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Breaking through the Endosperm during Seed Germination
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Abstract: Endosperm completely encloses the embryo of many seeds and is a mechanical restraint for the com-
pletion of germination. Thus, rupture of the endosperm is the last key step controlling the process of germina-
tion. Rupture of the endosperm requires the growth potential of embryo and weakening of the endosperm after
imbibition. Weakening of the endosperm involves enzymatic and non-enzymatic mechanisms. This review sum-
marizes research progress in growth potential of embryo, location and ways of endosperm rupture, structure of
the endosperm and chemical composition of endosperm cell walls, roles of cell-wall-degrading enzymes, ex-
pansin and reactive oxygen species.
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melongena). '2 B¢ % (Datura ferox). VEj(Solanum
lycocarpum)®s, TR E 5 E(Trigonella foenum-

(seed germination) & 45 HAT A% ) (1)FFi -1 AL
IKITFUG 22 A 25 7~ 4% 78 W) (seed coverings)[1)
R, RS T — RV AR WA B A4
AR G3 - A=) 2 78 A LA R M — ] DL [ IV AR it
THEWI A E(Bewley filBlack 1994; Bew-
ley 1997a; Finch-Savagefl1Leubner-Metzger 2006;
Nonogaki®$2010), Mg S, M & Pl 95 55
W2 Ja ik #2015 W & (post-germination) I
Yy KR B

Xof — SR Y a3t S (Pisum sativum)li 5, B 1
P78 W) S AT Tl (testailiseed coat); {HX] o) —2E4)
Yran-+ e R RLE IF(Arabidopsis thaliana) Jh
113% (Lepidium sativum) &5 R Kpr I (Sisymbrium
officinale)?, R 5 5 (Lactuca sativa)Zs, Hikt
113 hii(Solanum lycopersicum). HH*E(Nicotiana ta-
bacum). FHM(Capsicum annuum). i (Solanum

graecum). £ 5 (Ceratonia siliqua)~ J\/RE.(Cy-
amopsis tetragonoloba)s, P45 ELHIWNEE(Coffea
arabica)®, P EEHI R - (Apium graveolens)Z&, i
FRNETE TR(Cucumis melo) % JN(Cucumis sativus)
25 MIRHP #E 1 (Chamaecyparis nootkatensis) =51
5, MR E YR Rl B AR AL — & L )E AR A
i Fr 20 3% ) JIE . (endosperm) ZH 22, i HLJRFL 152
TR e IR A I AR T IS R S
I R LA FR g B ALk 1 FL (micropylar endosperm)
oI 5L (endosperm cap), 1M1y ER L% R L LSRRI
73 WRZLIRE AR A Al 2R L3 A 3L (non-micropylar en-
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dosperm).

W78 W) E0H5 T S AR FL AR 1, g Al B
KA B BB B K T 4 2 S i 2 (tes-
ta rupture), ZEVEAIBE T B 0T A AR (PR Dk i
BT 2, A RE — M B R 5 B
MNP B 10 28 42 R 7L % (endosperm rupture), HLAE
AT R B R vp R AR (B ZE T RIAR IR A - LA
) o DALk, RS A X - 1 R (R R il L1,
FLHE AT B T (VR FL 1) T M ) A 1 B 32 4 S B4
B UUE B B W R 56 G ASLLRR
T~ 17 Ak R T A O IR LA SRR 9 () A H O 1) R A
HERE,

1 FRA B HBERAFA T

Bl I, R FLAR 2 — M AR A B AL
FUAL o ARG BEKmr I IR L AR B () A AN & IR A
R AL WL, 11 A A R AL S VR 3L ) B 3 (Tglesias-
Fernandezfl1Matilla 2010).

TR AL i W L R i 2 ] e AR e P R 7 o — 2
21 b V3L 40 i 1 e 1) 2 AR I, 40 THLABE Ik 0 2
FEA R EE, (R A0 0 OREE e R, Een RO AT
(Jacobsen&51976); ~ & 224 [ AL JI 3L 440 1 1) #4411
i B (R 45 M TR) J22 o ) A B L 2 IR A )R B A, 4
PO w L, 40 M e PRk 2k, nda Silva%i(2004) %K
VLA v e £ 2R L i R SPL A T, 4 A B s
ATE HAe e se MM o FAT T B4 1 AL o VR L 2R
Ji R0 T AT F A PR B L %%, b R TR SR Ak 1) 4
WA SEHE, A0 B RER I R R CR R R TR o
2 FRERKFERN S E 2R BB HIATIR
EHELEE—FHF

JVRAR B8 A 5 A L AN T 58 1 A o B, Ak
I T Bh 1 WK g R AR A = A B ) AR <<Ti " 1) )
H(growth potential) K)o 27 J IR A2 A B 404,
TR g B R, Bh 7 eV S8 O R R . 45
i, ABAFEFE R 1 Rt 2 U ABAS T
AR I 2E K (Wu%2001) .

2.1 PR KEM FIEATRATEE K E
ZAK

ZH 2R B B ) AR AR A0 i S SR I 4
M SO AN AT A 8 4 B AR B SEERI o AH A,
WFFUR IS B FOUE T 55 M1 I R 78 ) e S e
40 i I R & 2B 41 i 4y 24 (Haber AT Luippold 1960;

Sliwinska%52009). PElit, ity A S T, IR
L T g A e R o AL A R R AR
HARTAL ) SEI0 45 R BT, b g e AE A1
W AN, R A= A A (R B AN IR AR X 3, 1 7
AL R Rl 5 AR 2 TA] ) 3 X 4 (Chen 5§
2001; SliwinskaZ$2009; Gimeno-Gilles%52009).
2.2 BERBBRKmENNER R USSR LR
FLI A

AW, MoK, IR AT RS
JVR A 2 ] a9 DX 3 4 i A 7 A 1 | Y 1) A< T
(R ) i AL DA VAR % 3% B AL 3 M FL.(Nabors
FiLang 1971). {HPavlistafiiHaber (1970)%1% I,
R B A S P AL B M N, LR
IR A e 1 A R AE B AL i JVR L AN R 1
45 R IR rh 152 2 VR L AR R a7 L T ke
PR, A M7 R P 2 A 1 i i 2, (HERAL
it IS FLAG KA . ArcilaflIMohapatra (1983)#f
SRR W A I A T, BR AL i R LR 2 AT RE
AN BT AR T i 45 5, 2 T R FLA 5 oy
fE I o DRI, PR ) SIS AN 2 LUK BRAL
Ui IV L TR, 1T B8 34 5 2 BR AL i R LA 5 (R Bk
SEEEAEWOK G N BEAHBC A R FLI A U i A S
Y ZR SRR A0 I BRI AH G, DRI, AR AT B IR
FLCR ) A2 B AL VR 3L ) 1R 20 23 445 g B o i B Ak 2
H B 1 Ak
3 RRFLAL RIS R AR AR ER B L FLH Y
3.1 FRFLLBLRHILEMFE R

JSCAFT - UL AL R B R A A Rl AN [R)
M, WE I B R KR sl A =4
Al (Miiller452006; Iglesias-FernandezfliMatilla
2010), JAT 0 HAA 1~2)Z 41 fg(Miiller%52006), =
1 HAT2~3 24 fi(Jones 1974), Fhliv HHE. ik
ST %2 240 il (Bewley 1979a). — Bk AL VR 3.
{180 0 J22 0 B AR B AL i VR L B0 /D, {H AT S Bk
FLui R FL A0 M 2502 2) AR ZRfLum R FL(1L 2 2 2
(Miillers52006). IXZEF -7 IR FLAN MK — AN W25 R
IE & 4 i B 1Y S hn J5E, BT A R FL2H 2R A AR
(R 55 & (Jones 1974; Gong’52005). B4R, 5 H
JVR L0 A S D DY ] 1) P T 48 T A N 31 41
JHLJBT R, o R RO 2 0 A R BT (AR Lt
A I KT HR IR A 7 R A BRI AR A i
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—FF), A0 BE S0 X [# (Jones 1974). —fRERAL
Uiy JU L P 240 MR L = 3R L IR 7L 1 22 3 (N sse 55
1998; TooropZ52000; Williams%52001; da SilvaZs
2004; Gong%$2005), i 2 B¢ 2 Fp v Bk fLui I FL 5
A B AL iy IV L 40 P B A o JRE R B WA B A
0, AR IR AL v S 2L 40 P L I B L o 40 AR 22 /N (Sén-
chezZ51990) . ER AL W 315 A BR AL o I 3L A1 41
JEE A o BE S5 A B 22 S, TREYRE T M EA
RIS AR A R L 1) FLAR AT B
3.2 FRFLRREERY LA

5 A U L, X T 1 1 I 7L 11 40 o B
P2l i AT B AR, — R YR T
BRI, TP 21 4 255 548 =i (Otegui 2007). Halmer
SE(1975) TNy, B ECRl -7 AN, JAR AR 20 i B AN 2%
B UL A TR 20 B 5 A I AR O 1 D DL, T
& R 5L 55 W AR AE 40 i A Ak 2 21 R b 1) 22 ) 3
TP W A N B R R SR R N
Wi AW AP, BRI, ARBE. EILRE.
HEE AR IR A, S . W (Phoenix
dactylifera). WMIME. KA &8~ AR FLA M
AR 27 20 B 2 25 s H B R R LR 1) 5 &
A, HEN L 0T e DL FLH 87 R % X AE 7
(Halmer45:1975; Reidfl1Bewley 1979). i [fI4¢ 2 )
B VB VR L 40 B Tl — 2 ) N ) AR, T BB A A
3L H R I Y I AT 22 (Halme451975) . g
FRTRAIE Aol JVR L 40 R o AN i R AR B SR
(R AE T2 Bl A 1) Jist IR PT E (Bewley MR eid
1985), 1M ffi &2 (McCleary f1Matheson 1975) A1
P (Reid 197 1) BRI A SR K 2 1 - 3L H B
B, WK — By 1) J il o 2 AR AR R

JR LA B RE Ak 2 B T 5 AL A AN [R]
Ab, BURFLA S, BAL s L S AR R AL R 3L
Z A W 25 . DuttaZ5(1994) & B & 15 2R 4L
i VR 2L 4 B R mh o SR 1 7 5 A R AR R AL IR L
(1952%, 10 S 7 A8 R = LR P 5 T 20 ) AR R
FLum 3. 85 245 DAL, ERALum IR FL 2 B LR
AR SR A7, B T 5 T B2 1 ) 40 i )= R
0 ke o S A B S R BR AL i IR FLAS R A1, 34 W] e
5 B AL L 40 R ) A0 27 100 AN TR R
4 REFLE5K

A, R FLAL 2 T g R )R R A RS

FOATLBR SR, B AR ™ A R LA ) I A
SE LB TOOR o PRI, b7 Wk i R LA £ (R AL
ST R AT AN R BRI A, X I R
Fx A ¥ 551k (endosperm weakening),
4.1 BRFLimBEFLALGEE B9 E

oy BRI ER AL M FL, R SRR ZEAZ
R 7IN [ 33 g < Je s 2 3 R AL o R 2L, AR ) 53—
Ui AL IR A, A AT D 7 A AL v R LT e AL
W ) &= (puncture force)l’J k7N, NaborsfiLang
(1971) ¥ 5e K iz ikl e 7 5 B I 2% 7,
5 1% 7 E T BU((Watkins fl Cantliffe
1983). #Fili(GrootfllKarssen 1987; Toorop25:1998;
Wu%52001; Chenfl1Bradford 2000). fif/K(Welbaum
2£1995), WNHE(da SilvaZ$2004, 2005). A453¢
(Miiller%:2006, 2007; Graeber252010)F17¥i(Pinto
£5£2007; Anese?52011)45 1 BR Lo R 3L 573% J) 1
Mg SRR, X PRk 5, ZR-FL i I LA
M FEE BT . Rk, B Ay
JVR AR SREAHE R AL o R FL 2 W7, BRAL o 3L & 9514,
W WYL i JVR 7L PR 95 0 2 M W R IS VAR S i
FLI Sy —mise 5. HurA ok, 3L 59 A7 740
i 1 R A st P A AL
4.2 PRF 551k B REEERG (R AL SR AL

HRR i RO R b RS A I pLI, R
1963 4F Tkumafl Thimann ik 42 11 7 05 14 B 1 Ui
(hatching-enzyme hypothesis), 1Ak #2 ifill & &F#1
I A I R (1) g i 20 R 7 A — Mg, e A AR
ZE IR (L), (AR IR B Rl 2 LA
S A T X . IAERT I Ak, &L
ARG P T AN MR R AR ST A S R R R
FEPACIET A, 1 HRFLSS A T B B —Fh 4l
JHf R 5 At iR 56 B, 1T A2 22 40 B A S i ) [
1EH 145 R (Bewley 1997a, b; Finch-SavagefliLeu-
bner-Metzger 2006). 41 Mi5E 2425 SR}
CF o 2 S A, R AR I O A B R 220 Y I mT R AT
TERFLIS A R FEAE - o T 123 70 AU 5 4
B [ Al 5 IR AL IS R R
421 AHEZREBERASBUBRE YR LEH%E
B LAB-1,4- W51 S AHIE B It 2 0, 25 4E %W (EC
3.2.1.4) T 4T Wi B-1,4- 1 25 B T B M 0 7T 1 2T 4R 3R
R PR
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212 F M T BEAE 2 B 2 AN s E A 1 1R i 2L 59
WL R KA . 2SRl R, RFL
2T 4 22 W 1 00 189 00 & AE A R L 22 22 i (San-
chez%51986), fEMNMEF -, TakakifliDietrich
(1980 ke I 21| 2T 4t RS 1, Giorgini (1992) WIEFL
R Al TR AT e =Y ) T, da Silva%§(2004)
FH2H 21 EN RV (tissue-printing) /& 3L £T 4k 2% B3 11 A7
TE T W EFf - 1) 58 2 2 b, HOE P i 3 n 5 2K
FUo R 3L %35 N BRI 26— B B Y.

R 25 5 BT IR L9 4 1) D% R ik A7
E4i8: Tkum Al Thimann (1963) 1 Y H: HY 21 4k 25 il
] je 5 I FL 5910 AH 2%, PavlistafllValdovinos (1975)
s i oh G B 2 R SR IO 2T 4 3=
it 3 1 A VR LR AT AT M I #; {H Bewley 4%
(1983) A I g b1~ v £ A 22 g 10 0 e AR I, HL
Vil 5 1 A VR LA 2R W A 1S 0, VR LA AR S R
FRE AR TR KT, Ik £F 4 25 55 58 B R
FIEFLIGHHI R RA K

SR AT 4 25 W5 -5 35 0t A BOROR Y+ I 7L 55 4 1)
KAEAWHEA K. LeviatoviF(1995) K ILA i F -1
R, 2T 428 W0 PR () 9 i R A A R LR S
N LT YE 2Rl AN 245 IR SR R ) OB i . %
FOR AT AT A1 A RN INGA B R A
JFh A REWI R, 1HGroot%5:(1988) R ILA INGA Ji5 Jf
WA AE AR AR 1 b I 2 2T 4 2R I R 1
Watkins 55 (1985) WK GE 71 B & BB 1 1 IR ZL
r U 1) 2124 25 g RIS 12
422 BEBRIRMEBSEABUHXRE HkF%E
HH W2 22 Bl 41 B (CarpitafIMcCann 2000), —25 /&
[i] 2 S B3 1 1% 28 i (homogalacturonan), 7 —28 )&
B2 2 LI I8 152 S8 B (thamnogalacturonan) . [A] 2}
SUBH I 1 0% E R 2 B 1 FLBR IR Lla-1,4-
B G R, B b P ORI R 1R 2
Bl PR o T B2 0 LB T 1R SR = A Ut el B
ZEBE R FURE I R A L DL o- 1,4- T o 1,20 1758
BB R, B R R A RS FIEH R R AT B by
AT ZRERE (BT R AU Lho- 1,500 B 32 42 T o) A 2= 3L
TERECEFLRE LAB-1,4-08 s i e o O Ml i . PRI,
IR s ZE 2 Pl 2

() T RERE(EC 3.1.1.11), S5 T P m]
PRI 2 3R U R B RO 2. G

R H R S5 A P IR LSS O R RAZ .
RenfllKermode (2000) A I B A Fh -1~ 1 L H A7 AR
R EEEE )75 T, ABAFIH]. GAfEHERN T &
(RIS, A A2k T SR R IR e P v e, R
S ie F 5 Il A R M R L 99 4k R R AR H .
Salanenka®%(2009) % L AL fise Y 15 it £ it 7% 11 K
AT RE S BORA 7 B R FL IS A G

(Q)Z LI R M (EC 3.2.1.15). Z&F
SLWH 2 198 I3l 7K A28 VR A A 208 1R A TR A T 1 LB 7
PR IH) - 1,4-FEEF B . 7ERRAL BEAR s S e v, 75
FEOLR R 2 o FUBE R 1 R S,
Z RIS IR A B RIEE R . 2 B L RE
TR 5 I FLIS I ¢ R H A D EHRGE . Sitritds
(1999)75 1 = 7 At A~ HHAS il 21 4O S &5 -1 (1) Ak
(ex0)- 2 ZE - FUNH I B2 W v M, R IR V% 2 7 1
SERCHT T Ry, FEIERE T dn b A o 2 1 FUBE I R
B — N IE K LeXPG 1, ¥ 36 KV B 45 2K W,
LeXPG1 - BEAE W7 R -1 (R BR AL i 3L 5 AR S
Lk, WFLI AT RIE AP . Lk, 2 5L
W IS T Il A T 75 PE ATmRNA K 5 & R 11
JRFLIS A PT BEAH G

Q)AL T P Al . SR AFIR(EC 4.2.2.2)
TEAGPIANAHAR ) B8 T BB AL IR FLBE R (7 o-1,4-
BT B BT 2R, X T B AN Sl I KA, T A
W - U R 51 567 B-lk I b R S AL B T B
AR T By AR LR TR 2R AR S S AL i IR 12
EFARPSC YN € RER ] [E A (P N A
L L 95 R R AFAEAR R I A TS 2 . 1T %
AT T B 2 - LB T R SR M 0 P v <z A1 2R B 0
e FLERBH I, W= Fr A B (EC 3.2.1.99).
o-P AR RE(EC 3.2.1.55). B-FFLERBERE(EC
3.2.1.89)FIB- 2L FLBFEFRE(EC 3.2.1.23) 550 FRFL
SR RWATERE
423 [ERFAHLEZRNBERIBUIXERE LT
Y 2% bh T A R ) A i BE 2 B A i, T AR R
TRE ORIRBE. THEE s, B-1,3-% Kb .
I, BEMR VLT E R B 2 R 2 4% .

(D) FEARA S SRR . A RN 1) 5 5 21
He oy AL, R — IR A B 21 CAB-1,4-FE 1T
BB A, (H A AE E— LA B 4 1 Lla-1,6-5
Tre e X5 AR AHE, HACRE & AT 585 B hz A1




IRARIT 5 B T A R IR FLI R T 5 457

G S EUEI T N TP 3R S NG
TERH N R UK AR BF(EC 2.4.1.207/3.2.1.151), J&
— P A XN RE B . 15, 1% R K AR
Ihiie, B — 2 AR T WY, U1 AR i g
W, Tk bR S A S, RS, K
PRGBS Th e, B 5 2 85 G 10k Je s = ) 5
Ty ARG EERE 0y T 0 A I i T R A L (Rose %
2002), MITHE — S AR EBE 4 7 1) — B g g 3
T AR T LA A S . DT RH
TR 3 B K A 7 IR LS9 A6 G R IO IF 5T
/. Chen®(2002) NF i FR 7 H g e T — AR
TSR D R SE K A B TR Le XE T4, R INZFE
5 St E 2R AL IR FL b Rk, HARIAIKSPAEIRFL
W 4 H H B s, DRI A N LeXE T4 ] g 55 3% i Fl
THIRFLIFAAH K

Q) BEMEATRENE (VI AR A 7y 738 ik
B-1,4- T B Bz 1 ) 2, RRE L — SRR
Ay T ] R I - 1,288 0- 1,30 15 B 5 B A7 B A
VE, T BT 7 A1 A R o K fR A SR B AN B B AT A
FEHE ) & B-1,4- AN HERFEC 3.2.1.8)Fla-Fil H7AF1 b
Tl [T O, a-BalhArps e 5 M1 R FL 99 0
KRIEAGGEE, 1MB-1,4- K FEWHMEE 5 IR FLI9 101K %
AW Bewley 5 (1983) 71 54 B HORL R
B P, R R IR IRk oo R e T
AR, DRI A 1 S R R L3S A IR O
AHREA K

() A H 2 SR M (I o JRM B fh H R
Bl CAB-1,4- W Fr o e i fle, T BE LI — 2 H #Eh
PLo-1,6-FF4e 55 - FURE IR ARG, W Rk R -3
H #% 28 P (galactomannan), f5 I 1 5% B4y ey —
B CAB-1,4- Wl B 4 42 () 7 SO0, T A O i H
ZE Bl (glucomannan). 5~ o i) H 2 ZE0E 22 0 2 5L
H &% SR B (DeafliMorrison 1975), AV i B i 75 22
B-H #& R HEME(EC 3.2.1.78) o-F I 1T HE(EC
3.2.1.22)F1B-H B WEEFEF(EC 3.2.1.25) 1 [FAEH:
o2 FUBE T G 50 D) B T 00 BE A7 B 1R - FLBE, B-
5 SR At Bt WL M T DB B 0 B- 1, 40T B A
H #E WA R, - T BT A K H R A
WA K A A T B R

B-H 5 ZEHH Il 5 W L9911 O 22 T AT 41 e
HE [ fift 1 Hh A AE 9015 I 2 1) (Bewley 1997D).

Groot“5(1988) K ILAE /K HH AN NG A 2E /R 75 2= g
T GEAGARTR AT W R RN, 3 7L p-H
SRR Sk o B S R AR S A AR AR 1
N, TR L o B-H e SROBH IS 1 (1 1 Ik A
TE LA 2 2 i, T A AL v I L v i 1 1 1
I & AEAE R FL R 2 5 (Nonogaki®E1992;
Nomaguchi 25:1995; Toorop%s 1996; Nonogakifll
Morohashi 1996). Bewley25(1997) I\ il 1t
SLRE T R A — AN B- T B AN S M LeMan,
R L s e AEAE IR FLI 2 2 J5 « Nonogaki %
(2000) M\ At B~ v B T8 ANB- T R SR B Il
SENLeMan2, %% B LeMan2 F AR FL 242 Wi Rk
FLs IR FL R R IE, T LeManl KA AT ZE 2 I (1)
JEERAL I i FLrh 33k, KW LeMan2 55 2R AL b R 3L
9165 . Belotserkovsky25(2007) 2 A 1) 55 =
ANB-H 5 BB L K LeMan 3R T Hlivh i %35, &
T T % HE DR 1R &, RT-PCR 3 K B it
FikLeMan3 30| T LeMan 2% 5%, Ht—0AESE T
LeMan2{r i FLIS A6 P I D fE . 2 BE 2 M1
RISE, AL i R 3P v B-H 5 SRR Bl v P A U L At 2R
ZHI O W, a0 RE . AR
B A BRIy, AR F0] T B-H 5 SRR e 1 1)
BN (SanchezZ%1990; Sanchezfllde Miguel 1997;
Arana®$2006), R, B-1 &5 SR 15 2 fp 20+
IR FLIG 4 T BEAFAE R R o FU RS I b Pl 1 B-
H B SR T P A ol i A 58 BRI AT Y T e i
5, G0l E - H i R 8N LA, 74
(AtMAN7. AtMANG. AtMANSFIAMAN2)E W %
Tl a8, JEUALAAL 53 B 45 R AL A
VR SPLL B 28 17 P R L i S 7L N VR AR vp 3R, i PR it
Brsc i it — 0 K WHAtMAN7 . AtMANGFIAtMANS
5540 I (1) R 5L 55 A0 AH G (Iglesias-Fernandez %%
2011afb). AIAEHE Z 55 T AT M 10 &
BUBR T TR I, FRAT Rl A, BR AL 3L,
H B B RO I 1100 M A VR LRI T 1S, v B )
B-H % SR M i I K] LesaMAN 71 5 55 7K -t AE IR L
BRERT T, W] B-H 55 SR Il ] Be /e AT S M1
R L 95 10 A4 HI (Morris452011) . 55 JICRT
R~ 2R LS VR 7L P A7 AR B- T s SROBH G M, 1o L
TEWRFLAR TG 0, W] B-TH 2% SR A vl fig 55 30N
I IR (%) W FL 95 A AH OG(Ramakrishna fl Amrit-
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phale 2005), FAR & 1M1 f 7 TR BT 5T B-
H 5 P I 5 3L 99 10 0% R M kL (Halmer 55
1975), ARG T %M 5 70 &5 AL 99 4 b R #5 4E
FEBEAEA A 10— SERIF 50 AN B- T 5 2R W e
PR P 38 0 A AE R P 2 2 J5 (Halmer%5:1975,
1976, 1978; HalmerflIBewley 1979; Bewley%51983;
Powell%51984; Halmer 1989; Dulsonfl1Bewley 1989;
Bewley 1997b; Toorop%51999; Nonogakif1Moro-
hashi 1999), TA A 8 )4 A2 B A R 2 03 .4
JfL B v () 22 0 O 4 AR KR IR R . WangSE
(2004) A\ &5 R -1 v B T B-H B SR OB g ik [X] Ls-
Manl, W RN 5 R AR TR 2 S5, DRt
TN K B-H 55 SR B I 5 o8 M 1 B R FLES A G R
AR T —LeWF 574 Ak DLB- T 5% S8 B 35
(1) 38 0 e AR AR IR FLAE 24 2 T (Dutta%51997; Nasci-
mento%5$2000, 2001, 2004, 2005), Ktk A p-H %
TERENG 5 55 B IR AL IS ARG . T nHE(Marracei-
ni%$2001). BH(Watkins%51985), /2% (Williams
26:2001) 11— 4 5 BL(Bewley 1997b; GongZ42005)
Bl 7B R, B-H i SR IR M RS DR A sk /K- 1)
Hon E R AR IR 5, DRI B-H i b
B IR IR FL 5 DG R T BEA K

Leung®5(1979) 7% 5 R FL A R I 2 o1 FLHE
WS P, IRV A T R 5 S I T 1
LeungfiBewley (1981a, b) & ILZ1 G FIGAJEHEF T
R P TRT N, AR E T o= UM B s 1 A 1 R 5
JSCHT S I, ARARAT TR BT R o= U R AN —
S RIR, DA R 70 A AR, o- 2 FUE 1 B PE
218 (Leung Fl1Bewley 1981b). BewleyZ5(1983)
AN BE W 7L o FUBE S R L B 2R
(1), M HE T rp s 25 . LeungfiBewley
(1983) ik W == FUAk 1 1 7 22 B- H 5 SR g SR )
FUH 8 MR B Al SRR 5 A RE R AEEH . DRI, o-
LB S S BT IR FLIS A O RIEA IR
THAE . Groot®5(1988) K IGA b HH Pk 52 75 75 3 ik
B3 2R SR AR P~ E 7K TR R A, GAA B 35
T a2 FUBEF R 35 PE . ReidfIMeier (1973)7E
] C A 1 A U PR VR L R AT T B - LB
BTGk, BN PEAE R PR 5 A I, P a-
PFUBE NG 0l e A AT IIRFLIS O RAS
Ko

B-H &b My S AT ) R L 99 AL AT RE AR
FEMIENE . Groot¥:(1988) & LGAKL FE (i il /7 5 %
il 5 280 5 AR AR i A - AR K R R B[R, g
T B-H BB NS . MoAIBewley (2002) % L,
A ot B AL JVR L v B L IR S K T
b B AL i R FL P RS 1, ELE PR AR VR LA R
BT, IR AR Al T B-H B E T, SOk
T H B LeMsidel, J IR -1 RIS R, 1P
T A BR AL R L 20, Bk 58 S R IA KA
B 2 RE DT A, BRFL R L B- H 2 b
T P 2 ) 38 0 & AR AE IR FLA 2T, GARIZLG
TERh 1 A () TR I b 77 Il v e ) 38 o, DRI i B-H
e BTl ) e L 2 PR R T 1 R L 59 46 A5G (San-
chezflde Miguel 1997). K 1B-H Bzt H 5 &= 5
AL R, W90 BEARAE Rl P A U
BRGHEPE, AR PEAE R 0 AL R B AR A,
A K B ] BE 5 55 BRI IR FLIS L OC R AR
(Leung%:1979; Bewley%%1983; Quellette fllBewley
1986). T #i [ (Reid FlMeier 1973 )12 55 (Wil-
liams 55200 1)1~ 17 A INF, B-TH 5 B 1 M P 1)
A AR MFLAR 2 5, DR B- T B bl T T e
KPR IR RIS R R A K

(4) B-1,3- 1 SR MEAF(EC 3.2.1.39). 40 i e
A 1) /b B - 1,3 SRBH e E E DAB-1,3- K
THERH T T i, B-1,3-70 SRBH I T 4T W B-1,3- 41 A b 1T
SRR A e . B-1,3- i SRR AR TP AR B R T
BRALum R FL D, LA R AT, BAENS k. B s
mRNAJKF_E3470, GAfERE. ABANHI AT
FR TR INF, AR A0 T B-1,3- 6 SRR il B AL o
L AR IA(Vogeli-Lange%51994; Leubner-
Metzger#$1995, 1996; Leubner-Metzger 2003),
Leubner-Metzgerf1Meins (2000)F F I8 FL4EF 5 P
B 1R B- 1,374 SR B il I K] p- GLUIHE S B rp i 36
ik, ARHE T e R DR BRI FLI A, (R4 ) X
S DAT PR 0 R (1) IR LAt 2R A7 100 200 8 A2 4K (Leu-
bner-Metzgerfl1Meins 2001). LL =459 %11, B-1,3-
T ZRB I8 R e S M A R FL 9 A DG . Mo-
rohashifl1Matsushima (2000) % F1B-1,3-7% 5 ki fify £
R R 58 IR A i 1 R BR AL S IR L, H
PR AANA A Tty P P = E A AL IR LA WLk A9 25 (e
I B 28 05 Jo B PR g o, DR e A A BR AL g




BRI 255 BT L e FLAG SR P 5 450

JR L F - 1,3 RO Ml % 1 T A pH VAR S R AL
St VR 7L PR 7 R 407 3 3 B o Wus(2001) LR K
TB-1,3- 7] 2R WAy e A7 T 7 0 M1 2R L i A
FLrb, MFLAR TR T . B B mRNAZK
BT, AR I i VR LA i B v AN A AR B-1,3-
] S0 I 1 S, T HLAB AN IR FL 55 A0 AH 20
BRAIC T B PRk, B-1,3-71 2R B g 15 7
Hidh -7 B RFLIG AT BE T K o

4.3 FAZ 551k Ho 4 A EE AERE AR AL St AL I

BT LA IR 20 P RE [ A B b, — SE AR A

WA R/ FL g R BB, EEAHRY
Ji% 2 [ (expansin) Fl175 4 48 (reactive oxygen species,
ROS).
431 FREBSMHABUHXRE JREAZA
AT K AR S5 WAL 15 PR, FURT T BT 21 4 32 F0 - 21 4k
B ) (R AR LA B (o S0 BE) N T A5 490 i B A28 st )
— R4 U BE & 11 (Cosgrove 2000).

KTV REONEILIGI K RA — L5
i . ChenfliBradford (2000) M 7 i ff 1~ va
T3INY REEHIER LeEXP4. LeEXPSFLeEXPIO0,
RILLe EXPAFs 7 A BR AL om MR 3L P 308, HRHL
1 24 T 3 T HE 0 B b K AH, R S 3R I = [ AIC .
GAAb B 5 G AR B 2 53 S AR AR T 1 77K v
RIFI, fEiE T LeEXP4WIRIE . i LeEXPSFI
LeEXPIOATEIRFL h 31k, HAE M I8 (Chenss:
2001), FREAIAY & (LK LA LeEXP4T] R
5 FLI9 A K, 11 LeEXPSFILeEXP10W) ]
Ae5 IR A K AR G

Mella5(2004) M & B & il 5~ rh s [ 124N
e AL Br(AF442772F1AF442773), RIL
AFA42773 11 J FLA R 117 R R AL i IR 3L 30, 21
JARHE L LG 1 I R,
T 1% A AR BR AL R FL T ik . 5 SRR,
T RREARES 2RI M1 RIS A S,

S00s45(2009) A ILMH 7K V5 W vl A2 3k 55 B b1
(R A, AT a1 AN 5 B e B [ R L EXP-
LIKEFIEXPS, M 7K 5 004k BEAE -~ WS ok 1)
Y BE A iy 1 RERL A 7 EXPS ) e 5 /K-, AR %
fIX T EXP-LIKEW 3 55K -0 FHTABATT 2 AR A
T HHIRIRNA T RT-qPCRI} Hr, AT A3 B 2R
FLum R FL R I O, PRI g5 B U BHEXPS AT

fie 5 65 BT BT R AHOG, (R 5 IR L g9 Al
RIWIBATE HE

PR AT BE AR AT S 1 BR AL i R FL 55 AL
o R AEAE F (Voegele®5:2011)
432 FEHEESRABUXFR AR EE
[ 22 b U AR ke, H HL AT B A S 5 A A 0 R 1)
TR I GRR, ER AR N B R A B
T HHIEEO) . FHHE(OH), M5 A (H,0,)
SF(ApelFIHirt 2004) . % M4 0T DL 4 i v 1)
YRSy, BAEA MRE Z2 BE, Horh LL-OH M B
PEfe i (Fry 1998). 1 T-ROS A Mo 40 e 5 55 1L
b, PRI A BE -5 R L 99 0 B AFAEAH 5GP . Moro-
hashi (2002) % JiL 7 jifi Fi -1~ A FL A 21T, HLO, A1
L) Bl S b AR ZR AL S R L AR R EARATIA
S H,O, M S AL W) it (1) Tl BE 1T RE A2 b5 HIRAEDH B ik
PR NG K, WA ERE 5 L5946 A ¢
PEo Millers5(2007) 5 (X4 H % 1 42 (FF 3 /2 - OH)
A e A L 59 A i v kAR AR, A
TR IR ANIEH,O0, 40 P ] LU B ABAXT AT S Ff 1
JVR SRR 2L (R F0 AR FH L o 058 A2 234k 2 B
HE—20 R, L% 2407 OHAN O3 E 2R L e 3L P
E, GAREE. ABAJISHI IR FL % 2 1 [H i, 42
HEL FH T -OH AL B (Miiller%$2009). Linkies%s:
(2010) A Ik S0 47 Wty e S 1t A B L o JVR 2L KT 1A
AR E . P g5 FARW], 3 1k 28 v fig 5 7 i A
AT ST IR FL 99 A R R A
5 RE

A TG IR FLAL LRV 2 M 58 T R IR ) B
RRif, a3 5 A5 8 X SR 1 B A5 W R 11 i e T
K, MIRFLES A R FLAER R A 5 15, V2 4i i
B ik g S R B4 e 2 1 A ROS T e AE bk
PEEEAEH . — R IR 99t AT AT 2 Fh Al
OB AR 1K) 22 55, AFLE A T A TS 2 400 75 11 B
FUORS R — WA IR R EAE, 2 —AMERS
WG ). e Ah, — i 20 i B 5 it 15 m R 7
Fiob - B R FL 59 46 h R FEAE L, B g 55—
B IR FLIS A TEAA DG, 215 55 M 1) JE 4 (40 i
BEZ DA R A IS AR 5 & DS EA
[FIAHOC? g J@ dk I AIROSHENY, A7 (e s 5
PE, J2 5 7EAS AP PR IR 7L 59 Ak v e 2 317 3k A=
W2 — AR A R R W Tk g s




860 Fa A PR

fift Wiy S B e B LA IR FL 95 A6 P I D BE, FF T
Tl 2T AN Pk A L il s 1 O R L8 AL R R i,
1B H AT WFTUE FENR S T e T e B-1,3- 71 Bk
Wi DAL L 6 7 7 AT U R O o A B- H ke SR Ml [
X IRFLIS AW B TE . B, RS AR vk
SE TP T IR RS R, A SR AL I
FUEATE BRSO, BTV 2 R %0
1) AT FF IR o

B3 3k

Anese S, da Silva EAA, Davide AC, Rocha Faria JM, Soares GCM,
Matos ACB, Toorop PE (2011). Seed priming improves en-
dosperm weakening, germination, and subsequent seedling de-
velopment of Solanum lycocarpum St. Hil. Seed Sci Technol, 39:
125~139

Apel K, Hirt H (2004). Reactive oxygen species: metabolism, oxida-
tive stress, and signal transduction. Annu Rev Plant Biol, 55:
373~399

Arana MV, de Miguel LC, Sanchez RA (2006). A phytochrome-
dependent embryonic factor modulates gibberellin responses in
the embryo and micropylar endosperm of Datura ferox seeds.
Planta, 223: 847~857

Arcila J, Mohapatra SC (1983). Development of tobacco seedling.
2. Morphogenesis during radicle protrusion. Tobacco Sci, 27:
35~40

Belotserkovsky H, Berger Y, Shahar R, Wolf S (2007). Specific role
of LeMAN?2 in the control of seed germination exposed by over-
expression of the LeMAN3 gene in tomato plants. Planta, 227:
199~209

Bewley JD (1997a). Seed germination and dormancy. Plant Cell, 9:
1055~1066

Bewley JD (1997b). Breaking down the walls—a role for endo-f3-
mannanase in release from seed dormancy? Trends Plant Sci, 2:
464~469

Bewley JD, Black M (1994). Seeds: Physiology of Development and
Germination. New York: Plenum Press

Bewley JD, Burton RA, Morohashi Y, Fincher GB (1997). Molecular
cloning of a cDNA encoding a (1—4)-B-mannan endohydrolase
from the seeds of germinated tomato (Lycopersicon esculentum).
Planta, 203: 454~459

Bewley JD, Leung DWM, Ouelette FB (1983). The cooperative role
of endo-B-mannanase, f-mannosidase and a-galactosidase in the
mobilization of endosperm cell wall hemicelluloses of germi-
nated lettuce seed. In: Nozzolillo C, Lea PJ, Loewus FA (eds).
Mobilization of Reserves in Germination. New York: Plenum
Press, 137~152

Bewley JD, Reid JSG (1985). Mannans and glucomannans. In: Dey
PM, Dixon RA (eds). Biochemistry of Storage Carbohydrates in
Green Plants. London: Academic Press, 289~304

Carpita N, McCann M (2000). Cell wall. In: Buchanan BB, Gruis-
sem W, Jones RL (eds). Biochemistry and Molecular Biology of

Plants. Rockville, MD: The American Society of Plant Physiolo-
gists, 52~108

Chen F, Bradford KJ (2000). Expression of an expansin is associated
with endosperm weakening during tomato seed germination.
Plant Physiol, 124: 1265~1274

Chen F, Dahal P, Bradford KJ (2001). Two tomato expansin genes
show divergent expression and localization in embryos during
seed development and germination. Plant Physiol, 127: 928~936

Chen F, Nonogaki H, Bradford KJ (2002). A gibberellin-regulated xylo-
glucan endotransglycosylase gene is expressed in the endosperm
cap during tomato seed germination. J Exp Bot, 53: 215~223

Cosgrove DJ (2000). Loosening of plant cell walls by expansins. Na-
ture, 407: 321~326

da Silva EAA, Toorop PE, Nijsse J, Bewley JD, Hilhorst HWM (2005).
Exogenous gibberellins inhibit coffee (Coffea arabica cv. Rubi)
seed germination and cause cell death in the embryo. J Exp Bot,
56: 1029~1038

da Silva EAA, Toorop PE, van Aelst AC, Hilhorst HWM (2004). Ab-
scisic acid controls embryo growth potential and endosperm cap
weakening during coffee (Coffea Arabica cv. Rubi) seed germi-
nation. Planta, 220: 251~261

Dea ICM, Morrison A (1975). Chemistry and interactions of seed ga-
lactomannan. Adv Carbohydr Chem Biochem, 31: 241~312

Dulson J, Bewley JD (1989). Mannanase from Lactuca sativa: meta-
bolic requirements for production and partial purification. Phy-
tochemistry, 28: 363~369

Dutta S, Bradford KJ, Nevins DJ (1994). Cell-wall autohydrolysis in
isolated endosperms of lettuce (Lactuca sativa L.). Plant Physiol,
104: 623~628

Dutta S, Bradford KJ, Nevins DJ (1997). Endo-B-mannanase activity
present in cell wall extracts of lettuce endosperm prior to radicle
emergence. Plant Physiol, 113: 155~161

Finch-Savage WE, Leubner-Metzger G (2006). Seed dormancy and
the control of germination. New Phytol, 171: 501~523

Fry SC (1998). Oxidative scission of plant cell wall polysaccha-
rides by ascorbate-induced hydroxyl radicals. Biochem J, 332:
507~515

Gimeno-Gilles C, Lelievre E, Viau L, Malik-Ghulam M, Ricoult C,
Niebel A, Leduc N, Limami AM (2009). ABA-mediated inhibi-
tion of germination is related to the inhibition of genes encoding
cell-wall biosynthetic and architecture: modifying enzymes and
structural proteins in Medicago truncatula embryo axis. Mol
Plant, 2: 108~119

Giorgini JF (1992). Purification and partial characterization of two
isozymes of cellulase from GA;-treated coffee endosperm. R
Bras Fisiol Veg, 4: 75~80

Gong X, Bassel GW, Wang A, Greenwood JS, Bewley JD (2005). The
emergence of embryos from hard seeds is related to the structure
of the cell walls of the micropylar endosperm, and not to endo-f3-
mannanase activity. Ann Bot, 96: 1165~1173

Graeber K, Linkies A, Miiller K, Wunchova A, Rott A, Leubner-
Metzger G (2010). Cross-species approaches to seed dormancy
and germination: conservation and biodiversity of ABA-regu-
lated mechanisms and the Brassicaceae DOGI genes. Plant Mol




BRI 255 BT L e FLAG SR P 5 %61

Biol, 73: 67~87

Groot SPC, Karssen CM (1987). Gibberellins regulate seed germina-
tion in tomato by endosperm weakening: a study with gibberel-
lin-deficient mutants. Planta, 171: 525~531

Groot SPC, Kieliszewska-Rokicka B, Vermeer E, Karssen CM (1988).
Gibberellin-induced hydrolysis of endosperm cell walls in gib-
berellin-deficient tomato seeds prior to radicle protrusion. Planta,
174: 500~504

Haber AH, Luippold HJ (1960). Separation of mechanisms initiat-
ing cell division and cell expansion in lettuce seed germination.
Plant Physiol, 35: 168~173

Halmer P (1989). De novo synthesis of mannanase by the endosperm
of Lactuca sativa. Phytochemistry, 28: 371~378

Halmer P, Bewley JD (1979). Mannanase production by the lettuce
endosperm control by the embryo. Planta, 144: 333~340

Halmer P, Bewley JD, Thorpe TA (1975). Enzyme to break down let-
tuce endosperm cell wall during gibberellin- and light-induced
germination. Nature, 258: 716~718

Halmer P, Bewley JD, Thorpe TA (1976). An enzyme to degrade let-
tuce endosperm cell walls. Appearance of a mannanase follow-
ing phytochrome- and gibberellin-induced germination. Planta,
130: 189~196

Halmer P, Bewley JD, Thorpe TA (1978). Degradation of the en-
dosperm cell walls of Lactuca sativa L., cv. Grand Rapids: tim-
ing of mobilisation of soluble sugars, lipid and phytate. Planta,
139: 1~8

Iglesias-Fernandez R, Matilla AJ (2010). Genes involved in ethylene
and gibberellins metabolism are required for endosperm-limited
germination of Sisymbrium officinale L. seeeds. Planta, 231:
653~664

Iglesias-Fernandez R, Rodriguez-Gacio MC, Barrero-Sicilia C, Car-
bonero P, Matilla A (2011a). Three endo-p-mannanase genes ex-
pressed in the micropylar endosperm and in the radicle influence
germination of Arabidopsis thaliana seeds. Planta, 233: 25~36

Iglesias-Fernandez R, Rodriguez-Gacio MC, Barrero-Sicilia C,
Carbonero P, Matilla AJ (2011b). Molecular analysis of endo-
B-mannanase genes upon seed imbibition suggest a cross-talk
between radicle and micropylar endosperm during germination
of Arabidopsis thaliana. Plant Signal Behav, 6: 80~82

Ikuma H, Thimann KV (1963). The role of the seed-coats in germi-
nation of photosenstitive lettuce seeds. Plant Cell Physiol, 4:
169~185

Jacobsen JV, Pressman E, Pyliotis NA (1976). Gibberellin-induced
separation of cells in isolated endosperm of celery seed. Planta,
129: 113~122

Jones RL (1974). The structure of the lettuce endosperm. Planta, 121:
133~146

Leubner-Metzger G (2003). Functions and regulation of B-1,3-
glucanase during seed germination, dormancy release and after-
ripening. Seed Sci Res, 13: 17~34

Leubner-Metzger G, Friindt C, Meins F Jr (1996). Effects of gibberel-
lins, darkness and osmotica on endosperm rupture and class [
B-1,3-glucanase induction in tobacco seed germination. Planta,
199: 282~288

Leubner-Metzger G, Friindt C, Vogeli-Lange R, Meins F Jr (1995).
Class I B-1,3-glucanase in the endosperm of tobacco during ger-
mination. Plant Physiol, 109: 751~759

Leubner-Metzger G, Meins F Jr (2000). Sense transformation reveals
a novel role for class I B-1,3-glucanase in tobacco seed germina-
tion. Plant J, 23: 215~221

Leubner-Metzger G, Meins F Jr (2001). Antisense-transformation
reveals novel roles for class I B-1,3-glucanase in tobacco seed
after-ripening and photodormancy. J Exp Bot, 52: 1753~1759

Leung DWM, Bewley JD (1981a). Immediate phytochrome action in
inducting o-galactosidase in lettuce seeds. Nature, 289: 587~588

Leung DWM, Bewley JD (1981b). Red-light- and gibberellic-acid-
enhanced a-galactosidase activity in germinating lettuce seeds,
cv. Grand Rapids: control by the axis. Planta, 152: 436~441

Leung DWM, Bewley JD (1983). A role for a-galactosidase in the
degradation of the endosperm cell walls of lettuce seeds, cv.
Grand Rapids. Planta, 157: 274~277

Leung DWM, Reid JSG, Bewley JD (1979). Degradation of the en-
dosperm cell walls of Lactuca sativa L., cv. Grand Rapids in
relation to the mobilisation of proteins and the production of hy-
drolytic enzymes in the axis, cotyledons and endosperm. Planta,
146: 335~341

Leviatov S, Shoseyov O, Wolf S (1995). Involvement of endoman-
nanase in the control of tomato seed germination under low tem-
perature conditions. Ann Bot, 76: 1~6

Linkies A, Schuster-Sherpa U, Tintelnot S, Leubner-Metzger G,
Miiller K (2010). Peroxidases identified in a subtractive cDNA
library approach show tissue-specific transcript abundance and
enzyme activity during seed germination of Lepidium sativum. ]
Exp Bot, 61: 491~502

Marraccini P, Rogers WJ, Allard C, André ML, Gaillet V, Lacoste
N, Lausanne F, Michaux S (2001). Molecular and biochemical
characterization of endo-B-mannanases from germinating coffee
(Coffea arabica) grains. Planta, 213: 296~308

McCleary BV, Matheson NK (1975). Galactomannan structure and
B-mannanase and -mannosidase activity in germinating legume
seeds. Phytochemistry, 14: 1187~1194

Mella RA, Burdin MJ, Sanchez RA (2004). Expansin gene expres-
sion in Datura ferox L. seeds is regulated by the low-fluence
response, but not by the high-irradiance response, of phyto-
chromes. Seed Sci Res, 14: 61~71

Mo B, Bewley JD (2002). B-Mannosidase (EC 3.2.1.25) activity dur-
ing and following germination of tomato (Lycopersicon escu-
lentum Mill.) seeds. Purification, cloning and characterization.
Planta, 215: 141~152

Morohashi Y (2002). Peroxidase activity develops in the micropylar
endosperm of tomato seeds prior to radicle protrusion. J Exp
Bot, 53: 1643~1650

Morohashi Y, Matsushima H (2000). Development of f3-1,3-glucanase
activity in germinated tomato seeds. J Exp Bot, 51: 1381~1387

Morris K, Linkies A, Miiller K, Oracz K, Wang X, Lynn JR, Leubner-
Metzger G, Finch-Savage WE (2011). Regulation of seed ger-
mination in the close Arabidopsis relative Lepidium sativum:
a global tissue-specific transcript analysis. Plant Physiol, 155:




862 Fa A PR

1851~1870

Miiller K, Hess B, Leubner-Metzger G (2007). A role for reactive oxy-
gen species in endosperm weakening. In: Adkins SW, Ashmore
SE, Navie SC (eds). Seeds: Biology, Development and Ecology.
Wallingford, Oxfordshire, UK: CAB International, 287~295

Miiller K, Linkies A, Vreeburg RAM, Fry SC, Krieger-Liszkay A,
Leubner-Metzger G (2009). In vivo cell wall loosening by hy-
droxyl radicals during cress seed germination and elongation
growth. Plant Physiol, 150: 1855~1865

Miiller K, Tintelnot S, Leubner-Metzger G (2006). Endosperm-limited
Brassicaceae seed germination: abscisic acid inhibits embryo-
induced endosperm weakening of Lepidium sativum (cress) and
endosperm rupture of cress and Arabidopsis thaliana. Plant Cell
Physiol, 47: 864~877

Nabors MW, Lang A (1971). The growth physics and water relations
of red-light-induced germination in lettuce seeds. I. Embryos
germinating in osmoticum. Planta, 101: 1~25

Nascimento WM, Cantliffe DJ, Huber DJ (2000). Thermotolerance in
lettuce seeds: association with ethylene and endo-B-mannanase.
J Am Soc Hortic Sci, 125: 518~524

Nascimento WM, Cantliffe DJ, Huber DJ (2001). Endo-B-mannanase
activity and seed germination of thermosensitive and thermo-
tolerant lettuce genotypes in response to seed priming. Seed Sci
Res, 11: 255~264

Nascimento WM, Cantliffe DJ, Huber DJ (2004). Ethylene evolution
and endo-B-mannanase activity during lettuce seed germination
at high temperature. Sci Agric, 61: 156~163

Nascimento WM, Cantliffe DJ, Huber DJ (2005). Seed aging affects
ethylene production and endo-f-mannanase activity during let-
tuce seed germination at high temperature. Seed Sci Technol, 33:
11~17

Nijsse J, Erbe E, Brantjes NBM, Schel JHN, Wergin WP (1998). Low-
temperature scanning electron microscopic observations on en-
dosperm in imbibed and germinated lettuce seeds. Can J Bot, 76:
509~516

Nomaguchi M, Nonogaki H, Morohashi Y (1995). Development
of galactomannan-hydrolyzing activity in the micropylar en-
dosperm tip of tomato seed prior to germination. Physiol Plant,
94:105~109

Nonogaki H, Bassel GW, Bewley JD (2010). Germination—still a
mystery. Plant Sci, 179: 574~581

Nonogaki H, Gee OH, Bradford KJ (2000). A germination-specific
endo-B-mannanase gene is expressed in the micropylar rn-
dosperm cap of tomato seeds. Plant Physiol, 123: 1235~1245

Nonogaki H, Matsushima H, Morohashi Y (1992). Galactomannan
hydrolyzing activity develops during priming in the micropylar
endosperm tip of tomato seeds. Physiol Plant, 85: 167~172

Nonogaki H, Morohashi Y (1996). An endo-f-mannanase develops
exclusively in the micropylar endosperm of tomato seeds prior to
radicle emergence. Plant Physiol, 110: 555~559

Nonogaki H, Morohashi Y (1999). Temporal and spatial pattern of the
development of endo-B-mannanase activity in germinating and
germinated lettuce seeds. J Exp Bot, 50: 1307~1313

Otegui MS (2007). Endosperm cell walls: formation, composition,

and functions. Plant Cell Monogr, 8: 159~177

Pavlista AD, Haber AH (1970). Embryo expansion without protrusion
in lettuce seeds. Plant Physiol, 45: 636~637

Pavlista AD, Valdovinos JG (1975). Carboxymethylcellulase activity
prior to the onset of germination of lettuce seeds. Plant Physiol,
56 (Suppl): 83

Pinto LVA, da Silva EAA, Davide AC, de Jesus VAM, Toorop PE,
Hilhorst HWM (2007). Mechanism and control of Solanum lyco-
carpum seed germination. Ann Bot, 100: 1175~1187

Powell AD, Dulson J, Bewley JD (1984). Changes in germination
and respiratory potential of embryos of dormant Grand Rapids
lettuce seeds during long-term imbibed storage, and related
changes in the endosperm. Planta, 162: 40~45

Quellette BFF, Bewley JD (1986). B-Mannoside mannohydrolase and
the mobilization of the endosperm cell wall of lettuce seeds, cv.
Grand Rapids. Planta, 169: 333~338

Ramakrishna P, Amritphale D (2005). The perisperm-endosperm
envelope in Cucumis: structure, proton diffusion and cell wall
hydrolysin activity. Ann Bot, 96: 769~778

Reid JSG (1971). Reserve carbohydrate metabolism in germinating
seeds of Trigonella foenum-graecum L. (Leguminosae). Planta,
100: 131~142

Reid JSG, Bewley JD (1979). A dual role for the endosperm and its
galactomannan reserves in the germinative physiology of fenu-
greek (Trigonella foenum-graecum L.), an endospermic legumi-
nous seed. Planta, 147: 145~150

Reid JSG, Meier H (1973). Enzymic activities and galactomarman
mobilisation in germinating seeds of fenugreek (7rigonella
foenum-graecum L. Leguminosae). Planta, 112: 301~308

Ren CW, Kermode AR (2000). An increase in pectin methyl esterase
activity accompanies dormancy breakage and germination of
yellow cedar seeds. Plant Physiol, 124: 231~242

Rose JKC, Braam J, Fry SC, Nishitani K (2002). The XTH family
of enzymes involved in xyloglucan endotransglucosylation and
endohydrolysis: current perspectives and a new unifying nomen-
clature. Plant Cell Physiol, 43:1421~1435

Salanenka YA, Goffinet MC, Taylor AG (2009). Structure and
histochemistry of the micropylar and chalazal regions of the
perisperm-endosperm envelope of cucumber seeds associated
with solute permeability and germination. J Am Soc Hortic Sci,
134: 479~487

Sanchez RA, de Miguel L (1997). Phytochrome promotion of man-
nan-degrading enzyme activities in the micropylar endosperm of
Datura ferox seeds requires the presence of the embryo and gib-
berellin synthesis. Seed Sci Res, 7: 27~33

Sanchez RA, de Miguel L, Mercuri O (1986). Phytochrome control
of cellulase activity in Datura ferox L. seeds and its relationship
with germination. J Exp Bot, 37: 1574~1580

Sanchez RA, Sunell L, Labavitch JM, Bonner BA (1990). Changes in
the endosperm cell walls of two Datura species before radicle
protrusion. Plant Physiol, 93: 89~97

Sitrit Y, Hadfield KA, Bennett AB, Bradford KJ, Downie AB (1999).
Expression of a polygalacturonase associated with tomato seed
germination. Plant Physiol, 121: 419~428




BRI 55 B L e FLAG SR P 5 %63

Sliwinska E, Bassel GW, Bewley JD (2009). Germination of Arabi-
dopsis thaliana seeds is not completed as a result of elongation
of the radicle but of the adjacent transition zone and lower hypo-
cotyl. J Exp Bot, 60: 3587~3594

Sods V, Juhasz A, Light ME, van Staden J, Balazs E (2009). Smoke-
water-induced changes of expression pattern in Grand Rapids
lettuce achenes. Seed Sci Res, 19: 37~49

Takaki M, Dietrich SMC (1980). Effect of GA, and light on polysc-
charide levels and metabolism in germinating coffee seeds. J
Exp Bot, 31: 1643~1649

Toorop PE, Bewley JD, Abrams SR, Hilhorst HWM (1999). Structure-
activity studies with ABA analogs on germination and endo-§3-
mannanase activity in tomato and lettuce seeds. J Plant Physiol,
154: 679~685

Toorop PE, Bewley JD, Hilhorst HWM (1996). Endo-f-mannanase
isoforms are present in the endosperm and embryo of tomato
seeds, but are not essentially linked to the completion of germi-
nation. Planta, 200: 153~158

Toorop PE, van Aelst AC, Hilhorst HWM (1998). Endosperm cap
weakening and endo-f-mannanase activity during priming of
tomato (Lycopersicon esculentum cv. moneymaker) seeds are
initiated upon crossing a threshold water potential. Seed Sci Res,
8:483~491

Toorop PE, van Alest AC, Hilhorst HWM (2000). The second step
of the biphasic endosperm cap weakening that mediates tomato
(Lycopersicon esculentum) seed germination under the control of
ABA. J Exp Bot, 51: 1371~1379

Voegele A, Linkies A, Miiller K, Leubner-Metzger G (2011). Mem-

bers of the gibberellin receptor gene family GIDI (GIBBEREL-
LIN INSENSITIVE DWARF 1) play distinct roles during Lepidium
sativum and Arabidopsis thaliana seed germination. J Exp Bot,
62:5131~5147

Vogeli-Lange R, Friindt C, Hart CM, Beffa R, Nagy F, Meins F Jr
(1994). Evidence for a role of B-1,3-glucanase in dicot seed ger-
mination. Plant J, 5: 273~278

Wang A, Li J, Bewley JD (2004). Molecular cloning and character-
ization of an endo-fB-mannanase gene expressed in the lettuce
endosperm following radicle emergence. Seed Sci Res, 14:
267~276

Watkins JT, Cantliffe DL (1983). Mechanical resistance of the seed
coat and endosperm during germination of Capsicum annuum at
low temperature. Plant Physiol, 72: 146~150

Watkins JT, Huber DJ, Nell TA (1985). Gibberellic acid stimulated
degradation of endosperm in pepper. J Am Soc Hortic Sci, 110:
61~65

Welbaum GE, Muthui WJ, Wilson JH, Grayson RL, Fell RD (1995).
Weakening of muskmelon perisperm envelope tissue during ger-
mination. J Exp Bot, 46: 391~400

Williams HA, Bewley JD, Greenwood JS, Bourgault R, Mo B (2001).
The storage cell walls in the endosperm of Asparagus officinalis
L. seeds during development and following germination. Seed
Sci Res, 11: 305~315

Wu CT, Leubner-Metzger G, Meins F Jr, Bradford KJ (2001). Class
I B-1,3-glucanase and chitinase are expressed in the micropylar
endosperm of tomato seeds prior to radicle emergence. Plant
Physiol, 126: 1299~1313




