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KA HENTSHNEEYDREEELER

AR, #EE?, £ W2, T4, mIRY, XEE?, mEa2, k&Y

(1. VTR A2 Aolk 524 M4 R 22 8%, WV A 3113005 2. BITT AR 2 48 3k e W iy ik B B X
JESLEG A, WYL AT 311300)

THE: [ B ] A5 4E Torreya grandis ‘Merrillii’ 40 & 5 R 44, I RAFE Agrobacterium tumefaciens -5 3% 4% 4%
WA, BT AT BEEHGXERE, AZIZRFAN TSR ERFHR R, [ Tk ] A5BM-T 2ok
B % 8 A EF 11 RIS IEAE A S0 R R kb, e ke . R AR RRE ., BEME . RAEZRZRES
A EG YR, FRANEE. HEX LT GFP Rk A GFP L R R A fbt X Rt ik 45 AU B AR 4 IR 3% I dh i 47
Gk, [BR] MARERNEM, FESIERGIGER, FEERIK, RERRS, F 10 A5 11 AYIERER
2R A 52.1% Fa 52.3% . RAFHE A RGREAnlZ F ot R AT FMES IR T F . RER, BHARFFREABMREL £ &
AH REHm (P<0.05), HRENXE [D(600)] 4 0.5 8, FAEDEEHUARFFERKRELEERS, A 17.9% Fo
17.3%; AZZBF1E % 10 min B, @HAREFEFKELERG RS, AL 17.5% F 17.1%, RFHEE T2
Aoy RATHE BLIR BA 2 EHrm (P<0.05), SHTFHFEFREIREHN 300mg- L' 8, mEER, SGARFFERKIEL A
FHFEH, 28 A 60.5%. 158% A2 17.5% ., FF 5T AARYIEIE St 09 TR 6 L LA RIFOIR, SMETRERAE
A 100 mg L7 i, RiEEH 30.5%., [ 48] REIER FARY IR R B HRERE, THAMA%EH 10 B ALY IEE A
SR BT, B RATE B & D600) A 0.5, 42E A 10 min B, HARCRZMA; 300 mg L A%FHEEBLLAT
HH RAE R BRI 100mg L' AN EE FREAARSIE G ke AR ERE, B3 AS5437

KGR HAE; YIE;, RAFBMNFOZEHL, 2555 E, BEE

FEZES: S7223 XEFRERG: A NEHS: 2095-0756(2022)01-0013-09

Agrobacterium tumefaciens-mediated genetic transformation system of
Torreya grandis ‘Merrillii’ immature embryos

ZHOU Jiajun'?, HU Hengkang'?, GONG Li'?, GAN Ange'?, YU Weiwu'?,
WU Jiasheng'?, HUANG Jiangin'?, ZHANG Qixiang'?

(1. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. State Key
Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The purpose is to explore genetic transformation mediated by Agrobacterium
tumefaciens using Torreya grandis ‘Merrillii” immature embryos as receptors, so as to reveal key factors affecting
its genetic transformation and establish A. tumefaciens mediated transformation system of 7. grandis ‘Merrillii’
embryos. [Method] The immature embryos of T. grandis ‘Merrillii’ seeds of 8 to 11 weeks after breaking
through seed scales were used as transgenic acceptors. The effects of embryo age, 4. tumefaciens concentration,

infection time and antibiotic concentration on genetic transformation efficiency were compared. Hygromycin,
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GFP fluorescent expression and GFP gene polymerase chain reaction were used for positive screening and
selection of immature embryo culture. [Result] The stress resistance increased, the contamination rate
decreased and the survival rate increased with the increase of embryo age. The survival rates of 10-week and
11-week young embryos were 52.1% and 52.3%, respectively. The contamination rate, survival rate, callus
induction rate and somatic embryogenesis rate of young embryos were significantly affected by the
concentration of 4. tumefaciens and infection time (P<<0.05). When the liquid optical density [D(600)] was 0.5,
the callus induction rate and somatic embryogenesis rate of young embryos were the highest, which were 17.9%
and 17.3% respectively. When the infection time was 10 minutes, the callus induction rate and somatic
embryogenesis rate were the highest, reaching 17.5% and 17.1% respectively. Carbenicillin had a significant
effect on the removal of 4. tumefaciens (P<<0.05). When the concentration was 300 mg: L', the survival rate,
callus induction rate and somatic embryogenesis rate were the highest, which were 60.5%, 15.8% and 17.5%
respectively. The concentration of hygromycin in different treatments had a good effect on the positive
screening of young embryo culture. The survival rate was 30.5% when the concentration of hygromycin was
100 mg- L. [Conlusion] Immature embryos at the 10th week after the breakthrough of scale, 0.5 [D(600)], 10
minutes duration, 300 mg-L™" carbenicillin, and 100 mg:L™" hygromycin were the optimum conditions for
genetic transformation of 7. grandis ‘Merrillii’. [Ch, 3 fig. 5 tab. 37 ref.]

Key words: Torreya grandis ‘Merrillii’ ; immature embryos; Agrobacterium tumefaciens mediated genetic

transformation; carbenicillin; hygromycin

FME Torreya grandis ‘Merrillii’ 3R J& T4 A2 F} Taxaceae HEW & Torreya 4 A, W EFEA N2
il Ry, BAREZENSE . SRS MEY . B TEEAED =K, MRS 258 5% N5
M, BRI THBER TAENITRE. B, AXEMERRES . B A IAS T R AR R e —
FEEE, HCT R R TR R MR RIS M AR W RGED . R TR AR, RIS
TR TR B B R, DM EY) ™ & . s i . b e iR o F B i s dug ez —P,
1986 4F, 5T A b1 il i AR AT 1 Agrobacterium tumefaciens 1511 W Populus trichocarpaxdeltoides
R RS AE A, A T MRS AR s i e Y, B, MOREERFEA T RCIN 10 &Fp, Hi,
LATH A L BA BRI . P 0IEUIC . Rtk . EEME . A AR TSR A iz
NP Bl AR A A AR R IBT R S, SR Malus pumila 55 552 5B AR FT R F 0938 A% e Ak
R R WARGR ST, TR E I B AR AL 7m0 AT B, 1989 4F,  HRSE D S SR 5L
R, G R4 . Bfb . PURSRRE AL, HAZD 0 C R LR . 1996 4F, 2L Pyrus
communis W EFEACE WHGEEY . HAT, #5223 P. calleryanana MWSEL P. pyrifolia ¥4 8 . 1AM,
PEBE Prunus cerasus . 2% P. salicina %5 H A KRB T miG 50, 4RI, M08 15 7 AL ot R 2504k
AR, XTSRRI S AL A B B 5 1 AL Tk AP B B IR AR IR AR AP e AR D R SRR
IR E SRR, HA B PT AP E IS, RO i i 8 S B B s 1
FHUOL, e SR 53 Shy i e SRRIOFF 8 SR A IR SRR 4R B A A 5 0 R AR R RL, AL KGRk Juglans
regia. B H R Amygdalus communis ., ¥ Corylus heteropylla. WI¥:Hk Carya cathayensis, FHES . "B 5
W ZHCH Z AR ), AEET A RENBH RS YR TEY R, SECRHER TEEA
HEAT B o B PR AR M B R RN, BHAT, RIRIR P AR R TR BRI R R ECHIRA . A
MCGRANAHAN %1'211988 4F st ) & TR AT R A 2 Bkt L AL LUK, B2 K B X Z A
A7 7B P i T R AR R, I A EH B IR T RERIE, A5 T 20
BEFTFR BT R, RO T SRR TR AR R T, AR Dy — A S A IR, SRR TR A R
1, AR R A R, BRI T EAERD ST Rl & L ASHIFSE LA ARSI Ry i B TR 3Z AR b
MBS (5 . AT TR e ok B A (] | RN 5 25 22 BT ot R 58 L R O P e o ) 2 2 ot R B % A
HEB AL AL R AT IR R AAL, RIS ETOEHE A (GFP) (55 R e AR, JF il B4 mhE
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JORE (PCR) Kl #EAT BHIESERE , A S AAT B T I AR AL S AR R, D s 2 P D) R
UER A AR L E ZRR AR

1 #MHS 7%

1.1 ##

1.1.1 M4 T 20184F 7 H 5—26 H (P FRUGFIEE S5 8~11 i, LUF WA 8~11 J&) REAEK
B HEFF T, WA, HIE BT R FHERR b (BRFL) M 8777, FIESE LR (B 1A~
D) . BARHEA RS FEEm S (07

A B

prie’ -
- 2 mm

-
. Sy r'
2 mm | 2 mm

.

A FHER T (IFERRIEL); B. BHER T-AME (i S HEIR); C. HTHER
WA DIIT K EHERT 75 D. FAESIIE; E~H. ZAHE 8~11 4R

A1 HFRAFEGIELTEABDES

Figure 1 Characters of seeds and immature embryos of 7. grandis ‘Merrillii’
112 HARZRAAA B RN GFP 53K pCAMBIA1300-GFP 88 44, & RIBE: Z Pk
PRURN I B R BT IE S RAT BB RE GV3101,
1.2 Ak
121 RAFBAFHEYIEREHAL ORFFEMIELS RS K80 C UKAH o & £ 19 45 47
pCAMBIA1300-GFP A1) GV3101 AT B FP 25 50 mg- L RABEEZE MY LB [ 325 h Rl 4k
BigE, 28 C EIREEFRAAT SR 2 do BRECE T 2R84 20 B HCE A BN 50 mg- L™ RIRER A1 S0 mg- L™
FIREF-1 LB A R R B0, 28 CHHIRIR G R IR RS 3%, EmBORI . QR Yl
o WA BB RE 10 %, ST NI OB [D(600)]. 132 YL il £ T bal AR e B Gn
NI R R (mL)=[ Pr i R G4 i (mL)< i @i D(600))/[ S50 D(600)=10]. T84 BT 5 &
WARBUR , FERE TAE G BB RO W BT 75 1R 2 0 7 35 B0 6 000 r-min™ #55 FES.C> 10 min,
FE VW, A 2mL &4 0.1 mg- L™ Z5EZ /R 40.0 mg- L™ ZBET &Y 1/2 SH iR 553558, WATIR
S RTEG . PR AR S R 3 2 T TR e i, FF B0 IR 2 28 °C H IR PR B SR AR Uk SR R
1~2h, 8.
122 FHEYFEFZ A LR OFMHGIEAERIE L. RS 8~11 M EHELM, FHAATH
1244 [D(600) 24 0.5], FFUSIN e T 7 B e 55 35 5 He b AR AT B A B 9% 3L (172 SHH0.1 mg- L' 284 1R+
2.0 g L7 3P +30.0 g- L™ JEME+200.0 mg- L' RN E R K +12.0 g L7 Billg) ¥5 5% 4 A, o3l Geit ikt
PRI FEHEL IR A TS G . BTG R . AT A TR DL AR I (R R KA, RS A
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3K, BRRALEE 30 DA . @ fe AEARAT TR 1R G WO B O 35 o AR TR TR R O BE I Dk 4 S KT
[D(600) 4 0.3, 0.5, 0.8, 1.0], XFFHELNIAIZYL 15 min, LBt T FFEAILEFE 3 d Jo R 2 M 5 553 ()
D) 8535 4 8, GEitahiRisyeR . % . 0405 SR MRIE L R R, 1@ 1 B A0 T Y T vk
o BT R 3K, BRI 30 NIIR . ORI R R Y BRI L . SR D(600) by 0.5 A FF
BRI 3RS 5. 10, 15, 20, 30 min, 3555 3 d R 2N E I RE (WO) #5354 8, gt
YR EIER . AHASUAESRU KL AR, D iE RN R E . 50 ER
3K, BRRANHE 30 R, @HRAER N EERITRIRE T KGR R N FHEIERE S/ 0.1 mg- L™
ZROTRMAR R HRIER FEHHE R (100, 200, 300, 400 mg-L™") i 1/2 SH FAR; F: 3 rh BEFTH0 4 R R
HEREETE, BAEEEES 3R, 3 AR 1R, 4 BRGNS YR TR R A A LS R KL
IR R AR, DS E HR N B ER IRk,
123 RAFANFHAR IR AE A Stk 05t PP B A0 B M 4 R A B R TR AT T AR e T
th, BRI AR S, IR B INZR R (0.1 mg- L) ML T B (40 mg- L) 19 1/2
SH FfAEFR R ILE3R 3 d Ja, PR 2 AR R (1.2.2 Y@L I i A R ) G R 20 .
BB IR ZHANG 58 17051k KRS B B R4 IR PP 2 B 0.1 mg- L™ 28 20 % 15 2 ¥ 14 5
50, 80, 100, 200 mg- L™ #iZE 2 1Y 1/2 SH [EAEEFR B h 1T i 5595, 2 R4 2 /Mm 0.1 mg-L™
252 @A 100 mg- L™ W5 R W 1/2 SH AR R I AT e R 9%, W 2 d #5641 IRE B 2B I 3450
BHRPUELIN.
124 %&%XEQLE GFP % AZ5 miktnfo PCR X% LM Rkttt d TR 5
#5% (SteREO Discovery V1) F#EFT 450~490 nm WG A, M BEME R H 800G GFP %%
JGAE S ARG . 6 B0 5 3 5L KR GFP ¢ (5,9 50 5 08 19 0y FRPE B9 S IR 35 52 A0 8L, R TPS 75 £ B
DNA. FIH GFP £:H5 4 (GFP-F: 5-GACGCACAATCCCACTATCCTT-3', GFP-R: 5~-AACCGATGATAC
GAACGAAAGC-3"), LI LiR#EHUY DNA AR 1T GFP F£[H ) PCR ¥4 [PCR ##)¥ 4 : 94 °C 2 min;
98 °C 10's; 68 C 45 s (32 MMEF); 72 °C 10 min; 4 °C /47 ], B BK/NA 750 bp. PCR P45
JG, 10 g-kg ™" BEARMHEERS FRUKALIN , SR A G P /I 2 R B A L B B RS G 5590
1.3 #HExiI+5EGLLE

ZRFRHG YR | R & GFP FHH R G HdE R SPSS 20.0 kit 14e 1 r#r, Hrh s FH4(E
72500 HRAAT o V5 YR =75 gl IR EA= G BRI B < 100% 5 U R=h0iE 4 IR E0/= g B ik
JR%x100%; GFP PHI:R=GFP FHME LR E A is 2 IR 80x100% .

2 HREHAAHM

2.1 EWEHEBEELFEHRL

21,1 A HEL) FERESS x; R AR AL O B ARBFFOR AL T4 8~11 JE A & HELIE ]y oA L EA TR AT B A
M AL AL (B 1E~H). 55 8~11 JE4r 5 M IRIGEE BRI . ARSI R I AR IR 5 4 &
B AREW GE D 4 DI LIRS (b A8 p TS Y SRR S R 3 22 5% (P<0.05). BEHE
HEL RIS B93G I, P Pedgom, 5 JeSefeqt, num S m. 25 10 JAREE 11 B UE 2845510 52.1%
523%. FHHEAICIEMERZ S HARAZES, 410 FRGGHLE SR TN 17.9%, (BIRIRE 4R 5%
B, 38 17.3%; 55 11 BB A0 41 205 3 R AR IR & AR S R R, 43000 10.7% M 5.6%. A5 FHES
8~11 AL IR o] FlFARAT WA S8 G Ak, BLRaT5 0 BUER | G805 SR MR & 4 R
FWIR S 10 JAFHEL A TAAT RN T s S SO et

212 RAFE B RBR AT AN IRIRAL AL Hoe 2 K. HEE R D(600) BITFHR, 15 4R BT
ETE, BGEFGEHT PR E TS YR SR U RTIRAE . K L R Ye . ILREIE RS IR B R R
TAER . YW D600)=0.3 B, 5 YR, BUE R m, (HA0h AL S MR Kk LR
D(600)=0.5 B {I% . Fifi &5 D(600) i T+ 5, M4 4l 405 T AR M & A 5 TG TR 24 D(600)=
0.5 i, AGAHLIAES R L AR e, 5300 17.9% M 17.3%. KL, Z48% &, D(600)=0.5 it
AR YR (% 2).
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Table 1 Different growth stages of embryos on the transformation

efficiency in T. grandis ‘Merrillii’

R 2 RIFEERREXTEELD RS U

Table 2 Different concentrations of bacteria on the impact of

transformation in 7. grandis ‘Merrillii’

SREERE 5/ IS mGHE RgA e G TR 00 hiE2 AN N Y e
[/ & % % WTH/% R/% D(600) % % BFH/% R/%
8 223+03a 35.6+13b 18.1:0.6a  0.0£0.0¢ 0.3 42.0+08d 62.1£1.4a 152+1.0a  69+09b
9 21.5£0.5a  40.9+23b 20.1:1.6a  0.0£0.0¢ 0.5 482+0.6¢c 587+38a 17.9t1.5a 17.3%03a
10 188+03b 52.1+20a 17.9+03b 17.3%12a 0.8 63.1£33b  36.6:08b  89+05b  49:03c¢
11 18740.6b 523+13a 10.70.7b  5.6£0.5b 1.0 71.5t1.4a  14.1x02c¢  0.0+00c  0.0£0.0d
UL [RIBR [R)/ING FEFROR 2257 8. 35 (P<0.05) Bl MR R/NG FEERR 2 5 W (P<0.05)

213 RIWERAZ LT R AARL IR Hom R 3 EW . MEEREMBRER, 155K 5 T
W, BE R R R, RGeS min B, IS YSREAL, BUE RS MR 30 min B, I5YLREE, ik
100% . ANRMZYLIHE T, A BRI @ 4205 SR AR & A R IGFAAE B 25 5 (P<<0.05), 1R%% 10 min
B, @A LE SRR E R R m, 0k 17.5% F1 17.1%; {24 20~30 min B}, @54 4805
SRMAMRE AR THE 0. 255 0L L8R, HEFE 10 min A E(ERYemf(a]

214 BFHAFEEFRETRESH ML LS W RATA W H 6% m AW 580 H 0 AT 5 R 2 h i Al
GV3101 @itk, [Hitt, 7ERTIFsEmyseat -, AR NEHERNRITREMEDUAER . £ 4R FiEL)
RS R E RN B R R TS B E TR, RN E &R B E A 300 mg- L B ALTE
B, N 60.5%. BEER NEHRIEWRENT &, BHALSESRMIEIR AR5 FIHE TR
B, MR 300 mg- L B, @A SUS R RRIE & AR R Em, 40 15.8% A1 17.5%. B
U, RN H R EWE R 300 mg- L',

R3 RITEEEAEE R E X B E &
Fe L BIRZME

x4 BYEBEREREXNTENBERITEH

R

Table 3 Effect of different infection times on transformation in 7.

grandis ‘Merrillii’

Table 4 Effects of carboxypenicillin concentration on the removal of

Agrobacterium tumebii from T. grandis ‘Merrillii” embryos

RYentiEy, 5 Ye/ TG, mGAL kiR
min % % Y% /% /%

5 352+04¢ 72.1+23a 162+0.6b 15303 b

10 45.140.7d 653+0.6b 17.5+03a 17.1x1.0a

15 493+l4c 60.5+tl4c 108+03¢c 3.5+04c

20 72.540.5b 42.8+1.1d  0.0+0.0d  0.0+0.0d

30 100.0£3.7a  0.0+£0.0e  0.0£0.0d  0.0£0.0d

BWEER R AR A4 RIRRE
(mg-L™) % % R/ % /%

100 82.2+1.0a 22.1208¢c  6.7£0.2c¢ 00.0+0.0 ¢

200 64.9£1.9b 453+23Db 7.3+0.1b  7.1304b

300 173:2.0¢c 60.5t1.4a 158+03a 17.5t15a

400 12.1+03d 42.8£12b 0.0+0.0d 0.0£0.0¢

500 0.0£0.0e 10.120.4d  0.0£0.0d 0.0+0.0¢

LT [FRIRDING Rk 2 5 1 5(P<0.05)

YL . [RIFIREVING FhER 22 5 W 3 (P<0.05)

22 EEFEMESAREE
201 FRMRYERFYREELE %5 K. HENEZTREE QTR , DR REE T
L M RRAEE Y Some LI, IEER g5 pERREREMSESEERDBEE
i, N 62.1%; HiER PR TR A 100 mg- L BRI 07 32 B9 24

H:J', ﬁk(ﬁK—F B%i 30.5%, 15%]’{;’;@ %%‘ }ﬁﬁ‘{;{% }E‘Z{ﬁ Table 5 Effect of hygromycin concentration on positive screening of 7.
SETFIEZE 200 mg- L', AR IRRS 370 0 10T R AL

grandis ‘Merrillii” embryo culture

2 TR P
AR, W AR E Y 0-100me- L HE, o T B T
A5 R BT A O AL N o AR S A 3 2 22 50 62.140.7a 14.7£0.5 a 12.8+0.3
Sy MR R R TS 2 200 mg- LI, d g 80 453+1.7b 143:0.7a  13.1%0.1a
AU TR RN & A 2638 2 N B (P<0.05). 100 305412 ¢ 15241.6a  12.505a
b, 100 mg- L Sk TS L RS Fe W 1 B 2 6 200 30,8209 ¢ 82403 b 7.6:02b

R BT RIBIR[]/NG g 305 22 5 5 (P<0.05)
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222 AMEFAEHALE GFP K bAR i T 0 2 0 B R P AR e AR OB T AT R
% (490 nm). Z5HR KL MERPEGIREE Y, ACRE T, RIREREY GF 8~10 J&) 2R Y
EHAAGRIREG, FOLWE T E2ERWASLZNSROIOL, £IIRIE GFP 2OLHMER TR EHEES, N
75.5%~78.3%; RFMEAKEW 6 11 J)GFP %L HMERRAL, N 53.0%, HLMEARIEA 2R
R AR—E, HAHX BB PRI B, AR ORI R R, RPN,
SRR R YIAE FOE T R BA A ARIRE G, BRI IOk, SR A (B 2),

ck 35S:GFP
D
& Vi
500 pm 500 um 0} - 500 pm g ‘ 500 pm
g
B
=
=i
5 500 um 500 um 500 um 500 um 500 um

AL E FERTEE T I IRZIAR; B~E. 735108 FOCHLEF T 8~11 F 1
IRET IR G~1. 73 HINDICHOR T 8~11 F (1] GFP BITELNIRRE =Y

A2 %eREEQEFMMENEZTREY IR P Rk

Figure 2 Green fluorescent protein GFP gene expressed stably in 7. grandis ‘Merrillii’

223 AMEMMELYIEGFPER LY E it —LH

M 1 2 3 4 5 6 7 8
B GFP S (3 I I, Ao s LA W 2 b
Vi EL GEP 3835 5 255 22 1 (1 75 M 40 855 37 1y 4 L
DNA JF#EF7 PCR 3, Jf DURIE A ke b iy 0 O
WE g TR A GFP % 5 B M 4 I 5 3 49 41 1

DNA #£17 PCR KM 25K (] 3): 75% K57 i) M. 20000 bp FRiEs 1-2. 418
BRYUEH GFP SOCIIYE ARG IS SRy al ™4 B s 3~8. LA 4
Hi &, [KRBEZ) 750 bp, FRE IR/ (KIE 3~ |3 &3z %4 DNA # PCR 44 2 4 & ik
8), T Xf AL IR KE FR Y AH R JC 457K (Wi 1~2), #  Figure3 PCR amplification products of transgenic somatic and control

B GFP H: N E IhiE AFTHELDIR . somatic embryos DNA in T. grandis ‘Merrillii’
3 ik

3.1 ZEMBIT R E N SEERLR

AR Y B L bt , & RS2 — A ey . it IRGEIEIe . @i gl. &7,
IR AR ZER MRS HET, MORBHUR AR Z DR A2 & IR AR iR
R 2 AR

B E : [R]— SMEAR AN [RBAXF AAT B A RCR WA R Y, 5045 Populus euphratica 153545
FEEH I B AR G 80%, TZEBUL LR A 209%™, 2R ARHK A= 1K kB B BO 1 A& 5 AL 3R
ﬁﬁﬁ%ﬁ; M >3, AT HE B 43 S A MOR 20 M Bl 20 SUR AR AT AL BN A 2t . — Rk, & & R

AN 2R TR, T R fE 9T BBk Juglans nigra WRIRIRAL AL K B BROEAE . s
El#ﬁﬁméﬁ%kaiz, 1M % B M A 7 b IR e S iR Ut R IR AR, X ] g5 A 248 A
Ko DAL GRSk AT Vitis vinifera IR &K BB 3 BB (P44 RN | (RI) histfe
AR Z AR, SRR SURRERE AR E] T 32 ML R . R BFELIIRME N IMER, B =4
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PG, HorbRiARE o, 4% T FARTTREE, 5 TG %R, B4l
LGERRRIR, IR0 A 25 A A ESS , AEARHT IR Y B P il 5 32 BN AT i 3, KO T e 4
RERE S, HI, ABFSE LARD T 28 0 R i J5 55 8~11 J& f 75 HIE LI IR g A T 1 A 5 10 18 A5 B Ak A2 R b
BE, RTINS IS AL e AL RE 18, GFP DOCIRER S TIRRIR e 2R B W, 5%
B ALl R AT 50 g I sz 25 60T,
32 HUEHFRRARENSEEHRLHNZME

B AZ YRR AT R T BB EE 1 25, WRIEZ M T, AR R Rk . R YLt e
o —MOoRYE, ORI S, BB BABRIIRIAAT R A K, 1 H S A A AR R R N Y
PR BE AR, AL AR I 4 RO JE LUR AR VAR, X8R e 8 A BRI IR Ak S A et
R TEREETRAAFEO T, AR RO RS 2 F s, (ARl g, %
SECVAE @I FTRE Citrus limon ALK RIS Z B : TR D(600) 27 0.6 B R4 A2 2R IK 3 %, D(600)
T 0.6 IR A RBEZ T RE . I, PRG0S M TR OB M AU IR R A O . AR5, AT
B D(600) 4 0.5 B eI e A 0% e s

AT TR A2 G s [) A 4 e A PR A B AS T T 5, 05 B %) B R P A R AR AT TR XA 40 200 M 7 o3 B e 1Y)
W R, B ) AN B SE R AT IR A AR Yy, S B AL BOR I IR B AR M, TN K A R et 1) 75 2 =
FMRLT G Y B0 T AN AL B AR Cinnamomum camphora W 8 7 2 258 AL 5 AL & PR -
EEALBCRIEAR YL BT [H) B 4 40 min J5 2 N R BERRIC TR L E LB Carya illinoinensis 545 5%
A R B 2 Y% 15 min I B-FI49ME T RS (GUS) Rk R R 5, ik 61.52%, #id 15 min J5 52 FRE#
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