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Expression and purification of fructosyl transferase AoFT in Pichia pastoris and

study on its enzymatic properties
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WE A AAR TREE ARG &, F e TA Rk pPICZaA-AoFT &AL E, 2
W, AL N B2 ok B2 #F X33 ( Pichia pastoris X33) P M EM KB IRER
pPICZaA-AoFT/X33, 2 IR 4B K 4545 By AoFT L Xk B ey A3k, AT 1T
A )G o) RN I A AS Bl AoFT 9 B 52 M. 45 R & : pPICZaA-AoFT/X33 [ &
B B 18] 49 3G Am iy B iR BEFA, B AR ODgoo 18 T A B BF K 120 h B ik 2[0E4A , Jbad &
BRI BB O R ERIEA 1.64 mg/mL; 2405 09 F A5 L 445 B AoFT ¢4 10 7E
H A 71.4 U/mg, = %3k 70.6% ; PNGase F Bdy B 5 5 2040 G 69 B4 L 5245
By AoFT K AT N - IR 5 s RABE RS A B AoFT 89 RE R I E A 45 C,
RIEZ IR R A BERNE TR (PHAA A 4.5~6.0) ;2% B F Mn®" ,Ca®" f R
¥k A By AoFT BA S EAEA M AT JFe’ ™ Ni°*  Zn’ " F= EDTA x4 45 & 4%
# B AoFT ELAT 374 V8 A s & 8 7514 7] SDS, ki 20 e Triton X-100 % B 45 2 4%
# B AoFT 8 B & W H vy B B R DTT st R 44 B AoFT 6y BaiE b LA
BR 264 A A A, B k) 77 PMSF ARGR B 23 Ro4E A8 4545 B AoFT 49 B /& T
REH R, B R R B T B b AR R K A A B AoFT s A AL N L8R =
FRLR TR F B BT 8 E e fo FORAA IR It

T A (21406210) ;7 dg 4 SR A A # A T B (18HASTIT040) ; 7 dg 8 G F AR AR F 3

B, TR TETAFMNE L ERFHR, L, TR T AR EADHHA
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Abstract : Using genetic engineering techniques, the recombinant plasmid pPICZaA-AoFT was linearized , and
then electroporated into Pichia pastoris X33 to construct recombinant Pichia pastoris engineering strain
pPICZaA-AoFT/X33 and achieve the recombinant fructosyl transferase AoFT in Pichia pastoris. Furthermore ,
the enzymatic properties of the purified fructosyl transferase AoFT were studied. The results showed that the
pPICZaA-AoFT/X33 multiplied rapidly with the increase of fermentation time. The ODg,, value of the cell
reached a peak at 120 h, and the total protein concentration of the extracellular protein in the fermentation
broth was 1.64 mg/ml. The specific activity of the purified fructosyl transferase AoFT enzyme was 71.4 U/
mg, and the yield was 70. 6% . The peptide N-glycosidase F digestion reaction confirmed that the purified fruc-
tosyl transferase AoFT had some N-glycosylation sites. The optimal reaction temperature of fructosyl transferase
AoFT was 45 °C ,and the optimal buffer system was sodium acetate buffer (pH value was 4.5 ~6.0). Metal
ions Mn”* and Ca’" could activate fructosyl transferase AoFT,while AI’* | Fe’* Ni** ,Zn’" and EDTA could
inhibit fructosyl transferase AoFT. Surfactants ( SDS, Tween-20 and Triton X-100) had little effect on the
activity of fructosyl transferase AoFT, while the reductant DTT had obvious inhibition effect on the activity of
fructosyl transferase AoFT. The low concentration of PMSF had no significant effect on the activity of fructosyl
transferase ,but the high concentration could reduce the activity. The activity of fructosyl transferase AoFT showed
strong resistance to organic solvents (ethanol, DMSO,dimethylformamide ,n-butanol ,n-hexane and toluene).
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Fig. 1 Catalytic reaction of fructosyl transferase AoFT from Aspergillus oryzae
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FVERAE ST, LU R AL Bl AoFT il 2%
550 R — R T
1 AP
1.1 R ENEE
1.1.1 EHREERK

4] B pET22b-AoFT, Escherichia coli
DHS o JEAZ 5200, HS M 4 Tl K2F Bl 5 4
Y LRE 7 e 2 50 2 R AT A pPICZaA | B2 R T
X33 ( Pichia pastoris X33) , W [ I T4
Y AR B A7 R H).
1.1.2 EZERXHF

T4 DNA 420, BRI A YT EcoR 1 Al
Not 1,DNA G, H A EY) (K% ) AF™;
HRE R (Zeocin) , FIFRFEAYFHA RS
Al 775 Z 2168 DNA 24k [0 50 & | 38538 ook
it 7% & ( TIANprep Midi Plasmid Kit) 1§
DNA /i 32 BURR &, 58 [ Omega 20 1] 75
Jik N — ##45/i F(PNGase F), 3 [H Novagen /3
Al BEREE L B R, 92 [E Oxoid 24 W] 77
NaCl, %544, K, PO, ,K,HPO, , /=¥ & , T Sk
BEEUR(YNB)  Hy, HEE, £, IS EERE
PIBR, TE T, s, RN, I C ke, N EE,
PR , RS AP AR, B PR B, W R 44, Tris-HCI,
LM R (EDTA) ik 20, 58 & — = ik
AHIE (Triton X-100) , -+ Z ke JLAR AR 84 (SDS) ,
T HR S ERE(DTT) |, 25 FEEAE T 960 ( PMSF) | 147 2
A TR TR A B A .
1.1.3 1BxHHE

LB BBk WEREE 5 ¢, K 10 g, NaCl
10 g, B F/KER 2 1000 mL.

YPD Bigedk . WEREE 10 g, 8 FHR 20 ¢, )
M 20 g, 5B FKEZS 1000 mL.

BMGY B3R5t BEbLE 10 g, S Ak 20 g,
100 mmol K,PO, (pH ffi }y 6. 0), 4 ¥ &
0.000 4 g, YNB 13.4 g, Hil 10 g, 25 F/KE

2% 1000 mL.

BMMY 35535 b H 10 g, SRR 20 g,
100 mmol K,;PO,(pH{E}6.0) ,HES o, &%)
20.000 4 g, YNB 13.4 ¢, EBE FAERSE
1000 ml..

PLEREFREET 121 C 5 F 7 KA 20 min,
Horp A=Wy 28 YNB T T oo O I B R S
.

1.1.4 {(FE5i&&

BLIR F YK AX, 2 [ Thermo 2% W] 7 ; WD —
9403D FYZEHMI ALt iN— AR ) 7= HH - S
RSB AR IR 58, VLI A dn T B AL A )
P QYC RN SERIK, b AR I S0 & A
PR ] s N&DN 571 75 I A0 Ay B AL, 77 1%
B Z IR B A A FR 23 7] 7 s Mini-PROTEAN
Tetra TYHE B HLIKAX (A AR AR A B2y (B3 )
AR w75 1525 B w5y A0 A 354X, 36
Waters 2 ) 77,

1.2 KWHZE
1.2.1 EAHAEFRBSERTIEHF pPICZaA-
AoFT/X33 %

K F 2 JFORE pET22b-AoFT IRl A VT
EcoR T I Not 1 k47 XUHE VI, 453 2] H /Y & K
AoFT K alifb J5 1 H 1Y 3 B AoFT 55 28 4[] il
VI pPICZaA 35K AH 3% 5, #4 4 5 20 BT e
pPICZaA-AoFT ; 5 B 4H Jii i pPICZaA-AoFT %
# & Escherichia coli DHS o J&Z 5400, 1E & A
RS 2R (Zeocin) HUikE Y LB P-4l b Ik A 5 47
B 7% PCRBH P v B I, 32 JROH: H 2 5ok, JF ik
A3 BRI B BED) 360k ; /6 B 20 JikE pPICZaA-
AoFT [l YU)7 13 28 FR i 1 N V) g Sac T 214k
Ja, AL S AR AR R X33 M E 4]
Be b 5L N T2 B pPICZaA-AoFT/ X33, 3R
FHG# PCR 3G UE P s R, B IR Ay e ok 1
BEBE PR 2H DNA A Al 47 48 25 21, BH 1 X B
pPICZaA-AoFT kiR I 144
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1.2.2 RBEEEBE AT EEFREBFSHHR
BS54

V4 HE 21 BE IR I B 3 N T FR [ pPICZaA-
AoFT/X33 1E& 4 Zeocin HiMERT YPD Ak E %l
LM, T30 CHRMTHFR2 ~3 d, frigHs)
T Zeocin UL YPD AR F 3, F 30 C
FAF N EFR 16 h; BUS00 L 25 F 20 He o e i) Ak
T pPICZaA-AoFT/X33 [ YPD ¥ K B
IR, AT 50 mL BMGY JRKE F= 5L, 1557
% ODgo {09 1.6 ~2.0 I, L 2 mL 35 T2 EE 7
AR T AR pPICZaA-AoFT/X33 1 BMGY
WSS FEHALAN T 200 mL BMMY 555 5L, Jf:
IS S Bk 3% (M T R0k 1
F% 144 h. (A 5208 24 h BURE 1 0k, I 1A
OD g0 (ELFR A AP SR 1 0T S TR JEE . 3 ek 8500 K I
W, ARAS HL R, 22 R B (65 % Th AN ) Tt
VE R R AR ali ik IR, RS LR
AR AL R i AoFT.
1.2.3 RIBEEERBEE AFT BBK N - EEE F
(PNGase F) B K

BU10 g RbE I AL RE B AoFT ¥ Tid i L
BEFKHLIMA T pL 10 x 48R AR PSR v,
b 10 min R M, REMA 2 pL
10 x Glycobuffer 2,1 ~2 pL PNGase F 1 2 pL
JE KR 10% [#) NP- 40, F 37 C &4 T 7%
Fr1 h, 2k Je i, BORE 547 8 1 L Pk (SDS-
PAGE) £l
1.2.4 RIBEERBE AT BEEMENNE

JWE % B Bl AoFT Tl 1% 4 1 I 2 Ty
BTTIR o 0.1 g BERERN0.05 g GOA I T
1 mL 7 55 R 44 2% +h 3 (50 mmol/L, pH {2y
5.5) 0, LRSS TS s B 40 WL [ B 4, in
20 WLARBE BL % B il AoFT, FH 8 47K 7 B 2
600 L, F 45 C &t F ki 24 h, il if P2
1R 5 5% HPLC J 3k 4 I 52 g 7™ 4, 1 AL
SCER[19].

1.2.5 RIEEEBE AT WEFERMAR
1.2.5.1 RERNEEMESHRIBEESFT
VAT R 54 2% th i (50 mmol/L, pH K4 5. 5)
NGRS Col— I R =
(R2RWE BL 5 B Bl AoFT 43 3 1+ 20 °C,25 C,
30 C |35 °C ,40 °C .45 C,50 C,55 °C .60 C ,
65 C 70 CZEAF T, Kt 24 b, D7 &Nl B2
T RBEILEEREME AoFT FAHRT BRI , i HEoE I
IO BE 5 H— 2 B (R R R il AoFT 4353 T
20 °C ,30 °C ,40 °C ,50 °C ,60 °C ,70 CF1 80 C
FAFTAE 1 h I E R EE T SRS RS 1
AoFT FAHXS B , 73BT HARAG E 1.
1.2.5.2 &i& pH ZMERERES pH REM
ST TE 45 CEMFT, BT pH 22 vfik
R ARG v (pH {H M 3.0 ~4.0) (R
Pz (pHAE ]y 4.5 ~6.0) WL HH 22 Ml
(pH {H 4 6.5 ~8.0) Fi1 Tris-HC1 2% #p ik (pH {H
8.5 ~9.0) , MEAIR pH Z2 A Z8 T OB Ak
SRS IE AoFT FYAHXI B , 1 & Hodidi pH 22 v
TR s — 7 B R EL L RS Tl AoF'T 23351 i A
ERARE pH ZZ oA R, B TERT 1 h 5,
W7E A pH 2 ik 22T RAFEL L R i AoFT
FRREDRS B , 23 B H: pH G 1
1.2.5.3 £EEFM EDTA X RIFEEH
AoFT B E MBI R M DL B MR 40 2% vb
(50 mmol/L,pH {E N 5.5) JyZevhiAk 2, 7351 fin
ALY EF 5 mmol/L fA4 @+ (Ca’ " Al
Ni** Fe’™, Mg’ , Zn’", Mn’", Na*, K" ) 0
EDTA, T 45 C AT, e 25 S g 20 RpE L
ol AoFT (¥ AH X I .
1.2.5.4  SREEMER GEFEFFEFHDH 73 R
WEEELE AFT BEiR MMM DIEE RS
MR (50 mmol/L,pH {E N 5.5) ZE AR, 7
SIMAARARFR I3 B (1% ,5% ) W 2T 15 74 511
(75 20, Triton X-100 F1 SDS), A [6] ¥k &
(0.5 mmol/LA1 5.0 mmol/L) BJif i3] DTT FiI
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TP At 55 PMSF , 00 5 2% 5% 30 2H 2R b 2k 5 % filg
AoFT [FIARX B .
1.2.5.5 FBHBEFRIEEELE AFT fgiF
TERIRM O3 e T O A R R
PIER OE T SR O bE
FE i 0 H 2 o o 4 IARR 1 SR 0 I 5 7S Tl
AoFT JRAAEIR 2 h J5 , 05 45 5% o 41 M L i
FETE AoFT [ HH X T .
2 SR 50
2.1 EAHEFRESITIEE pPICZaA-AoFT/
X33 FHEER

T4 ik pPICZaA-AoFT £ FE il 1 3 b i
Sac TZMEAL )G, 25 R ANE 2 Frs, Hodb M 3R
DNA Marker, 1 1 2 3% 75 5 41 Jii fi pPICZaA-
AoFT ZAk. I 2 HAT L2 5000 bp 1 F B,
510 2 v Ak i B/ — B 5k 1 41 R
pPICZaA-AoFT 2 A KSR IEEE X33 J5 11 BH 4 5e
B Lk AN 3 o, o, M 677% DNA Mark-
er,1 FORPAMEXS R, 2 FoRBIMEXT IR, 3 R
2 DNA. f[&13 AJLAFE ), 4547 3 291872 bp , 1
Wise, BDEE 40 DNA R B b sy, R W 4
ki pPICZaA-AoFT B KT 5 A S AR iERE X33.
2.2 EHREFREBEFGIER pPICZaA-AoFT/
X33 AR

20 HE AR B T FE I pPICZaA-AoFT/ X33
bp M 1 2

5000 —
3000 —
2000
1000 —

750 ——

500 —

B2 &4 5% pPICZaA-AoFT £ 4L
Fig.2 Linearization of recombinant

plasmid pPICZaA-AoFT

(1R A it 2 o0 i TR L b B R R P )
[ AS AL 2o an & 4 FELS frzs. i 4 a)
VA, T4 5 R B TR B pPICZaA-AoFT/
X33 [ i IR IR () P48 I i R B0, B4R 0D
(BT 120 h i35 B WA (E , I A& I R A b B
FIT R A3 1.64 mg/mL( WL S).
2.3 REEEBE AT EERBEFHHIRIE
BRRE A E A 2l Ab fe i A A R
R ifE AoFT FLIKE A 6 firzn , Horp , M o 2R
[ Marker,1 12 F /R ¥ 500 mmol/L f K
MRV IAE .3 14 RoR WS 50 mmol/L Y

bp

2000 —

1000 —
750 —

500 —

B3 IhdEF L% pPICZaA-AoFT $ A
ek B EE X33 49 [ 5L & ok B
Fig.3  Electrophoretogram to verify that the recombinant
plasmid pPICZaA-AoFT was successfully introduced

into the positive clone of Pichia pastoris X33

0 2I4 4;8 7I2 9I6 1I20 14;-4
i i/ h
B4 FHFABFIERA
pPICZaA-AoFT/X33 4 & K ¥ 4%,
Fig.4 The growth curve of recombinant

Pichia pastoris engineering strain pPICZaA-AoFT/X33
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187 k1 RABRHA B AFT 8 LA 2%
. Table 1 Purification of the fructosyl transferase AoFT
—
| e BEM BE Wnh Al ok
e L2 FH Frbb/mg /U /(U-mgT) B /%
5 1o LB 164.0 973 5.9 1 100.0
¥ o8t BRREEEHTIIE 93.0 874 9.4 1.6 89.8
El;'i 0.6 BEEMZENT 9.6 687 7.4 12.1 70.6
o

0.4}
| 2.4 BIEEHEBE AFT i) PNGase F B R

1 1 1 1 J }Egﬁ%
0 24 48 72 96 120 144 . |

A5 ARBRISNEE G 2R N T &,
Fig.5 Time-varying curve of the total protein

concentration of the extracellular protein in

the fermentation borth

Ho6 FTakARBEEESE AFT 58 K
Fig.6  Electrophoretogram of the

recombinant fructosyl transferase AoFT

DRIR AL i, 5 278 Wt t AR i, 6 7 B AERE
an. HIE 6 A LU Y, 3 2H RS R i AoFT
AR 20 B2 R AR, o1 R/INZY 2y 90.. 0 KD,
TWHILFE R TG AoFT RY4ifb 25 R ILR 1. 3k 1
AJN, B 4H B R 8 B AR D AR IE pPICZaA-
AoFT/X33 2575 T 23K i LGS 28 1 BT 2R
164.0 mg, FLi&i J179 5.9 U/mg; IO B 22 it
RS RE, AANSEAREN
93.0 mg, [LiGJ1 0 9.4 U/mg; FEAEAEEHZ
MG, RBHILFE RS AoF T [ HLIG  RiE e & &
71.4 U/mg, ;23K 70.6% .

N - ¥ R 2 4 R TR
pPICZaA-AoFT/X33 ik ML AL ALl AoFT
(1534 90.0 KD, i KAR AoFT (153 F#H
67.0 KD, 4l b 7] #E I 5 20 25 (1 R0 5L 5% 75 1
AoFT Jo i 1 BHPRSE MBS IE AL AR, R I 75 58
73 PNGase F Y] F R S B0AIE. Sl 5L 5% il
AoFT [1) PNGase F F ] ra ik I i |8 7 frr, H:
Hr, M L7 Marker, 1 878 R BLEL RS i AoFT 2
F) PNGase F i1 2555 3 275 PNGase F.
K7 AT LUE Y RS R AoFT YIS 153
T RIRE T B R BEEL L R Iilg AoFT 1143
FHRAHAE, FRHEAS LIRSS,
2.5 RBEERBHEAITHEFERMRER
2.5.1 RIERMNEBESHBEE

J52 I it J3E o SR L L R g AoFT il T 14 1Y)

KD M 1 2 3

116.0 — =58
66.2 — I
45.0 —

35.0— o i
25.0— .

18.4—

7 R AFT &
PNGase F Bsdn 9, ik B
Fig.7 The enzyme digestion electrophoretogram of

fructosyl transferase AoFT by PNGase F
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o nE 8 Frn. hIE 8 Al LIE H, B R
fiti AoFT P f5cidhi S i i FE S 45 °C 3% 0l BE XT
INE 1) A X il % A SR 100% , Y N A
30 ~60 CHT, A XS B i PR R B AF. SRpE 5L
Folifi AoFT FyFEEMEUNIE 9 B, Hil&l 9 W LA
L 7E20 ~60 CHRBLJEEIN, 43 1 h [FHY
TN R i AoFT W AH X BTG Y DR FE b i
I, B T, AoFT (1A ER i M 4, I i
FEE ).
2.5.2 miEBpHEHERS pHFEEM pH
BN RN AL Bl AoFT S PR 1y 52 e i [ 10
Fis. EN 10 AT RLE L Y pH HAE 4.5 ~7.0
T T, SWE L B B AoFT (1) AH XoJ il 15 44
15, TSR NS vk i pH (-l 4.5 ~ 6.0, Ui
i& pH 22 oA R O ISR 22 vl SRV %
it} AoFT {1y pH FEsE PEANIE 11 fFrR. fE 11 7]
AN, pH{E R 4.0 ~7.0 B, SRR
itk AoF'T [ AH X BEHIG 2404 ey , SR WIAEIZ pH (H
Bl N, SRl L A RS il AoFT 119 pH RRUE PEEC ),
HY G AT T, SR IE S AL Bl AoFT J& TR 1 il , 2
A — 7 Wi R
25,3 £EBETFMEDTA X RERE B
AoFT EiE MR R

4B B F A EDTA XA R g AoFT

100
80
60

40

A I /9%

20

0 1 1 1 1 1 1 1 1 1 J
20 25 30 35 40 45 50 55 60 65 70

R EIC
B8 R AR AR A B
AoFT By & M 4 % v

Fig. 8 Effect of reaction temperature on

activity of fructosyl transferase AoFT

AHXS i /%

20 30 40 50 60 70 80
g

B9 RAEBEIEHE AFT ¢ RAG T
Fig.9 Thermal stability of the

fructosyl transferase AoFT

AH X A1 /%0

3.03.5 4.04550556.0657.07.58.0859.0
pHﬁ

B 10 pH A5 R ¥z B AoFT B 7% M 69 % ve
Fig. 10  Effect of pH value on the activity of

fructosyl transferase AoFT

100
80

60

AH XS g/ %

40

20

0
3.03.5 4.04550556.0657.07.58.0859.0

pH{E

B 11 RAEA A B AokT & pH #8521
Fig. 11  pH stability of the fructosyl transferase AoFT
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BRI PR R S L% 2. F 3% 2 AT, Mn® " il Ca®
REAS TS R IE AL Bl AoFT it JLAH X s 43
HEER 21% F 13% ;AL Zn®*  Fe* Fil Ni** fig
A ML AL B AoFT i HAH X i I 43 3]
W25 JE R 1) 23% ,43% ,72% F1 32% ; EDTA 1
REAID T R BLAL AL AoFT , {5 HAH X B FEAIR
26% .
2.5.4 REEMEF GE R FIFIEEHD B 7 xF R E
BEHEE AoFT MEgE NN

FME PRI R T S 1 AoFT (1Yl 1G
PERRZIA W3 3. 3 3 A0, AN AR 2 50
SDS, Triton X-100 F1mt 5 20 X 54 Ik % 7% il
AoFT AHXS BE 52 M 55/, Fe I R B
fity AoF'T XoJ 2% IfiT 1 1 5] HL A A5k AR P 1. 38 5]
FNBEHI R R LB AoFT BYBEHE PR3
Wi W% 4. B35 4RI 20, W BE 433 A 0.5 mmol/LL
F15.0 mmol/L [k 77 DTT Xof HLbl 3L 5% 55 fify
AoFT FREE L XA IR T, A HAE X il 7% 3
HIFEAK 38% F1 76% 5 AR A B (0. 5 mmol/L) il
T PMSE X FbE 5L 7% B i AoFT (1)l P
JC i 5, AH SR EE (5. 0 mmol/L ) g ] 571
PMSF 7] {if 520l JE 5 75 [ilf AoFT 1) i % M B
% 25%.

k2 &% % T Fe EDTA =}
R AE R AT AoFT B &6 %6
Table 2 Effect of metal ions and EDTA on the

enzgmatic activity of fructosyl transferase AoFT

S WeBE/ (mmol « L7") AE X S/ %
Xt BE 0 100
K* 5 101 2
Na* 5 95 +3
Mg* 5 98 +3
Mn2* 5 121 +5
Ca’* 5 113 5
AP 5 23 +2
Zn2* 5 43 +4
Fe’* 5 72 +2
Ni2* 5 32+3
EDTA 5 74 +1

2.5.5 HBHEFIREEERBEE LT Bt
IR

ATHLTE TR SRAE I AL iE AoF'T i 1 1)

NI S e S nA, I AT RE S

&3 R@EEHEAN
B R A B AoFT B i M4 Hvh
Table 3  Effect of surfactants on the enzymatic

activity of fructosyl transferase AoFT %

S RSB
1% 5%
Xf i 100 100
SDS 105 103
i 20 92 102
Triton X-100 83 96

KA IR e Bl A ) ) 2
PR AR B AoFT B3 M09 H R
Table 4 Effect of reducing agents and inhibitors on the

enzymatic activity of fructosyl transferase AoFT %

Sl I
0.5 mmol/L 5.0 mmol/L
XJ 1R 100 100
DTT 62 24
PMSF 103 75

RS ANEN RIS A B AoFT
B & P0G % vm
Table 5  Effect of organic solvents on the

enzyme activity of the fructosyl transferase AoFT

IR TRFS L % AR I/ %
X HR — 100

FH 50 8242
L 50 107 +4
N 50 114 +3
RN 50 103 +3
I 50 95 +5
iF T 50 92 +4
i 50 62 +2
ECkE 50 102 +3
EP7S 50 93 +2
T 50 113 5

FA 50 73 +4
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Abstract: For 3 common plant fungal diseases of cucumber fusarium wilt pathogen ( cucumber fusarium oxys-

porum) , tobacco brown spot pathogen (red star mould) and Chinese milk vetch root rot pathogen ( Chinese

milk vetch root rot fungus) ,10 yeast strains with strong antagonistic effect were screened out from 81 isolated

and preserved yeast strains by plate confrontation method. The classification status of the yeast strains was

determined by analyzing morphological characteristics, physiological and biochemical characteristics and gene

sequencing analysis. The results showed that WYCCW10371 had the best antagonistic effect against the

cucumber fusarium oxysporum, its bacteriostatic rate was 46.2% , which was identified as Hanseniaspora

vineae; WYCCW10196 had the best antagonistic effect against the red star mould, its bacteriostatic rate was

30. 6% ,which was identified as Starmerella bacillusaris; WYCCW11142 had the best antagonistic effect against

the Chinese milk vetch root rot fungus, its bacteriostatic rate was 20.7% , which was identified as Pichia terricola.
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Table 1  Antibacterial effect of antagonistic yeast strains against three pathogenic bacteria
T EYENE Al IRREHH 5B PRE R
T ERZ/em  WEE % FHEHAE/em IR % - EAR em MER/ %
X HR4H 5.691 — 5.201 — 5.506 —
WYCCW10457 4.246 25.4 4.194 19.4 4.402 20.1
WYCCW10371 3.062 46.2 3.852 25.9 4.410 19.9
WYCCW10452 4.307 24.3 3.965 23.8 4.557 17.2
WYCCW10453 4.061 28.6 3.998 23.1 4.376 20.5
WYCCW10196 3.792 33.4 3.607 30.6 4.644 15.7
WYCCW11029 3.070 46.1 4.568 12.2 4.487 18.5
WYCCW11142 3.489 38.7 4.068 20.8 4.369 20.7
WYCCW10986 4.046 28.9 3.961 25.8 4.395 20.2
WYCCW11079 3.153 44.6 4.238 18.5 4.840 12.0
WYCCW10140 4.119 27.6 4.871 6.3 4.703 14.6

AR 30. 6% ,25. 9% Fil 25. 8% 5 K 45 <
MWE o W PRCCR B U BB 2
WYCCWI11142, Hiyk & WYCCW10453 F1 WYC-
CW10986 , X Ly 1 411 & 2 43 5] i 20. 7%,
20.5% #120.2% .
2.2 ENEBSEMNTEEER
XFI e 2 1 10 BRESHUEELRE W TR S
SpME FUAE WL S50 B 97 3k LW 1 75 T8 5 A
BRAMIE S 1 s, RERIELIR %R
2 FIii.
2.3 EHEBSENRKERXEINER
2.3.1 ETF26SDNA DI/D2 REEHI RS X
BoM T 26S rDNA DI/D2 X B EE
BFRTE MR R G R BRI 2 firs. g8 2 A
AHH,WYCCW11029 F1 WYCCW11079 5 Han-
seniaspora guilliermondit Fl1 Hanseniaspora opunti-
ae JAy i) — 73 325 ZE Ll i, WYCCW10371 5
Lachancea thermotolerans F1 Hanseniaspora vineae
BN — 4 F%; WYCCWI11142 il WYCCW
10140 5 Issatchenkia terricola , Pichia terricola F
Torulaspora delbrueckii 28} [f]—/43 3 ; WYCCW
10457 ,WYCCW10452 , WYCCW10453 F1 WCCWY
10196 Y Candida zemplinina F1 Starmerella bacil-

laris B[R] — 70 32 AHLA B 9 Tt 0 19 B 1 1

ﬁ

WYCCW11029
S
s
WYCCW10453 WYCCW10452
WYCCW10196 WYCCW10457
WYCCW10371 WYCCW10986
) e —
L4
WYCCW11142 WYCCW10140

Bl HiaEFHE WLEERAL LY
ABEBES(L) B MmIETE(A)
Fig. 1 The colony characteristics on WL medium
(the left picture)and cell microscopic characteristics

(the right picture) of the antagonistic yeast strains

R [ k55 AN [ 18 T R 2R O[] — 2 32, PR A
REAE B Y 7K - b E4T X1 4. WYCCW10986 Al
Kodamaea ohmeri 53 17]— 4332, H P 5IAHI I
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Table 2 Clustering analysis result of antagonistic yeast strains on WL medium based on phenotypes
EieEAN g WA BRI BRENIES

WYCCW10457 FIL, gkl T P11 B S e RITATE AT VI S v B , B, F 2R 5H
WYCCW10371 F, PR T I, A OGP, W, SRR, A& P , B P 2 AE
WYCCW10452 FiL, skl 1 T e, A OGRS, A& BRI, B, B 25
WYCCW10453 F2L, 2k R T I, A OGP W, SRR, A& R , B, Fd 2R 5H
WYCCW10196 Fi2L, 2kl R T I, A OGRS, A& tBE , Bk, Hd 2R 5H
WYCCW11029 FI, TRER T Jel  ADOLEE R, Rk, A E ] BRI, B R 25
WYCCW11142 FH, 3 Jei  AOLEE IR, Rk, A E ] e , Bk, B 2R 5H
WYCCW10986 Hi, H I Jel  AOLEE IR, Rk, A E W] e , B, B 2R 5E
WYCCW11079 BN, TRER T Jel  ADOLEE R, Rk, A E W] PP, B B 2R BH
WYCCW10140 N, Lk 3T e ADLEE, R, Rk, A iE ] WL, A, i 25 E

1 Hanseniaspora opuntiae YLL14(MF979222)
Hanseniaspora guilliermondii YLL5(MF979214)

99 100

100

[WYCCW109

7
100 WYCCW11029
100 WYCCWI11079

Lachancea thermotolerans SLDY-053(MH748632)

WYCCW10371

Hanseniaspora vineae 20TASL15(KX421391)

Torulaspora delbrueckii WQGB52(DQ869079)

WYCCW10140

L{WYCCWHUQ

63| Pichia terricola Y2-20(KY996739)

Issatchenkia terricola KDLYH3-5(KJ506735)

86

100" Kodamaea ohmenri 64 (MK026222)

WYCCW10457
WYCCW10453
WYCCW10452

100

—_
0.050

WYCCW10196

Starmerella bacillaris SF2-210-2114 (MH04893)
Candida zemplinina A9-4-5 (EU386755)

B2 3T26StDNA DI/D2 RELIZEHEFEF R ARALEL TN

Fig.2 Phylogenetic tree of antagonistic yeast strains based on 26S rDNA D1/D2 region sequences

1 100% , A 1, 7l WYCCW10986 45 & Ky
Kodamaea ohmeri.
2.3.2 EFS5.8S-ITSRERMEZEE ST
FT 5. 85— ITS XBUWHE I B I H bk R 5E
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Fig.3 Phylogenetic tree of antagonistic yeast strains based on 5. 8S —ITS region sequences
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Abstract : Based on the SSR molecular marking technology, it analyzed the level of genetic diversity of 7 tested

tea plant varieties from Fujian province and constructed the molecular fingerprint of them. The results showed

that all of the 14 molecular markers primary screening were polymorphic markers with rich polymorphism infor-

mation, and 7 tested tea plant varieties could be distinguished effectively. Genetic similarity coefficient

between Fuyun No. 6 and Fuyun No.7 was highest(8.06) which had a close phylogenetic relationship. 3 SSR

molecular markers(PS3, PS15, PS19) were selected to construct fingerprint because of less amplified bands

and higher Polymorphism, and the fingerprint could distinguish 7 tea plant varieties, achieved the purpose of

identifying all varieties with the least molecular marker.

0 515

5 ( Camellia sinensis( L. ) O. Kuntze ) J& T
iz H, I ERE, ke, R0 /508 H i 5t -
EEA TR Z ", Z WA 1 55 1 [l A
J AR, BLE SN SR 2 W A LT R 2R OB
TEZ—"" . v R AR A R U, A R =
BT I T AR R A
R T R (AR S HEA T O A
11T 2 it R A G Ml A7 7

I3 FHRICHARSE — Rl LM AR 1R P 57
TG W) 5T A 1) 7% 5 DAy it o RE2 O 1) a8 1%
ICEOR, ] H WA [ ASAAE DNA JKF- F Y
WL R RS S H AR IC
ARMLE, 7 FhRicBoR B 2850 RiF JE Rk
PR AT BRIk F B3
WA TARICEOR F2AA IRGIVE R B 2
A4 RFLP (restriction fragment length polymor-
phism) 7 FFRICHOAR | BEPLY 4 2 251 DNA
RAPD ( random amplified polymorphism DNA) 43
THRIC B | ) B E A2 X [A] 7 41 ISSR (linter
simple sequence repeat) 7} FHRICHIA | faj HLH
% 7% SSR (' simple sequence repeat) 43T HRic
FR AR TF I 3G 2 35 SRAP ( sequence-
related amplified polymorphism) 43 FHRicH AR .
iR 2 45 SNP (single nucleotide polymor-
phism) 4rFhricF ARG . J, SSR 43 Fhx
IRPARE— B LUK E 51 9B PCR 34y FE Al
RIEARREE A FARicEAR, e #) iz

BT A2 BEE™ RR B e
SSR 43 Fhric HA B 23R # B, A iz 4 AR
AT AXEAS RSB b A3 LAbRi , 47 X 43 AE R
S SSR 7 F AR e BR ) SCHE I 25, SSR 514
(O P (e S b P L e AR L )
TAEMAWIRA,, FEAR PO R T —2f0E
(1) SSR 4> FAric, H O N TR X R sl
ZREVE SIS D RS . ZEFI A SSR 4T
PRICHARWE ST 43 A b (038 4% Z AR B, i 22
B NS Z 107 5 8 DAL S 506 25 5 1) v ff
FInlSEdE R, SSR 7 TR B R T B R =
(1) T A P ST, WA B v AR R ARSI vk
L F R ORI T ik A 3, RIS R A
BEIE L VK L SR P M TR e R S R Uk RN B A A
G S

IR SUEIE E—Fh LA FARic H AR (2
#£ RFLP, RAPD, ISSR, SSR, SRAP, SNP %%) %
FLAih, fF DNA /K7 EH 2 AR SR
T S8 SR R PR AR 4
PRI TR AR i o 2 A0 ol 2 1 4 0 5%
T, BARKME S, SSR A FARiEHA
SEFENT AR R 4148 SRS R A EOR. 5
S I T R IR F S bR (EST) 19 SSR 43 T
PRICHOAR 4307 T 40 13 5t M A5 B8 IR st %
ZREPE S T Hr T o, IE N SSR R
WCHRE L 4 DM EOARIC, FEE T 18 (T4
SUEES i, H AR SRR ME— 1 2 TR AL
KIS . 4 3R BESE 0BT T 42 Gy 2SR
an PR, IE M 16 XF 5[ it 13 XF51 4
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HEATHAL ZREVE 3T, SIESE T ) EST-SSR #:
IO TR A 25 . 7 L de 20
FEAHT T WTILAE 59 A i B ) st A% 2 AE
FREARLER , LT 64 XF EST-SSR 23 Fhric it
AT R A 22 Sk A R R 0. 44, 41
BT R o ) 5 22 R K ST
B RS RELE Y S T AR 43 AR
FF 23 XF SSR 4 FAR AT b Tt ZRE M
SPHT, FEMRTREE 7 X SSR B ¥y4H & # i 4E
SR F RS R i85 6 Xt SSR 4r AR
0, R TR 10 S E B A S SR
(38 1522 40T, R T 3 0B W T HA8 4
3.

T [ R 2 A R AR 22, T 24 S R
U B FIR I X T 8 2% Ml B 2 — 01 28 o6 T B
AR TR, S350 K 01 14 25 b (33 A £ 7K
TAE. S F e, A SCILR A SSR 4r TARICH A
WG M T 4 AL S A 5 b ) 352 4% 24
P R TS SO, B 10 AR A
FISE o FAnic Bl B A SRS

1 eIk

L1

ABTFERIPAARRL A T AR Bl
PR B BRI, i e SR A R AL, A ok
B 1.

BT MR S A 69 48 A7 &

Table 1 The related information of 7 tested
tea plant varieties

CL A I 1 R
fEURE  1985/G LG S Eilbs

FIZE 1985/G ] C RN B | AR A A

AR - RHRIEX

ik 1985/G TR HB =R

£ME  2002/G PS5 i ek A ARIRSE

HWoRs  1987/G RSREAZS & R AR AE
Hats 1987/G KSR & i R AARREC

1.2 FERF

RN L [ NISE L L R % 0 Y
R AT IR AT £ WU 2R (EDTA) | =
2 H LS H BE (Teis ) | — 55 HY 56 20 25 e il
2 (TBE) R T7Skidk = H i (CTAB) ,Jbat
FHRFAEPHLARATR ;NN - ZH U
eI , 1L AR T35 48 AE 150 24 |1 7™ 5 AgNO,
NaOH, 57, 5 B, 5 N B, W B, OB, S TR
IS NE NI N =237 il /A= D o W e w1 B
3P ol B, FEER R B A |
1.3 XF#E5EE

AE224 BUGr By KAV, b 5 52 1 BE22 4R
A BRA ] TGL - 16G RIESLAL, b4 5
Bl 77 SC - 15 BME R AKIBER, T U8
ZHEYRHEA R AT ;5 HS - QGTFG - 1200
TRL3E XU , BB S I i s A PR A |5 TY -
CX2B RNy L Yk R, 4B N IR B 52 A FR A A
773 C1000 TouchTM %I PCR 4, 3£ [# Bio-Rad 2
A) 7B - 500 Y G SR A A] DL A oo R T
TR A R R
1.4 SLIEABROLH

J i 3 R 40 % 1 SR TN I T G VS R < TR s
Pk 38 ¢, N,N - “H WK 2 ¢, 55
F-7K 100 mL.

JE 43R 10% 1) 33 o I 2 VA YR - 2o
B 10 g, 2 B5F7K 100 mL.

10 x TBE Wi : Tris 5.4 ¢, iz 2. 75 g,
EDTA 0.372 g, 257K 100 mL.

0.5 x TBE ¥ : Tris 2.7 g, #llfiz 1.375 ¢,
EDTA 0. 186 g, 2 %7K 1000 mL.

2 x CTAB 23 : CTAB 2 g,10 mmol Tris
(pH{E >~ 8.0),2 mmol EDTA(pH {4 8.0),
0. 14 mol NaCl, £ # 7K 100 mL.

PR MR (ST SRk 10% 1 AgNO, 7
) :AgNO,10 g, F2 7K 100 mL.

Juta . & AR 2 v 1 mL, £ B K
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100 ml.. VKREIN (BB R B B 1% ), >k =

WM NaOH 1.5 ¢, {I#E 0.5 mL, 251
7K 100 mL.

1.5 ZERiM Fr DNA R BR AN

JHCHE R CTAB 32 2 43 B4R BSR4
M Fr i) DNA BRSSP BRANE

1) WERFRER 0. 1 g BB i Jr & T
1.5 mL B0 v R HOB RS 0K 5

2) I ELE A 600 wWL(E T 65 €K
WEs ) 2 x CTAB 2ol J5, ¥ H & T
65 ClEE/KIHFHIKIE 1 h;

NARHMEERE, A F R E F
JEE(VORT) @ VORIEE) =24 0 1) RABM],
HIfEINEA), T 10 000 r/min Z5F F 2.0 10 min;

4) W T, A S R B S 5/ S
BE(VOEST) @ VORIEE) =24 0 1) IREW, B
fEVEA1, T 10 000 r/min Z5F T 250> 5 min;

5) WA B, A SE IR S R,
BIRAT

6)F —20 C LA F#E 10 h, F 7000 r/min
BG5S min, 57 EVEW, A 10 pL A Sk
HH TR A

T LERIAW AR A 800 L B5Eh S8 ik,
T 65 CHER/KI R H /K 30 min, 3710 000 r/min
SRR 5 min, WO TG

8) I W A i WARAN 1/10 1S
FRENTEW (3 mol/L, pH {H )y 5.2) | EiH AR
2/3 MR NEE, BRIR AT

9)F -20 CL&MF#E 1 h, F7000 r/min
AL 5 min, 7 RVEWG

10)EEZLE6)—9);

1) i A B & 53 80 70% 1) & B, T
7000 r/min 54 F B0 5 min, 5 FIEWR, BE
3 WK BB TFERE i E 4 ~ 5 min AR YR
UUVE R A FINA 20 ~40 wL dd H,0;

12) IO R 1) DNA E1 7B BR R BE I R

SO0 03 606 T S H K A NanoDrop 2000 3
DNA 2 J3 F1 o f AT 46 0.
1.6 SSR #FiHridFHiE

AWT5E T I 68 4 SSR 73 FHnic ok B A
7 (952 SCmk > s | s i R T
Y TRy A PR |5 K
1.6.1 PCR ¥ MR KREZEBE PCR L
NEFRFY, LA H A5 2541 18 W L 22 20 JE ). PCR
FV AR 22 AT 20 pL, Horh, DNA B4R
2 pL,2 x Tag Master Mix 10 pL,10 pumol/L ff
ELVRES#45 1 pl,dd H,0 6 pL. PCR 372
P08 2R 25 1 . 94 C FilAE P 5 min, 1§ 2R
198G 94 CASPE 30 s i 35 WK, Feddi iR kK
TEENE30 5,72 CIEf 45 s; 5 )m T 72 CHE
10 min, JEHF 1 K.
1.6.2 PCR ¥ ig&r=##&l K PCR ¥ 3=
BT UK B, R B S ROk 8% R IN MG
PO FC B IRE 1A 7 BRE IS LUK, T 285 5 AR G T 1 i AT
. ASBIFFE SR HT A B G O YA AR W FL 7 5 1) Ak
filt AT T O - R UK A A BUT e+, 6
I T Ho AR DA FL DK R IO ke, DABBE g Al v )
BRI , FHAS TR KRR 1 UK B e A\ G 103
W 2 min J5, RIZRIBOKIEVE 1 IR, I %%
NS AL N TSNS UE S DV =S TGRSR I |
AR WG, H Uk 48 R4 B 5%
1.6.3 ¥iEAE R AL M kid s
LUK ZE SR (TR B A 25ty B 98 3 62 6
Giit SSR PG 2kl , FEAH R4 00 8 b A A%
LA 17, oAk IE N “07, A NTSYS-pe
2. 10 A ) NTedit 50808 e 4 , B R AL
45 R it PopGene 3 A kA 58 115 X
FIAE T A B i A A RS LR Ne
(SBREAE AL A8 S /N By T8 5 ) ORI 2 45 2
Ho ( BEALFIBREAS Y 2 A S50k AN AH W] Y HE
F) BEAREE He (AR50 A X0HE G,
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HAEFEM 0 B 124 He =0 I}, YLHiZ S 1 ¥ 6 £
SVE; 2 He =1 ), BiHZ 51 W) ) TC IR 215540
LR H A AR A A9 455 ) Fil Shannon $5%4 (1) . 2k
F PowerMarker %4 11 550 32 22 5 {7 ik PR A3 48 |
BER ZFEEAEE, JFAR I Neil” s J7 kTR B XS
S A SR 2 S EE B 5 (PIC) . AR 4E X
SEE BRI 22 57, A AN [6) 41 B2 0 B SSR 73 F-F
WG TE L Z2 FEPE Ty A e 22 5. A
NTSYS-pc 2. 10 # A ) Clustering A4 | 38 1
FEMAE- 22975 (UPMGA ) X 7 A28 4 bt Aol
R 38 AL ARBL 2R BT B EA T SR 28 0 . i e th 9™
S A TR T 2% A i R[] PR K 285 R AT 22 5 1Y
SSR JrFhric 519, T Al B2 745 S Id
T .

2 ZRHHE

2.1 H#OZEMAEFEY SSR &M

ABEFEM 68 4~ SSR 73 FHRic o 4 25 i ik
H 14 ARG A R E T T R L 2 SR
SSR 73FHnic, Hg | Wf5 B L3 2.

14 4~ SSR Jp FARic g | 7E 7 AP i
an P R RS A5 R IR 3. 3 3 I AT Ne (1R

IRt Ar Sya R 3.379 3 ~6.533 3 SF-H{H
4'5.226 93 Ho AL 5 0.571 4 ~0.857 1,
SEYIE 0. 734 73 He 25 4L 30 B 0. 758 2 ~
0.912 1,3 4 0.861 91 ALTEEA K, K
1.567 0 ~1.908 5, F-H{H Jy 1. 781 1; FB4E(y
SR AR B R 0. 214 3 ~0.500 0, -5
{0 0. 311 2 & [N 2 A 1 48 £ 48 b Y [l Ry
0.704 1 ~0.846 9,1 { % 0. 800 3; PIC 75
LG N 0. 679 6 ~ 0. 827 7, ¥ (i N
0.777 1,3 /KF 0.500 0. %4 Hagk H.Z2 01, 4]
AR BERY 14 A4 SSR 43 FARic i 28R,
HESHEEEREFES.
2.2 HHAFER SRS EEEE

st AR B8R, SR 2B i A (a]
1ot R B BT | R O R T AN A
AL AL R AT B WL 4. & 4 A,
7 AN i ol i 3845 4B A0 R ER AR R AR
K, HW4.84 ~8.06. Hrh | (] S BEAR R =85
S-S i AR 5 =, o 8. 06,
FEHIX 2 AR AR S Fh 2 ] 2AT 8 ) 3 2%
KR W E 5 =785 [ 1L A8 LR ER
2, 07,9046 5785 5 AR ] A st AL AR DL &R

%2 14 A SSR 4FAriT 3] 4912 &

Table 2 The information of 14 SSR molecular markers primers

EIRZEIE] 1E [ 5 Y1751 CACEIE g 1B K/ C
pPS2 AATAAGGCTACTCTTGG CGGCATTGTCTTTCAGT 54.0
PS3 AAGGAAAATCTATGGTGAA ATGGTCAATGCTTGGAG 54.0
Ps4 TTGGGAAACAAGAGTGA TCTGGGACGAGGATAAT 54.0
PS5 GTTTCAAACCAAATACAC GGCGACACCTTGGAATA 55.0
PS13 CATTAGATGTTCCAGTCC TCACTCACATTTAGCTTTT 57.5
PS15 TCAATCACCCTCCATTGAAA CGTATACCATGGTCGGAAGG 61.0
PS19 ACCCAAAATATGAAACAACATG TGACTACTGCACTGACACTGCTA 60.0
PS25 TGGTAAGGGTCCTAAGAGGTACAC TTCCAATCTTTTTCTATAACATCTGC 60.8
PS26 CCATCATTGGCCATTACTACAA CCATATGTGTGTGAATGATAAAACC 57.0
Ps41 GGAGCATTGAAGCGAGAAAT CTCTTGACCTTGGGAGCATATAGT 60.8
pPs42 TCCTTTTCAATCATCATTCTCTGT AAAATCTTGCCTTTGATCTTGAAC 60.8
PS56 GGATCCACAGTAGTACACTCTAATC GGATGCCTCATGTAAGGGAGTTTG 60.0
PS61 TTAAGCAAAGAAGTCGCG CTAAAATCTCCACTCAGCT 48.0
PS65 GATCCCGGACGTAATCCTG ATCGTACCGAGGGTTCGAAT 59.0
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BRI, Jy 4. 84.
2.3 HIAEWMEMOBELSTER

T ASBER A i Bl 1) S 203 B Aok 11 2 €]
1 s, thE 1 AT U FEALR B4R 0. 69
B, AR 7 AR R R 4 2558 1 2
(R ONENEP I RS UREIN Ey PavAREE |
oL, 503 KRR, H 4 Kb 7EHH
IR R 0.74 B, ALK 7 M S A 43
N5 BONRE KA, 2 oSS
WE 563 RKANEa AN TR LS, 584K R
AR BB 5 O . DL SBAE AR R B A
BRI, 3X 14 4~ SSR 43 FHRic il A AT
Hu X 43 7 ASHER A .

2.4 BRTRIBHA TR E LRSS

SR AR 2 A5 ELAFAY 14 4 SSR
S5 FHRICA WIHETT T A A 0 58y He 4
A | T SR T A e TR MU
T B A T AR AR A 4 T4
SCPEIE IR 2 B IR M e B4 IR
L EPNENEE I+ W TIPSV o
SREE LS. fE 2 WA T AR
R 4K /INE 135 bp 15300 bp 22 ], %
T2 ST LK 7 ISR
S RAMIF | FLACRAECHT. SRR 3 (R4
SESL A ATAT A SSR 40 A0 51 A K fig
B I T A BRSSO, U

k3 14 A SSRAFITF M fe T AMBEIRAAS S A b 8g 730 25 R
Table 3  The amplification results of 14 SSR primers in 7 tested tea plant varieties

EIkZELIE] Ne Ho He i R PR SN Z R PIC
pPs2 6.533 3 0.5714 0.9121 1.908 5 0.214 3 0.846 9 0.8277
PS3 4.9000 0.8571 0.8571 1.767 2 0.3571 0.7959 0.771 9
Ps4 5.4444  0.8571 0.879 1 1.809 5 0.2857 0.816 3 0.7923
PS5 3.3793 0.8571 0.758 2 1.567 1 0.500 0 0.704 1 0.679 6
PS13 5.4444  0.8571 0.8791 1.809 5 0.2857 0.816 3 0.7923
PS15 5.4444  0.8571 0.879 1 1.809 5 0.2857 0.816 3 0.792 3
PS19 5.764 7 0.714 3 0.8901 1.833 8 0.214 3 0.826 5 0.803 3
PS25 6.5333 0.714 3 0.912'1 1.908 5 0.214 3 0.846 9 0.8277
pPS26 4.083 3 0.5714 0.8132 1.673 1 0.428 6 0.7551 0.729 8
P41 5.1579 0.714 3 0.868 1 1.772 1 0.2857 0.806 1 0.779 5
P42 4.9000 0.5714 0.8571 1.767 2 0.3571 0.7959 0.771 9
pPSs6 6.1250 0.714 3 0.9011 1.8712 0.214 3 0.836 7 0.8156
pPS61 6.1250 0.5714 0.9011 1.8712 0.214 3 0.836 7 0.8156
PS65 3.3793 0.857 1 0.758 2 1.567 1 0.500 0 0.704 1 0.679 6

SEHE 5.2269  0.7347 0.8619 1.781 1 0.3112 0.800 3 0.777 1

4 BRI SRR AR AL B

Table 4 The genetic similarity coefficient matrix of 7 tested tea plant varieties

ZFK KA EES KR M5 B YA wats
(EE/ONE| 1.00 — — — — — —
S PAS 6.94 1.00 — — — — —
TR 6.13 6.29 1.00 — — — —
Jisqt 5.81 7.26 6.45 1.00 — — —
W 6.94 7.42 5.32 6.29 1.00 — —
oy 5.81 6.94 4.84 5.81 7.90 1.00 —
wats 5.48 5.97 5.81 6.13 6.29 8.06 1.00
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Fig.1 The cluster analysis tree of 7 tested tea plant varieties
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[ I
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PS56 180 hp
PS61 190 bp

PST5 185 bp HE BEEIS EE B
PS65 300 bp [ | PS61175bp | | [ | ]
PS65 295 bp PS61 170 bp B

A2 7 AR A0 5T IR
Fig.2 The molecular fingerprint of 7

tested tea plant varieties
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PG LA B /0 19 SSR 43 FhRi0 5| 0 % 5 i
A R JEN] , e R R S A R 2 S
BRf9 3 A SSR 4 T-hRiC 51 4 (PS3, PSIS,
PS19) M4 A, I FHI X 23 7 A 54 b
P> TH8 SO 45 5N 18] 3 B, NZE S A5

PS3 195 bp
PS3 190 bp
PS3 185 bp
PS3 180 bp
PS3 175 bp
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PS3 165 bp
PS15205 bp
PS15200 bp
PS15195 bp
PS15 185 bp
PS15 205 bp
PS19 300 bp
PS19 280 bp
PS19 260 bp
PS19 250 bp
PS19 230 bp
PS19220 bp

B3 W3 A SSR o FAFLI Hs
M 5T IR A
Fig.3 The molecular fingerprint constructed by

combining 3 SSR molecular markers
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X3k

SSR 7 FARC T | i) 2 35 VE o B
DX AN [ (AR i of , [ 25 A2 AR 2R 208
R dh FiBA 5 9 X 50 I RLE, SSR 79 T Aic
SR Z2 A TR R, 2 el o ) P34 2% Y
225U A 5 A R (36 I W i Ao 2 Tt £ A
L2 BOAT , (s FH [R]— X+ SSR 73> F4ic 5| it
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Fr g st A 250 25 57 BV] 2. SSR 2 751k
SIMTREL T SSR Jr TARICH I W Z 18] B 25 5, T
T AL FRAB) 2 BRI 415 SCET T M I E [R] (A BE T {1
TR il o ] 11 2 5.

3 énlb

AHFFEEET SSR Jr FARICH AR, X2k B 8
AR T MR A R AR KT
17708, P e 7 H o FHe sr . 45 R %
HY: W15 L 1 14 4> SSR 2 FAnic i h 238
PEbrid, HEZ S EEE S ER TR, /LA
U IX 53 7T MR A R s AN T SR s
LA R A i 2 TR A gt A AR DL M AR R
5, 0 8.06, RGO R B EHL R 1 A 8
b ZBERE R 3 A SSR 43 F ARl (PS3,
PS15,PS19) A H# Y 4r FF5 SR 1, WA 3L
Y T AHHRZS B A, ST DR D B A
PR g e Rl REZ i R H 9.

A JE B TE A ST W SRl B AT S A
7t DNA $8 80 (5 o , 4k 22 28 i) SSR 43
FhRiC, LATE I A5 B Fr 0 it 22 450 o AN S i iy
AR, B 47 b S RN O B A, el 2 A A
Fh AR S .
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Effect of reducing agent concentration on microstructure and electrochemical

properties of Nano-VO, (B)
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A VO, (B) ; AL FEZE 00 V,05 A R B TR A, R KRR SRR BRE T 6 A 9
W BTG w AL 4% VO, (B) 5 (c(H,C,0,)/c(V,0,) =x,1.00<x<2.50) , 5 B ] £-Af 5 4
AR Wy A 25 M) BTG S Fe AL M RR BEAT R AR A AT 25 R R BT B0 A o 3
Key words: At gE M ey s VO, (B) s FZ R AR 63 K, VO, (B) 4 50 69 T .32 #f
Nano-VOZ(iB) : WA PR T TREK A 2 R AR VO, (B) # 5 0 25 My S 14 224 505 BT 47
micromorphology ; VO, (B) H 5 ) B A 4395 89 7T i M o SR ERAS M, L ¥, %« = 175 8F,V0,(B)
structural defect ; T B8 NG BACAE B £ (0. 111 V) Fedk N4 [ (0.770 Q) , B % %
electrochemical REEH 30 mA/g BF, LA R K69 i 5 4A (105. 00 F/g) , & IR £ 4F 45 & 4L
property CT‘L’ EX

%8 H H5:2019 - 08 - 19

HEWBE:BE A A2 AAT A (11405148 ,11775192,11975211) ; 7T & 4 % F /75 B (16A140022,14B140015)
TEBEN 0245 (1979—) , B, M B m T A, FME Tk K Fa %, M, TR T @A Hi RS B4
BEEE . AKA(1986—), 5, LA B AALAFMEZE L KFHIF, W, TRHRH @4 kM S B4



X B, % R IR T4k VO, (B) B4 R L M i o ©29 -

Abstract : Using V,0; as raw material, oxalic acid as reducing agent, a series of nano-VO, (B) samples with

different oxalic acid concentrations (¢(H,C,0,)/c¢(V,05) =x,1.00<x<2.50) were prepared by hydrother-

mal method. The structure, micro-morphology and electrochemical performance of the prepared samples were

characterized and analyzed. The results showed that the prepared samples were all pure phase VO, (B) with

monoclinic structure; with the increase of the concentration of reducing agent, the morphology of the VO, (B)

sample gradually changed from smaller nanoplates to larger nanorods; the structural defects of VO, (B) sam-

ples were mainly micropores; the obtained VO, (B) samples all had good cycle stability and reversibility.

Among them, the VO, ( B) sample obtained with x = 1. 75 had smaller redox peak potential difference
(0.111 V) and smaller resistance (0.770 ), and when the current density was 30 mA/g, the VO, (B)

sample had the largest specific capacitance value, 105.00 F/g, showing better electrochemical performance.

0 55
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77 BV IR A (PTERE, 51 5 730 %0 60% ) , Bl $if
TGN (B ) A BRS | 7 KRR, T AR
AR B2 7] 77 s KOH ( Ji7 & 73 % 85% ) , K
TIRH Bk 27 10 A PR A | 2.

T B 250 mL (5 s S 2, KRN R
XA S A BR 22 v 773 XS105DU L K F-, #g
el - R 208 ( L) A RS R 75 300X
THRAR KN B g A BR2S | 5 T69YP -
ISA AR E R AL, REETTR AR A R A
A) 7 D8 Advance X U 2 A1 4 1% , 72 [E] Bruker
7577 5 Quanta 250 FEG $4 H 2 545, BHL
ik (PED) AR ] 7 Model 265A 1F HL ik
FF s, 35 B ORTEC 24 W]~ ; CHIGO0E i fk
AR, B RS BR A\ .

1.2 VO,(B) #mryH &

LAV, 05 S J5osE  BEER A 3 J 5, >R 7K $4
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ai, H LR 5V, 05 BYMREE LT « ROR (2 43
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FWFAMT, B 60 mL 287K Hp 4 i i
A 0.545 ~0.136 g WREER , I 44 H B TG 140
FEERIETE 30 min; FE ORISR S | 0] TS BL IRV
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T B A £ 1) A 5 o A A100 miL
PTFE N4 ()8 R s i 28, F 180 C IR L
IV 48 h R N 22 R B = W rh A
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R 2 13 pCi (97 Na, 3£ F PATFIT 2 )7
XF A A i AT AR
1.4 VO,(B)#miyB A2l

Bl 28 1 R ANk VO, (B) H 4l . S
R 2, e B FG 45 %) PTFE 7K %5 7R (5 43 3%
60% ) F IR 8 1 1 1 IRGF LR HIH,
B FHE A PNR AR IRER L R R R
PLOH ) 8 MPa) f H R %, P8 F 80 CHLAR
Jnga 6 b, il VO, (B) FF i HL Ak (VIR ER E 17
FFE S AR T2 5 mg) .

FEHL AL 27 T AR 3 R B = R R X
VO, (B) # S AR AT U6 PR 22 (CV) (fE i 7
JCHL S AT A AL PRI . 40 &R
AR R 0 H oK AR 43 AR A F R R 2 L
%, VO, (B) B & B M Sk TAF B M, HEL R VK
2 mol/Liy KOH ¥, Hrpr, CV il 2l it 2% 14
HHER 0.2 ~0.6 V, F3#i3% 100 mV/s.
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Fig. 1 XRD patterns of VO,(B) obtained under

different oxalic acid concentrations
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Fig.2 SEM images of VO, (B) obtained under different oxalic acid concentrations
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Fig.3 Positron lifetimes 7, and intensity /; of
a series VO, (B) samples obtained under different

oxalic acid concentrations
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Abstract ;: Using polyaniline (PANI) as the matrix and carbon source, ZnCl, and FeCl, as the metal sources,
ZnFe, 0, spinel compounds were synthesized in situ on the surface of PANI by hydrothermal method. The
ZnFe,0,/N-C catalyst was prepared after carbonization at high temperature, its structure and morphology were

characterized and analyzed, and the effect of carbonization temperature on the structure and performance of the

catalyst was investigated. The results showed that the N-C in the catalyst ZnFe,0,/N-C mainly existed in the
form of amorphous carbon. The ZnFe,O, particles were highly dispersed on the N-C surface, and with the
increase of the carbonization temperature, the crystallinity of ZnFe,0, gradually increased; the introduction of
ZnFe, 0, was beneficial to the catalyst ZnFe,0,/N-C graphitization degree, when n(Fe) : n(Zn) =2 : 1,
the total concentration of metal ions was 0. 1 mol/L, and the carbonization temperature was 800 °C , the [,/1

(the peak D-to-G peak ratio) value of the obtained catalyst ZnFe,0,/N-C-800 was 0. 97, which was lower
than the 7,/1 value of N-C (1.12), and it had good catalytic performance for both hydrogen evolution and

oxygen evolution reactions of electrolyzed water.
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AR FE HEAT3RAE : Av B F-HOGAS BB K h
532 nm.

1.4 Bzt

FEHAL E ARG b, R AIME G = il ik &
HEATHEAG AR it %) P AR A 20 e K P B 3. G
e, AR AR (WE) SR T8 A AL R R i 1 3
LR, X AR (CE) MR, Z R (RE) 24
PRI H IR AR, HUAE R 1 mol/L 1Y) KOH 5K
(pH =14). AT, B S6H# A N, 20 min 2 /f]
AR5 A FE BRR 22 (CV) 5 AL AR A1 L,
g BIRE M CV K5, FH#k4T HER A1 OER 4
RED 1.

1.4.1 TEERREIEIE FRICS mg fEALFIRE
i, K LA HIEE 500 pL JE/K AN 25wl i i
5380R 5% 1Y) Nafion JE GV, 8 A 30 min
J& AT BN SRR 0 HOR. FHAS R B 1
B20 WL 23 ER, 3 4 W2 iR T 21 B Bl R AR
W, AR TG, & H.

1.4.2 JWik7AE  RAWEIMRLE:(CV) X
AT RIAG TS AL RS 2 FL 2 (CdD) i : B0t
TE— 7€ 598 Fl N 2390 BA 10 mV/s,20 mV/ s,
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40 mV/s,60 mV/s,80 mV/s,100 mV/s,120 mV/s
FIR A i 3 T 2 R A R A o R AT 3K, 75 31
HEALRIRE S EA A F R T Y CV i & 8
SR e DA AR R H AR R I ) F O T 2 A L
AR FAH AR AR BRI il 2 R AU
T HZRRER RN A 153 Cdl A, %48 -5 AL )
FE i B AL 22 MR AR (ECSA) JGIE H.

K HEME AR L0k (LSV) iE 3¢ TAE R AR
P B L T Y AR D, G R A A R
5 mV/s,HER 434 Gy -1.2 ~ -0.4 V
(vs SCE) ,OER pH#i s 5yE/ 8 0.2 ~1.0 V
(vs SCE) , it Jin v, i 57 A4 S AR XS ] 39 &0 L A
IS
E(vs RHE) =E(vs SCE) +0.24 +0.059 1 x pH
2 FER5THE
2.1 EUFIERNSHESH

P 1 iy i A 790 i S0 4 R AR A 700 R B
XRD [E]. )\ 1a) 0] LUF i, PANT (177 S i 5
SCHRL LT = 12 ] iz 9y ot ) A1 S Wi 7 '8 B AR —
XU R G T PANT; 25 53 ZnkFe, O,
J& ,ZnFe,0,/PANI £ i A HF- 465 H B ZnFe, 0, 1)
FRIEWE (JCPDS #22 - 1012) , X Ui HH7E PANT &
I E G T ZnFe, 0, JREALE YD 1AL,

PANI

ZnFe,0,/PANT

ZnFeZOJ(JCPDS#J—lqu)I I| |
1 |

1'0 2'0 30 40 5'0 6IO 7'0
20/ (°)
a) fEA ) AT 9K A

T 7K PG R R AR B AN 24 S, A AR
a9 XRD % il 3 T EB S Fe, Oy HRRIE
. DNIE 1b) AT DAt AN R B fb i B T A4
FEFIRE S B B ZnFe, O, AR5 4 )@ A AL
Fe,O, 1) H¢1E 0, H Bl % fi £k 6 B 09 T+ =,
ZnFe,0, MNTHHIEZ BTG, Fe,0, FIFFEIEZE
Wi , X K W] = IR AA A T ZnFe, O, 1A AN
ZnFe,0,/N-C Z5 S EE 3 5. BLoh, A LB
R Btk AT S 06 U B e 1 FE T A A A R A
HA B 22 R TG T, A BB AL R R S
2.2 EUFIHEROERSH

2 ML FT IR AA ZnFe,0,/PANT Fl4
£k 7 KE i ZnFe,0,/N-C-800 fj SEM [&. M &
2a) AJLAE ), AL AT SR{A ZnFe,0,/PANI 5
I AH B SR AR AR R 254, HHLFR TR RS
ZnFe,0, MORLRL ) #1712 7E PANT 44 K 5 11 %
187 s N 2b) BT LA, 28 800 “C Ak , T is
HEAL IR & ZnFe,0,/N-C-800 H1 1Y) ZnFe,0, i
WL RUSE 3G, &5 O B 3G, I B BUAE N-C
(2R .
2.3 BUFESNEEXEESHT

K 3 AL AR i ) Raman Y6k AL A
3 A IE Y, RERIZE 1350 em ™' Fi1 1600 cm ™
B30t BRAIR B, Hodr 1350 em ™' 224 1 D U4

AFe,0,

I ZnFe O/N C-600

ZnFe,0, (JCPDS
1L | 1|

10 20 30 40 50 60 70

20/ (°)
b) AR RE 5

B 1 AL AT SRR A AL 1) A o 69 XRD B
Fig.1 The XRD patterns of catalyst precursors and catalyst samples
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SEM

a) ZnFe,0,/PANI

b) ZnFe,0,/N-C-800

B2 AEALHK AT IRAR ZnFe, 0,/ PANI FofE L 7] # o2 ZnFe,0,/N-C-800 ¢ SEM F
Fig.2 The SEM images of catalyst precursor Znke,0,/PANI and catalyst sample ZnFe,0,/N-C-800

ZnFe,0,/N-C-800

500 1000 1500 2000 2500 3000 3500
fiflem™

B3 fEILFH A4 Raman g H

Fig.3 The Raman spectrum of catalyst samples

K CEFIITFEHR 3 1600 em ™ 471 G 1
Sy CJEF spt 2 Ak T 9B X RR b 45 BR 3
1 SE D R G I AR S A 1,/ T,
FORTRIF T L5 R BB R BT , 2 I He (/N
TR LR RE I T B AL TR M, SR
o g B L N-C /Y L/ {112,
ZnFe,0,/ N-C-800 ¥ I,/1, {5} 0. 97, Ui Bl
ZnFe, 0,185 A B FHEALH] ZnFe,0,/N-C 17
AR 0 B 5, T T A B T 4 L A
PERE.
2.4 EAFIERBLSEEEST

& 4 g fi L 7 B B N-C, ZnFe,0,

ZnFe,0,/N-C-800 7E = Hi A R H X} HER 1 RE
(R P 48 PR RO 2 e A it 2 (A 32
5mV/s). 1Kl 4a) o] LA H, 3 R AL RE &
F1R) FEL O 2 R A s Dt v, s ) 1 DR T 44 K, 5 3
BRC18 1 iy fliid— 2. Horr, N-C 7l v R 9 ]
PR HL 2 B L AN BT B i HER fi# b
REALFE s ZnFe, O, AL TERENS A ok, (H HL I
IR Hoad W S8 ; ZnFe,0,/N-C-800 HY
HER HEA R BE N B 2 32 T, 7030 I H U 23 B
10 mA/em’ i}, Hoast B AV Ky 0.2 V.

XUH 2 L 75 i 2k (&1 H i 3R s o 45 4
st FROBURE, 2 R 2 (B ( CdL) . —JBOR L, HEAL R Y
LI M L R A (ECSA) {5 Cdl fE I Fe
Cdl {E K, FirXof bz Y ECSA {8 oK, HoA Ak
PEREd AT i 4b) BT LA L N-C #Y Cdl
5% 13. 65 mF/cm’, ZnFe,0, 1 Cdl { K
1.05 mF/cm’, ZnFe,0,/N-C-800 1 Cdl & H
21.75 mF/cm®, ZnFe,0,/N-C-800 ff Cdl {i B
K TF ZnFe,0, 1 Cdl {EHF1 N-C 1y Cdl {f, B
ZnFe,0,/N-C-800 [fj ECSA I F, i fb 14 BE i
I, X —25i8 5 HER PEREMHASE 2 —20.

AN, B % 5% T AR AR IR BE A5 T
FF 45 KL ZnFe,0,/N-C %} HER F1 OER i
HEPERE. B S AL FIRE i Znke,0,/N-C X HER
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F1 OER 1 LSV & (o, n(Fe) : n(Zn) =2 :
1, GJE e AWk 0.1 mol/L). & 5 Al LA
E i, WA B AR 1 42 55, ZnFe, O,/N-C (1) f
fePEREY A KW/ e, B Y kit
JEh 800 C B, M ke Z J5 B il 45 19 FE S
ZnFe,0,/N-C-800 %} HER il OER {4 fi:fk 14: fig
PIRhy e AR IR) F 3t 9 BT, Lt n v s e /.
55 VERE VM 45 5 AN Ak 500 ) 25 A5 4 mT 0, i
H A i AL Sk 800 “C.

3 4hig
ASC AL PANT Sy e R A fige 5, ZnCl, F0
o N-C

T -s50f

5

<

£ 100}
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S

@ -150}

-200 . . L . .
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a) LSVE

FeCl, g4 @5, F 7K #9576 PANL R 18 I/
H I ZnFe,0, 235 A7 , FE 1 H]45 ZnFe,0,/PANI
TEALFIETBR A , 2 Ak J5 15 21 g 7K BN Jr s
AL F] ZnFe,0,/N-C. i 11 2% 8B Ak i BE X
TR ZE A8 I RR 19 5% 1 m] A, e A A
ZnFe,0, 14 i Fl ZnFe,0,/N-C 45 5 1k i) 42
F, M n(Fe) tn(Zn) =2 0 1, &)@ &1 MK E
0.1 mol/L, Ak ik 2 2l 800 °C B, fir15-4i 1k
FIKE G ZnFe,0,/N-C-800 [ £7 S5 4k T B B 0,
1,/1, {54 0.97 K F N-C 1y 1,/1, fH(1.12),
HX} HER 1 OER ¥ HA B4 i fb v ge. 4
SCITH] ZnFe,0,/N-C fEALI RIS R 47 A HL i

Lor .
A
0.8 Y o - /,t,
5 N-G ﬁbfi_____..---- r g 5“&\0“‘
: M e Q,L\.'\
L6 T, F W
= e ol
H - (L‘\Q?fl
04
&
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B 02
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-— L § 5 ¥ 7
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Fig.4 The LSV curves for HER and the calculated Cdl of prepared catalysts
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Fig.5 The LSV curves for HER and OER of ZnFe,0,/N-C catalyst with different pyrolysis temperature
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SR SEAREAL T A B T R R IR EH S % )
Sefg kLWL ZnFe, O, T2 480X 4
PEPERE RS I 25 S HAE AL RS UE 1, TR] v 221
R FL A A 35 SR L AR PR A S IR, 5
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RGO #9mA ¥ KT ZnMn,0,/RGO Z &4 469k K @ AR, & T ZnMn,0, #F
AR AR EE A 2 A/g 65T, R Bk A R Bk PR
ZnMn,0,/RGO F &g v 555 4 763.4 F/g 2 127.8 F/g, % 500 K 4
REIG, AT R R &G L MA SR F RS A 84. 9% F=

83.0% , 46 & , 2 A #Gk P4 ZnMn, 0,/ RGO F_ 444 FHa4 2 A A 5547
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Abstract ; Using manganese acetate, zinc acetate and self-made graphene oxide as raw materials, ZnMn,0,/

RGO composites were prepared by solvothermal method and hydrothermal method, respectively, and their

electrochemical properties were studied comparatively. The results showed that the addition of RGO increased

the specific surface area of the ZnMn,0,/RGO composites and improved the electrochemical properties of the

ZnMn, O, material ; under the condition of a current density of 2 A/g, the ZnMn,0,/RGO composites prepared

by solvothermal method and hydrothermal method had specific capacitances of 763.4 F/g and 127.8 F/g,

respectively. After 500 cycles of experiments, the capacitance retention rates of the composites made by these

two methods were 84.9% and 83.0% , respectively. The ZnMn,0,/RGO composites made by thermal method

had better comprehensive properties.

0 55

W A BRZE T TR B M A TR AR
AR R I PREE TS YL R) 8 H 45 ™
1 IR A A Rk R B R SO T fig
WAL, TR BT REUE = b s ik > R
BAEHREIR L A A Y AR
P A AR B, DR TR % R e o 2 S 8
B, PR INAGE BBl IR KB L )k B AR
SREA T R RS

KWLk, A1 384 (RGO) M —H 4 ) iz
IS FAE RS i 2 B B v AR P 2
B TEAR A LA 2 A0 AR, A S R
JZ AR T TR i 550 o o e A e, 18
AN T HAROEAR, DT BOH: b = BE R AT
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& RLEAA B i W S8 AR s 1 B T I e B
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C. K. Sim 25" SR FBHR 1 A i T A FLAR/
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100 mA/g BIAME T, Zad 90 IRIEHS2 56, H kb
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AL VR A R T SRR S S R 18 nm B
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KBTI, AT L CBRES L EREEF A il 4
AT 58075 (GO) S JEURE, 43 il FTA 7RI 30k Ak
PIL il & ZnMn,0,/RGO & & b1 &}, BT R H
ANF 6 %5 1 ZnMn, 0,/RGO &4 AR HL
ek 225, DU AAS | R PERE A S
g Ak AR S

1 RSk

1.1 AFI 58
FZ5 vk H,80,, %k H,PO,, ¥k HCL, H
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(Mn(CH,C00), - 4H,0) , 2% (Zn(CH,CO0), -
2H,0) , k% ,H,0,, o7k Z i, KOH, [F 24 4 [4]
A2 R BR A | LA 38 Sy 43 B 4k
FERE A8 (C) T BRI ER
PR R IR SR B, R X ) 2
Y5 AR 7 s B A IR S M (PVDE) |, 12 [ i
BRI BR A A . DL ESRY Tl 2.
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Abstract : Four kinds of pre-drying treatment technology ; water cleaning, ethanol cleaning, water cleaning after

calcification treatment and ethanol cleaning after calcification treatment, were used to dry the breakable capsule

and select the appropriate pre-drying treatment technology. The influence of calcification concentration on the

particle size and crushing strength of the breakable capsule was analyzed,and the calcification concentration in

the process of calcification before the breakable capsule drying was determined. The results showed that the

water cleaning after calcification treatment was the appropriate pre-drying treatment technology for breakable

capsule ,and 0. 3% was the appropriate calcification concentration. The use of the pre-drying treatment technol-

ogy and calcification concentration could shorten the drying time of wet breakable capsule,reduce energy con-

sumption ,and improve the production efficiency and the consistency of finished breakable capsule products.
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Fig.4 Effect of pre-drying treatment technology on the crushing strength of breakable capsule
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Fig.5 Effect of calcification concentration on the particle size of breakable capsule
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Abstract: SDE-GC-MS was used to determine the content of flavor components in flue-cured tobacco leaves of
suitable storage period in Chongging tobacco-growing areas, and descriptive statistical analysis was carried out
for the determined flavor components. Principal component analysis was used to screen the characteristic inde-
xes of flavor components, and the difference significance analysis, multiple comparison and cluster analysis
were carried out for the selected characteristic indexes. The results showed that there were significant differ-
ences in the content of 63 flavor components in tobacco leaves, and the variation coefficients of flavor compo-
nents in upper and middle tobacco leaves were 12. 12% ~59.97% and 10. 41% ~ 73.25% respectively.
There were significant differences in the region, aged time, cultivar, and grade of tobacco leaves, and the
influence degree of different factors were region > aged time > cultivar > grade, but there was almost no signifi-
cant difference among the grades within the position. Characteristic index content of flavor components in
upper tobacco leaves of Fengdu was higher, Fuling was the second, Wulong was the lowest. Characteristic
index content of flavor components in middle tobacco leaves of Qianjiang was higher, Nanchuan was the sec-
ond, Wulong was the lowest. The upper and middle tobacco leaves were divided into three categories. The first
category of upper tobacco leaves includes Fengdu and Nanchuan, the second category includes Wulong, Peng-
shui and Qianjiang, the third category is Fuling. The first category of middle tobacco leaves includes Fengdu,
Nanchuan and Qianjiang, the second category includes Wulong and Fuling, and the third category includes

Pengshui, with high significant differences between categories.
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Table 1 Information of flue-cured tobacco
leaves samples in suitable storage period
PR AR AR ARG M ARy R SR
2014 =46 87 B3F 2013 =497 B2F
2015 =4H 87 B2F 2013 =4H97 B3F
2015 =40 87 B4F 2015 =HH97 BAF
S 2015 =46 87 B3F ok 2015 =HH97 B2F
2014 =)W 87 C3F 2013 =HH97 CAF
2015 =W 87 C3F 2014 =HH97 CAF
2015 =4H 87 CAF 2015 =HH97 C2F
2015 =4H 87 C2F 2013 =HH97 C3F
2015 =46 87 B2F 2014 =HH85 BAF
2015 ZJH 87 B4F 2015 =685 B3F
2014 =687 B3F 2014 {85 B3F
o, 2015 ZJH 87 B3F syt 2015 =685 B2F
2013 =687 C2F 2015 =85 C4F
2015 =87 CAF 2015 =85 C3F
2014 =@ 87 C3F 2014 Z4H85 CAF
2015 =/H 87 C3F 2014 =4H85 C3F
2014 =4H97 B3F 2013 =4H97 B2F
2015 =4H97 B3F 2014 =MW 97 B4AF
2015 =4H97 B4AF 2013 =4H97 B3F
-l 2015 =4W97 B2F e 2015 =4H 87 B3F
2014 W97 C3F 2013 =497 C2F
2015 =MW97 C2F 2014 =HH97 C2F
2015 =MW 97 CAF 2014 =HH97 C3F
2015 =MW97 C3F 2015 =4H 87 C2F
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5 %] Sigma-Aldrich 23y ] 7.
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AX504 HL 3B RV (8 0.000 1 g) |, Fij -4
FEEIOA w7 5 [l 2R R 2 U, s KT 4
Mror B A A ) 75 R = 205 Jig§% 25 KA, Hin 1
Buchi 22 w773 SSY - H {H i /K, b —=H B
T A R |7 5 SXKW - 1000 HLHVE , Jb it
Hh YA A S A BR S 777 5 Agilent7890B/5977B
MSD S5k F ( GC-MS) 73 B, 26 [E 2 HE e Fl
He N w]

1.2 #HAkE

M) 22 5, BGE 224 5 BT 40 “C 4t
FAThTRALEE 2 b e, 1 40 H 0, HERRFRHEL
25.0 g HHAKE b, A [R] B 25 18 %< B (SDE ) 2%
H— i) 1000 mL B, A 350 mL {fy
Fl NaCl 5 F1— & T NAME G ( LR
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Table 2 Descriptive statistical results of flavor components of flue-cured tobacco leaves in suitable storage period

R Hr ANt

W Aoy FHE H/ME SN | 5 FHE H/ME BRE 5 5

pg g ) /(pgog ) /(ugg) B /(pgeg ) /(pgeg ) /(g g ) REV%
%, R 3.44 1.64 6.68 38.21 1.97 1.07 3.10 25. 04
%, BT 1.42 0.27 2.73 39.82 1.02 0.61 1.55 27.51
% CE 4.37 2.96 5.73 16.31 4.02 3.10 4.96 14.13
% T 0 i 11.90 6.95 18.07 21.51 16.09 8.48 24.54  26.90
% 3 — O I R 3.49 2.21 5.15 21.00 3.38 1.94 4.74 20.23
% B 212.66 130.38  285.33 21.32 217.73 135.07  274.88  23.35
% e 139.90 93.15 182.89 15. 64 121.40 91.12 169.81  14.77
v 4—IRE -1.3 - i 61.01 43.90 77.79 16.77 63.03 47.92 81.84  15.10
% 2(5H) - Wk 49.69 33.26 73.90 19.78 37.78 22.61 49.35 17.38
Yo 5 — g 11.14 7.63 15.60 19.50 11.22 7.70 15.47  21.88
o, Sl 3.47 2.12 5.45 27.29 311 0.66 5.91 41.12
2 5 — F Bl 27.77 13.94 40.36 19. 54 17.96 13.38 2.2 12.48
. L B4 10.59 5.10 19.90 37.80 13.88 7.74 22.80  30.84
X4 3 — M 8.75 5.99 11.74 21.34 8.52 5.48 1253 22.04
s 2 — g 15.05 8.21 20.79 2.11 12.66 5.52 17.29  25.50
X R L R 1 475 5.88 3.78 7.92 19.13 6.50 3.57 10.62  25.98
P R 165.87 105.23  226.29 20.00 129.37 64. 34 170.97  21.77
Xig K 106. 60 68. 14 136.34 19.75 86.40 48.89 121.68 19.39
o 2 - Z kL 97.81 75.39 118.78 13.30 9. 42 53.87 145.00  21.62
%  2-WH -1 4-F"W  57.06 31.09 79.37 29.29 60. 68 35.13 78.25  25.21
%, AR 7.48 5.51 10.17 17.80 6.30 4.88 10.27  20.54
. e 18.18 9.73 26.98 24.08 17.60 8.99 25.62  21.53
Yy 3 - Z R 18.16 9.83 26.28 20.25 14.97 10.91 18.57  15.32
4 7 144.51 93.56 206.27 19.93 102.96 61.40 141.08  19.72
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R2(4%)
A T A

Wy S % R H/IMHE S YNE] AR R =/MH S yNE] A

Spgrg ) /(pgeg ) /(pgg™) REUE  /(pgog ) /(perg ) /(pgeg) REU%
Nps N = 3L -2 — g ag 9.21 6.33 14.29 20.65 8.14 5.95 16.39 28.95
%6 HA 6.53 4.13 7.83 15.69 5.46 3.66 7.40 14.53
Xy alpha — By 6. 44 3.67 9.62 26.75 5.50 2.44 7.86 29. 84
Xog 2,3 = ARk 33.40 16.13 53.03 30.28 30.97 14.00 43.08 30.59
ty 7 Zutt%ﬁ‘_“z‘?_%ééli T 30.07 23.92 40.22 14.97 27.59 20.15 34.32 14.31
X IS 31.94 19.59 48.99 24.76 24.14 13.24 32.99 20. 83
X, Xif LA A B A 120. 62 62.25 191.35 34.25 112.28 40.08 170. 83 33.13
X5 Al 6.87 3.06 11.40 29.42 6.07 3.44 8.65 27.54
X3 i 506. 04 186. 15 669. 98 22.72 363.47 204. 54 521.19  21.22
Xy AL 216.62 155.84 269.27 14.22 256.32 125.93 337.44  22.31
%35 ;%ﬁi%gigg;’j@_% 201.41 158.95 239.18 12.12 191.91 144.57 230.03 10.41
X 2 S P 62.29 42.21 91.77 21.10 58.57 43.07 79.72 16.64
Xy B - 45 T 24.62 15.54 36.08 23.19 20. 65 11.32 27.72 24.75
X 2.3 ‘T:g%}}gﬁfm 82.46 23.36 134.46 31.10 68.34 23.80 105.91 26.81
Xy O ﬁ%g_‘l i%ﬁ@‘ﬁz"?’ T 76.34 45.60 103.59 25.59 74.52 27.90 108.38  34.25
X0 AU M S 243.25 171.36 356. 56 20.01 216.87 154.15 276. 44 18.07
Xay B 5 0 A 104. 58 81.88 129.83 14.65 85.12 66. 66 106.25 14. 48
Xy 3-fTH -4 -BIEEREE 128.90 96. 64 157.92 12.57 132.07 99.50 171.78 16. 48
X3 B 5 = J%H B 471.44 312.23 653.84 20.04 364.53 255.62 538.12  20.38
g B 5 =0 C 69.22 50.52 91.74 18.04 53.35 39.09 75.23 16.70
N5 A-FI-B- “HKDE] 211.85 167.22 294.41 17.93 239.36 171.32 333.09 18.82
X B =KD 373.23 244.74 499.77 19.53 292.63 199. 18 423.01 18.50
Xy - %%‘_4; %HEE 133.47 83.57 246.07 27.98 141.42 91.19 196.01 16. 40
Xgg (+) -l 35.87 7.37 91.89 54.78 13.90 1.88 50.47 73.25
X 9,10 - A - RRKMHE 231,92 99.41 350.86 29.00 141.72 60.25 211.69  33.08
5o BEA 2 36.27 10.79 109. 67 59.97 18.87 6.16 42.28 46.23
xs,  WEAKR2-2HCE  161.46 82.96 287.39 28.80 87.00 41.67 122.63 24.60
Xe KN G 463.74 235.82 753.87 28.61 238.35 101. 44 386.39  29.73
X3 G 1998.03  1528.74  2742.99 16.69 2394.29  1839.91 3413.02 17.16
L e 33.05 16.76 49.05 21.81 24.61 13.22 33.29 25.11
Xss o JR HE PR 59.08 38.01 75.33 18.04 72.16 60. 33 87.82 11.04
X TR R FE S 143.40 69.41 227.15 26. 16 180. 50 119.33 286.77  24.93
X5y ey 597.87 374.61 811.19 19.79 761.01 529.34  1036.72  19.09

1,5,9- =HH-12-(1-
xsy HIZHE) —4,8,13 -+ 817.91 403.91 1233.47 28.08 792.31 441.46 991. 66 14.82
=H-1,3- 2

sy E=tLE 210.28 118.30 327.51 26.62 236.40 122.92 333.14 19.52
X0 T 3R G 180. 83 94.62 255.16 26.01 216.73 143.06 369.05 28.94
X1 0 PRI FE S 529.40 230.52 824.82 33.65 569. 61 185.32 758.48  23.12
e Tl Ja 7 v 393.58 168. 64 704. 49 35.95 412.57 200. 32 566. 61 21.29

X3 AR 646.38 365.71 1216.58 38.61 662.53 345.92 962. 63 21.34
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Table 3  The significance analysis of characteristic indexes of

flavor components in tobacco samples from different regions,aged time and cultivars

ESRE YN e L
o R B R [ X Ny S
X T <0.001**0.002** 0.003** 0.851 | x5 3 — Wk FH 0.036" <0.001** 0.12  0.241
vg 4K -1,3 - i <0.001° *0.009" “*<0.001 “*  0.882 % b <0.001**<0.001** 0.018*  0.275
X3 LB <0.001°70.006" " 0.003""  0.%49 || x HIIROARE  0.002** 0.085  0.059  0.975
Xy 2 — s FH <0.001 £0.001"* 0.005"* 0.79 || xp oy 0.059  0.012* 0.015° 0.039"
Xy K 0.014* 0.012° 0.164 0.33% || 3 - LA RE 0.008** 0.007** 0.476  0.367
Xy &{_ﬁﬁ‘fiﬁ%ﬁ <0.001770.027*  0.005°" 0.729 | = il <0.001** 0.995  0.005** 0.073
Ty i 0.00° 0.034° 0.002°" 0.803 | %?{T:;)%—I}gﬂ_ﬂ <0.001°" 0.395  0.03°  0.120
Yy BRI 0.003°70.015"  0.031"  0.349 || x4 Fi G =0 B 0.031°  0.044"  0.020°  0.469
X 9,10 - JBiA - K <0.0017%0.0057F 0.001* " 0.835 || % 9,10 - A - KM 0.001° *<0.001°* 0.567 0.377
Yo AR R 0.001"*0.001"* 0.009"" 0.673 || s FRAEER T 0.011* 0.337  0.006  0.450

FE TR AR 0.05 F10.01 KFERBE. TR
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Table 4  Multiple comparison results of characteristic index

contents of flavor components in upper tobacco leaves from different regions ne/'g
. 7

i IS A R W W Bk B
X6 BT 255.956" 169.166" 239.467" 248.648" 185.424"  177.295"
g 4 - Ak -1,3 - 65.207"  50.865°  75.741°  64.148"  56.434"™  53.649"
3 FH 2 B A 10.874™  7.318"  17.152*  12.530" 8.023 7.671°
s 2 — Nk F 17.178"  11.938"  18.351"  18.411"  12.292" 12.115"
Xy R 117.345"  95.320™ 114.765™ 129.844"  89.762° 92.545°
Ny 3 - FE-4-FIE-TH-mMg -2,5- "H 29.055™ 26.880°  38.414"  31.229"  27.606° 27.243¢
X33 it 626.811" 387.776° 571.612" 523.059" 488.741"™  438.258"
X3y 5 KR 206.863™ 195.176"™ 244.472" 246.476" 192.747°  193.961°
£ 9,10 - & - K M4 286.563* 159.030° 303.311° 281.172° 187.942"  173.486"
g0 IR H R 202.479"  136.460" 207.980" 221.016" 152.557"  144.509"

ERPFE AT AR A MR TR R ER AL E (P >0.05) ; JOAN R 7B A A AR 5 i, RoR 27 3 (P <
0.05) ; “FREME AR W AR E , 2R 22 7 B3 (P <0.01). R,
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Table 5 Multiple comparison results of characteristic index contents of
flavor components in middle tobacco leaves from different regions we/'g
7
SR B - .~ - ;
F48 B b 2] Bk T
%5 3 — g F 3.778" 3.139* 3.418° 3. 685" 2.505" 3.782°
X i 257.607" 180.832°'  210.863"™ 251.222" 144.041'  261.795*
%16 FH LR 65 B 7.135* 7.358" 7.280" 6.167° 3.736" 7.313"
X by 19.430"  15.531" 16.644"  16.426"  15.454" 22.108°
X3 3 - LR nE 15.522%  13.324° 13.950"  17.690*  13.060° 16.276™
X33 i B 383.972™ 277.536°  314.107* 338.944"' 396.911""  469.354°
%y 2,3 - T"HIE - (3-FfLTIH) OB 83.541"  42.390¢  59.100°  70.502™  65.312° 89. 169*
e B & =) B 277.481°  440.249*  364.139" 365.284% 397.789"  342.249™
P 9,10 - A - HEM % 163.773® 112.100*"  134.956™ 197.950*  83.751%  157.764™"
s FRAE IR H 213.971"  146.449"  173.055™ 200.585" 133.074"  215.856"
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Fig.1 Clustering analysis results of flavor components

in upper tobacco leaves of suitable storage period
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A2 EREAMEHRBrRERSRESH
Fig.2  Clustering analysis results of flavor components

in middle tobacco leaves of suitable storage period

%6 EREAHERBETENNKERS ST LEFEE RSN

Table 6 The significance analysis on the content of flavor components

among categories of upper tobacco leaves in suitable storage period ne/g
HF BRI Pl B Bk B
%6 B <0.001"" 252.30° 177.29" 239.47°
g 4 - -1,3 - R <0.001"" 64.68" 53.65° 75.74°
X3 FH 25 05 T <0.001"" 11.70" 7.67° 17. 15
X5 2 — N H <0.001"" 17.79* 12.11° 18.35°
Xy R <0.001"" 123.59° 92.55" 114.77*
X 13}1_—%%__42_,?_%:@@ <0.001"" 30. 14" 27.24° 38.41°
X3 Hiti ) 0.009"" 574.93" 438.26" 571.61*
X3y eI <0.001"" 236.67" 193.96" 244.47°
g9 9,10 - BiA - SR <0.001"" 283. 87" 173.49" 303.31*
g VY 2 T <0.001"" 221.75° 144.51" 207.98*
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Table 7 The significance analysis on the content of flavor
components among categories of middle tobacco leaves in suitable storage period ne/g

i5ES HE RS P K %k o2k
%s 3 — WK B <0.001"" 3.75" 3.28° 2.51"
%5 by i <0.001** 256. 87" 195.85" 144.04°
T FH LR 30 T <0.001" " 6.87" 7.32° 3.74"
Xy g 0.075 19.32° 16.09* 15.45"
X3 3 - Z W Fnk g <0.001"" 16. 50" 13. 64" 13.06"
%33 TR <0.001*" 397.42° 295.82" 396.91°
2,3 - “HIZE - . . b ,

ow (3 - GCTIE) - FFOLH <0.001 81.07 50.75 65.31
Xy3 B S =5 B 0.050 328.34" 402.19° 397.79*
Xy 9,10 - B - FR 47 <0.001*" 173. 16 123.53" 83.75¢
s FRAE IR H I <0.001"* 210. 14* 159.75" 133.07"
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Abstract; The research and application status of flavoring and moisturizing filter rods based on addition of
additional materials (fragrance line, capsules, gel and particles) and raw materials ( triacetin, wrap paper
and acetate tow) , and other flavoring and moisturizing filter rods were reviewed. It was pointed out that the
flavoring and moisturizing filter rods based on addition of additional materials had more loading capacity and
better controllability, but the principle of flavoring and moisturizing as well as the overall impact on cigarette
quality were still lack of systematic research. The preparation process of the flavoring and moisturizing filter
rods based on addition of raw materials was simple and the cost was low, but the loading capacity of the addi-
tive was small and it was easy to volatilize. So it was suitable to be an auxiliary means of flavoring and moistur-
izing. By optimizing the structure of the filter rod and adding the auxiliary agent to the other carriers, the other
flavoring and moisturizing filter rods had more function of the filter rod and better controllability. However the
structure was complex, the production cost was high and the quality control was difficult. These flavoring and
moisturizing filter rods had some problems, such as imperfect production technology, unstable product quality
control and high production cost. The future research can integrate the existing technical means and adopt the
multi-element filter rod structure to effectively improve the fragrance and moisture retention performance of the
filter rod. At the same time, It can also optimize the production process of filter rod to reduce the production

cost and improve the quality stability of filter rod.
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Abstract : Through numerical simulation method which combined Moldflow software with orthogonal experi-
ment, the residual stress distribution after demoulding in the thickness direction of three typical positions of
polycarbonate corner window plastic parts was studied, and the injection compression molding process of corner
window plastic parts was optimized. On the basis, the main factors were selected to investigate the influence of
the main process parameters on the residual stress of the product. The results showed that the residual stress
distribution after demoulding in the thickness direction of three typical locations of the product conforms to the
three-region distribution of tension-compression-tension. The optimum combination of process parameters was
that the mold temperature was 105 °C , the melt temperature was 315 “C , the injection time was 3 s, the com-
pression force was 882 kN, the compression distance was 1.0 mm, the compression speed was 5 mm/s, and
the delay time was O s. Melt temperature, delay time, compression distance were the main process parameters
that affect the residual stress of the product, and the residual stress of the subsurface layer and the center layer

of the plastic part decreased with the increase of the melt temperature , while the residual stress of each layer in

the thickness direction of the plastic part increased with delay time and compression distance.
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Fig.1 The geometric model of

corner window plastic parts
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A1 ERRBRERKFELR
Table 1

Factors and levels

table of orthogonal experiment

SEX
K "
A/C B/C C/s D/kN E/mm F/(mm-s”') G/s
1 8 295 2.0 686 1.0 1 0.0
2 95 305 2.5 882 1.5 3 0.5
3 105 315 3.0 1078 2.0 5 1.0
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Fig.3 Residual stress distribution in the thickness

direction of injection molded parts

%2 EXRBEER

Table 2 The results of orthogonal test

R A% : : SIRIDMP gy
A B c D E F G B 1 A 2

1 1 1 1 1 1 1 1 -8.020 -7.838 -17.985
2 1 2 2 2 2 2 2 -8.136  -8.014 -18.143
3 1 3 3 3 3 3 3 -6.769  -6.324 -16.326
4 2 1 1 2 2 3 3 —13.408 —13.074 -22.439
5 2 2 2 3 3 1 1 -7.439  -7.352 -17.379
6 2 3 3 1 1 2 2 -5.929  -5.794 -15.360
7 3 1 2 1 3 2 3 -8.817 -8.105 -18.556
8 3 2 3 2 1 3 1 -2.818 -2.426 -8.398
9 3 3 1 3 2 1 2 -6.193  -6.069 -15.752
10 1 1 3 3 2 2 1 -7.375 -6.755 -16.991
11 1 2 1 1 3 3 2 -7.754  -7.217 -17.490
12 1 3 2 2 1 1 3 -6.047 -5.909 -15.531
13 2 1 2 3 1 3 2 -8.060 -7.287 -17.711
14 2 2 3 1 2 1 3 -7.571  -7.442 -17.509
15 2 3 1 2 3 2 1 -5.539  -5.301 -14.682
16 3 1 3 2 3 1 2 -5.940 -8.941 -17.605
17 3 2 1 3 1 2 3 -6.58  -6.144 -16.081
18 3 3 2 1 2 3 1 -5.558  -5.689 —15.001
k, -17.078 —18.548 -17.405 -16.984 —15.178 -16.960 -15.072

k, -17.513 -15.833 -17.053 -16.133 -17.639 -16.636 -17.010

ky -15.232 -15.442 -15.365 -16.707 -17.006 -16.227 —-17.740

W2z R 2.281 3.106 2.040 0.851 2.461 0.733 2.668
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Table 3 Results of variance analysis

FE AdE RETorm ) P sRE%
A 2 17. 603 8. 801 2.277 14. 185

B 2 34.331 17.166  4.441 27. 665
C 2 14. 275 7.137  1.847 11. 503
D 2 2.258 1.129  0.292 1. 820
E 2 19. 605 9.803  2.536 15.799
F 2 1.618 0.809  0.209 1.304
G 2 22.811 11.405 2.951 18. 381
w3 11.595 2.865 9.344
Bk 17 124.097 100. 000
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Fig.4 The effect of melt

temperature on residual stress of products
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on residual stress of products
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Fig.6 The effect of compression

distance on residual stress of products
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Abstract ; Aiming at the singular configuration of 3-RSR parallel mechanism in the process of motion, a new

method based on the theory of screw, geometric algebra and space linear geometry theory was proposed to ana-

lyze the singularity of 3-RSR parallel mechanism in the full-attitude and multi-motion mode. The method first

used screw theory to find the 3-RSR complete Jacobin matrix of parallel mechanism, and then represented the

anti-screw of each branch of the mechanism by algebraic method and geometric mapping method. The

singularity diagram of the mechanism in the fixed mode was obtained to make the singularity analysis of the

full-attitude and multi-motion mode, combining with the space linear geometry theory to analyz the anti-screw

correlation. The results showed that this method could more concisely and intuitively represent the singular

configuration of 3-RSR parallel mechanism in two motion modes, and it did not need a lot of calculation. It

was also suitable for solving the singular configuration of other multi-mode mobile parallel mechanisms.
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Fig.1 3-RSR parallel mechanism schematic diagram
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Fig. 6 The expression of the space screw of the mechanism when the three

spherical pairs are completely overlapped

a) IR TE A A 3k b ) BBl S R 4 H] Rk
A7 &Afe B & AR —-F @ AL E A R Ak e R A
Fig.7 The expression of the space screw of the mechanism when

connecting rod and upper platform are in the same plane
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Fig.8 The expression of the space screw of the mechanism when the connecting rod is parallel to each other
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Fig.9 The expression of the space spiral of the

mechanism when the axes of the driving rod

and the connecting rod coincide
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Fig. 10 One cycle motion gait of 3-RSR
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Fig. 14 Movement process diagram of gait 3 to gait 4
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Abstract : Aiming at the problem of idle time utilization and conflict of discrete processing equipment generated

by flexible job shop scheduling in cloud manufacturing environment, a flexible job shop scheduling scheme in

cloud manufacturing environment based on hybrid genetic algorithm was proposed. Under the premise of ensu-

ring the smooth completion of workshop tasks, the residual capacity of the workshop was defined and then

packaged and released to the cloud platform. Taking the minimum penalty total cost as the goal , combined with

the actual situation of workshop production scheduling, the cloud order tasks were selected to process together,

and the genetic variable neighborhood hybrid algorithm was used to solve the optimal scheduling sequence of

cloud tasks, and the optimal scheduling scheme was formulated. The benchmark test results showed that the

scheme realized the collaborative production of workshop production tasks and cloud platform tasks, and im-

proved the enterprise§ revenue and resource utilization.
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Fig.9 Flow chart of hybrid genetic algorithm
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Table 1  Example results of Brandimarte and Kacem of different algorithms
N ) X SCHk[4 ]k SCHRL6 ] ik SCHRLT ]k A
s "L WIS Ot T s s G/ i Cos WX G/ e
min  1RZE/% min  RZ/ % min  RZ/ % min  RZE/%

MK 10 x6 36 42 40 40 0.0 40 0.0 40 0 40 0.0
MK2 10 x6 24 32 26 26 0.0 26 0.0 27 3.7 26 0.0
MK3 15 %8 204 211 204 204 0.0 214 4.9 204 0 204 0.0
MK4 15 %8 48 81 60 68 13.0 65 8.3 64 6.7 62 3.0
MK5 15 x4 168 186 173 172 0.0 179 3.9 175 1.8 174 1.1
MK6 10 x 15 33 86 58 60 5.3 58 1.8 65 14.0 63 5.0
MK?7 20 x5 133 157 144 139 0.0 145 4.3 144 3.6 145 4.3
MK8 20 x 10 523 625 523 523 0.0 523 0.0 523 0 523 0.0
MK9 20 x 15 299 369 307 307 0.0 307 0.0 309 0.7 307 0.0
MK10 20 x 15 165 296 198 206 9.6 197 4.2 234 23.8 198 0.0
MKI11 4 x6 17 17 17 17 0.0 17 0.0 17 0 17 0.0
MKI12 6 x6 33 33 33 33 0.0 33 0.0 33 0 33 0.0
MK13 6 x10 44 44 44 44 0.0 44 0.0 44 0 44 0.0
MK14 8 x8 14 14 14 14 0.0 14 0.0 14 0 14 0.0
MK15 10 x 10 7 7 7 7 0.0 7 0.0 7 0 7 0.0
MK16 15 x10 11 11 11 11 0.0 11 0.0 11 0 11 0.0

T’;g/ﬁf 1.74 1.71 3.39 1.34

N T BRI FHAS SO SR = il i PR B R 4 oEE
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AR AR M 2 T 38 5 7™ A ) ) A ) A 35
TOE W EE Y] 46 5 8] A O FF- 4, B 4= ] DA B (8]
O JHAG I LI, JF € 5 ~ 10 min ] [A] B P,
PLES M, 9 ] 5 AT 55 Bl , SR T L
VRS s R B 20 ~ 30 min N, HL4% M,
PLANR) T RAT 55 BUE . S50 2 B0k B A8 BT A I
[6]24 90 min, V& Eicss P=0. 5, H6 1%
TA € =0.1, TAECH 10, TF5CH 6, Ml
ol 6. 43 BB AT A SR SR 12 ] 531 A5
BR013 583K 100 R, 15 2 SE 561 24 73  hy
101 min,105 min, 103 min, 158 1) & {0 53 5~
96 min, 100 min,98 min. gL A] W, FHAS 0B
KA 2 il 3 PR 2 Al 4 1R] [R]85 R e
R, AR T X = 1T B AT A 77 8 B 22 HE
o S RE T4 I R B A ) L, BB AR = 1T FAAT:

55 56 LR T 45 2 22 5T, (H =T 5 Y

Wt PR TAEST A €, R ML= A s 7.

ARSCET X 2 il i P T Z AR 2 [a] 3 5
7R S TR s 14 25 RIS 1] A K B B
55 B AR5 wh R R, # dE  hili ARll
IR BERES, N7 1 DL T B 7 A Y B
NETTRA A PEAE Hbs I BCA R, Beit T B
NG AN B9 H AR R B, 4R Y T — AT
IRA BT RS 8 h FIS DO 47 ] 3 2
Ik gIrikl o B BRI TES 5
8] IR R AT 55 — B 2E AT, R TR T Y
HEFF 4 20 5% J7 1% RIS T BIL A48 08 4% 1) 20 B D7 35
TEHAT AT 55 P BE BT H I RETT B 42 18] B BT 55
Jir o PRI ST B, SR A AR ISR U , PRIk
VT R T 7 A A R T AR e S
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