13226 Holotype NR_131811
C.elegantio-montanus 1B19890226 GU363465
C.elegantior 1IB20010192 GU363461
C.elegantior TUB 012709 EF014262
C.elegantior TUB 012709 EF014262
80| | C.elegantior HMAS249874 clone 1 _MW555486
C.elegantior HMAS249874 clone 2_ MW555487
62| C-elegantior HMAS249874 clone 5_MWS555489
C.elegantior HMAS249874 clone 4_MWS555488
66| | C.elegantior HMAS291369 clone 1_MW555483
C.elegantior HMAS291369 clone 2. MW555484
74| C.elegantior HMAS291369 clone 3_MW555485

100|

100| C-pluvius HMAS291470 MW 555548
—Lli.pluviux IB19971044 AF389142
C.alboamarescens H T.Niskanen 04-850 Holotype NR_ 153042

100, Hebeloma louiseae BR-MYCO 173982-61 Holotype NR_137918
| I

001,
AL 1 %
HTF o3kt
0.01

A

e

[

H.aurantioumbrinum BR-MYCO 173985-64 Holotype NR_ 152902
R TR AL T R 2L BT B B LI S W L T R AL A 2 T . KT 50 0H9 Bootstrap {H AR

Pl 1 0 T ORAT il DX 2218 06 sl TTS )7 51 due K ADL R 35 55

Cortinarius atrocoeruleus HMAS291457 MW 555459
C.atrocoeruleus HMAS291497 MW 555460
69 C.atrocoeruleus HMAS291395 MW555458
C.atrocoeruleus 1B1951/0161 Holotype FN428992
C.atrocoeruleus HMAS291505 MW555461
C.atrocoeruleus HMAS291413 MW555454
gl C.atrocoeruleus HMAS291414 MW555455
C.atrocoeruleus HMAS291394 MW555456
C.atrocoeruleus HMAS291455 MW555457
58| _LC. castaneus PC:PML275 Neotype MT934954
C.minutulus G:13297/157a Lectotype MT935232

C.castaneus HMAS291411 MW555464
C.castaneus HMAS291364 MW555541
C.castaneus HMAS291517 MW555542
82 |1 Clcastaneus HMAS291520 MW555543
L— C.decipiens PMI 366 Neotype FN428988
C.falsosus PC:3886 Holotype MT935040
C.falsosus HMAS291471 MW 555490

C.falsosus HMAS291440 MW555491

C.falsosus HMAS291438 MW555492

C.falsosus HMAS291361 MW555492

C.falsosus HMAS291376 MW 555494

C.falsosus HMAS291416 MW555495

C.falsosus HMAS291393 MW555496

(%3

\O
[\

=N
(=]

C.falsosus HMAS291437 MW555497
C.falsosus HMAS291445 MW555498
C.glabrellus MICH 10357 Holotype NE 170846
95| C.glabrellus HMAS291447 MW555520
C.subferrugineus RH71052 MH784822
69' C.subferrugineus RH592 MH784820

C.roseomyceliosus RC:ABidaud 01-10-144 Hology e MT935387

C.heterodepressus H 6031902 Holotype NR_1 4%69
36 SﬁC.atroalbus HMAS291487 MW 55545

452

C.atroalbus HMAS291516 MW555453
5811 ' C.atroalbus HMAS291386 MW555450
C.atroalbus TUB 011922 AY669687
C.atroalbus HMAS291398 MW 555451
68|~ C.famatus PC:4099 Holotype MT935043
C.famatus HMAS291373 MW555499
C.famatus HMAS291377 MW555500
C.famatus HMAS291512 MW555510
C.famatus HMAS291392 MW555501
54| C.famatus HMAS291434 MWS555502
C.famatus HMAS291483 MW555503
C.famatus HMAS291484 MW 555504
C.famatus HMAS291485 MW555505
C.famatus HMAS291486 MW555506
C.famatus HMAS291496 MW555507
C.famatus HMAS291513 MW555508
C.famatus HMAS291506 MW555509

100 | Hebeloma louiseas BR-MYCO 173982-61 Holotype NR_137918

“— H.aurantioumbrinum BR-MYCO 173985-64 Holotype NR_152902

TR 2. BAR LR A 22 R S 22 TR D 22 TR W 1 22 IR DL Z IE TR . R T 50 40 Bootstrap (B ARE T2 S0 AL

B2 SETRATINIX 2B 8 TTS J¥ 50 dge KABL SR 1% 5 B
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Cortinarius minusculus HMAS291476MW 555539
C.minusculus HMAS291479MW555540
1008 ¢ sminusculus HMAS291385MW555538
C.minusculus HMAS291367MWS555537
C.minusculus H:T Niskanen 12-031 Holotype MK211178
C.scotoides HMAS291432 MWS555550
C.scotoides G:13312/166a Holotype MT935421
.scotoides HMAS291464 MW555551
C.subscotoides H:T Niskancn 12-010 Holotypc MK211175
C.hinnuleoarmillatus G 00052098 Holotype NR 131790
C.hinnuleocervinus H:T Niskanen 12-175 Holotype MG136827
C.hinnuleocervinus HMAS291475 MW555533
S2|| C.hinnuleocervinus HMAS281438 MW555534
79| C.hinnuleocervinus HMAS281436 MW555535
C.hinnuleocervinus HMAS249873 MW555536
r C.ferrugineovelatus HMAS291419 MW555516
_I- C.ferrugineovelatus H7017995 Holotype NR_131875
C.ferrugineovelatus HMAS291372 MW555514
C.ferrugineovelatus HMAS291472 MW555519
+ C.ferrugineovelatus HMAS291441 MW555518
C.ferrugineovelatus HMAS291358 MW555512
C.ferrugineovelatus HMAS291354 MW555513
C.ferrugineovelatus HMAS291370 MW555515
— C.ferrugineovelatus HMAS291442 MW555517
65 C.desertorum PRM:154750 Holotype MT935008
99 C.impolitus MICH 10366 NR_170848
C.desertorum HMAS291429 MW555476
C.desertorum HMAS291469 MW555477
C.suberythrinus HMAS291459 MW555552
C.suberythrinus HMAS291417 MW555553
C.suberythrinus G56 Holotype NR 171364
C.tenebricus HMAS291366 MW555561
C.tenebricus HMAS291493 MW555563
C.tenebricus G:13514/168a Holotype MT935543
51 C.tenebricus HMAS291519 MW555564
C.tenebricus HMAS291407 MW555559
C.tenebricus HMAS291501 MW555560
C.tenebricus HMAS291384 MW555562
L— C.fulvopaludosus H 6033460 Holotype NR 154868
C.saniosus HMAS291425 MW555549
W[ C.saniosus HMCFP739 Holotype DQ102671
C.chrysomallus LY 69 217 Holotype DQ102670
()% C.biriensis OT.E.Brandrud TEB638-15 Holotype NR_153081
C.biriensis HMAS291460 MW555462
'4‘-‘ C.subtilior voucher G:13316/167 Holotyep MT935534

C.subtilior HMAS291353 MW555557
69 C.subtilior HMAS291427 MW555558
C.bivelosimilis TN10-014 Holotype
o C.bivelus S:F44841 Neotype KP866159
93 C.bivelus TUB011897 AY 669682
C.bivelus HMAS291494 MW555463
99, C.mucicola H:T.Niskanen 09-205 MT935237
C.mucicola HMAS291415 MW555544
Ml 100| Hebeloma louiseas BR-MYCO 173982-61 Holotype NR_137918
L H.aurantioumbrinum BR-MYCO 173985-64 NR_152902

VEHEE 3 PU 22 IR L OURT 22 JS TR A8 /N 22 M T L O A 22 I A TR 22 B R 2T /N2 NV AR B 2 A IS ML 2 R R T A 22 N I A AT
L2 R /N L2 T ARG 22 RS . KT 50 %6 ) Bootstrap {BAR I T 70 304k
Bl 3 B RAT U DX 22 B8 I8 TTS J3 50 o K 0L 58 ik 5 b7

22 HpRE

(1) BHE2ZEE Cortinarius albocyaneus Fr.,Monographia Hymenomycetum Sueciae 2:62 (1863),

FEIEFRAS : db 5t i: B Il X, T 46 10, HMAS 2914433 HMAS 291444 ; HMAS 291446, w645 : 25 &, /)
TLE WL, HMAS 291491 ; 3R B, B 47 10, HMAS 291406; HMAS 291360; HMAS 291371; HMAS 291374 ;3
B, BE g, HMAS 281437; HMAS 249872,

H 85 HEJE (Betula) &S (Lariz gmelinii) ¥ & (Ulmus spp) AR,

P58 22 B TR L AT AR 1 G AT 5 R ) S AR XS A B R GE T U RR, A KT I B R IE (Fagus) AR
HEE R AR R TE K AN BT A R B AR b X A K A TR RN A TR A MR
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63— Cortinarius boreotrichus Kytovuori 95-404 H 6032724 Holotype MF379638
C.subpaleaceus H:1. Kytovuori 08-995 Holotype MG136824

C.hemitrichus HMAS291451 MW555530

C.hemitrichus HMAS291435 MWS555531

C.hemitrichus HMAS291515 MW555529

58 ¢ hemitrichus FIMAS291558 MW555528

C.hemitrichus HMAS291456 MW555527

C.hemitrichus HMAS291454 MW555526

C.hemitrichus S:H. Lindstrom CFP662 F44875 Neotype MT935113

97|! C.hemitrichus HMAS291499 MW555532

C.hemitrichus HMAS291378 MW555523

C.hemitrichus HMAS291448 MW555524

C.hemitrichus HMAS291514 MW555525

C.hemitrichus HMAS291357 MW555521

C.hemitrichus HMAS291359 MW555522

92y C.brunneifolius TN06-146(H) Holotype EU259284

C.brunneifolius H:T.Niskanen 09-153 MT934926

— C.hirtus PRM:154756 Holotype MT935140

C.decipientoides HMAS291511 MW555475

C.decipientoides G:367 Holotype MT935002

C.decipientoides HMAS291467 MW555466

C.decipientoides HMAS291468 MW 555467

92| C.decipientoides HMAS291436 MW555468

C.decipientoides HMAS291439 MW555469

C.decipientoides HMAS291461 MW555470

C.decipientoides HMAS291463 MW555471

C.decipientoides HMAS291462 MW555472

C.decipientoides HMAS291509 MW555473

C.decipientoides HMAS291510 MW555474

C.heterocyclus S F 14330 Holotype NR 171337
941 C. heterocyclus HMAS291433 MW555555
C.heterocyclus HMAS291522 MW555554

71 C.disjungendulus HMAS291420 clone 1 MW555478
C.disjungendulus H 1.Kytovuori 98-861 Holotype NR_131838
C.disjungendulus H:P.A Karsten 4370 lectotype KP013190

97\ ¢ disjungendulus HMAS291420 clone 2 MW555479
C.disjungendulus HMAS291420 clone 3 MW555480
C.disjungendulus HMAS291420 clone 4 MW555481
C.disjungendulus HMAS291420 clone 5 MW555482

0.01 99| Hebeloma louiseae BR-MYCO 173982-61 Holotype NR_137918

L H.aurantioumbrinum BR-MYCO 173985-64 Holotype NR_152902

TE HEL A0 UL 22 BB OB 22 JBE TR (A9 /0N 22 IV L O % 22 A K R 22 T TR 2T /N 22 NV L AR B0 22 B IR L 2 IR R £ A 22 B L A1
20T RN 2 T RIS ZZ TR . KT 50 %4 1 Bootstrap fEAR I T3 324k
P4 SEFRATIMX 268 TTS 50 dge KAV 3R 1% 5 Bt

(2) BRI CRCH L, P EFICEF) Cortinarius atroalbus M. M. Moser, Sydowia 45 282
(1993),

SEAEbR A T 64 kIR B, (41, HMAS 291398; HMAS 291487; HMAS 291516; 1l B, 3 22,
HMAS 291386,

H 55 2T KME (Betula albosinensis) 7% H ¥ FAG @ K0,

PR 22 R HAT L P R R RO T LA TR A 2 10 pm. Moser™* B T 1 &
IR R T XA A K THIE (Salia) AR,

(3) WEH 22 B (AR SCBT L, P E B id SR FlD Cortinarius atrocaeruleus M. M., Moser ex M. M., Moser,
Kleine Kryptogamenflora von Mitteleuropa -Die Blatter- und Baupilze (Agaricales und Gastromycetes) 11b/
2:336 (1967),

FEUEARA AL BT 17363 X, 1l HMAS 291455; HMAS 291457, W4t 4 . 87 B, KA, HMAS
291413 HMAS 291414; HMAS 291394; HMAS 291395; HMAS 291505; & %4 B, i %€ , HMAS 291497,

H 8% AT R AR (Quercus wutaishansea) FIHAN (Pinus tabuliformis) MR,

ARl B 3 AR MBS L5k L BT (C.decipiens) T ML B HIN A R EEHE W R . H
Liimatainen 55 JF W F B AR A TTS J3 81 5347 19 45 28 3 B 1 R Ae e B B iy 22 57 . I 48 22 IR ) A
TR A0 T BA2 )8 (Picea) MEJE A8 (Populus) TR (Tilia) B2

(4) H B 22 B3 (R SCH L, i E 3 id £ D Cortinarius biriensis Brandrud & Dima, Sydowia 69 ;42
(2016),
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FEUEAR A LI < B7 X, A AL HMAS 291460,

A BE LI HER

Pl B 22 JETRT 1) 5 SRR i 270N AR AVJE 285 1R X A i 55 A AR T 9 /N B 22 JIB 5T DX 4 T A A UL
TR EKEES TR EMEE R . Brandrad 555 3 F 7 [ 90080 H B A B U bR AR 38 T 3 AR, 7= B B m AR,
WS & B A LU

(5) W2 Cortinarius bivelus (Fr.) Fr.,Epicrisis Systematis Mycologici: 292 (1838),

FEAERRAS AL F AT 11363 X /N BT HMAS 281441 B i X, F A6 1. HMAS 281644, [ db45 « ok U
H,oB\ a1, HMAS 291494 ; HMAS 291482 ;25 LR , HMAS 281640,

AR B £0HE R R AR

KR 22 5 T A 7K 3R 0 B4 (8 = 8548 (0 T 75, R A B 5 IS AT K& 10 pm. XA
Fofr 7 DY 41 3 24 4 e M TR AR AR R A K AR AR B (Pinus ) FIBRIE (Quercus) IR SR, 24k
Rk — g R T X AR AR IR E AR PE A e R b X

(6) EA I Cortinarius castaneus (Bull.) Fr.,Epicrisis Systematis Mycologici:307 (1838),

FEUE AR A WAL, B B /N & 1, HMAS 2913645 HMAS 291517 HMAS 291520 9 11 &, 5 2,
HMAS 291411,

BT HEE A B FUBE (Acer) M,

AR, 2 IR A 1) A S g AT R I € T TR R T Y 5SS e R B3 A TP R R
£ Keissler il Lohwag R X N2> T oM. MRIE Liimatainen et al."' ) RGE & T 045 1, 58
L2 S Cortinarius minutulus J.Favre TE R G2 KR B HIT AHIZ SCRE AR 5 #1E I HE i+ 44 .
ARBAEE THUMYRELT MG RE 2, XWX RAEFTiH#E— L8t Cortinarius
minutulus WA TR G0 55 HEIE S REW 5 5 6 22 B AR

() tER 2B Cortinarius cotoneus Fr.,Epicrisis Systematis Mycologici: 289 (1838).,

FEIERRAS LA P I B B R E 5 AR IR X, HMAS 291474,

AR B AU AL AR BRAR D

Fs gk 22 5 T 1) - S A A ORS00, T SR T PR VR 0 B IR N B HRAR I B . TR X A Rl bk
HGE A K F IR R (Corylus) FEEMIE (Carpinus) K5 Jgd AR TR FHETE AR 07580 0 i 555 #i72
EEXAF AT 2/ .

(8) Ik B 22 B T (AR SCHr L, A BT i sk Bk Cortinarius decipientoides Moénne-Loce & Reumaux,
Bulletin Trimestriel de la Fédération Mycologique Dauphiné-Savoie 28 (111):23 (1988),

FEAFARA AL BT . By Il X, E 4B 1, HMAS 291461; HMAS 291462; HMAS 291463 ; HMAS 291436
HMAS 291439; HMAS 2914673 HMAS 291468, W[t : PRIRE . 114111 HMAS 2915095 HMAS 2915105
HMAS 291511,

ok REAR I 1N LN

Ik 222 T SR AE o 1 P TR R 14 pm, X ADFFERRIN 0 A T = 42 B Ao oo,

(9) #y/N2 PR R SCH L, P EHTC = F) Cortinarius desertorum (Velen.). G Garnier, Bibliographic
des Cortinaires D-0O:18 (1991),

SEUEAR A b BT By 1l X A 4B I, HMAS 291469, {0 db 48 pRIEE, 19 /7 1, HMAS 291418; HMAS
291429,

A B L ME AR AR

Wi /N 22 TR B A /NI F SR FOK BRI 48 (T 55 . Bl il T HE s gt

(10) 2 22 Cortinarius disjungendulus Kytov, Liimat. &. Niskanen, Index Fungorum 186:1
(2014),

FEUEARA T JL4S « R EL, TG %€ . HMAS 291420,

A BE AT AR AR A AS AR

D 2 5V LA A A IR 5 o A B SRR B AR K T R A2 E AR Bk e R0 kR R X
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B AT T NS KOG L IX

(11) FEBLIERE Cortinarius elegantior (Fr.) Fr.,Epicrisis Systematis Mycologici: 267 (1838),

SEUERRAS T JE A L PRI L 25 v B 5L, HMAS 2913693 HMAS 249874,

A T R

?’Eﬁlﬂﬂﬁﬁﬂﬁﬁ%E’J‘Eﬂ%fﬁE’J?%Mﬁﬂﬁcﬁﬂ?‘%ﬁﬁﬁﬁﬁﬂk&LE’J?W@% FE KU FR L 5 L 3
Tl Bl T8 A A AE YO AZ ST R AZ S bR e ISR S R B XA A S A TR I

(12) EW 2R O SCH L, T E B M) Cortinarius epsomiensis P.D.Orton, The Naturalist Lon-
don 1958 147 (1958),

SEAEAR A . b 50l B3 il XL F 46 1D, HMAS 2914655 HMAS 291466, 0 db 45 . I8 8. (1 41 10,
HMAS291356,

A B 2T e R AR JE AR

B 22 R A LA T AR RN I SR R 8 11 B T RN I BROE & S A IR R Y #1468 F- . Liimatainen &
Ainsworth™ i x A~ Fi = B 35 E i 2¢ B8 (Helianthemum ) SN, BT RFRAK 1TS B9 08
ZER LK D, B2 ERESHE 2R (C. pastoralis Soop, H.Lindstr., Dima, Niskanen, Liimat. &
Kytov.) )55 22 5N o 5 35 0 R BT 1 5 44 o B B R0 00 4 s ™ i v 0 el 22 G T -l o7 68 7 Oy 9 4 22
R

(13) /N2 BT (A SCE L, P EFE %A Cortinarius falsosus Moénne-Loce & Reumaux,Atlas des
Cortinaires 11:572 (2001),

SEUEFR AR db 5t il By 1l X, F A6 1L 3R X, HMAS 291437; HMAS 2914385 HMAS 291440; HMAS
291445; HMAS 291471, Jldb48 . s B, (4 1 HMAS 2913765 R 5 8, 15 %€, HMAS 291416; HMAS
291393 F 10 &, 4E %, HMAS 291361,

AR B L ZRAR HETE A Rl AA AR

AN 7SR T w0 KRR R AT R 11 pm J3 40 T P8 BRI AL B (HEJ& 408 0l B
I ST

(14) B35 22 B (A SO L, FEFCEM) Cortinarius famatus Moénne-Loce & Reumaux, Atlas des
Cortinaires 11:572 (2001),

TEAEARAS b st i p5 I X, EAE L, HMAS 291434, #4048 . pRIE L, 25 h 85, HMAS 2915065 (/A
1, HMAS 291373; HMAS 291377 ; HMAS 291483 HMAS 291484 ; HMAS 291485; HMAS 291486; HMAS
291512; HMAS 291513; R 7 8, i %€ . HMAS 291392 HMAS 291496 ; V11 B .38 % HMAS 291368,

AEBE L ZRAR L EDAE A A A AR

9 i 22 T - S A /N B K T e 8 KRR . XN ERGE A TR E s k2 R AR

(15) ZHE L REH (RS L, P EFIC £ M) Cortinarius favrei D.M.Hend, Notes from the Royal Bo-
tanical Garden Edinburgh 22:593 (1958),

FEUEARAS LA ROK B 1 B HMAS 291401,

B AN E MR A R

Joh B 2 VTR T R A R TR T Y B R T R R (. G T PG R SE [, A AR TR AR

(16) 45 % 22 T (R SCHE L, T B 338 M) Cortinarius ferrugineovelatus Kytov, Liimat. & Nis-
kanen, Index Fungorum 198:1 (2014),

FEUEARAS L BT B3I X, i 4B 1L HMAS 2914415 HMAS 2914423 HMAS 291472, 4045 . kI £ .
Zs i B, HMAS 2913705 H A 1, 2019-08-21, HMAS 2914045 2020-8-4, HMAS 291419; HMAS 291354;
HMAS 291358; HMAS 291372,

EE REAR I TP R NG L

B 2 R F LA/ WS G ERE A, Limatainen ™ $)3E 73X AR50 A5 T A0 RR Jb 98 KA
KT aZRIRZE T,

A7) MW LER Cortinarius glabrellus Kauffman,Journal of Mycology 13 (1):35 (1907),
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FEUEARAS LR TR X, /NETT HMAS 291447,

A BT L ARARAR

OV 22 TR B AT G 1A KRR AR € 1R 55 N 3 T DG I AR I L or A T AL SERY L W B R E B R
A T3 E AR A b XL AR TR E AR,

(18) LT B/ LMW Cortinarius hemitrichus (Pers.) Fr.,Epicrisis Systematis Mycologici: 302 (1838).

SEVERRAS : b 51l : 1] 3k 94 X, 3 7K 85, HMAS 291435; HMAS 291448; HMAS 291451; ® (I, HMAS
291454; HMAS 2914565 HMAS 291458, ] Jb 27 Pk ¥ B 25 o &L HMAS 2914995 1 43 111, HMAS
291355; HMAS 291357; HMAS 291359; HMAS 291378; HMAS 291514; HMAS 291515,

AR B A TR IR RO A B AR

2 2 TR B KA 6 A0 0y T W R TR 6 R SR B R TR R R S K A T AR T A R
TRPEAR M o XA B o3 A TR AL 36, A4 T HE S AR rprtet=0onot g o A i I R X A A A TR
] P R

(19) JKH8 22 B3 R SCH L H EBric %A Cortinarius hinnuleocervinus Niskanen, Liimat. & Ammi-
rati,Index Fungorum 344.2 (2017),

FEUEARAS LA B B KA HF . HMAS 281438 HMAS 249873 R 77 5, i 528 HMAS 281436
WL BE 5, HMAS 291475,

AEBE LR AR R A AR AR

CTAB 22 R T H A L0 4 1 KRR 1 T L AR R WA SR ZUUOIR M . Litmatainen” ™ 4 38 3% A4S Fh 43 A0
FTALEME (Lithocar pus) M= K2 J@ i,

(20) LF /N2 BT (A SCH L, P EEFE M) Cortinarius minusculus Liimat & Niskanen, Fungal Di-
versity 96.:182 (2019),

FEUEARAS T b PRIE E, 25 h s, HMAS 2914795 R 5 B, 126 . HMAS 291367 -1l H L 0g 32,
HMAS 291385,

AR BE AL ZRAR IS R A AR
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schaftlichen Untersuchungen des Schweizerischen Nationalparks 5:204 (1955),



%5 ERLEET T RGEKE /T HY R ILRAT I X 22 5 1 8 3 205 85

SEUERRAS . L 5T - 116 X, EAE LD, HMAS 291432 J5 X, AL L, HMAS 291464,

A BT 2DHE AT AR AR AR

CLAG 22 TR T SN A LU RS R T . X RRMRIE TR A0 A T AR

(25) WAL 22 BT R SCH L, P EGHT IR 2 #) Cortinarius suberythrinus Moénne-Locc, Bulletin Tri-
mestriel de la Fédération Mycologique Dauphiné-Savoie 28 (111):24 (1988),

FEAEAR A AL T 113k X, Rl HMAS 291459, Wb 9kIE 8, (14710, HMAS 291417,

AR B« M AR R R R

AL 21 22 BT F- S /N S A R B SR 20 8, XA RE FYA EL A T ADE AR R,

(26) W2 22 K& Cortinarius subheterocyclus lLiimat, Niskanen & Kytov, Index Fungorum 339:1
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i ¥ PINRORAAHMYEZHAKREImB K B NFapaetRkImEEmEARERETAE
AR EF oA KM AEAYGOERLE, B . 2B 5T RERFTPINEZARARN . ARKE
KEMMZ A QAR L A rh, F k. ﬂ)ﬂi%ﬁn B F oM B, A E I PIN A B R %55 A
MR B R R B LA 40 HE B R 34T PIN %La)\/a,fm“”* E B R R R B AT A5 A T AL R G 0 S5
By A AZ 5 ARTAM B B A A & AT R R W, SR . BT ELELH 7 555 PIN &G H8RE R
B, FHREA ST ARABREL, T \%276 58.64 ku, ¥ B T HRAREFHBREESG . EMBEE, L
HIOZIONSEBREMKR, ZARMIWTEREN,EKR PIN AH 5 R BT X &AM 69 RFE AR A ik KA
o) PIN AR#N K EZRAZW, AAERLER KA EESEZLD W RcPIN ARG EABEXRFTT o
#r . A A RT-PCR 347 7T BIE. 4 R A .RcPIN1-1 A= RcPIN1-2 etk vt Wit fole P R XA KP4 5.
RcPIN2 84k ¥ %35 ,RcPIN3.5.6 Fo 8 f£ Bi A #o il 6 A 2 34 A K ik
SRt Bk A K E; PIN &G Rk 2 %15 8 F 547
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Bioinformatics Analysis of the Auxin Efflux Carrier

PIN Proteins of Ricinus communis L.
ZHENG Junlun,LUO Qiong, L1 Zitong, MEN Shuzhen

(College of Life Sciences,Nankai University, Tianjin 300071 .China)

Abstract PIN [amily proteins are important auxin efflux carriers in plants,which regulate the differential
distribution of auxin between plant tissues by mediating the polar auxin transport between cells, thus regu-
lating the growth and development of plants.Objective: To isolate and identify PIN protein family members
in castor bean and lay a foundation for the study of polar auxin transport mechanism in castor bean (Rici-
nus communis L..) . Methods: Using bioinformatics analysis software, Arabidopsis thaliana PIN gene fami-
ly sequences were used to identify the RePIN genes in castor bean genome database.Sequence analysis,do-
main analysis,signal peptide prediction, phosphorylation site analysis and phylogenetic analysis of the iden-
tified candidate genes were carried out.Results: Seven PIN protein homologous sequences were identiflied in

castor bean,with an average length of 537 amino acid residues and an average molecular weight of 58.64kD.
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All of them were basic proteins with good fat-solubility.stable structure and with 9 to 10 transmembrane
domains.Phylogenetic analysis demonstrated that PIN genes in castor bean is closely related to the ones in
Manihot esculenta , Jatropha curcas and Hevea brasiliensis . Expression patterns of the RePIN genes were
analyzed using publicly available transcriptome database and by RT-PCR. The results showed that
RcPIN1-1 and RePIN1-2 genes were strongly expressed in root,leal,{emale {lower and embryo; RcPIN 2
gene was mainly expressed in root; RePIN3,5,6 and 8 genes were expressed in all the tissues examined.

Key words Castor bean (Ricinus communis L.) ; Auxin; PIN protein family;Bioinformatics
0 gl
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AL PG XA T AR B . M A R E Y 2 —  BERR ™ HE A B RRORY T P T e e JBCEE JRR ity AN A
AT LA g W Sl s ity HL IS Ak 40U b J B AR 2 — o FE NS ARSI R H f ALY AR i T
B JRR 1) 2 i v TS A ELEL AT — o 0 T FE AR R B A A R AR

ARBEFE AT © FEAS B B 69 10019 o7 PIN 85 1 505 5 91 9 2 2%, 78 B RR JE PR 2H 50308 T2 i A R B R 40 1
PIN &5 119 5] P55 R P 91 L 03 ik 20 W0 15 85 07 16 R G040 B B I R TR 7 9045 B & DA R 02 DR 1 1 A 56
FOMORSF BT RHIE B 1 H R IT I BORR PIN 25 A Z I i AR W) D e w5 4R i 2 5 0 W B R AR KR 1Y
eV 32 i B 0 90 B Al A B R AELA T ol 1 i e A Bt L AR A

1 ik

1.1 S8R R

B RR - H R TR R 2 A A Bl 2 A B i 2 75 22 2 R At TR IR R Ak B 2 e il g T R, B HOK
B PRSIy B AR | v T R A AR R i SO % 25 R0 it LR A U A R 1 M A AR R R SE A U T AR IR A )
BT F B 8 RNA,
1.2 L8k
1.2.1 % RNA ¢4 B fe cDNA % —4 096w, KA 2 X&YW HE ARG R A A RNA 42 50l 5 &
(ET12D) #E BB R A 220 AL RNA, SR 2 X &AW H AR B BRA &) 5 SR & (AE30D) 4 )
cDNA 5 —4% .

%1 RT-PCR3I¥F3I

514 % %k 1T 5(5"-3"
RcACTIN7_F ACTGGAATGGTGAAGGCTGG
ReACTIN7_R GCAGTCTCAAGTTCTTGCTCG

RcPINI-1_F AGCCTCATTGGCCTTACCTG
RcPINI-1_R CCCACTTTGTTCCCCTCCTT
RcPIN1-2_F ATGATCACAGCTTTAGACTTTTACC
RcPINI-2_R ACCATCTTCTTTAATCTCAGCTTC

RcPINZ_F GCTCAAGTGCCTCTCCAGTT

RePIN2_R GTGGGCCACGAAGACCAATA
RcPIN3_T AATGCTAGTGGCCCTTGGTC
RcPIN3_R GGATTCGGCGCTGGATAAGA
RcPINS_F CACTAGTCGTGGGTGTTCCT
RcPINS_R TAACACCGGAAGCGACACAA
RcPING6_F AATACCCCTGCGCCATTTCA
RcPIN6_R CACAAATGAACCGGATCGCC
RcPINS_F TGTCTACCATGTGGTGGCTT

RcPINS_R GCTTGCCCATATCAGACCCA
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1.2.2 RcPIN AW EBEKREERGFEL, D ERREN cDNA I FIH RePIN FEH 75 9t 17

RT-PCR., FIFABERAY RACTINT IEHERN S,

I 1,
1.2.3 Az EF

o

iz

3 A, S LAY R S B0HE R BT TAIR 048 & . NCBI 544 12 i1 Phytozome (4
. it ARG B =T B T E R b 4R S PIN 2 A [ U8 56 B, Bl 0 2 W A

&

X2 £YEREESWIA

19 AR TR TR R I A R W&, 519 e

Fofr THRME 2,

BT /B0 P 4 B RS / 1 ik T aE
TAIR™ https: // www.arabidopsis.org/ UG 7S 4R
NCBI BLAST https: // blast.ncbi.nlm.nih.gov/Blast.cgi BLAST 48 #7
Phytozome 18] https: / phytozome.jgi.doe.gov/pz/portal.html £ | search? show=BLAST BLAST 4 #fr
maizeGDB?] https: / www.maizegdb.org/ FOK T IR
RGAP 7201 http: // rice.plantbiology. msu.edu/index.shtml IKFE P31 A 4R
ExPASY!2l http: // web.expasy.org/protparam/ AL 54 T
CDhD' 22! https: / www.ncbi.nlm.nih.gov/cdd PRAST 25 K 35853 K
MAFFT Version 7L23-24] https: / malft.cbrc.jp/alignment/server/ EZ:21E 40
MEGA[25-28] Version 7.0.26 PEAL R
GSDS2.0M%9 http: / gsds.chi.pku.edu.cn/ FE R 257 3 B
SOPMAL]  https: / npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl? page=/NPSA/npsa_sopma.html %5 o #r
HMMTOP!3!-32] http: / www.enzim.hu/hmmtop/index. php 155 B 235 Ay 35 0 My
TMRPres2D!3 http: / biophysics.biol.uoa.gr/ TMRPres2D/index.jsp 245 I 4 A 3 2 )
SignalP5.0134) http: / www.cbs.dtu.dk/services/SignalP/index. php {5 B KT
NetPhos 3.109-36] http: / www.cbs.dtu.dk/services/NetPhos/ BRI A 1553 HT
Jalviewl37] Version 2.11.1.0 I3 He o 1] 2246
ReDB https: // woodyoilplants.iflora.cn/ FLH BT
TBtools# Version 0.674 LI

2 SEEH R

2.1 BB PIN & B 505 04 5 5 br
KT K RERR P S PIN B AR FEEFS), IR IR 8 45 PIN & A 7 41 A AR A, 7 B RR & R 41 509

JE R AT LS I R 4545 20 SR A AL L AR AT 7 SR BERR PIN 817 91 X HB — JE AT 20 #T

*3 BERPINEEARKEBREER

HA RcPIN1-1 RcPIN1-2 RcPIN2 RcPIN3 RcPIN5 RcPING RcPINS
75 45 LOC_8269287 LOC_8283128 LOC_8289123 LOC_8258189 LOC_8275005 LOC_8277845 LOC_8276026
HERBE (a2) 592 609 637 646 357 565 356
43 F 1 (w) 64079.060 66926.160 69389.300 70391.180 38889.160 61771.950 39047.540
FEIE AF S (pD 8.780 8.880 9.240 8.170 8.260 9.040 9.520
AFLE R EAD 33.440 34.120 39.240 39.350 35.210 35.550 33.800
FEAKMERE(GRAVY) 0.247 0.040 0.120 0.094 0.787 0.282 0.635
NE 48 (AD 98.990 86.190 88.370 91.520 114.710 101.650 122.250
Mem_trans 9-190, 9-190, 9-190, 9-190, 10-189,
el op A A 431-591 415-604 476-636 485-641 107380 380-560 oot
PRARAPE T 3 B 45 2R WoR  BERR PIN & 1P K EE LYy 537 AR AR - 24 73 71 Ty 58.64 ku, i
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2 B R B K 02 RePINS #11H K BE Ry 646 > LR 4% A&, T 43 + 4y 70.39 ks Zn i 22 5 R el 1) 02
RcPINS . K EE K 356 A& JEFR . UM > T5 4 39.05 ku, EEFE PIN & (A 09318 2 o 55 281k Y BBl 7E 8.17
(RePIN3) % 9.52(RcPINS) Z [0] , ) K F 7, F IR 5 HL 8l 8.84, G5 R N3k 3 iR . AERE REU T 45 R
71 s RcPIN1-1,RcPIN1-2 ,RcPIN2 ,RcPIN3,RcPIN5 , RcPING ,RcPINS A fa & R AU /N T 40, HEEE
B . ENTRIRE s BUER R = AR E BRI TR AT . SEKPE R 45 R o, IR SR K M R BUEAE S 5%
KA FE A B KM A T —0.5 0.5 Z 08 R P R RePING \RePINS & F o g K M & H L 3L
REAPIPEER . RSP 2R R B T RePINS \RcPINS H A — 4~ Mem_trans {# 5F 45 14 1,
Ah, H4y PIN I A B A WA Mem_trans fR5FEE I, 45 R AN3E 3 s,

3L LG X LR T R B RR B PIN 25 ¥ 91 L AL e R SRS E AT BRI 5 A A A, S SR R R v 5 B
JRR 2R AR ) — 2 1 56 DN 24 A B AR SR I 254 . 4n 18l 1 BF7R . RePIN1-1.RcPIN1-2 5 AtPIN1 ¥4 5 4~
NEF.6 MINEF. AtPIN2 5 8 AN & F,9 AR .0 RePIN2 5 MNEF.6 4R F.
RcPIN3,AtPIN3 . AtPIN4A F1 AtPINT 34 5 NN & F.6 DI F. RePINS fl AtPINS ¥ 4 MW &
F.5 MR F. RecPIN6 5 AtPING6 ¥H 6 SN &F.7 MR F. AtPIN8 5 RcPINS ¥H 5 M &
T.6 MINET

P11« HADIX e b/ T — AET
Legend: CDS Upstream/Downstream Intron
100 AtPIN1 — e
e —
RcPIN1-1 — _— —e——a——— I
AtPIN2 - — — eV
RcPIN2 - — —_
AtPINS — e
RcPINS - e el
AtPIN6 L — 1 —e e ¢——oamm
RcPING6 - — —
AtPINS e
RcPINS - e —
AtPIN7 - = e —ommm
AtPIN4 —_— — e
RcPIN3 5,— — e 3
0kb 1kb 2kb 3kb 4kb 5kb

Bl 1 oL O R PIN B VRO I A S S A b
Xt BB PIN 25 1189 A AT 00T 45 RN 4 Frs . N T REEA BT 45 ST LUE L BT R
ZEF) TR o BRE . LE MR BE L B BE AR RN JCHE ) 3 il 4 B, A RePINI-1, RePIN1-2, RePIN2, RcPIN3
RcPING (1) = % 25 14 1 0 32 30 TG 0 0 45 1 = o S8 5E = 4 {1 5% =B % /1 1M1 RcPINS Fl RePINS MR B R o
WERE = TC WL I 4 1t = A A 658 =B % £ L B I A e X SE A 1 h Bl i D Y S5
x4 BB PINEARKEMZRLEN

K o YR TiE I e it B TEHL N ith
RcPINI-1 180(30.14 %) 90(15.20%) 31(5.24 %) 291(49.16 %)
RcPIN1-2 189(31.03%) 93(15.27 %) 29(4.76 %) 298(48.93%)
RcPIN2 194(30.46 %) 100(15.70 %) 30(4.71%) 313(49.14 %)
RcPIN3 204(31.58%) 108(16.72%) 35(5.42%) 299(46.28%)
RcPINS 188(52.66 %) 51(14.29%) 20(5.60%) 98(27.45%)
RcPING 195(34.51%) 88(15.58%) 25(4.42%) 257(45.49%)
RcPINS 198(55.62%) 49(13.76 %) 21(5.90%) 88(24.72%)

PIN # A BRSO E R R 5z AN JE A W) 240 i 2 A0 5 5 2 P, DR Ob I B 45 Al R JF i B2 AL
5 L 2 AL S 23 BT 4 R R T ARPIN RS RePIN G0N 7 29 N 3 il C 3 79 4> B 7K X8 (5 0 25 JRD
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M—Ah R AEKE(E 2), EFKRKAEWA T MM A, RcPINI-1, RcPINI-2, RcPIN2, RePIN3 LI K&
RcPING & 10 32 KK L 1 RePINS Fl RePINS & M B K 85 . /0915 AtPIN1, AtPIN2, AtPIN3,
AtPING ,AtPINS DA K AtPINS XJ L , T 45 M AR U R 3 8 (& 2)

Extracellular ~ AtPIN1 RcPIN1-1 RcPIN1-2
I %H It 11 T A (i [ I \T[ I ] 3
QLRSI ILLILE .%%L HIIE SR HL.L.HILLL.H..... QUL LA ISASRIULEIILELLE L UHIER I
Cytoplasmic
Extracellular ~AtPIN2 RcPIN2 AtPIN3 RcPIN3
N C C N C N C
e @ @S Y o ,P.. ’a""'Tl"'ﬂ"""“ﬂ' Wt T
NS MG £ 5 K % .............. LLLLLRsgsRUL LR3Il Uzl LGSR
Cytoplasmic

Extracellular AtPING RcPIN6 AtPIN7

TSR ""'W"ﬂ""f"gaggﬂ[ il A
L

"ﬁrxm milueh ekl

IR HEIE

Cytoplasmic
T A

Cytoplasmic

2 WIREIE S EOR PIN 2R 11505k I 5 68 4% 1) bk

{350 SignalP 5.0 764 T FLH LR 15 BB PIN 2 (100 £ 51K 25 5 & B 15 4 PIN %8 (1 B R 421k
5 B B AR M) I PIN BB (1R 2 1 A5 263, Tk S B 26 1. PIN 78 1 RO 1L X 3040
L FE AT P R A7 N e A 0 M E B R L B L (] NetPhos 3.1 7628 T ELA0 A T #0195 JF 5 B R PIN A 0 B
MR A . S5 A MR, SRR IT 2L, BRR PIN AR 1109 85 2 Ak A s oK 243 1 T 8 17 91 b ) 1Y) 538 7K 3R IX
B VTR AR R AL AT 2 B R 22 R AR RN O A R AR AL L /DBy I R AR A (1] 3)

il Malft Version 7 #EZ TH AT T 50 LU X 5 F Talview B2 il 7 510 L XF 43 A (&1 45 SR an & 4 B
7N . BERERWY L PIN G065 H5 A 9 i 5 S 45 4 S 80 O DR ST TR i P ok S K 3 Y U TR 1 97 22 S 0K
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Taxa Composition and Distribution Patterns of Meiofauna
in the Intertidal Zones of Shandong Peninsula
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(1.School of Marine Life Sciences,Ocean University of China, Qingdao 266003, China;2.Institute of Evolution and
Marine Biodiversity,Ocean University of China.Qingdao 266003 ,China)

Abstract In order to assess the taxa composition and distribution patterns of meiofauna in the intertidal
zones of Shandong Peninsula,a quantitative survey of meiofauna in 10 intertidal zones along Shandong Pen-
insula was conducted {rom March to October 2019.The average values of abundance and biomass of meio-
fauna were 524.964443.72 (ind. » 10 cm™?) and 398.48 =308.37 (pg » 10 cm ™), respectively. The sites
less affected by human activities, including Sites M05 (Magu Island of Haiyang). M07 (Swan Lake of
Rongcheng) ,and M10 (Tuoji Island) had higher values of meiofaunal abundance.Compared with high and
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low tidal zones,mid-tidal zones supported higher meiofaunal abundance.A total of 11 meiofaunal taxa were
found,including free-living marine nematodes,copepods,crustacean larva,ostracods, kinorhynchs, bivalves,
cumaceans, turbellarians, polychactes, tardigrades,and gastropods.The values of abundance and biomass of
free-living marine nematodes were 473.90+£421.68 (ind. * 10 cm™?) and 189.56 =168.67 (g * 10 cm™ %),
respectively. Free-living marine nematodes were the most dominant group, accounting for 90.27% and
47.57% of the total abundance and biomass of meiofauna, respectively, followed by copepods and poly-
chaetes. The sediment median grain size was correlated significantly with the meiofaunal biomass.The com-
munity structure of meiofauna were jointly affected by a variety of environmental parameters. The combina-
tion of interstitial water temperature,salinity and sediment water content was the best combination of envi-
ronmental factors to explain the variance of meiofaunal community.

Key words meiofauna;taxa composition;distribution pattern;intertidal zone; Shandong Peninsula
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(28 AL Y8 R 15,80 %6-33.10 %, F-2 (R 22.59 % +5.33 % » Herh MO7 X 8 A i 45 10 5 7K SR Al L MO5 [X 38,
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14 5 7K etz e 5 B MOS XS AN, I A 2 7K R 1 A2 AR B Ol 15.1%6-26.80 %0, - ¥IME S 22,1290 £3.29 % , H
i MO7 DX Y P K i, MO3 XA 1 47 19 7% 7K R I i

10 MEE KT A PR S BN T 0.39%-19.65% 2 8] . FHME N 6.12% £4.21% ., Hh M09 X
B LT B B i, MOS DI A DL & & e . FEAS R b A B0 AL A A T 131 %6-
12.99 % 2z ], SF-¥9{E 4 5.44 % +3.88 %, Horp M02 X 38 = 3 45 A LR & B i I, MO6 & 14 A HLR & 2 i
s T A AL S B T 0.39%6-19.65 %0 . P ME N 6.44 00 45,4800, Hirp M02 X 38 v 8 2l 1) A BIL BT 7
B AR . MOS DK i oA AL & R s R Mos IS4 R B A LR & B T 1.85%-11.10 % Z i), °F
PI{E R 6.52 % +3.24 % , Horh M10 BSR4 A AL 75 B 5 fIK, Mo4 XSS AEG 0 5 14 8 AILJSR 75 8 de v

10 MHE R BITBRY2E ¢ 58N T 0.016-4.222 pg » g~ 2 XN 1.02241.020 pg + g~ H
H MO4 RIRMF 3 o 1 5 K, M0o3 KI5 o & fe i . ZE R A Sl kg % o i
AT 0.0162-1.774 pg » g~ Z W] FHIMH N 0.768 £0.58 pg » g~ i M02 X 8 @5 4 i 42 %% o & R A
MO3 XS A 4R 3R o i PSR ER o AT 0.113-3.507 pg » g7 Z 0, FHE R
1.1154£1.090 pg + g~ - MO4 X BRI B 28 R o & & f (R, MO3 IX B iy i 48 X o & & 5 s BR
MO5 KA AR 28R o S AT 0.091-4.222 pg « g~ ' Z 00, F¥IE A 1.201£1.340 pg » g~ . M02
IR AR AT 1 4 2 @ A IR, MO8 KSR IR AR (% o S .

10 AN A X sk U AR P AR AR 1 28 fE VS R 0.015-1.100 mm, “FE3{E M 0.278 £0.230 mm, Hf Mo5
DX 35 11 (R A% /N s MO XSk 1 TP (EDRE AR B K . AR TRL A1 SR 6 s W s PP (EDRE A2 (19 28 f i R 0.015-1.
100 mm,F¥{EH K 0.297+0.301 mm; H ] 4F (B R AR B 28 LS F R 0.028-0.820 mm, ¥ {H K 0.254 +
0.227 mm; [ MO05 X Ik Ah , A6 v (B R 42 ) 28 Ja Bl S 0.140-0.740 mm, F4{H N 0.284+0.186 mm, H
 MO3 DI A7 B9 P R AR e/ . MOT DX g rh AR T 4 v B RL A48 R 2 e R A 7E i il il Al MOoS X
I8 B4 v R A AR 2 B /A

PCA Z55R WA 2 s, PCL 5 PC2 8 Bt Al BE3F 44

e

B REAY 6.3, % PC1 5T kA K ik v LR g oM
DR OB KR T BOK 3k FE A BLTR & B R | -
SFE o R BRKIE B X PC2 Hl ot ik 5 R AR YR e
2 R o & A B KR B TR & /K 3 1) B K £
R OB R EDRE 7 RV HLIT: i S

PR EREE MR o AL E TP ER AR 5 A
W T HEAT T Pearson MIKPE M 45 2R R (R 3, 8 |
FE 5 EORLAR SR A W 2 UM DG (r = —0.647 5 p<<0.01) ; TR
Y5 K 2 S UTRRY A LG & 5 W3 IE AR 56 (- =0.5555 p
<0.01) . 5 T KL 5 M B B 56 (r = —0.5535 p<0. - + : ]
01>, F&5 R A A, JTAR Wy 26 55 B 5 1] AH B 5% ) AH B AE 2 m,'ﬁ'r:.éﬁi{i%wmmmwlihﬁ
Hor e kgt i), i kLR 5 AR B DT & KR 2 [ S ey S Al
AHEAEH,

£3 LWHERFBERPEFHAREERFHEHXESFER
R/ C HIE /Y "'éfg_ﬁlg mﬂ‘*/%;*% LR A it/ %
REE /%o —0.038
MEEE o S pg e g —0.324 —0.11
DB % K/ % —0.137 0.178 0.285
A LB A/ % —0.002 0.207 0.043 0.555" *
H KL/ mm —0.196 —0.647** —0.049 —0.553"* —0.216

% % fE 0.01 KA GO B B ZEA S 5« L 7E 0.05 K CRUID b 2 3 A 5%
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2.2 MKW BB

2.2.1 ARG ) 0 KBRS, AEAR YO A b RS 11 A /NBLRE B W SR AL ET B AR TR I TR R
Hbe RS R REYE AL B T MR WK B ER BLEMEER, SR EEAE
Yt LR 5 H A SR 4 FroR . AT, /N AW B 4 4 F 34 35 BE Ol 524,96 £443.72 ind. ¢ 10 cm ™, F 3
Ak 398.484308.37 g« 10 ecm ™7, VR HUR A X AL A SBE L /N R S £ B 90.27 %0588
RRRZ b 6,427 Z BRI, 1.56%0, Ll KRR MZ ERMEHZ TN 98.26 %, H A K Z T
H1.74%,

MAEY R ARE LR TR YRR K, N 189.56 £168.67 pg + 10 ecm ™2, /N RER WS04 A4 B = 1
A7.57%; HREZE2, N 115.054100.70 pg » 10 em ™%, A EM 28.87% ;i /B =M 2hs 22K,
HTHEAEYREN 62.73£127.53 pg » 10 em ™, HBEHY 15,7400 el 2 B R RIBE R R EY R Z N
92.18% ALK MY A= Py B /N L RURIR 7,820,

MELRMEERTZER.HEATZERXW NIRRT T E 14.00 pg R THEEEMO KT T E
1.86 pg, JUTLAZ B MY & LA LR K.

x4 LEEBARPEESEABINNERDNYNEENENE

ES i F ¥ /ind. « 10em™2 FEASIL/ Y Y/ pg ¢ 10 cm™? YR IN %
2kl 473.904421.68 90.27 189.56+168.67 47.57
ke 33.72+68.56 6.42 62.73+127.53 15.74
EZAECES 8.21+£7.19 1.57 115.054100.70 28.87
Fcdl 0.88+1.81 0.17 0.094-0.20 0.02
18I 0.0140.09 0.00 0.4542.44 0.11
Yy 0.0140.09 0.00 0.03£0.19 0.01
We 2.22+8.10 0.42 9.364+34.02 2.35
T 0.0140.09 0.00 0.060.33 0.02
I 5.1748.39 0.99 18.104:29.38 4.54
S 0.36+1.24 0.07 1.2744.35 0.32
[-EEES 0.41+1.16 0.08 1.7544.88 0.44
it 524.964443.72 100 398.484-308.37 100
x5 UWHRFBAEFRPRATAEXBNERENIVEELSS
% INBYEN B M) F JE /ind. + 10 ecm ™2
H M L M Hu
Mo1 817.94231.49 1080.04196.65 869.4+102.36 922.5+138.86 M>L>H
M02 135.3429.31 418.14£85.51 524.6118.88 359.322201.18 L>M>H
Mo3 397.84198.08 690.74103.76 541.8162.96 543.47-146.45 M>L>H
Mo4 29.749.85 30.34:12.02 573.6475.92 211.22313.82 L>M>H
Mo5 1233.94322.29 759.94235.78 - 996.92355.23 H>M
Mo6 391.34288.56 261.04104.00 73.74+13.23 242.0+£159.65 H>M>L
Mo7 661.4458.67 744.74201.16 150.5451.53 518.92321.77 M>H>L
M08 108.546.83 2033.84-91.04 165.1491.82 769.1+1095.54 M>L>H
Mo9 125.7+85.54 354.4+39.82 139.84+78.55 206.7+128.16 M>L>H
M10 244.9437.02 1006.8472.49 658.9487.89 636.97-381.43 M>L>H
-3 414.7+384.10 737.9+562.62 410.8+283.65 524.9-+443.72 M>H>L
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2.2.2 R EAMMSHHF LA, RS AE 3 AT 10 AN X /N R S A0 BE A T 206.7-996.9 ind.
10 em ™2 Z 8], P-4 540.7+188.00 ind. * 10 em ™%, Hir M09 X 8k /)5 9 JiE i 3h 49 32 )3 e {1 . MOS X 8 /s
UG Zh ) B B . AE R R T e i /N LA s Y F BE A T 29.8-1233.9 ind. + 10 em ™ Z 1],
SEHIE N 414.74+384.10 ind. « 10 cm ™2, Hid MO4 X s 5 45 /N B9 IR W6 30 9 2 3 e 1%, MOS X I8 7 3 5 Y
AN R ) 8 B e 5

HA AT A /N RGBT 30.3-2033.7 ind. ¢ 10 em ™ 2Z 8], FEH{E N 737.94562.62 ind. + 10

2o MO4 XIS /N TR RS G Bh 4 R SR A L MO8 X 3l R i A ) /N TR RS AT 3h 4 B R s bR MOS IX IR
AN AR (4 /08 TR 3 4 2 BE A T 73.7-869.4 ind. ¢ 10 em ™2 2 Ja], SE Y {E N 410.8 + 283,65 ind. ¢ 10
em™ . MO6 X AR I 7 B /N B S 3 B SR Al MO DXBARR 41 4 1 /0N Y VS B ) B e

1 10 A 2 XS A 6 A DI AY Fh A /N LR S 5 B R T s T S A e A R A S

AT I /NS 2h ) = BEAH 258 K.

z

80-

o

o

e

o

ojfii Tl

& |

o

4

o

. HES: 65 (2019) 33335
118° | 120° 121° 122° 3 E
Bl 3 aln b 53 it v vy ARSI S TR B A 1 S A B L ind. + 10 em™?)
F6 LWEFROGERPEATHERE/MNAREBIVEDES
ANBLICA sh LW B/ pg + 10 em ™2

[X 15,

AT CHD rhg e (VD Il (L) A [F
Mo1 1037.474450.92 892.09=+146.99 517.55450.79 815.714268.25 H>M>L
MO02 177.73431.20 366.3624.23 329.52451.84 291.214£99.98 M>L>H
Mo03 190.30+72.04 464.44=23.13 403.39496.25 352.714143.93 M>L>H
M04 39.38+8.58 53.81+37.49 388.07469.23 160.424197.29 L>M>H
MO05 725.47+195.45 390.26+139.71 558.124237.38 H>M
Mo6 215.37+125.05 155.44+54.59 107.82427.49 159.55453.89 H>M>L
M07 677.52+83.23 1096.40=349.73 265.36430.52 679.77£415.52 M>H>L
MO8 152.58+36.56 1064.26+200.12 458.49+570.65 558.45+463.98 M>L>H
M09 122.30471.22 237.12£24.46 93.894-65.86 151.10+75.84 M>H>L
M10 132.28429.36 455.18+£53.45 345.414110.72 310.95+164.18 M>L>H
3y 347.09+338.16 517.53+371.91 323.28+145.59 398.48-£308.37 M>H>L

2.2.3 DHEMEFHYM EHE

oA, HE2 6 FE 4 AL 10 A4S X/ B Sh 4 69 A B A T 151.10-815.71
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pg e 10 e 22 Ja],SEH(E A 395.97+105.95 pg 10 em ™%, Hor M09 X 8k /N #Y R 46 3h 9 4= 9 & F A, MO1
DX 3 /)N A JEC VS 20 ) A ) o s

FEAS IR vty 0 /N R IC AT 3l 4 09 A= W0 & A T 39.38-1037.47 pg + 10 em ™  Z 0] 34 (R A 347.09
+338.16 pug + 10 cm ™, Hir MO4 DX 358 ) 2l /N ARG 30 ) A 49 i dRe IR, MO T X3 v 9 iy 1) /N U D A 21 49
W R TR RN BN S A WA T 53.81-1096.40 pg » 10 em 222 0A] S H{E R 517.53+£371.91
pg + 10 em ™%, MOA DI il 1) /N B R ATG 0 0 26 ek A A1, MLOT X3l v 3 19 /0 TR DG AVG 3 0 A ) i e
B MOS5 IX Ak AR 35 B /N R ISR S ) A2 W B A T 93.89-517.55 pg » 10 em ™ 222 (8] . EXI{l N 323.28 4+ 145,
59 pg + 10 em™*, M09 DX ISR A7 ) /N B A 2l ) A= W B e I MO XA 33 2 1) /08 7R IR A7 2 ) AE ) i

=]
L5118

38°

37°

36°

i

EED550

O HEE
O M*ERE
] LEE

35°

iy

DE . HES: 6S (2019) 33335
118° 119° 120° 121° 122° 123° E
P4l A B i it g b ARTIARE /N JRRCRN 2 P 71 0y B 5 P O : g - 10 em ™)

2,24 DR RAAEYMFE AN FTE5ABA T AKX S, Pearson HMICHES BT 45 R (R DRI /NAEE
WS A By ik 5 TR I DR 22 3 TE AR 0G.(0.469, p<C0.05)  /NAELIE WG 3 4y % 5 B 856 Y F 2 ) 119
BIOENV S0 #r &5 = W) (R 8) /NI Zh W) T 7% 52 2 30 50 2 B A9 555 S fi 8 LT 7 45 1) 22 5 1 fe £
PRI IA 4 A D i) B B2 3 PR A DT B K, O OE R B0 0.230, RELATE #5563 W1/ AL A 3 4

FFREE P I A RLPE AR B 2Z [0 BEA B 5 PERIOG € p= 0. 7020.05)
R WFRFBERSEFNMNEREEIYEE EYESHEEFHRXEITER

MA MB T S Chl-a w OM Md
MA 1 0.810™~ —0.084 —0.173 0.059 0.147 0.069 0.199
MB 0.810" * 1 —0.249 —0.176 0.144 —0.106 —0.011 0.469 "

FEeox % o fE0.01 K CRUM E i B AHSE) 5 % o fF 0.05 KSR |t ZAH S8 s MA /N R 39 £ 2 3 MB . (meiofauna biomass) /N JiE
W 4 4 ) B (meiofauna biomass) ; T : i & ( Temperature) ; S : 3 & (Salinity) ; Chi-a : ' ¢ Z & & (Chlorophyll-a content) ; W; £ 7K & (Water

content) ; OM : A HLJF & # (Organic matter content) 5 Md : P {H #7448 (Median grain size)
3 g
3.1 ACE By R RS Bh B 5 A K% Iy

NEYRAR B W) 2 Z R R S AR AR I R W R AR AR IR A T DK R pHL TR AL
JE SRR o AR AR R AT R R S S B TR R AR AR S RIEDT RS AT A iR
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I 2 U /N S0 ) T R R B 2, R 2y i /NSRS 19 60 26-90 06+, ZE BE B AR 55 rpr AT 3K 5] 90 %0 LA
B XTI KBRS DT RAEREME o e
Pﬁiilj’l::r{rj\%{ﬁzjjmﬁléﬁj‘ ?ﬁ”@/ﬁ#ﬁ@i?ﬁ?%?ﬁ*% 5%1%% BIOENV ﬁ*ﬁ-gﬁ%
ANV Bl 9 T BE L B Y DX N R A Bl ) T

FRbE R AR R AH G 2R B W 7w A
Gy ARSI 5] S /N AL A B ) A A e 1 JLAS X 8k, M05 ; a0 s
DB MO7 B MO8 B BRI ML B S 6 2 5 A : oo o
M 458 /0 A ) 7 . MLOS X s 07 T VA FHRR & 0 2 K T . 0216 W
FLA U8 MME o J T 4 RO AR AL 1 X 38K, 52 Sy R 5 5 i AR ) 0211 S w
AN MOT DK ASE 94 B R 368 0 R 8 2 ik U7 5% A5 L {H 3 0.203 T W. Md
TRAEME] 2 4 7y A6 G A BE 0 ) Py, A AR 4 0.185 T.S, W, Md
s M0 XA T 8 g — AR S B 0 L > i 2 0.185 W. Md
& NV B ) o R /N Y DB, 40 M09, A 3 0.164 S.W.Md
TG e 1, R R R R b R S AR £ 2 kR 4 0.164 T.S.W.Md
R Hl 542 0% 1 RS ] Mo4 KIS T 88 K Ie 4 0.144 T.S.Chl-as W
BT 5 TN U R P BOR B R O A AY R R Y+ T IR (Temperature) .S « 2 J (Salinity) s Chia : I 4

SHAEE IR A & K K KB &M, JE 45 T % & (chlorophyll-a content)s W . % /K it (Water content) s
TRy 2 S 5000 B Wy v G B B9 R AR T2 L i T 5 B0 OM : 45 L J% & & (Organic matter content); Md . 1 {4 ki 1%
iﬂ)ﬁﬂ@ij}%$f}f 1 F%{EE . (Median grain size)

TURR AL AR A2 0 [R] 7 DORR A R BE s A o B i B 7 DU A8 R RUBE Ry =5 ) 3 A 122, 03
B /N TP S0 0 1 53 A B ZE R A 2 1 2 LR IR BT R I 2555 B2 R . PR D 22 ) A A LR B IR £ 0%
Z5 L DU PR BE A7 iE T LA 2o 5 i FE AL PR35 PR 7 ()42 58 o /N RRE A S o B8 0 . URR W ORE B 40 , 5 7K ¢
B R T LB ORAE AT DL & sl DO P R R o A LT R R I S )
K Y5 A2 AT 1 T A HLER A . MOS DX IR (¥ /DN R JECA = BE Je e, MOS DX R ITUAR 4 3% 7K S fie e LT
YA BB & i P R R/ . M09 DX/ BRI 8 1 = BE R AR, M09 IXIC AR WA LIS & B A

1510 A XI5 6 A DI rhi) /N SRS 2h 4 = B2 5 28 W 4 O T g Al 5 A0 9 A DX e i
Ay 5 AR /N R ECAT 2l B2 5 AR AT 2 R K, DA A 5T e e Y i Al AR AR /N R Bl
(1% doe AE 2 A7 PR 5T, DR R v i (0 A LSRR A | 18] B K T8 A 40k A SO 0 DR 455 B 8 e £ 104 - 487 1, BB S AT
X 458 v Y TR G A ) S HE AR W) AR
3.2 g At 30 () 4 i 0 TR G 2 A 1 B 4%

55 H A ) 9] 215 /N B AT S W 52 AR LE (R 9) W AR IRAE 5 /N B RV 3l ) F BE ARG . AR IR 5 9 £ ) /) 2
JEAT 8l ) L /N T 8 88 AR R R AGR 2 B 8 AR S AT R N AR /N R AT
RS R ERAR A PL S B B B, B2 B R G 8 5 A W IEh 2w . ol GE 2 h TR KA
AR MO4 DR R I T] 2 70 S 2%, S 2 19 ) 1) 7 1) B2 7 Jl B2 50 v /N BRI AT 20 ) 2 1w 0 FR W) TR Ak i
Rl 3 AN B e 2 B 0 22 L TR R T 1A R R 2 2 ) 0 /0N BRGS0 900 19 23 L v A BIL BT BETE W BR TN O
B [t i B T A LR ST L 2 S BONLAT 3 W B A A

AR YRR G A 04 /N B AT 2l 4 = AN T XU G IR0 - A 3 e b i R T ] 3R] A A
2%, T LSS  F HOBUS ) DN R R Bl 4 S R i T R H A 5 ] 4 T

A YA S8 AR T B 1) R A S 0 e /N RIS By 1y 2 BE R T R A Y M LR L & B A B B
VR, Ay HER] A4 T B RS A i B URL R R M AT ALY BT R K B D BTN (A /N AL G 3 )
R T AU IR T o B 52 0 400 o i () ATy 2 T X 90 2 B O 5 0 g AR L O L SR AR ST M BT ST Y 7 K A B
T HIE S 150 45 HE 4 775 7K LA R R 4 £ 577 T S 4 5 6 1 K S SECHC VR 9 AT DL 5 i e 5 LA i 30 7
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Mews
AWMWETE /N B A S 4 4 B T R AR TR A R IR B A T AR A AR BT R IR R L L
B A DL BT & 4k v SEE A/ N R S B9 A A7 o 55 A B R R R DS 2 B /N BRI Sy 98 A v s R s T
BRI A D0 ST  BOHL B LA v g /N LB AT Bl A B L 1 SR A A7 A 1) L B T AR R A A B AT
W AT TEREA IO i O LR
F9 LE+BARSESEMNIRENDEENMRB LRSS HMBBETHLLER

T 5 ¥t 35 FJ% /ind. + 10 em ™2 +JE I A R BERLA VR
H B iBKIEY 1167.3 EL T ZEEAT, 2012
R ATE NI E Y 1130.2 28 i AAEAERT, 2012
R AR D ) ) A 595.77 B3N -y BEURAEDT, 2020
T3 4 YD Wk 1 A 425.2 Ay S A2 2020
T 2 7 0 v 936.02 il AT AL, 2012
T SR B 1] A1 1384.69 2k iR FREEEN, 2013
JE T R AR AT v o 660.2 RBRIRZE el ik FOF LA 2020
XA T3] 2 5 ) (1) A 3530 2 el EEsFEt, 2020
T R S R A 256.8(8.5-1698.5) B XIE AT, 2020
LLZR 2F &2 70 2 0 ) e 524.96 A =Y AW

4 &iig

A SO IR S W H IR R B0 A T 10 AN XS B REG 3h AT T RO L A AR /N IR
Wih Wy W BEL A F R S AW R o A ks Ry . S5 R W] R B0 11 AN/ NRLR A S SR A4 1 i A TR I
PR ML ML SRR ATER B BGER WE R R IRE L BR BLLBMEEL., IARFE
TR T V) Af /N T P A6 2 ) -1 E il 524.96 443,72 ind. + 10 em ™2, G PELR HUE B 5 4 XA B,
F M 90.27 % e B I I 6.4200 . /NAYEA S A Wikl 398.481308.37 pg ¢ 10 em 7L I TEL R
M FEAYERER, #189.56+168.67 pg + 10 em™ . B AEY RN 47.57% . HR ELZEH, H 28.87%. /)
RYCRGAE H A W i S P EDRLAR R R AH OGN RS B W BV S RS2 2R AR S iR 2R A I L
T FL AR S B 1) R AR IR B3 A 1 4 6 o e R K IR B L B RO AR B /K k. /NS S F B R I X S
T BH BRI 55 20 1 I8 3] N RE 0L 25 25 52 R 3 sl s i /N 1 DX T BE AR OO B 7 . B B 5 I K IR A &
e T 1T AR e K, 52 N 2R S5 I DR Y DX sl B AT 20 ) A R, R X P A S ) S LS A Bl
Y5, AR A DX/ B AT 8 0 B AR R R I B N RV Bl R O A AR AR 5
AEARL

% % X W

L1 wpalis, sk e kb K S5 55 OB 30T 1LRD BT ) A7 /N 55 A7 3 400 60 A o 45 1 5 HC X B 58 ey 37 [ 193 9 5 99 . 2020, 51(3) £ 572-582.
C20 PR3, PN, by W A o A5 RS 4 v e /N BTG 22 Wy I 25 3 A R AL S 5 M) PR R [0 0.3 7 127, 2020, 44(2) £ 76-89.

[3] MOENS T.BRAECKMAN U,DERYCKE S, et al.Ecology of free-living marine nematodes| M].Research Gate,2013.

[4] HIGGINS R P.THIEL H.Introduction to the study of Meiofauna[ M]. Washington.DC: Smithsonian Instiution Press.1988.

[5] MONTAGNA P A.Rates of metazoan meiofaunal microbivory: A review[J].Vie et Milieu,1995.45(1):1-9.

[6] GERLACH S A.On the importance of marine meiofauna for benthos communities[J].Oecologia,1971,6(2) :176-190.

[7] COULL B C.Role of meiofauna in estuarine soft-bottom habitats[ J]. Australian Journal of Ecology,1999.24(4) ;327-343.

(8] XUWele, EHEME, Bk, 45 5 M JE AR FEIYr~F= 5 10 18] 47 /N B WG 3 ¥ 400 25 0 € [ AR b WF 52 2020, 32(3) - 281-289.

[97  BRAERE . JRZ0, AR S /N BY R WG AR M B 5 1 40 AR —— 3k R 5 R B[ 1) 515198 . 2017 ,48(4) 1 657-671.
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