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Abstract

Vivipary in plants refers to a phenomenon that sexually reproduced offsprings germinate while still attached to the
maternal bodies. This is mostly manifested in mangrove plants, which occur in tropical and subtropical intertidal
zones and encounter harsh environmental conditions such as high salinity, high temperatures, waterlogging, hy-
poxia and tidal waves. Vivipary has long been recognized as one of the most important adaptive features under
such a complex environment. Here we discuss four aspects of vivipary: morphological anatomy, physiology and
biochemistry, molecular biology and ecological adaptation. We also discuss shortcomings in current studies and
prospect of future directions. Differing from regular seed development, viviparous seeds in mangroves are
evolved with many special structures, indicating a genetically based process. Hormones play an important role in
regulating the process, whilst the dynamics of salt ion concentration during embryo and propagule development
seems to be an adaptive feature. The ecological significance of vivipary is fully exhibited in the propagules that
can effectively establish themselves on muddy tidal zones. Such a success heavily relies on sound functional fea-
tures developed on the mother plants. However, the molecular mechanism and the regulation of viviparous seed
development in mangroves remain elusive. Systematic studies of vivipary in mangroves not only help to under-
stand the nature and evolutionary process of this distinct adaptive phenomenon, but also provide the foundation
for mangrove forest restoration and protection in many parts of the world.
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Ao BARA R TR IE I AR T A B S A BRAR
REILER; TR A 2 fa i i Tl & A2 JE B A
AT E T EEENIR, SERE
TR, B AR SRR A A B AR R B A5
DX, R IX 53 TFR

N AE I RAER ) T AL o5 9 . 2L
IR T AR TS CE R o AT Y o ) A R 1)
RANEY) . LLRREI NG 42 2R A B iR 2E (vivipary)
HIEE G A= (cryptovivipary) B Ao & 16 A2 2 45 HAE K
(FEZLR NIRRT 1 Fofr e A0SR e 195 J2 65 4 A 1
REAM R, A AW R R R
(Rhizophora) « K 7ii ¥ J& (Kandelia) « i 1 K &
(Ceriops) FIANE J& (Bruguiera) . FafifAE 48P T K
B R T A B A R LN IR, WA
1E A [F) B B B8 ME B (4vicennia) « 5 Jh R &
(Aegiceras)~ 7KW J&(Nypa)F Pelliciera. MG F)
—EPT B, FHEAR MR bk Be o, i
K ERBE KRS et . IR A T KREE TRV,
RE AT R0 5o i 7 b 5 R TR0 5 HR B, g YR e
i L WKEE, ERR BRI G, REAER
IR N EME, dRERERKE . BIREMEEIG AR
B 2N RBRBESZHRS, (HEH HA — a8 WL
ANEIERRER B . ARG LLR R Wit 5%
(Sonneratia) & 2 P 5L, FSLix 5 fEMER BT
Z, MTEHEA TSR E (ESCMATEE, 2007).

CUAAEA A P I W 5 ol b S ) 1)
Wy, B W E RS R GUR b AR 25 R G 1) X E
Mo EIRXFERAST, AREYIRE ST A RA
HEW DG N, B 5] A Z A RS
PR AWHEYNIERAKBELESKE. &
HAAL 4Tk AR E A Z R B3
5L g S T7 AR RRRE,  DLAR & i ) 1)
AR A B E RV, A BT 4 VR S RO E
o BTG T LM IR A R B 0 S AE4A JZ I
G e, B EZ 0] BRA ik, ASCHAEX4N
IR A ToRIR SR
1 EESLXEHR

KIS FEAEMYT TR B AR EAE N —
AWK ARER B BE(Angelovici et al., 2010), JitES

BHASG, FRob AR INIR AL . VRS BN A AR
B A, MRICAF RIBORA & BE A R A
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KT ARG A1/ 7P o A e & LS 4))
HAEKKE. BAEEDUAR, ENRMFREIR
MR BRI AR K, ELHEAE RRAARRE IR () SR S i
TERRZE . TR, WEAREE A, I B B e 1 s 4k
gk, FMEEEXRARSENERRRA . T
POrimIE . TR IE R R K.

FLR A RAE4AZR A Y CF B (Farnsworth,
1997). AR AL F DG4 N B 7 LAY,
43 A 72 84 J@ I LL W AE 0 (3R 1) S A & 1) it B
(Tomlinson, 1986), EAIILE H IR A K IR 5% 48 T A
e N E R B 7 3, BEIEARAE B - TR
R AR, R TG . R 1) a
M FEY, WA HAMANEREY
(Cota-Sanchez, 2004); — /& J:db kb TRk 3035 A i)
Y, /KFE(Oryza sativa)s EXK(Zea mays)=s, H
i sk T RATHA &, (HEATAMNEE
PRI SCE FE(MFRET, 1979); T2 5KHRAE < rHE
VIR I 5 TR (ABA) & GBI A 37 388 % A % 1) AR A
R, BICR b~ A AR R 2 R ) B 1) 5k 2 AN i N AR
ARG 1 75 BEAA B B2 4585 & (Robertson, 1955), J&5
FAEY) T2 50 2640105 310 T B 1 A & 1
R, AR EAREIER L ERiA, (HXF T
LR IIE A LR A — 2 FIE AR . &1
HIIH R R B LG AE N E5E 7 S AE Y .

1.1 ERF4AMEMRRAETE

CLRHE A A I AR WG TR A VR G 1 PR
AR, DUR IR A 9 BT S LD R iR K B X AT
SN B TS — AR IR AR K
TR IR A K (Cook, 1907). 214K & KB i
ARKRIBHARBEANEAIH)K B & A A, Rk
AT BT R

BT MRS A& 3
=R, BRI, AR AL RS, —HA
WAERBE NS Z RN %, fRARE. WE KK
KA JE 1R S AR, ERAATE, BTN E
+ i R 4 A AH 2R B KRG B JE () 2 (Juncosa &
Tomlinson, 1988). Ayl m, #7588 kA&
KJg, FHESPARs 2=t — 1 EX, FEhT
TR MR VK, T R B AT R AR B
& I (Juncosa, 1982). F /2 A S A 57 11 Ji IR 4
A=k FICERRGE R A8 K IG K B 2T
TIREARAC AN, AR ARAKRE . B E$
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Table 1 Viviparous plants reported in the literature

%14 Family

4 Species

455 Habitat

%Lk Reference

KEEE Araceae

FRAEAL Arecaceae

%%} Asteraceae

TG HiMER} Avicenniaceae
AFE%} Bombacaceae
FiTrEL Caryophyllaceae
442/ Rt Connaraceae
L2 R} Cornaceae
#i%l Cucurbitaceae
2243t Cymodoceaceae

KEEL Euphorbiaceae

E Rl Fabaceae

EEEFR Lecythidaceae

HE&F Liliaceae

ZF} Moraceae

244 FL Myrsinaceae
HRFIFL Nyctaginaceae
Pellicierieaceae

AR Plumbaginaceae
HF} Polygonaceae
AAFL Poaceae

2L Rhizophoraceae

PRl Rubiaceae

ILIMiAL Sapotaceae
i N#F} Cactaceae

Dieffenbachia longispatha
Fa#R4E Cryptocoryne sp. (1)
Aglaodorum griffithii

¥ Cocos nucifera
KB Nypa fiuticans*
Abrotanella linearis
Pachystegia insignis
Avicennia spp. (8)*
Montezuma speciosissima
Scheidea diffusa

Connarus grandis

Corokia macrocarpa
FIN Sechium edule
Amphibolus spp. (2)
Thalassodendron spp. (2)
FRIRBS Jatropha curcas
Inga spp. (2)
Pithecellobium racemosum
K& Barringtonia racemosa
Crinum capense
Hymenocallis spp. (2)
Nerine sp. (1)

Ripogonum scandens
Morus latifolia

Artocarpus incisa
Aegiceras spp. (2)*
Pisonia longirostris
Pelliciera rhizophora*
Aegialitis spp. (2)

F+3% Fagopyrum esculentum
Dinochloa sp. (1)
Melocanna baccifera
Bruguiera spp. (6)*
Ceriops spp. (3)*
Kandelia spp. (2)*
Rhizophora spp. (8)*
Coprosma robusta
Ophiorrhiza tomentosa
Ophiorrhiza mungos
Euphrasia disperma
Coryphantha vivipara
Disocactus martianus
Epiphyllum X Fern la Borde
Epiphyllum phyllanthus

Lepismium ianthothele

HRIEM Wet forest

#EE Coast

5 Coast

W5 Coast

W5 Coast
MM Wet forest
HEIEAK Wet forest
#EE Coast
WRIEAR Wet forest
Wi FRA Montane
I Wet forest
HRIEM Wet forest
4 Farmland
WEE Coast

5 Coast

¢ Farmland
YHPEM Swamp forest
WRIEAR Wet forest
W5 Coast

M5 Riverine
M5 Riverine
it Grassland
WRIEAR Wet forest
WRIEAR Wet forest
I Wet forest
7 Coast
VAPEM Swamp forest
WEE Coast

5 Coast

A& H Farmland
HRIEM Wet forest
HEIEAR Wet forest
W5 Coast

/7 Coast

7 Coast

7 Coast
HRIEM Wet forest
HEIEAR Wet forest
WRIEAR Wet forest
WRIEAR Wet forest
T Drought
A7 Tropics
F}r Cultivation
i Tropics

e
#atF Tropics

Janzen, 1983

Pijl, 1972

Pijl, 1972

Sankaran et al., 2012
Tomlinson, 1986
Simpson, 1979
Simpson, 1979
Marilyn & Graham, 1984
Marrero, 1942

Wagner et al., 1999
Corner, 1976

Fountain & Outred, 1991
Singh & Mathur, 2004
Ducker & Knox, 1976
Tomlinson, 1986
Deore & Johnson, 2008
Leck et al., 2008

Leite & Rankin, 1981
Guppy, 1912

Guppy, 1912

Dabhlgren et al., 1985
Dahlgren et al., 1985
Burrows, 1997

Ellis et al., 1985
Guppy, 1912
Tomlinson, 1986
Corner, 1976
Tomlinson, 1986
Tomlinson, 1986

Joshi & Paroda, 1991
Dransfield & Bulletin, 1981

Ramanayake & Weerawardene,
2003

Tomlinson, 1986
Tomlinson, 1986
Sheue et al., 2003
Tomlinson, 1986
Burrows, 1995

Tan & Rao, 1981
Dintu et al., 2015
Simpson, 1977
Cota-Sanchez, 2004
Cota-Sanchez, 2004
Cota-Sanchez, 2004
Conde, 1975
Cota-Sanchez, 2004
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%1 (&) Table 1 (continued)
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B4 Family M4 Species 415 Habitat 2% ik Reference
EAER} Cactaceae Lepismium monacanthum i Tropics Cota-Sanchez, 2004
Rhipsalis pilocarpa #ifF Tropics Lombardi JA, 1993

Rhipsalis baccifera
Cleistocactus smaragdiflorus

Harrisia martinii

T & Drought Cota-Sanchez, 2004

T+ Drought Cota-Sanchez, 2004

T+ Drought Cota-Sanchez, 2004

SO E2SPITSM AR EAE Y, IOV LLIEY, FEINA BT iz E B A .

There are a total of 25 families and 78 species of known viviparous plants. *indicates mangrove plants. The figures in the parenthesis represent the number of

species in one genus.

#B A& B K & AR K B IR FL R R B2 /Y (Juncosa &
Tomlinson, 1988). {EFl R # AL, WA AL T4
HAMI MY BE(FE LW (Rhizophora apiculata) -2 40T
OIEIE, E1A), BVl TIRIL0 8 m, LT IF,
RSO FL I E 7%, FHGAEK . FA T maT R 5Tk
B K 6 W (Kandelia obovata) ) it £ &K & A 214
JuncosaFl Tomlinson (1988) T # ik i 4K 5 i FL A K
KRR R, M2l T N, B dEAL
T 2RI R AN 5 W 18] 3 A 2R A A7 43 22
AR E(ETF). B, fERKR . ABiE S, fatk
Y 2 S AR A A DRI VR Sl e A A R AR A L ol Bz (1
Z, E5AERERI R R B AL AR — I
HHE I AMBAE LD J8 R SRR R 25, SR, JK
T8 RAF AR endospermless(enl]) i Z R F., RILH IR
A% (Hara et al., 2015), IMAAFIES 75 K H ThEEw
Resgm e A K E, L IRAHENE M Y+ B G
AR B R RRAEAE I AIHLE . — BIFGRKE, fEIX4
JE Y, I P ) A 22 o F ) 3 A 2H 2R 40 L Rk
RGN FE), AR R L KR
HAEEH E.

F4h, R K E MR,
Z 5Re MG M ISR RIS R AATMEE: B
e RAELLRE T, 5 b B AR AR 1) Ah 2= I FL 40 Ry
A0 H T N AR R RE ) BRFRON TSI Y, E kR s
M, 7K 53 FAFERIT DT R () R He iz, {H Bl & R
AWK, XIS P i ek £ DhRe. 1E
Ji6 A2 38 5 Amphibolis Fl Thalassodendron ™1 ) I 1% £z
Wy A B R 2 2 b A AR AR 3 8 i 77 40 1)
Mg H(Kuo & Kirkman, 1990). H:/ & W fili e £F
& EAERKR FRIFA T, T R E R B AR
HEAT 4k, FF HAE IRl v b 5 1 5 A s R R B e
EM . fJa, dOmRER T LR e A ETE 77 4
A& A T ARV Ry A, At R SRS R AR

6 4 Ff(Juncosa & Tomlinson, 1988). [FI, Juncosa
FlTomlinson (1988) N\ NTELLM I, EIGAERFZ
LHHRHE, WRLATR, EEETH, BARH
PR EL, LRGN R EERE, ARl
(R IZ A, H AR AN 2 EAR AT IR (%) i) 2
MEARATAEMRE . HIEER. FiF. RERIES
REAEAE I 52 6 28 1R 40 T8 A 328 T 3k A T 3 3 /K AR 35
f£3% ) (Tobe & Raven, 1988).

1.2 BRRESIEREINEMRRLZEEE

Fela Ao e & & 77 N5 B a A
2. HEHEME(Avicennia marina)/EIG K G 2EREE
i, MEFLPAR (micropylar haustorium)ZE 45, AL IE
[F] R AN ER A (Fh B )i s, 2B N B 7 lis A, I
T FEH T D, BB SR S UK (Farrant et al.,
1992), TEUE kbR B IEY) Aegiceras majus™ )1 LR
RAE, WERSZHS Ja BA o AR AL 5e AT 0 2,
FREMRIAERGE, & T A ERAmITIBRE
(Carey & Fraser, 1932). WRFLLEMALAL I 73 22477 A 45
R, XGRS AR, AH TR
IR . & — BN R AR K fa, RS =S, A
TIE R RX — AR A, IR A A AR DLZE KRR VR () AR XS
RLBEAE, FHRIUE T IR Rt es, M5 IR &
JRAh ) T ER AR AR R o B RIZ TG K, Fh R T R
TRUME TSR, BAE T B, RIGERIKE
TR — v, FE3E B N IR R4k s A,
B MR TR B, MIARA K AERS e 1 b 58 ik
EME, ARSI, S5 Pt
—EHATEEIER, YiEraadk.

AEfa A LLRHHE ) I 35 (Sonneratia apetala)
M RE, HIRBEEIESES 5520 —
2, AR IRZEI b SR o 06 AR R FLIE, EFLAE
R AL A A AR 2R, H B S A VR 3L 58 4 4 R s,
NTCHEFLFRF-(Venkateswarlu, 1937). HSZEGEE
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Bl B4R (A-C) S KM (D-F) G A B I RE LU, 220 b T IR 3L B0 R A AT SREBBA e, KA el B F) 4T
TR MEE T IR . A, OTB AR B, Bei Al Bz B B IR AL RO KRB RTHT I . B, IRITAE 04k, Edmoy5it, it
R ZE FIRRL. RSN . C, MU BIE KRN AEHL, AR KB . D, BRI A K SR e 7
AL, BEJS A T IR, SR AR WL, VR LS Dy R T RIG R I SR AN AR, SR B AR 2 BT g, P B T 44 )5
EINFE . E, WDBrBSEE, (EIEARMHA . F, IR, A 2R A, T E A HA A K, IR
R RGE MK o a, BN co, T em, BB en, WEFL £, BRAA; i, PPz i1, ARREE IM, EIEZAEAL; of, SMFHEL; SAM, 2E4:4)
A

Fig. 1 Comparisons of embryo developmental processes between true-viviparous mangroves Rhizophora apiculata (A—C) and
Kandelia obovata (D-F), showing that breaking of the seed coat in R. apiculata is due to the massive growth of the endosperm while
it is because of hypocotyl elongation in K. obovata. A, Embryo in the heart-shaped stage, in which the integument is opened by the
intrusive growth of the endosperm. B, The embryo starts to differentiate, and cotyledon is on the upper, while shoot, hypocotyl and
root are below. C, An embryo in rapid elongation stage because of cell division and elongation of the intercalary meristem zone be-
low shoot apical meristem. D, The embryo first grows in the fused cotyledon; also shown is the axis; no endosperm is seen at this
stage. The funicle connects the seed and the placenta. E, A stage later than D, but the whole embryo is still enclosed by integument. F,
The embryo (axis) protrudes the seed by the growth of the intercalary meristem, and the embryo will enter a rapid growth stage. a,
axis; co, cotyledon; em, embryo; en, endosperm; f, funicle; i, integument; ii, inner integument; IM, intercalary meristem; oi, outer
integument; SAM, shoot apical meristem.

W v, REJTR, BT

LR R B IR T AR AL R A AR IR T
REXENLPE, Wneizsdif. e > AEHH L IR, T
W RS RRE. BiRESERE. Bt
HEad. BaASERIEA. FREZRKARZ
AR T A S A 2 R, R AL
il RN AR AN OOA AT I8 B R 2 AR R4, i
HAHRTE AR R T3 G AR S i i Rt A
HEFE

2 EEEWKF

2.1 PERREIEIKE
JEAE LU MR R BG R B LA WA B B R
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BT MK HAZRAR 8 BRI U6
KEEK. HR, RGBSR ST G
IRm R EKE, R Pz B S K E & T54%
(Sussex, 1975), £ K &L 2+ Rhizophora manglelt)
WG 7K B0 26 v T BRI SR, 78 2 7K ok B
N B RGHRAR R L T 256 AR, HEATAR
R A TFHRAETFBRKTSEIKE8% AL
(Vertucci, 1989), PAMET-fisik, (EHHFEEACH. KK
B & MEHET RS TE IRRE, FRHKIES H
fln S5 A B LS FRAT B R, IR A AT DL S 2 R BT
BEEARRZ=T %M. BT R A KAEREK
gr~ TREEHERE 'AEK T, eI A H &S
PRI 77 2R BOX AR IR, DU 3 5 e 1 AR
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B2 B, RIGESAERAELHEMIEG K BN R 2B . A-ENZR IR R FE. A, IRUERMEN. B, IE
FURBAP B, MITIRPRE K. €, YRR T8 7AW, NIRRT . D, IEIG RS 1 K itk
AP, EAERENE. E, FIRARBER K . F-IABOM 26 RIE R G- . F, iR R408 Batth, JHG —ErREm s
e G AAENER TS AT ARG, NIREOTRMC . H, BT IR IR SRR K . 1, 520 DI A
Blo J, SLMER ML K-NAEHEERRERREE . K, BASEHREERRNAE K. L, BILRIRES, KILE
F AN T REEREK. M, 0I5, s Fr R, ENasEREn. N, FirgtEsg. o, P4
BN TE M FARNGE IR K B B IRAL L TE IR B . Q, BSTTRHAREMR S I AR T, BEAT, RIS KBRS R e . a, IR
Hh; co, M em, B en, MEFL; 1, FIR; mh, EFLIRAR; p, SREZ; pl, WEZF; 1, #); SM, ZEREX . SRR AZIEFIREHE.
Fig. 2 Comparative illustrations in embryo developments in true-vivipary, crypto-vivipary and non-vivipary in mangrove plants.
A-E represent true-vivipary embryo development in Rhizophora apiculata. A, The embryo is still enclosed in the integument. B,
Integument has been forced open by large amount of endosperm. C, The embryo sac is filled with fused cotyledon, and axis starts its
growth. D, The embryo grows out of the integument while still inside the fruit. E, The hypocotyl elongates out of the pericarp. F—J
represent the true-vivipary embryo development in Kandelia obovata. F, After fertilization, when the liner embryo lays in the seed
and curves to a certain extent. G, The fused cotyledon occupies the majority of the seed while axis starts to extend. H, The axis
extends out of the integument. I, The same stage as D of R. apiculata. J, The same stage as E of R. apiculata. K-N, Crypto-vivipary
embryogenesis and seed germination in Avivennia marina. K, Endosperm surrounds the globular pro-embryo. L, Micropylar
haustorium becomes atrophied, and then the endosperm and the heart-shaped embryo grow out of the ovular tissue, with subsequent
embryo development occurring outside of the ovule. M, Mature seed with folded cotyledons and embryonic axis while closely
contiguous with the pericarp. N, Seed germinate in the intertidal mud. O, P, Non-vivipary embryo development in Sonneratia
apetala. O, In globular stage. P, In heart-shaped stage. Q, Germinating seed after leaving the parent plant. a, axis; co, cotyledon; em,
embryo; en, endosperm; i, integument; mh, micropylar haustorium; p, pericarp; pl, plumule; r, root; SM, shoot meristem. Figures are
not drawn to scale.
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vt SsAiN ViR R
22 BRAFBIRGTEERERSTIS

Ja A L YIIR NG K & 1) 5 — D EE A RHIE
RESEP RS E SR TIRERNRL . 3T EE
AR S N v L JS TR SR AR R, A RS R 2R,
RURG A ARSI AR, DA B SR iR 2B 2 #h 7y
SRS REOSCEAIMAB1997)M5E 1 KAk . A
Wi (Bruguiera gymnorhiza) ¥ ¥ (Bruguiera sexan-
gula) R B FE R B 7, K I A IR A
#, HMg™ . Ca®  Na" K’ CI &8 2 N, ik
MRS EURACT R R . A E, B
RB B SRCT R 5K CIIR EEFRE, 5
WARA AR — MRS e, FAAREE S
BEAR A S B Al oR SRATHT R B, 2 T 38 S & 1 J5
IR G SCEE, 1992; KB SCHOMRMG, 1997). 214
TR AT BER IR T ORI, IR & B 2 AR L
HOEEVE, XMIRIG A& B IR ER AL AR FRAR 7T e 2 — A
CRAILR . AR, Joshi%(1972) K IR G A 18
VIR B R Mg . Ca¥'. Na's KT g EhiE
N R, ABCT S RN AR, B AR
HMg® . Ca®". Na's K'\ CI & & 55 Ar
bl S5 ML hN(Wang ef al., 2002). ¥R EIAA
Jie A BT AR IR ER P S A 1 N BE A IR B4 P
(#1543 M 3RA5 (I (Lin, 1988). X PHFHASIA] 145 16 T
REA2 T IR AR R B L AR B BRI 7 AN R) e R T
BE. IRER&EIRE AR, H2RE2R A S
By MHETIRAELHEY), R4 LY ETE
R B R B T Eh A R SRR D, (H AR
PR I AERG A 128 R ¥ (Acanthus ilicifolius) 41 Cl
BT HRAEYM Ceriops candolleana~ Avicennia
officinalis Aegiceras majus (Joshi et al., 1972), HHL
HAE R . Mg™'. Ca’s Na'v K RICI X SR
TRAMZEHBH EER T, B TR RS,
AT REAE N — TG 5 AE b1~ B A R ke A £
H, wnCa™ e s it S5 S M R ERIA.

KA BIRIA AN g — AN ) 8 R 1 )
fit(Joshi, 1933), {HIX—IARIFEA B 2852, K
RHABR E AR I B IEEIN R . WangZ5(2002)
BRI 5T A AR A% R Ak A 8 I B AE S0 IR O
B B RARA, MG A S b M I A BRIk
&, WAIRAEFEA R HE — AT 7 HE N, 1M
e 0 I o ) [y 25 A A 25 DR 1 35 W) I 1) 485 SR (1
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HHIESE, 2004).
23 FERABIESRHZENTHK

YR A7 K HRIRH B2 1k
Mo B TR(ABAYVEA—AN PR R 7£ 8 755 Fh 1 i
AR B AR T e (e dEphFRER, Mwldik. 5
AR FAE L, fad A REYIRIG I ABA S 1K
K, HAELME PRI EHAABAS &5 TG, K
AR & &= I ABA T B8 A2 2L W AB W iR 28 R A I b1
WA LK AROHR 1) 2L 5 R 2 — (Farnsworth &
Farrant, 1998; Farnsworth, 2000). X &K i &) it fin
ABA RIS S A J R A 2 35 /N T o) B 4 (3R AL
4, RRFBRL, RYHKEZIMS], 2D
UG K B ZBABAR I, HENIIGAEEFEH ABA
BRI, ARG K B X ABAAEEURK,

i 7K 25 & M (dehydrin protein) Ul late embryo-
genesis abundant (LEA)%5 5 ABA Z [A 47175 % ) Bk
%o FarrantF5(1996) £ ARG AP Fh 2 R TR
b7 Her il 2 i K 2= B E, (HAE WA A LR AL
WS AERARNE . AR ARG A 20 1 47 15
{14 ol 28 JVR 2t o DU A RS I 380 i 7K 2=, SR AE 20 A 2
(Rhizophora mucronata) 7 FANG K & I 2146 K
R EAMAEAE(smail ef al., 2010). BKRERFK
AP ES GRS ASH K.

H4h, 5SABAF HEHUER I /R R GASTER T
KRB UE A AR m KT, F (2012) 4D
GA3 5 ABAE L 147 o oy Wl 52 i pb 1 POl 20 (155
AT, AT 5 e A R 1R . 5 FH AR
FAL, W E B A BAE AR MG A K B it
FEFRAT D ABAAEEVE 2 I3, Q= A ER A7 s
fi7a0 BARMEREAL . FERILSL. AR ER wfe
HAESE,

24 MRLZEIEFHEENS

#fH (caloric value)ti HLA7 it & T-H I (E 72 A
e Ja PR SR B B R, T DA it I A S A
1 fe BT (BRTERRSE, 2008). 7E BRI R & il fE
o, MAE RE G ED, HHVE IR, HIR%%
TR, XaRe TARKAKFIEY RO A
FHGTHAERE R, DAk B R R R, iR
g5 IR, [F) IR VRl b I R B4 o 4 4 3R AE i (pk
855, 2000). B4, Ko 8 S HERAEFH AL,
1 i Jeh B (degiceras  corniculatum) W5 7E Bl #4 st
TR B PR, (R0 BN 5 K o & BB 2R



R, SN GO K & 5 B B T IR
K, Nl SRRl 5 2 B T AR S A R A
R EWRCER 7> (L F2 (R 2 B 45, 2004; 38X B 45,
2004), HARPAERR I A H S FE M AR, HEE
HEVRREM, BT R R LSRR BT
B, NIGEEALRERE AR A 1 2% M REFE SRR
Toie WA AT BGRB8 2 AN T LR G
EAE, XA R 2 R A
Wit RN, Sk — R0 7 4. AR AR
AR, XA AR IR A A TS
fsl AERAE EAR T HMRG. M T RE,
TG A3 — R R B 5 20 g e 1) 77 ) SR 2 A
5o
3 HFKEMS

3.1 IWEYIRMEHRE SN

WAL ZAEPEAE AL kA i R R AR A,
EA] L AIT 78 ZLAR AR B0 b T 20 A% 5 AL ) T B AR £ AR
YA DL S e AR B TARH R A R = L.
Kado%§(2004)id@ it 7> AR A, X ik Az 20
VIRKOGRY Rl 25 210 R ) e AT R G 25 2L
YW 25 (Lumnitzera racemosa){E# g A1 H A B Fh
WAL 22 BEPEREAT LB T 5 A, AR
PRI AT LA S AR TP AT B 2 5 M 2L A V) AR A0 15
55K, AHIZHIEFER REMEREAS 7] 1) Bl U7 22 an gy
SRR AL S50 . IRAED M I A AES DR8N R
Hh, IR ERE b ) F A R LD AN AR AR N e T
3, YO WILLARHE A0 10 iy A A B N2V TR IR P 58 I DA
Fa LA T A B . Shi%%(2005) 70 1260 &
(B A AR AR Krbe L 18S
AR maRIERHHE, FEAd )T RGEEACHIE
ST G A S W ER X P AR AE LA R ) R g R
Jsr, BRI G0 2R, H ORI Ay B
77 2 20 B4 J& A2 12 A ok 72 v L R A 5k
(Setoguchi et al., 1999; Shi et al., 2005). #Xifi, HAi
XPEAAAE L BRIRAE AR IR AR 2 T AT g A ) G JR A
[EZEETIS
3.2 ARMEMIRRE & B IR REMRIK

CIMREIAEDUER . DU &8T5 Y SE 7 T 1 5
A AR AR Ly T AR A AL A OB (R R
£, 2005; Miyama & Hanagata, 2007; Wong et al.,
2007; FEMESE, 2009; Parida & Jha, 2010), {EXFZLH

JBEIESE: AMEYIGEI STt E 1335

TR 1) 5 7 =X Ji6 A2 1 4y 7 LI AT 7T L
o BT EE ARG T AE L B A Y Rhizophora
mangle™', H Y FEITETE « D0 G IR
A sk HE s . Dassanayake®$(2009)%) R. mangle
ANFEM BB TR E . B E W s H i AT R
DI REVERE (gene ontology) 73 HT, TEXT T A 3Rk i 2
RIDIREREAT 70 2K (r T IhRe. AR, i o))
FeR G BB, 43 F DhfE(molecular function)+ 44
1L FE(biological process)” 3[R 1A i3 K& 4> 12
fit (molecular function) -+ 4 Y 2 /3 (cellular compo-
nent)” 3t [F] 3214 I 2k R 02 W A, 10 BH Jd I i o
KPR 4 A B R (T e 4 e 26 53 ) A Rl g S5 4L
WHEDIB AR EK K G SR E VIR R IR,
BT R B ERA R (E 800, sz HH
DhReSe e 9o 50 55 1 B, =ik 55% 0 7 51 D fie
VR, T H AR TERE R B R B TR AN, I
SCHG R B R B AL G A2 R B B — R 81 [
33 HittE¥h A IeRsE A EE

WIHTFTIR, HLE/EYh A EE RN S, £
PN B EARKEE, PRI K. X
FEBEED AR R FE T KRR, HIit
X HA PR BONIRAN . AR P EIHR AT A A 1
LG AE B AL BEAL B FZE R R Y B R AR AR X
A, AT B T LD A G AR ) 43 AL B B
B AETE K KT FURTF (Arabidopsis thaliana)
SEFEY) ORI B G A s ik DR A HT 5 ABA G R
Bl N B A 0(FK2), XS E G A TR IR
B ABA & & BUIK H 5832 ZMIE AB ABUER 5210 (1) 21
ZHVIE . AKX — RV E5ABAG G 532
PIFER (FR2)FE ROk KFE. URITT, DLARARAELL
ARV AR NS e AR SR e R 7 bR il U IE | S e Re kAW )
TYIM 2 3% (Sonneratia alba) W) 3E R 2H $ 4 gk
AT RIREERE, IV 2 ABAGE B H OCEEIE R 1 8
P AELLR A B s FE AR S 1, 9l ngmid ABA
AW BB — 20 B FIT 7 B K B 5 B A AL B
ABATFERI (AL 5, RARERTRD, XM T —A4
77 T W 7~ E ABATR AT RE 43 17K~ b 428 £0 A
MR KB ER—RNZ, EKEH R
TXTABAME 5 ABURIER I H I A R rivi-1
(rice vivipary 1-1)~ rivi-2+ riv2 L= EFLEE R
enll (Kurata et al., 2005). I3 FEAR AL FILE AT
TRV B SR T A BE R I H B AT R B AT R K
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R2 S CHGE R G R R f L TR

Table 2 Genes related to vivipary and its corresponding functions in plants

g FER A4 R /oL Jii &R SRR
Species Gene name Biological functions Abscisic acid (ABA)  Reference
EVN VPI % 5 ABATS SRS WS 7, EEIG SR TR Rk, s Ak McCarty et al., 1989,
Zea mays AT A R R B Insensitive 1991
Encoding a transcription activator related to ABA signaling, expressed spe-
cifically in embryo and endosperm tissues, and controls multiple develop-
mental responses associated with the maturation phase of seed formation
VP2 SRRDER IR PEA- R R T IR IR, AIEL4- ORI A il IR, A Rk Matthews et al., 2003
T E R R REMR B AR BR G , ETTRE Ve R PR 85 b R 215 Synthesis deficit
i
Encoding or regulating the expression of 4-hydroxyphenylpyruvate dioxy-
genase, an enzyme catalyzing the synthesis of homogentisic acid from
4-hydroxyphenylpyruvate. Homogentisic acid affects the biosynthesis of
plastoquinone, then blocks the process of carotene desaturation in amy-
loplasts
VPS5 AN AL R AN, TS ABARIA RAIF T IR & B A Hable er al., 1998
Encoding a phytoene desaturase which is essential for ABA accumulation Synthesis deficit
and seed development
VP7 % 5ABAS BUBH P B AL R A NI N RIS B R RF Singh et al., 2003
Playing a role in cyclization reaction of lycopene to carotene in the ABA Synthesis deficit
synthesis pathway
VP10 A Cnx 1 LR FIPRE H, A REAELEE R A 5B T 15 EH Porch et al., 2006
Encoding an orthologous protein of Cnx1 which is required for molybdenum Normal
cofactor biosynthesis
vp14 s SR 1, HEILABA A I B I8 kG Bertoni, 2010
Encoding a thylakoid membrane protein that catalyzes the committed step in Synthesis deficit
ABA synthesis
VPIS ST RTYIGEIE S £ BB N TEAE, SEMIABAR £ £k Suzuki e al., 2006
Encoding a plant molybdopterin small subunit that affects ABA synthesis Synthesis deficit
S ENLI GRTISNF RN X R (1, (DKR AR R B e B E% Hara et al., 2015
Oryza sativa H Normal
Encoding a SNF2 helicase family protein that is essential for syncytial en-
dosperm development
PHSI MDA R AR, S 5RNY M RERET AR Fang et al., 2008
Encoding a phytoene desaturase which is involved in carotenoid synthesis  Synthesis deficit
pathway
PHS? GG DR URE, 25500 MR AR R Fang ef al., 2008
Encoding a (-carotene desaturase which is involved in carotenoid synthesis ~ Synthesis deficit
pathway
PHS3 ST SIS, 255098 N R R Fang ef al., 2008
Encoding a carotenoid isomerase which is involved in carotenoid synthesis ~ Synthesis deficit
pathway
PHS4 AL IR B-FMLNE, S 5RAY PRE SR R Fang et al., 2008
Encoding a lycopene B-cyclase which is involved in carotenoid synthesis Synthesis deficit
pathway
A% ND-1 G DR URE, 55500 MR AR R Conti ef al., 2004
Helianthus Encoding a (-carotene desaturase which is involved in carotenoid synthesis ~ Synthesis deficit
annuus pathway
EPNE ABI3 ABATE SRR E TRV RE T, HWi%5 K Vp- TR FUR ST, A% Meinke et al., 1994
Arabidopsis TR A S S R B R Insensitive
thaliana A main regulator of ABA signal recognition, encoding a transcription factor
that is homologous to VP! in maize, functions in regulation of embryo ma-
turation and early development of plant
LECI i 5 AR RN 2 A AR O e B0E B, IEMEEIRIIIRIN 2k 1EW Meinke et al., 1994

Encoding a transcription activator related to embryo maturation and cell
differentiation, acts as a positive regulator to fatty acid synthesis

Normal

g EFELR, T enl] FEALAR BT 6 = 75 P 1R R
bkl B A IR AL, RO AN 07K 2 o RS2 AT AR
K, ABAEA KSR T 2R 5 & e A&
(Miyoshi et al., 2000), Xt B iR A 2 N PR L R 5 4k
FIRELIR T RE 21 B L RIFE FH 45 3. Rk, 7wt
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GEONVR R A S A S Ko Y R R I 1 P I N
4.1 PREZETHNBNEE

fRAERRE M TIERME LR, HEEK K
AV ETER, R— AN REAW RS REE P IE
S5, 2004) . B IR BEHE AR g A7 K R BB KA B,
HHPAR G S REAT A ER, RetE
SLAERKATHAE RS AR A 2 R E SRS (Lin &
Sternberg, 1995; Smith & Snedaker, 2000).

JEAEAREY T T IRERME FEA K EE
KB —m K, WS RS A — 2 M B el N
WSV, HAAE AEAE VRS TUNEE N E R, X
TUAERTRERER, WihiGe KPR B AEK
(Cheeseman, 2012). [FIH, 214 4 S 58 14 32 B2
W B AR FE K AR R VDR Bh itk AT 1L 4%, 72X RhBE IR
MIIRTHE N, SAaA ORI (5 WA « AKAER)
RS AT A W EMAUE . RISRI R EEAAHL LK
= R AL R HIVRE K () R i S R,
FH AT IR K B N (MR H 5255, 1995). 11 H 258 4
TR R, BB R K AR ER VIR L, B PR R o
K, AR R BEFE(Brown ef al., 1969). a4 ZhE
P B LU AR T, 78 A R B AT U B,
{HEARIE S AR B34 (Lin et al., 2006). =& T
BT R AR B AR A I R A A T KR Tk R BT
Vs, GREFKI TR Ay ), AR TR KB B
P BUARAS BIEE, 2005), X Bl 20 HE 15 L e
WL

EERNTIE S B JRRE R %
BHEBREL, MRERELRAD R, BEREM
K(Ryck et al., 2012) . 5 5 5 A 5% R ilg /K 3% FE 2
BT F A —FERER, a0 256 A AR
S AVl 2 e A W K B R, N K A A, T
BEOHE A= P Jodt SR R B 2 P8 e K AR SRR, (GE A
et P 1) A BT (T R, 2003) 0 MRS K R 20 7 X 5
B A LU f AR VA IR 13 BE e, AR R A R IR
I SR ATE [7) it 77 (landward) F 5€ FELAE 3 (Robert et
al., 2015). IXEEAN[E] B BB AT Rl & ke T 4L
BRI 4347 (Kadoya & Inoue, 2015). Wl LAk, ff
AR BRI R — EAR R R K B . ARBIK
()25 2R 2 X 73 AN AT 6 [ (1 452473, (E R TERRZE
B IX MR R IEAAELE, BeE i PR FE R 45
B8 0. A BHE R (D AR S B R 52 B 4
P ey, e AR A 5 DEAAAR () o B i 3 i A

JABEIESE: ZMEYIG MR Tt E 1337

R, SR ) 5 A PR ) A 30 B P AR
4.2 BeA EIEARTT IR EF RN R

CL R ) s AR TR R R R
KR HE A R A IRAEAE N R A 25 51, %t
WA B B v P R 0 S

A IE R SR IR B — e = . TR
H AR o A A v R 2 IR S AR AL A B B (Wang et
al., 2002), {HZWRHAERAR bk B R, &k H|
B RER AR BE B FIR EE — S (TR BOME, 2003). ZE A
PP AE MR J Y AR, 54T A8
e, DAPIHE N R E AR MK . Joshi (1933)iAA, FhT-
JEAE RN T B e 2 B m s AE B A S, AR &
REY R Rdstiag ] |21 i N o o S o a7 N i ey 23
FREAET, AMEMIN T RBHCEEE. mH
R R . BB 12(2005) 5% IRARKEL 5 45 ) T Fa A
A SRR R M ) BB AR B AR S 4 AR K, R
Az AR iR A 200 A ) T A ()R i A1 2 B R
(Jayatissa et al., 2008; Robert et al., 2015). #Rifi, A
RIEFE oA BRI K R E—E A, Rt
CLR BIEARAE VR K W TG B AR K (Wang et al.,
2011).

eI RS E MM EE RN R, AUeRRE
BHHRR EEA MR, R T R EER A5
ARRAEREE, (RIHRZEAEK. WA RHEM SRR
SR E A AR R R Z (R TR I FARR I, ok
IT6EEH, RefAEsl, B2 TS ANREE
#E/X (Duke & Watkinson, 2002). ‘ZFEAAR X AN [F] ¥ B
SRFEA AN R, 5506 5% T BhE AR YK
TR S 2R B A R, 3 25 1F T T AR %,
IR 0dE [ B O BROR] T & Bk A FH (Ulqodry et al,
2014). A LM, Gn5A o BB A 1 Pelliciera
rhizophorae T Bl AL A K HE B, 52 2106 IR s m A= K
AR, E—RIFEE T8 IAv] 1LY AN ]
HI W& (Dangremond et al., 2015). H4b, &RBEMHT
WE BB AR IR AT N R, (HA ) 2R
MRAETS, VUM KIE, X5 288 A7 (13 B
FIEIHERT e, 2005). AHEMERE, AR AL 1 ZHE
2y AR K B R T et

AR LA AR T ZE TR bk, i HL
AR B R Z B E KT . oA Bk LA 2K
IRV (B R SR A AR K R B R, A
(KR [R5 B 8] B RE/E — 2 P b i b T A
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4K (Chen et al., 2004). FEHEKER M EIHAZK
IR W, ARAPHEIR, ZEmAE K RIS AH Y212,
JFr DA XA SR 7 (48] 2ok N3 v g 1R R ) i fef 5 B
PRH AR B 2 fE (Robert et al., 2015). 2458, KA
Eh A pHAE AL T — MA W2 AL i #£(Marchand et
al., 2004), AS[EFPSRLCRHHEYIRT K A B A AN F Y
T NI (30 2 R 2R AR 2 L I S549), A L0 RE
Wxe ¥ B 2 2R
43 BREERHEHIMEILE

SAEMG AR A B, SRR 2 G AR IR
C& X TR, KRR —RIIESE
PRRFAE /5 FE 18 SO A) A AR5, BR e 1ze BF 25 % # Al
THUE AR . VS A A NN B 2k 2 AR (AT R (A
J1IE NYET B, LM NG AR B AR X — i B A
HEXMLA . HI, KadoyaFlilnoue (2015)Ih NEFHH
PRIEAE R, HAG AR E B A S ] 38>, ]l
JVR 2t e B PRkt K A B4 AR Ak, R TR L
H, B P EIE R ARSI R e 2 U, e
BIHRAE AN, A AL TIE GRS, BRI T
A P EGAR A TN R

SR, IR XSG A ISR GE B ) T R AN RE
FERE BT A LR A0 AR KR B Y N, BE v
BRANBMAMEY EAIRAERR . SR, HATH
BLHAT AT R GBI 7T DA WX — e R B 0E 7 1C
X CT R A ) A 25 B PEHL A 1) DTk

5 MRABESRE

X ELAR AR (G A BT I R AL TR A 5
AFAES . TR ESEN S ST IO A
A7 ERERN TR, BUEETr2Z AL, BV
IR WA R R BRI . 56—, AREY
RGBS KA B 5 7 3, A e
U] 52 BARLE R RN IEAL R 7 IRE 10?58 =, XA
AEBLRT LLR R E BB AT AR TR BT B 2 K1
YERT? 85 =, WIRLE R (e BE L0 M) G A2 BEAL 0 O o
IR WIBASEE R TR U, 1325 (Rt 72 I 25 i
Mot A B I RE RS, T LA EE B 1 45
Pk = IR SR IR T . LM YIIRE K B IFAR —
ANERMENRE, BRSO G AR R AR ) 2
Bl PR B BUREAT E X, AR P BEFE o 1 2L
JIEn A= 1) i K B PO 7 B i A, FEL RS B AT D% FLE 4T I
MR T XA AR B R AR B S e A AT
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A BT M T F B v SR IR R AL, AR R B I AR
FEA, RO FEEAT A B AR S T,
BG4 B BEAIRAIEERT B, BEIRAEHS
Iy R R B IR, B S R Bk i oK,
2 EE AT fO R BA R R EM R R, H
EE T HoAtl 2 XA T, 2 T K I 2 i e v 221,
H AT AR T2 5 MG A K B 1 R R R AR
KARIE . BIRE XSV WI Rhizophora mangle.
HIRA(Ceriops tagal)iAT e N Y, HERSE H1E
R 25, ek sRgh ), A RIGE. IRE N
sk i AL, BRI ER — K B i et
TR . B, DR IR AR R B 2 1B
A1

M EPIRIIG AR B AR A ARIR ] A2 R
K, XS MR AR L AR T, HOR B A B
T =l 38 T — AR A1 D) DR K DX 3] T — PR 46 44 o
¥, DAk, FEREFT AL G 2 2005 B BEAR O 7R 2
B R RS SRR, IREDRIRERR. P
Bt 5 BRRLE S . NESKERE, Ik
A I GORAEAN A BOAN [R] A 2 ZUBEAT 20 i 7 AN
WEHR SR, XA SRS 2 FE 5 0 P
TEH, sl &8 ReBRIRABATE IR iR & & it
T BARE =, ARy & A 3 A A OB Fir o 75 1Y
IR IR A YERFAE AL /K o (RIS 30 R 1) ot
TEANRIB B () 2 B 55 5 A% S HURIE ) 2L 2 3
AR B E R . 2R, 6FhH W E R
feA R B e Al 2 — Lo AR, BUAVFZ 4
PRGN A 2 AR L RIVE 45 R . InfEABAMKEE
RSN T, HASE AR R Meh=EElR
KA WA R I ZAE RRAE R R Ko SR1T, iR
ACNRHEYAERKIFARTIEERR, 22 —EKE
AT Ik, X LS AR R R . R e B i
EAF LMY IR A R B X R H AT RS

*ZEO

LM AR DR X T HAd A ) S5 5 30 o —
FREE T HE M A . R B &R &
My mEh s W KHE . KRS AL AR LD
WP S A, VR A A i AN T e G b 320X
SEPR IR TR . R KPR EREAER
TAE A ELAE 5 AT R B A SRR R Y AR — R 51
fetl, HFERKE, TFITIXSEHER X —
IR AP R AR AR O BR AR AR 25 5 B AORR A LR 2255



HE, B, HEREFAENANA GG AR —
E I N o (AN o - e X S AN 373 ) = I Ay < AR
PRI R AR . B YIR L & &L+
FIESER SAEE, 1 EESNERE NI
AR ARG A R B HLE. HUEI oGk, 20
VI TS  TEVERRNEE T LA,
Je R AEAZ AR FH 21 A A7 A F) 35 DR 2 5 T
BIRKHF A, Ha R BRERRY., A ER,
SR TG BBl AL R R FR R T 32 R A 2 ) R
PAL TSR RMHARTB . X BT 43 R4
W, AAT CASRAS 1208 47) 2 (R 2H A0 L T e 2L A
7 BIME 2., T HLRE A A TSP A TN ST A4 1
Gyt AL PRI RSO R 45 S A — e 1R 2L At
AHE . RN, TR —AEE RN T AR 5%
S P H AT E 2 N B 5 LR T,
I HAEWE RV R E « PREE 0 N 45 5 T 2 U
TN R . I8 SREUCAS [R] S BB B S 4L 4R ) s it
HBARIEIAT 00T, AT RN RIEZER . FERG
Wt TR, BRTREZSEEER, X
A R BhBRATIR e A R B il AR SIS N A
I FER, MR T2 B 25 38 I IF 2 ] ) A5 AR ok 2 55
IR .

WAL R, DA PR R BIa 4 51k
Ao BB T SR I(Shi et al., 2005), 10 H A6 {E
ANEIEHE . EA A, X E LT R A (B AR
IEGA (RIS A ) A2 Ra AR IR, AT LAAERT
faAE ML 5 MY R AE B A o BB,
TP A oA BRI, JTE—R
Bk H R A RS R, BIIEE R H Rk,
(R, MRS PR 2 R 4R 310X S8t A% 15 S8 A2 K1 SR iR AR
T E BT . LA B 7 AT LLR 2R
AR AR R A, T HLAR Re S 207 A
T v 7 A )32 DR R R R0 L T R L A s 4
FHARE. fEEKRELERES, FRREEEY)
JR A IS BRE TR IR IIRE, RNEZEREAS
R B ARG MRIRIE, #Rh SR TR T
X G BL R B ) X 4 S BRI AS g b AR ERAE
WAL A T o I e 27K () 73 BT 45 Bk v 45 5
ST B RS EAEEN S R
HRL M AEDIIG IR S . AR AR,
FELZ AR 2R RIS

i P 20 B bR AR AR 5 B 8925 x 107 hm?,

JABEIESE: AMEYIG MRt E 1339

F20134F M A A 2.5 x 10* hm?® (B % CHITRTF
[, 2014). H A3 E 2R & s bR 32 BT VA2
I S A 2E BB IR A BT AR B AT MR AT 4R (23R E
2 2008), RS AR, s R
AL . TEIRNERRIGAE R B HLEG, Xt bR
RIEATIAL, A 25 BV A 20 B PRI TR
IR, 7EABRARARA AR T, A 3 A %
Pl VT TS5 T RE UM 2T B A ) A A IR S
A A URR IR BB 7 2K, R A 0] 7= A AR A3 BT
IR IR 2Rt R SR 7 0 )

EE&UH

st FONRARRR T B FIR B R LAY
X B A Z L0 B KB LAY R T/EAR G K
NEFH, BNMREFRELEASFIR, RERZRES
ZAAOHBIHRETEFHRERA-H ., FLiE, g
. TEEAMI TR FEBFSRLE, 2080, B &M
EHME B R AP LT RO T, —FEHM.
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