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Abstract

In the reproductive process of flowering plants, both pollen development and
pollen tube growth play important roles. After landing on the stigmatic surface,
dehydrated pollen grains receive female signals to trigger pollen hydration, activation
and pollen tube emergence. Previous studies showed that stigma exudates of lily
affected pollen germination. Lily stigma exudates can accelerate pollen germination rate
if lily pollen germination was conducted in vitro. We propose some materials effective
on pollen germination in the stigma exudates. Therefore, we isolate the active materials
that accelerate pollen germination from stigma exudates. In this study, we use
exogenous methods, such as heat sterilization, or proteinase K (for the treatment of
stigma exudates), to analyse the active materials. We discovered that both methods
wouldn't affect the activity of accelerating pollen germination in the exudates, shorten
pollen tubes were observed when pollen germinated in the treated exudates. We used 10
kDa molecular sieves to isolate active materials of the stigma exudates. The result
proved that the active materials accelerating pollen germination in stigma exudates
weren't single substance. In the test of soluble solvent extraction of the stigma exudates,
we found the result is similar to the result of heat sterilization and proteinase K. At last,
the stigma exudates were isolated by HPLC. We conducted the germination rate test by
adding different timing filtrate into the medium. We found that when we added the 20-
40 mins filtrate into the medium pollen germination rate is better than the rate of other
time sections. We also found that pollen germination rate in the control medium was
better than the rate in the filtrate-adding medium.

Key word : pollen tube germination, stigma exudates, heat sterilization, proteinase K, High-

performance liquid chromatography (HPLC)
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Bt B v 730 5 2 BIFER > AW 5 (- ) fa+ 4~ pi 3 i Papr g
(embryonic phase) ~ (= )i& {7k & iv* £ B i & Ky % PP (vegetative
phase) ~ (2 )% h7is v @ & {7 end A PFHP (reproductive phase) (Barrett 2010) » %
AEEHY > TEBRARDEIAERF2- CBFETEIRLS IR P RER
BRE ORMEPMOERTAL T A RFRAOTAY G TER o - ARE
s ZE G T E®E (1) s 5(stamens) ¢ - % (anthers) ¥7 1< 5% (filament) #7
w5 (2)pR g (carpel) @ foti/415f (style/stigma) £+ % (ovary) #Ti= ; (3)
ok (tepal) & Wld {8 ~ {8 o A5 RS (Borg, Brownfield et al. 2009) -

B it cnd B4 > 4o (pollen) iFte s £ & ehd d > F] L2 - BAR
icgs? 7 3 @ B H 2 (haploid) #F P2 (sperm cell) ~ — B § % ‘w ¥z (vegetative
cel)» " A BEEXH AL iTEE o M 22 (stamens) 1 B d T E THE
(anthers) H#-= > EHF T B Ld ZREKATES P L Th2 ww
=4 # ‘¥ (pollen mother cells) i #ics A 16 € )= v & + #(tetrad) ° -] 3¢
BT P E PN gk (tapetum) m e § AL AR ME A f2E% % (callase) (Tang,

Zhang etal. 2010) > " A f2- 3 3 % Flenpl Ak o & % Blak g & 218 0 2 ik

4

* R 37 3+ 3 T F Y (McCormick 2004) o = 3] 32 F B hoie (7 7 HHEen
4 42 2 (Mitotic division) (Twell 2011) » 2) % — & i ¥ % m% » 22— @ik

¢ RNAA Dl B mie > SRS E R R P K med o d o



%X SAARER X T RA B s 2wl Be Ak d
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?‘:f]k. ¥ L gFmre |t Ed 2 — (Borg, Brownfield et al. 2009) o 3% 4 & 4~
Pzl FATRAFED RSN HAH S B0 > bl
4efe £ ia% (McCormick 2004) o =45 € A= #a p {FW-K > F 38 » RPGK

FRTR §AOTEY Nk 0 B HF SRR H -

Bt BT R AR b~ B AR BETR ) E YR R
WEAT o PREEHEE T A LA~ RA A STREENRE G S b HEW D F 7 R 2
& % (Hiscock and Allen 2008) = @ 7 & & /RHLPf » B HEFE ik 257k &
T % (hydraction) » _i# 7= d 24k it wre i % 5 #& ¢ @72 (Edlund, Swanson et al.
2004) » =45 F € B o4 P EX(intine) A IV F 0B e 4 (germinate) 0 0t PE RS
€ Bhom WE R R A L wre > R E e e § R gk ik AR (acid
phosphatase) ~ % fix fi# (ribonuclease) ~ 75 i* fiz (esterase) ~ /i > fi# (amylase) 2 F-v fis
(protease) (Knox and Heslop-Harrison 1970) o 3= ¥ /- ¥ 1= 414F ¥ "2 % (embryo sac)
4 & > 5 d # w2 (synergid cell) 51 % 3 k3 (micropyle) & » 2 & ) o HF w¥e & P
& A4 R (diploid) ed& & (zygote) » ¥ — Mimiz 2@ & wme hd Bk
(polar nuclei) » % ¥ = = & %8 (triploid) 725" (endosperm) > = = B & 4 (Chen, Lei

et al. 2009) -
BAEMCALT BB F A & ok F X sh(apical) Fie RO Ak 24
i E|F4L5 0 Fe 5 d vede Beo Si(actin) @iE T 4 HR i e BESRSE 1T F ch=

1% (subapical) ®e it 5P B & 4 F FIF 0 ¢ 7 0 kS (microchondria) ~ % F



# ¥ (dictyosome,/ % ) ; ¥ % nuclear zone) £ F & B w2 ¥ %
(vegetative nucleus) » # =t % + /& ;& (vacuolization) ¥ 3 % 5334 B 42 % (callose plug)
% (4rfitél. ) (Bedinger, Hardeman et al. 1994) - foje g 4 & i ipip g 4 se > &

e FEIVR B 8 SV AT T P e R TR L

A
@
w )
\\ o
—=
|
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2@ 4 (Du, Simpson et al. 1996, Kost, Spielhofer et al. 1998,

Hepler, Vidali et al. 2001, Reddy 2001, Jasavala, Martinez et al. 2007, Zonia 2010) o
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A F ¢ & * 4w F & (Lilium longiflorum Thunb.cv Avita) 2. 4 &3 i®
AEIHAEY FEEL MM RFIAE RS M A 0 2 5 R
G E R s o e d LA R A R o AR w B E RS
wEAY 0 G 0 AJI* 10 kDa chA 3 @R EE A et A3 S > 10 kDa
<10 kDa 4 > BLZH Mg 1o pi 54 0 £ B A e <10 kDa -k & i3

> 0.1 % HsPO4 & 7 ¢ > 3 0§ st % 49 & 7 & (High-performance liquid

chromatography, HPLC)¥f 1= 4 4 ja 47 22 <10 kDa -k & i& {7 4 & -

-~ B BR R ITR

L.
«
s #

#-15 ml =424 ie 4 11 10 kDa 4 =+ & 124000 rpm ~ 30 min &~ > 3

10 mL = S-KiP &3 > @L< A F IR HET > LA HFS o i

f5 > 10 kDa % < 10 kDa -k & 104 i e 483 sk & Sok 16 -5 ke > 10

kDa & <10kDa/§ﬁf,§‘G\'7}’;% N SV :E’J\‘}"/%\j‘_ })%'?g?f% o
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17 0 k- 100pl FER A i e & B4 » 500ul -k~ 2 % (Acetonitrile) ~ T fE ~ ¢ fF o

FEr~cpiefignez RFREHBIE  BRBRAZMENFA -

E\

= ~ proteinase K &2

e E A RS Y TR F P ot AR S Y
#7002 - 1 mg 0 proteinase K 45 %73 » 1 ml e 0.5 M Tris-HC1 3 7% » > & B~
10 ul proteinase K /& {3 i 4r » 90 ul enfeis e v? > RFR EI53 18 > f

BE3TRE" K )ﬁéz 1 ,in ’ ll;ﬁ'ﬁé‘ Ll f}vlj_‘f’:"‘- 13 ﬁﬁ‘g ”Q,w‘fr& » BT FIB ?},P'J;é °
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L9 {@4>10kDa~<10kDa -k ~ " fE5B% ~ ¢ BE PR ~ § okn

s )fﬁ)é] 1TRA BRR 0 LT g‘ﬁ"ﬁt#; F“’?]? # G\:‘Ezf‘?s ’ Ei;éﬁ;é_/%‘ S A
BlHE-Ae »EE R BRI REBEFEIR TR S#E & (Lilium

longiflorum) » £ #7345 F28~ 0.001 g & % 3 fc® oo BF Sa L KR-T
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-

Ho R s BB TS w R 18 4o~ 200u] - B g R (12.7 mM CaCl2 ~



1.62 mM H3BO3 ~ 9.9 mM KNO3 ~ 10% sucrose > pH5.2) » #-7-34s 22 — & fi % %

R LEID5 15 0 4o 200 ul F B 1600 ul — B pE R 0 ] A

<5

L3 SIS
ERRFHEHY LER 30°C - & 50 pm 3 % 2 [ PF o YEACET > BLR
Hoprg kw2~ B 2%tk 4P K 17 & (High-performance liquid chromatography,
HPLC)4A &t # 5 ml R4B7F & TTHLs P 4 50k 3 ok o B R

Tz ZokwaE Smlo 235 AT B E T B o R R kA RE

% Agilent Technologies > %] %L % 1260 infinuty » %/ 844k &5 & L 12 80%h

0.1 % Bife+e + 20 %7 fFr4yaiE 1 ml/min % 63 $.(SHODEXTM CI8M 4E)
30 448 T fEE frtsi ~ 100 ul otk & > 4 0.5 ml/min eniE o A gL ) PF

o UV L3 & 200um & 254 um 1§ RIUEL -

* ~ B3t R AP & 7 & (High-performance liquid chromatography,

HPLC)4 a4

#¥-Sml RéBp &l A Ry 4L Gk f G AR 2O S
Fok®P I Sml AT B ERLEFR A RAET RS RE S
Agilent Technologies » Z|%. % 1260 infinuty » **73 &k 55 & £ 12 80%:1 0.1 %
Brfate F 20%° FEou i 1 ml/min T f ﬁfg 1. (SHODEXTMCI18M 4E) 30 ~ 4& »
X f?ﬂ“? 82~ 100 ul ek & 0 12 0.5 ml/min g 0 23— ) pF o T UV

£k £ 200um ¥ 254 um T RRUEL o
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JRERRER T OB E TR N T~10 %(R- ) (% LA P G 1 chiE

PEZERRIARCHRE(- BEEFR)IAFFRS 0 AoRl S

(I)#FGFrfes (B RE)

AN FHRFFATEY OB MEPTHA RSP DEEET AR T

BB A0 s A 0 Ty s A R e B o A RE Y 10 kDa A T 6

i T A & A WEB Oul~25ul > 50 ul ~ 100 ul ~ 200 ul 2. > 10 kDa ~

<10kDa -k ~ Rt e - BEsiRR s @5 2mlR &

n}&

S s s— a2 N
AR BETR

PSR BRBRE SRR o d BZ 7 0 AR > 10kDa~< 10

KDa -k & ' § BaE fig enic 4 0 ® o i % € %% > 10 kDa ~ < 10 kDa -k & £

R R AR

(1) >10 kDa ~ < 10 kDa -k & %% & & $r4| fi 5

> 10 kDa ~ < 10 kDa %1 f k& 100 ul/1000 ul “HrR ’ff'/a RPN H é@wﬁm

s SRR RS 0 RESPR LR AT KRR A



BOER 0 FraF Tt 100 ul/1000 ul k& 2T o AR - BOER DRT R
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£ 254 um 3] 600 um

FERMPEZNEEAY > AMELE R Y A 200 um~254

um 2- & o F]PE AP - 200 um & 254 um (F G W Rlak oo JEE Al R AR A 4T

Rtk g che B e 0~20 4 P E A A £ 200 um & 254 um FF RGP

Bremofoit o d F IR AR R & RS s O T L R AR RS Rk

yi:mtngr e f 20~60 A 4BEEZRIY G ST L > B EcE b ¥ s o

IERIEF YR
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L LEFHFD

= HEARFGEEAREEEL

= #M>10kDa k& 2<10kDa -k » ‘% $RGETH g § 1858

R BIERPFIFE TR E o AR 10 kDa 5 A4 & a2 TR A
i GRS T AR ST AR EGERF 0 ARk
RpEdrglpig o~ &K 10 kDa A 3 2 BGE TR A g onh A4 R
PHLAE - ABERMTA A M > 7V RGEF > Fli# >10kDa
KR B2<10 kDa kKR & > ¥ FERR &R RRIRE R EE  FRE e TR
P Sy 4 ABIT B R R DT ALA Y o d PV SR A R Y T RSE

BEgarFe i LE- e
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Z ~ 39 fs proteinase K &= At # % MR IERIZA 7

4 proteinase K 2 /@ f4v £ eJB ¥ '8 2 5 304 hd-0 B0 ek e e
™4 proteinase K 2 ;2 fF4v #3872 > d BT S %R 0 & proteinase K & &
Flle B ILE S i s it o BHGE T R g B R R S LR 7 S
gt R R BT A AR AR Y AR p g & F]F 0 £ AR i
H_> 14 proteinase K 2@ e #1318 {7 L {8 i A iadr 38 (7 145 i 3 RIRR P
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NS Y s N Ll
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B o Tt ] LR TR AR K AT R LIRS R MR R PR T
fog S BFAp Ao e AR Y L BR o AEHRY T B A FBI B
AR PHITEREDERES AT DR S5 E R Y proteinase K &=
HutAmid s ERFER AR eI S 5 RRLT B o
proteinase K /& s 3t ¢ $3-d Tz~ FF > 4 p0 ¥ L idr e kg ¥ o

o s dliopd kR nER RS .
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40%
150, ® SE 10%
32%  32.38%
= 30% = GM
> 25.90
(<] [))
g 25% 23.81%
V)
S 2% 20.64%
ra)
s
E 15%
= 12.35%
O 1o%
5%
bop | 0%0%  0%0%
0
Tlme
Bl- e &Ik R SRR

beon TEHLA B 0 MG TER A IR A B F (X - BEHR) 0 ¥ Hokk
E34-]pFivs £ 3 o SE 10% ( stigma exudate (=14 ;& 4) 200 ul + 1X germination medium

(p7 3 32 % £) 1800 ul ) ~ GM (1X germination medium) e
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1200 189339333
NN

s 1035 6004

—_

E

=

e

g 200

=

z 600 60647667

=2

= Pt

E 200
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-]

Te

1hr Zhr 3hr ahr

—ip— G i SE

FARI AL LT hd R g A S R T R i T
BEALEF G120 Paey B RS o L 2] BE FF 2 REFE R

¢z % o SE ( stigma exudate (L8 4 iz 47) 200 ul + 1X germination medium( & 3 #3

% ) 1800 ul) -
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35%

30% -
’ 24%
249
< 21% 21%
B 209
© 20% - 0
'E 17%
g 0
.g 15% - 1%1%1% 15%
3
10% 9% 3 9Wo
5% -
0% -
C)i G’Q\Onj._? ﬂlﬁb{b‘ 6-?"10 \@\0 C>® q:_?"\ﬁqﬁg\ﬁ K 63‘ QS R @\0 L}@ ﬁ/c\@nfg\z) c-?\:‘/\ Q.g‘,e
) N > & N
Ay ¢ L A
FI= 4B £ FIRRZ 2] A R FTH 5 A

4y

e

, AL AT R e F R Y R fRF A
ek B @ A o >10kDa 1.25/2.5/5/10%( > 10kDa -k & 25/50/100/200 ul + 1X
germination medium( 7 4 32 % #£)1975/1950/1900/1800 ul) ~ <10kDa
1.25/2.5/5/10%(< 10kDa -k & 25/50/100/200 ul + 1X germination medium
1975/1950/1900/1800 ul) ~ SE 1.25/2.5/5/10%( stigma exudate( 7= 14" & 47)
25/50/100/200 ul + 1X germination medium 1975/1950/1900/1800 ul) ~ GM(1X

germination medium) °
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40.00% -

35.00% -

32.30%
30.00% - 7 8%28'3 % 27.73%
25.00% - 23.03%

21.59%

20.00% - 19.1%
15.00% |1+ 1%
10.00% -
5.00% -
0.00% - . . . ' ' . .

GM  SE 10% SE 20% MIX >10kDa >10kDa <I10kDa <10kDa
20% 10% 20% 10% 20%

Germination rate (%)

BIm 3 0 R e b 28 00 e

&% > 10kDa & ¥.< 10kDa ;";LJ?J& Se i 20 %PE Y IR Pl s prod eIk
% o w4 > 10kDa £ < 10kDa -k &R & £ w3 3 1/2 H4 5 (MIX) » fr5 mA
P S E20 %l b m LR o
GM (1X germination medium(j# 3 32 % #)) ~ SE10/20% (stigma exudate( {14 i
#)200/400 ul + 1X germination medium1800/1600 ul) ~ MIX (>10 kDa 400 ul +
<10kDa 400 ul » i}éf{‘ﬁi 12 884 £ 4« » 1X germination medium 1600 ul) ~ >10
kDa 10/20% (>10 kDa -k & 200/400 ul + 1X germination medium 1800/1600 ul) -
<10 kDa 10/20% (<10 kDa -k & 200/400 ul + 1X germination medium 1800/1600 ul) -
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GM (1X germination medium(pa 3 3 & 75)) ~ SE 10%( stigma exudate( =4 i&4)
200 ul + 1X germination medium 1800 ul ) ~ SE (i= #])10%( stigma exudate (= )
200 ul + 1X germination medium 1800 ul ) ~ MeOH extract 10 %(® fi$ % B~ 200 ul
+ 1X germination medium 1800 ul) ~ EtOH extract 10 %(2z fi% % B~;% 200 ul + 1X
germination medium) ~ </> 10kDa (</> 10kDa 200 ul + 1X germination medium
1800 ul) ~ SE 10% + proteinase K (stigma exudate 200 ul + proteinase K 10 ug + 1X

germination medium 1800 ul) °
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GM (1X germination medium({ % ¥ % £ )) ~ SE 10 %( stigma exudate( 7= 414 &
#) 200 ul + 1X germination medium 1800 ul ) ~ MeOH extract 10 %(? f% % P~%

200 ul + 1X germination medium 1800 ul ) ~ EtOH extract 10 %( 2 fi% % B~;% 200 ul +

1X germination medium ) °
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GM (1X germination medium( 7 % # % 28)) ~ SE 10%( stigma exudate( {414 & 47)
200 ul + 1X germination medium 1800 ul ) ~ SE (Pretreatment) 10%( stigma exudate
(Pretreatment) 200 ul + 1X germination medium 1800 ul ) ~ A/B/C/D (% »xiv i 49 &
17 % 0~10/10~20/20~40 / 40~60 min 4 &g ;% 200 ul + 1X germination medium

1800 ul)
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SE (stigma exudate)

HLER A i

GM (germination medium)
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HPLC (High-performance liquid chromatography)
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(a) Development of a male
gametophyte (in pollen grain)

Microsporangium
(pollen sac)

(b) Development of a female
gametophyte (embryo sac)

Megasporangium (2n)
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MEIOSIS
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