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Characteristics of in vitro Pollen Germination and Microfilament

Distribution of Pollen Tubes of Eucommia ulmoides Oliv.

YOU Hanli'**,JIA Tingting'*, TIAN Ju®, WANG Jun'?* ,KANG Xiangyang'**
(1 National Engineering Laboratory for Tree Breeding,Key Laboratory of Genetics and Breeding in Forest Trees and Ornamental
Plants of Ministry of Education,Beijing Forestry University, Beijing 100083, China; 2 College of Biological Sciences and Biotech-
nology, Beijing Forestry University, Beijing 100083, China; 3 The Academy of Forestry of Beijing Forestry University, Beijing
100083, China)

Abstract: In this study, the optimal component of liquid medium for in vitro germination of dried mature
pollen of Eucommia ulmoides Oliv. was screened and the characteristics of pollen germination and microfil-
ament distribution of pollen tube were investigated. The results were as follows: (1) The optimal liquid me-
dium for pollen germination contained 200 g/L sucrose,30 mg/L boron acid and 10 mg/L calcium nitrate.
The germination rate reached 46.29% £3. 75% after incubating at 26 °C for 18 hours. (2) Under the opti-
mal culture condition, germination rate increased sharply within 6 hours,and then stably. The tubes grew
very fast within 8 hours,and then decreased the speed of elongation. After 48 h culturing, the length of
tubes could reach 363.14430. 51 pm. (3) The pollen grains of E. ulmoides were two-celled. During the ger-
mination, the vegetative nucleus usually enters into the tube ahead of the generative nucleus. The mitosis of
generative nucleus took place in the pollen tube,and the mitotic behavior can be observed gradually after 12
hours incubation in the liquid medium. (4) Microfilament bundles which formed during pollen germination
paralleled to the direction of tube elongation. The bundled microfilaments formed a continuous system to-

gether with arrays of microfilament networks to move the nuclei in the tube.
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FEHS BT AR AE K 20 A6 83 BT 3R 22 i) HIL TR 18 AN
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T AR B R W R 1) 3 BV A B 7R A W R
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1.2.1 ZMEFRELEHE RHBEEFRE,
PRI S mg AEAPAER & T 2 mL Ji R He A, 26 °C 100
r/min JrZE B R . H AR L (47) IS
BT X S IR A Ca™ " W AT TR 5T, &
SEFRIE IR UL 1, AR AL R E A 3 K. AR TR
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FHACPR 2% 1 30 o] 7 AR 0 00 1R Ak 2 R AT T O S L R M
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1.2.2 TEMBREZRIT X AR IR AR
o3 R 5 S BEALULSE 5 LS L et AR B
AT 300 KL,

PERY W 8 = i 2 A8 B B0/ 46 B kL S K0 X
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Table 1  Orthogonal design and range analysis of germination rate for component screening of
liquid medium for pollen germination of E. ulmoides in vitro
[H % Factor B & #% Frequency of germination/ %
Treatment e g o W I 1 I P R

Sucrose/(g/L) H3;BO;/(mg/L)  Ca(NO3)s/(mg/L) Mean+ SE
1 1¢0) 1¢0) 1¢0) 3.48 3.08 2.02 2.86+0.44
2 1¢0) 2(10) 2(10) 8.35 3.75 6.09 6.06+1.33
3 1(0) 3(15) 3(15) 4.91 6.83 7.57 6.44+0.79
4 1(0) 4(20) 4(20) 8.46 8.75 5.16 7.4641.51
5 2(100) 1(0) 2(10) 19.29 21.93 15.91 19.04+1.74
6 2(100) 2(10) 1¢0) 18.12 26.67 26.87 23.88+2.88
7 2(100) 3(15) 4(20) 23.64 26.06 22.12 23.9441.15
8 2(100) 4(20) 3(15) 24.85 30. 10 19. 48 24.8143.07
9 3(150) 1¢0) 3(15) 22.21 24.19 18. 85 21.75+1.56
10 3(150) 2(10) 4(20) 24. 64 22.85 20. 84 22.78+1.10
11 3(150) 3(15) 1(0) 24.55 30.16 23.19 25.97+2.13
12 3(150) 4(20) 2(10) 29.63 34.12 33.11 32.29£1.36
13 4(200) 1¢0) 4(20) 28.53 31.09 26.22 28.6141.41
14 4(200) 2(10) 3(135) 24.54 31.31 32.63 29.5042.51
15 4(200) 3(15) 2(10) 31.04 29.17 31.29 30,5040, 67
16 4(200) 1(20) 1(0) 32.96 29.01 38.27 33.4142.68
T 5.70 18.07 21.53
T2 22.92 20. 56 21.97
T3 25.70 21.71 20.62
Ty 30.51 24,49 20.70
R 24. 81 6.42 1. 35

b 5 Vi B K- 5 8 T IRE B 08 A B 5 Bk b L L AR AR
L FR B — o BB 1 B % BE 0 (R R L R R AR
FART A R B R . R4S Mk B K fe) e A7
TEMR i 225 B (P <C0. 01), H v B 8 Wk BE R 20
mg/ LI, KA 2E A 85 K B 3% W 25 oy 7 At 4% Ve B2
K5 i Ca® ™ e BE 45 7K - ] 25 5 R i 3 (P=>0. 05) .,
FH T 3 Ao 1E 52 R 0 2 H P R OB A A v R R
v FE 349 2R B T 8 5 U B2 KO o R It A b
— A % HL ke B K S R A 0

25 o TR D 2 AT LR 3R ke B (3
30 HEARE U B Y 3 AN [ Ak B ) 22 Sk W 2 KO
(P<C0.01), e bk B 8 i 200 g/ L J5 . 16k ¥ &
R ETREGEH, 200 g/L FEMK 1Lk 1] &
R S 3 R T AR KT, R B 200 g/ L A fh
TERY B8 VR W R A B 35 R 1) S AR RE M VR 32 . R 1Y
A AN AN TR] i B 7K [ 22 S A I 3 (P<<0. 01D Bl R ik
FESR 30 mg/L B, Ak e by 85 MW k2 0 3 T L
by Ve B2 7K P S TR BE A 20 mg/ LR 25 mg/ L Z [H] 25
SN R 30 mg/L g A AR By B R W &I
B S B 0 R AR B R R B

x2 ZEEREFEAKENFEEZN
EREEURZEILER
Table 2 Multiple comparison of pollen germination

rate with different factors in the orthogonal design

Frequency of
germination/ %

N &K

Factors level

200 30.51 aA
e 150 25.70 bB
Concentration of sucrose/(g/L) 100 929,92 ¢B
0 5.70 dC
20 24,49 aA
R e B 15 21.71 bAB
Concentration of HyBO3/(mg/L) 10 920.56 bBC
0 18.07 cC
10 21.97 aA
R v 0 21.53 aA
Concentration of Ca(NQs),/(mg/L) 20 20.70 aA
15 20.62 aA

HAR/NGFRERERBE(«=0.05) A KEGFRERE TR
#(¢=0.01), TH.

Note: Different small letters represent statistically significant differences
at « = 0. 05; different capital letters represent statistically highly significant

differences at @=0. 01. The same as below.
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25 BTIR L R A B A W R VR R B R A Y
N 200 g/L gERE 430 mg/L §lifR +10 mg/L
Ca(NOy),, HZIEFRHET 26 C oM T X ALK
BB SR 18 h AR i K T3k 46,29 %0 £3.75%,
2.2 MPEFEHEAENELERKNE

TE B AR TR 24 T 15597 2 h BRI 4 3|
FEAPAERY W] A o B G K5 9% I 1) 19 SE K L W 3808
FrE (1, A, fERFE 2~6 h Z (], #f & N
17.50% 0. 82 % 2 I3 K 2 37. 93% £1.47% . 1M
TEXEFR 6~48 h Z[A], B & A K TP Fa L ALl
37.93% 1. 47 %MK % 48.59% +2. 18 % , £
R TR AL AE B 0 Kk A TR
26 h AN, H59% 32~48 h Z[al fE My il & 2% 7
ENTE LN AN R AR S IR
Wy o

XA [i) B % B TB) A6 4 A8 4 B A7 I 4, e B AL
A A 451 X5 4K B BE A 5 % A ) 1) S A 5t B3
s (& 1.B) . TR 2~8 h Z . ek E K
R A KT 22,46 pmo e b IS AR

®3 EHENHEBRNEZRREH
HEARERRESERR

Table 3 Results and multiple comparison of pollen

germination rate in the two-factor test between

concentrations of sucrose and H;BO,

[ &S
Frequency of
germination/ %

N K

Factors level

200 35.81 aA

. HEHH , 250 29.60 bB
Concentration of sucrose/(g/L)

300 14. 38 cC

30 33.77 aA

R i 35 30.19 bA

Concentration of HsBO;3/(mg/L) 20 21.56 B

25 20. 87 B

60

50

40

301

20t

60 W %
Pollen germination rate/%

2468 12 18 24 32 40 48
He FR I 7]

Time for culturing/h

B E M ERBEE TRE.FYPE4.59 pm « h ',
FEHESE A8 h i AR K 8 1k 363.14+£30. 51 pm,
2.3 HMIEMERZITARESREARLEREN
Vit

FLAPAER B T 2 M AE A T2 L AAE B b A B
MR RAH 22 2, ), BB & FR e, TT
WS 378 F A% FN A B8 A Bl 2k F AN B AE R 8 N L
TOLTE TG T AEEZ A B LR & (& 2,
B) . FE ek 85 AW K R LB IR R AR B A (1 S
AT — @R P (K 4) . B 5% 2 h i 7E8. 20 %401
Wi R ARy AR B RO AGE R,
4. 92 % M E R AL I A BIAE R E . FESS IR 2~4
h[a] 5 SR A% AR B A A B8 A8 Y L A1 J] 3
4 hisf B 94. 03 % [ 48 K 45 b T W 2% 2 8 77 %
85. 96 Yo (A4 5 b T WL 5% B A JE A% K5 97 18 he

®4 TEEFHEEBARZHLER
EREE LSRR
Table 4 Position of nuclei and process of generative

nucleus mitosis in different culturing time

ERUAA pap A LHREERTR
HRUE B wnEip SR AR
Culturing Frequency of Frequency of requency ol ‘
time/h  vegetative nucleus  generative nucleus generative nucleus

undergoing and

entered tube/ % o
% complete mitosis/ %

entered tube/ %

2 8.20 4.92 0.00
4 94.03 85.96 0.00
6 94.03 92.78 0.00
8 94. 74 94. 74 0.00
12 96. 49 95. 45 35.62
18 100. 00 95. 88 52.50
24 100. 00 98.63 54,05
32 100. 00 97.30 60. 88
40 100. 00 100. 00 64.18
48 100. 00 100. 00 65. 04

60 A
Length of pollen tubes/ 1

0
2468 12 18 24 32 40 48
He 770 1)

Time for culturing/h

P BTl W MR 35 57 2% A T AL AR AL B i R R AE
AL BN B R AR BB IR I (6] 9 A2 Al s B TR I RE I B R I 18] A A8 1

Fig. 1

Characteristics of the pollen germination of E. ulmoides under optimal condition

A. The pollen germination rate changing with culturing time;B. The pollen tube length changing with culturing time
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P2 B e B A B S R A0 M A AT S B 22 Ak TR
AL KEMKR G 2 JETERD 5 B. FER B A L E SR HE A TE RS Y L AR RO AT AR TE RS b 5 C B FR A% 5 A SR E A B TR M 45 I 5
D. A B A% 58 A 2293 2T L 2 KRG 2L 5 E. IR T2 B B2 70 A T 7K kLl AR K 40 0 BT b s T A6 by i 2 0 400 el 22
AR U G TR Ry I 2 TR ) A SR 0 A TR R 45 I 5 L R M) 8 PN 2 SR 5 78 0 A8 A A D AT
5 PR Bl 22 B9 — i HE S AE B XA N R 3. VN IR E AL E . GN SRR A AL E
Fig. 3 Behaviors of vegetative and generative nuclei and microfilament
arrangement during pollen germination of E. ulmoides
A. Two-celled pollen grain of E. ulmoides;B. Vegetative nucleus enters into the pollen tube,but generative nucleus still
stays in the pollen in the early germination;C. Both vegetative and generative nuclei are in tube;D. Formation of two sperms after
mitosis of generative nucleus;E. Microfilament network distributed in the cytoplasm of hydrated mature pollen grain;F. Formation
of bundled microfilaments during early pollen germination;G. Microfilament bundles drive the generative nucleus entering the tube;
H. Microfilament bundles paralleled to the direction of tube elongation move the nuclei in tube together with arrays of

microfilament networks. VN represents position of vegetative nucleus; GN represents position of generative nucleus
R A ALK RL B SR A% D HEAAE R A A8 B A2 B A% ) A 22 00 BB EAEAE R
L2V AT AR B AEAE BRI . BSR40 he RAIE R 2 AEIER (& 2.D) . B SRaN .
Tl W A AER R RS A R A GE R P (L R A A AE R A N R IR R KR 220
2,0, 4, HERIR 12 ho A1 35. 6206 [ 16 K 8 P W 4%
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FINET LA 2257 3447 R o W R 55 55 I 1) 0 36 s A=
FEAZ R AT B 58 AT 22 73 34 10 L A9 32 M 4 L 2 s SR
40 h 5l FRaE E 65 N A .

1@ i3 Rhodamine-Phalloidin %¢ ¥t 5& 17 » Wi £% 3|
TEAL A A8 4 25 (A B 77 3 1 v 22 B R R 5 5 06 M A%
IR SIAF e — € R FR . 1M R TT R T & 1) 7K & AL i
FENT F o Aol 22 B R 5 R 20 A T A e (8T 2L, D
Bl & AEHD BB K T 22 B 2R B R AR R HOIR S
T AT LR E N RS (K 2. F M G) . fedE
B M R b 22 o) 5 R A R Ty )P
AT HEAR | [6) I I A7 A — SE G 22 B BR8N i i L AR
53 A R A1) X358 T R A R A B A TR AR B R X
L6 DX I (&L 2, HD S 0 A8 8 48 T B i 8% 3l i) BE 2
H T 22 5 IO R A 22 [ 40 il 4 I i S R G Y is
B

31 ®

AE Ry 1 A T R I AR A AR i T I Y T
BT /NI A S A A A R S AR 1T K 1 [ AR g 7 O o
14 S5t g R0 RE W Jo i vk B HEAT T R R IR SN R
v FE X TR AE Ry W] R 2R B AR, DL 5 g/ L B
§+200 g/L BEWE N B Ak, SR % 0F 58 IF R X AE
By B AR A H A Om B R A Ca®t BEAT IR V. AHF
FEAE 5 BT/ B AL A TR IR 0E Tk B Ol 200 g/L Y
[FIFESS 18 FE Al b BB PR AR TR A Ca® ' ¥ i X
A APAE Ry B R BT K 1 5 ) L 2 % BN B 5 1 b 5 R
FHE.

FEAC B B 2o FE o L 00 R LA 38 O e Wi i
iE FAC I B B Y B A Ca® B BE L A 30 48 8 7 &
A R KSR, Ca® " XA v 2R K
AR B B RREER . AR
2 h BEZEE] 17,50 % 0. 82 % WY ALK W %& - 1 B2 /N
B FERE SR 6 h A WA BIAE Ry 8 A&, HL & R
AR 5. 3% . T A I & B AR B 3% 5
Ca® " ¥ BE X AL ff 46 K 25 1A B & 2 52 e oA W 3, A
LM B0 AR ) A 0 A AR A AR R B R D TR 3
TORHEVE . HR L B ER X AE A B & 5 i R
KA bR O R vk R A AR AR R Y W
K ORI S B RR e B e 30 mg/ L I 6K
Wi R BT WA R R AR AR AR DRI A .

T8 T AW B R & i B 5 S 28 R0 5 vl 4

D ERFIAR 2 26, Hov . [ B 3R RO O BA
B AR TS SR A AR R ) A R A 1
5T h ol SR Y R el T I AR B 3R B A0
i P BRAR A Dy S8 A6 B 1 Wi i 7 b AT RE 5 A
BRI AT A A TE IR AT B0 O RE A7 55 0 A=
W AR T IO GRS IR BB A
T ELAR A B8 A8 b3 A8 A A AN A ] — £5°F 1l ) A ) T
WSS BRI A AL b 8 20 i B 2R 5 AL
SERIF g b L 0 R R P AR B 3% AR N AE Ry B IR &
A TR ARG B 1AL AR TR R B AR &
T LR AR B 97 R A3 TE BG  A OF JR AL i A6 A A A
HRE AL AN AR WA BT B8 T AR RS O HE E
FEN A 22 8 B 03 A B 52 O 1l UAS 1 B0 BRARL Y
45

T 22 B BN AR A A8 AR 1 A R DA A8 PN A i o
200 L 25 132 2h # HoA B DY Lia 40
WFFE R B R A (Ginkgo biloba) 16K 45 B & 1 7 o
T 22 ) 4% 5% B 8 A A% HE 1) 8 A% ) FEL A A B
AR SPIR I 22 L 5 8 A% BB B N Y 38 3l S e ) 4
BK. WE =2 (Picea abies) LK 8 Kt B, &
WATAES- AT T 445 8 A 5 18] 1Y 3% 2 19 19 AR Al 22
W X 6 foly 22 TR [V 4] B 0 2 A T A AR A L (L
RLVRTEAE R A b, O 4k 2l ) O RS 2h 0 i e
F % (Populus tomentosa )™ Ji A W 5% i) 4t fip 25
PP B L 2 EEEOR SR E MK
J5 11T A S PR AR N A D i IR T 24 F
SEANMIAZATAE . PRI o 22 B 2R B A ) A BR
) AE 53 8 N AN A% 0 2l ) 45 o O XnT REAFTE —
5

TEF T 2n 460 2% 52 AT AROKR 2 A8 1 75 Bl 0F 5%
P NS0 2n AR AEEAFE N K IR 58
G N ZF R BT AR RET 2R
REARTR 2R R R . SR A XN LIS 2n 16K
TE B & 3 B B KB 9% 38 ) 22 Y BILART I AT A
A ALEE G A S A7 L Ca”™ " R BE B B 43 A7 BF 5%
S5 40 AR o A DG BRI IR I AR . AW AE W]
B 3 R e A A A W R B R A i R S 1 i il
BB T IR H AR R S AW R AR A AE B A Y 4 i
AT o Btz & B 00 A LA, O ik — 2B R R
il BEE T LA
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