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HrBSH—F TN 14 KD AR (HDREF ) |
il TR IR REBREE 1 1eG bl , s EME
F & FI B ( serine protease trypsin ) AbFHi% &
J& . FERSMAARRAR BN G] TIR I A B B, Bk
PRI IER H P, ZJ5, Attanyaka®F 3875 1 4
fih HbREF 2K [1 /) cDNA 731, 4y A LS
BT BB EE A, &5 R R RS S
L STy [ 1w O N K7 9530 e [ A =2 N
A, Cornish F &I, I LE K P F7ER R T 1
RehRAEHERY, BRI g, B
g, =PRI R FLBS A . By L o ARG
|| HbREF mRNA %584, {H 2 2] 3R 35 /K P A
], A ] 7= s B AN [ 8 Te 1 RAR T HBREF 11
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FLIE = 5 IE AR ST, ARSI H 213 o e S R 1R
A RACE i RY 1155 4K 1 075 bp IIFS, 41
Hr b XS e i 44 0 EuREFIY™, Wuyun 256512 3 1y
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HNEPYAEAEHAE R BT A R L 2R RS AR A
S RS = RS E= k= o =) el & K Y d Vi)
1 RNA [, M= RIHMAET-80C, T mRNA
FEIUFT RT-PCR 4347 LA B AT A $ B0 #t
1.2 Ak
12,1 AAPRRIRE L FHH S Spence 1Y
T, AR FIRHIRAE R ZERCRER R 4
BT R (I PHB AT R A R ) FRE 10 g #F
i, HIRE XA (L —ERA AR A TR A
A ) o1 120°C 30 min, J&EJHE 80°C, Mt ZEEH T
o, PR TS R R, M B/ NSRS
3L, HEITIE T RIR A A e (R B0
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TP MR IRHE I o AR B T =AE I /20 21 Jo 3t x
100%,

122 RT-PCR o#7  HRAJGHE 1128 2% W] Y Plant
RNA Kit G & Ui 45, $8HUE P 2552 . #ER
g & RNA, F F| H Reverse Transcriptase M-
MLV il & ( TAKARA ) J % st & s s hy
cDNA., it EuREFI 3£H qPCR 591K, F: 5'-
CGCACATTGGTCGGAGAACTACAAC-3'; R: 5'-
GCAAAATAAGCAGCCGCCTCTAGTC -3", LI#t
ff Eudctin &R NS FEAUY, Ll cDNA RHEH,
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AT SEmEE B PCR 204 (BIO-RAD ) o A
% Primer F/R & 0.2 pL, cDNA 1 pL, Premix Mix
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BeE/ N A TR JEBIAH : DUSIRIR ;AR
HAE:35uL (1mgmL™") ; HIEFE: 40°C, 52
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0.51% F10.33%, —#HZEFARE; SH2 H, M. I
FRI H S 4T 0 0.84% F0.36%, MRk H- &
Jie o 2 s TR s BIS 1S HY, ML HERR
A& IE R 0.89% F10.76%, —HERAR
;6 2H, ME. HERRM R E R0 0.95%
F11.36%, Mtk & e B8 Ttk A 6 H
15 H, Hegkrt A& E i ms i g, ik 1.83%, H
MBS KA, hy 1.24%, —HEREE (K1),
212 HAPERESRFTEAL WHEHEBELS
JG, T4 AhaIteh, 26 H 15 H, &g 15dX
LW, KRR TIOE S R, SRR
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Fig. 2 Accumulation of rubber content in stem of
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A3 9 A 3.59%10°, 6.69x10°, 7.83x10°, 8.14x10°,
9.05x10° Da, 4r-FHrsrMibasE Tt g kmaes, 4 A
15 HZE 6 H 15 HAr 85501 B30T =/EH 0
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B R AR FEMN A H ISHEG6H 15 H
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AR E TS, AT (Mw) HRIKCH 7.38%
10°, 9.94x10°, 11.24x10°, 12.06x10°, 14.78x10°
Da, HERRM P ECE 3457 F K T Mfikk . HEnt
SRR AN KNS, 44
ISHZE6H 15 HIKK N 530, 4.06. 331, 3.3,
2.65. ULHME . HERRM: o R gy R A A I BE A
RO AR D, MEEERR T R AR AN [ o T
KNET & LE BT BE R 3G ni & AR, fE 4 H
15HZ 6 A 15 HZ M, MMtk 7oy 727
1.0x10° Da LA F 7 i e8] 43 501 D 27.86% . 17.08%
B2 1.10%. 0.00%; 4+ 7E 1.3x10" Da LA I fif
a7 e B4 5N 3.60%. 17.10% E T+ % 20.20%.
33.54%; MeHAE, M. HERRA R, P EAE
1.0x10°~5.0x10° Da [H]IF d7 Fbffilie 2 (£ 1) o
222 ERoPMAVIRSTEEAL MERERPRIE
RN 4 H 1S HE 6 A 15 HE T, F
s (Mw) 305108 2.51x10°, 3.68x10°, 4.18x
10°, 4.53x10°, 4.71x10° Da, 4+ T &4r1 M 4 A
152 6 H5HALE1.95 % 2.73 28], UiUHMERRZE R
SR Y e i TN SCEY 8 T f 127 =93
PP 4 H 15 HE 6 A 15 HIRFEEH
ETIHER, FEa TR (Mw) 505008 0.84x10°,
2.15x10°, 4.74x10°, 5.07x10°, 5.45x10° Da. HMERE
By FESMNAH 152 6 H 5 HIE
3.00 % 3.50 Z[H], VLA HERRZE B P AR oy T 5
AR RV REANEZE Je G K AR b . e, ERRAR S 43
O NTHERRZE B o M HERRZE R TP AR
ANEV G F RN A 2R 3 K ARk, A
4H15HZE 6 A 15 HXZIH], M, HEpRZER 1
1E 1.0x10° Da LA F BT A7 ELfl 53R 44.61% . 75.15%
R 2.18% ., 15.74%; S F&AE 1.3x10" Da LA LAY
FEB A3 I 1.97% . 0.93% FTFE 4.62%. 12.76%:;
U], Bk 4 H 15 HEFHERRZE b o F /N T
1.0x10° Da Jif i te i 2, HARYI N 40 T-HE7E 1.0%
10°~5.0x10° Da [A] 7 5 Ll 2 (% 1)
223 REPHAIRSTFEEA REPREST
HR/AN4 H 15 HE 6 A 15 HEH ETHAE, F
I (Mw) 205000 2.53%10°, 4.11x10°, 5.65x
10°, 6.88x10°, 7.72x10° Da, i H/rT /A5 Fifi
WK MAE%, KK 4.88, 449, 2.61, 233,
225, ULWIREE R, SRE hR gy i o A Bk
A SRR RIS R o3 RN A R 2R
R EE LA, 4 H 15 HE 6 A 15 HZH],
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Table 1 Molecular weight distribution of rubber in leaf and stem of male and female o,
It Leaves 27 Stem
TR
Molicxlilgf)\gzighf/ H #1(H-H) Date(M-D) H #1(H - H) Date(M-D)
04-15 05-02 05-15 06-02 06-15 04-15 05-02 05-15 06-02 06-15
<100 27.86 7.77 6.73 7.47 1.10 44.61 36.54 23.89 17.99 2.18
100~500 52.74 49.28 42.68 41.44 37.83 45.04 47.51 51.81 52.86 58.87
Ez}lkale 500~900 11.85 21.02 22.09 21.98 27.02 6.44 9.94 14.86 18.17 24.29
900~1 300 3.95 9.81 11.11 11.39 13.86 1.95 3.63 5.88 7.05 10.04
=1300 3.60 12.13 17.38 17.72 20.20 1.97 2.38 3.56 3.92 4.62
<100 17.08 13.31 4.79 3.50 0.00 75.15 43.26 17.42 18.82 15.74
100~500 36.15 32.98 34.72 34.31 30.20 22.06 45.43 53.03 49.07 48.15
K‘%ﬁ 500~900 19.64 20.35 21.25 20.85 21.85 1.36 6.98 14.63 16.24 16.33
900~1 300 10.04 11.47 12.17 12.45 14.41 0.49 2.13 6.39 6.41 7.02
=1300 17.10 21.89 27.07 28.89 33.54 0.93 2.21 8.54 9.46 12.76

HL Rz 7R AE 1.0x10° Da LR AT 5 He AN 38.86%
2 5.65%, 70 THAE 1.3x107 Dall FJF & E 9] A
4.76% LT+ & 22.99%, 43 F#7E 1.0x10°~5.0x10°
Da [ i lb il % (£2)

*2 REBRIFENTHLLG
Table 2 Molecular weight distribution of rubber in fruit
%
Vi H#(A-H) Date(M-D)
Molecular weight/

(x109)Da 04-15 05-02 05-15 06-02 06-15
<100 38.86 17.69 13.84 5.58 5.65
100~500 46.86 57.44 52.87 50.40 43.68
500~900 8.33 14.99 17.91 21.67 22.16
900~1 300 1.19 2.57 3.59 4.55 5.53
=1 300 4.76 7.30 11.79 17.80 22.99

2.3 #tf{h EuREFI EERIZFIAESESREN KR

23.1 *thA W EuREF] AR F KRS Ak F 69 %
% PREUME . HEREDT B mRNA S % SR cDNA
Ja . VAL AR Adetin NS HEH, XF4H 15HE
6 H 15 H B FE e ik T EuREF T 3L PR A X 3635
T, A5RRM . A K, MRt
A B EuREF] B& N Rk S AWE m; 6 A 2 HAET,
MRk EuREF] K2 4 15 HEY 6 %5 3
6 H 15 Hi, MRk 5 EuREFT 323k 5 48 827
B, MHERR Rk RS 6 A 2 HAEE R AR E
(EI3) o XTE, HERRM: & et 5 EuREFT 3
NI AR MR . iR ) EuREFT LI

Kxm 5 HKEEEWREEEME ( P<0.01) ,
RA{EH 0.969 3; FhAPMERRM Th ) EuREFT HEFIFRIK
HHHRSEZEREEHKE (P<0.05) , REHN
09105 (%£3) .
232 Z KW EuREF] AW FEAIES Bk T8 %
F  LOYAE R A AL oL o3 B B 414U mRNA
R cDNA, DL Actin fE NS, %4 H
15 H&E 6 H 16 HMEMERRZE R B EuREFT FEH 3R
IR AT, S5 MEMERRIIZE R B,
EuREF1 JERFR R LIS, Hikk=ER 6 H
15 H EuREFI AHX} ik wJE 4 H 15 HIW 2.2 /%
MERRZ2 2 6 A 15 H EuREFI M X k2 4 A
15 HIY L7465 (B 4) o XFHfE, HEdRZE b & i
5 EuREF] Fik it E A TAHC AR T . A A ik =5
Fer EuREFT SRR 5 R & it 5t 3 IE AR G
(P<0.05) , R1EM 0.9522; HERRZ2[ " EuREFI
SRR RS R E B B IEAE (P<0.01)
RAE N 09880 (% 1) ,
24 #{h EuREF1 ERRIZFES S FENXR
24.1 K P EuREF] AW RS AL - F F 0 X
M. HERENFR TR S EuREF] SRR E
E4 152 6 A 15 WEZE FFHES, datxs —
FHEPEAT R M MR R T
5 EuREF] HERFRIRFIE B A (P<0.05) ,
R{H/3514 0.942 8. 0.898 2,
242 E W EuREFI KW EAKHFIEL 5T 20X
7 M. MEMRZER P TE S EuREF] SR KA E
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Fig.3 Relative expression level of EuREFIgene in leaf

*3 EuREFI RZES5EKERXES N
Table 3 Correlation analysis of EuREF1I expression and
rubber content

EuREF 1315 EuREFI expression

TiH - .
HERRI - BERRZERE s
ftem MERRHT Male Female PR 225

Female leaves Male stem
leaves stem

WERR I B
Female
leaves

TR Py

Male leaves

Female stem
HERRZE R
Male stem

T TRIREP=0.01 /KT B3 RIRAEP=0.05/K T B . T
Notes: “Represent signigicant at 0.01 level. "Represent signigicant at
0.05 level.The same below.

1E4 715 F 6 A 15 WIE 5 FTHES, @ —
FARCME TR M. HERRZE R PR T 450+
Y5 EuREFI HEHN KA EHE R FIEML (P<
0.05) , R{EZI/ 09374, 09051 (£4) .
3 it
3.1 MR R ME

A BT 7 18 B AR e ELAT R ) A5 i - Rk
TEMY, FRAREZER i URCR R A
e, (HBEEEZFETAR, AEZSE S RERAR.
Wi HERRIT R R T I R A A K T
s FEREAR AR, o R RIS R AR R SRR R
1%, 2 5-6 A8, BKHBEPEEN I, 55%
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AR B A B ST U1, 55 J5e 4 B PN ) 4 e
S MR EE 7 B & B AR, JHeg ok,

0.969 3™
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Rubber
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0.988 0"
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Fig. 4 Relative expression level of EuREF1gene in stem
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Table 4 Correlation analysis between EuREF1 expression
level and molecular weight of rubber

EuREF13R15 %8 EuREF 1 expression

5 R
fiem bty PRI BRI o

Female leaves LR e Male stem
leaves stem

bR
Female
leaves

TERRI
Male leaves
137 =954
female stem
MERRZE

Male stem

0.942 8*

HTRE
Molecular
weight

0.898 2*

0.937 4*

0.905 1*
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ANBEUREL | S JRBORE . R ORI o EE 81 R
Hy, i B/ NIRRT o LB 98.38%!T, HEIME
MERRAN TR B v 2 Jic e AR A B T, (EL i AL
EEAA 2 AT RE S AV E TP BRIV K
32 MRS FETNLME

AR = A A B A — A o TR R R
Yy, FERGUR RN IR AR R, XA AE |
HERRAN R A 2555 R B AR o T A T
WiE, 40 15% 6 150, REH{EST =
PR (] A HE A 52 TR, E A 25 5
Bamba 552 7E AL PAS [A) 20 2 bk U B AIR 43 1 2R
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S I A B IR BLAR] AT REANTR] o X T MERRERR A
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The Relationship Between Rubber Molecular Weight and Expression
of EuREF1 Genes in Eucommia ulmoides Olive

RAN Xin', ZHAO De-gang'*

(1. Institute of Agro-Bioengineering and College of Life Sciences, The Key Laboratory of Plant Resources Conservation and Germplasm
Innovation in Mountainous Region (Ministry of Education), Guizhou University, Guiyang 550025, Guizhou, China; 2. Institute of

Guizhou Distinctive Plant Resources Conservation, Guizhou Academy of Agricultural Science, Guiyang 550025, Guizhou, China)

Abstract: [Objective] To study the relationship between EuREFI and molecular weight and rubber content, and to
understand the synthesis mechanism of gutta-percha. [Method] In mid-April to mid-June when the new stems and
leaves of Eucommia ulmoides grew rapidly, RT-PCR technique was used to analyze the expression level of EuREF'1
gene in male and female leaves and stems, and Soxhlet extraction and GPC/SEC were used respectively to detect the
rubber content and molecular weight of rubber in leaves and stems. [Result] From April to June, the expression
levels of EuREF in female leaves, stems and male leaves, stems were significantly or extreme-significantly posit-
ively correlated with the rubber content and molecular weight in these plant organs (R=0.898 2—0.988 0). Among the
leaves, stems, fruit of female and leaves, stems of male, the proportion of molecular weight of 1.0x10° Da to 5.0x10°
Da was the highest, and the rubber with length of 1.5x10* to 7.4x10" isoprene residues was the most. [Conclusion] The
results suggest that the product of FuREFI gene is closely related to the accumulation of gutta-percha and may also
plays an important role in the elongation of rubber chain.

Keywords: Fucommia ulmoides Oliv; gutta-percha; rubber elongation factor; genes
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