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Dynamic Changes of Starch Granules During Somatic Embryogenesis and
Development in Cyclamen persicum
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Abstract: Embryogenic calluses were induced and filtrated from young leaf explants in flowering
Cyclamen persicum plant, and somatic embryos were formed. Histological observation revealed that
embryogenic calluses were comprised of embryogenic and non-embryogenic cells, and that embryogenic
cells mostly existed in embryogenic aggregates. Embryogenic aggregates derived from induced
embryogenic determined cells. Somatic embryogenesis originated from a single embryogenic cell. Somatic
embryo grew into a complete plantlet after passing through proembryos, globular, heart- and torpedo-
shaped stages. During somatic embryogenesis and development, four peaks of starch granules appeared,
respectively at the stage of embryogenic cells, globular embryos, early torpedo-shaped embryos and
complete plantlets from mature embryos. Starch metabolism was closely related to somatic
embryogenesis, development and plantlet regeneration.
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il >k (Cyclamen persicum Mill.) J&E 2 RERRAEIT, HA EEL 51 (Takamura et al., 1995;
Winkelmann et al., 1998; HIZZ%, 2009).

FEGE Tl EF TCIE R FROL MR L F82 M (Schwenkel, 2001), Rk & A5 7241 F 11
IR RO ANAE ELEPNHME (PVEE 55, 2012; RM#E 4F, 20125 5KIEW 45, 2012). 3
M SESEMAHEINLR, HEAE G R E GEEK 5, 20005 5kKH %%, 2007; Ji
A 45, 20100, HEr & RIVER KR B SRR IR AL Ge i SIS B UIAH DG, HRIaE {E
RAEBE AR #B A Ve AR R (FENNIL 2%, 1996; MCHIZE 4%, 1998). #4h, fEMEKRA. K
B BT I A S Ak A 2 M AR S e R B, R F N TR K B W BRI i S Re I AE
AT A FIS5 VKA, 2002),

KTANE AR e Az T A5 T R 2L R 40 P 2 S 1l A D s . Wicart 58 (1984) T IRIE 3
AT AN R IIEAE 540, Il e 2 23 40 B 27 W 58 I G &5 1) 15 43 A 20 A A 5 S R TR R
Ruffoni %5 (2000) & FLOULEEHGE 1 G-I VERs FHEY P JFAEAL 2 A AR R R FEAN i B I HH AN
%

NI DR (TS Sy N A S ST R EA W) @ (VG % ol T S0, 71 7 RS N [ B} | 1N € YUK VA S e R
FUPRAERAT SE SR AR I A b, ek i ) i R A 232 o T Tk, RGEH T T ARG i
WWRA . R E PR A R R P 4 M 2 R 45 M RS Wb i B 248 A, DABR /R T i AR S5 Al %%
AR IR R A R B A HOCR, W FUAN R AR AR MV 1) 5 A2 B LI S AT AR ™ b A 3 H
P EMER S %,

O 2R RS DARES

11 #RAR. KAEESREREE

2009 £F 12 JIRI AL AAE 3P AL Z KT BT SRl k- (Cyclamen persicum Mill.) KA
Al R L KIS0 (“Wine Red Flame” ) CL T AR AR A= v A AME A

M AR (2008) [MJ5VE, FEMHG KA RPN NS TR Se 50 5 ) 175 T i i R 1k A 4127
A FAR R E i, PRI A B IR JLAE 1/2MS o A R 1 70 A AR B R B RS R0 B30a o J2 4
fukige, v RnRIR I

30 d Ja [ RC T gRARHE IR, (e R pR P
12 AGBARBMIERESFIR

I3 R T ARAT B PR Lt R G AP R AL 2L, ARMR I @t 212N LA S A A 2GR R 77

5~10d (EFRYIBENLECR: 3 ~ 5 B, 8L BUR 89 Tl IR b . @A SN B ZL AR IR
MAE I IR T RE TR R A, (8 B B N R I

1.3 {RERBAEA B RAEKBEDIE PAMEMR S ST

EMUR AL, 1/2MS EEER TR LR E 14d AA MR 42, BB, DIEM.
U R B AR MEMORIEM R Cll T A2 B LR & S B IR A RN, ANE BT A
AL F), 56T 1% B IE AL HE, A0 BIRRE 50 C A4y, 45 Halk [ o ) )3 g /N B CJR1aHe 452, 2004,
] 52 T FAA [ 8 1, 420 A5, PAS e N FITER AR — I8 AR JL 4 (BHIE HL, 19940, OLYMPUS
Kot 5 B g2 - I
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2 HiIR 5

2.1 R E AR RRAR R SR

ML AR T R IR T 2 2P A0 M AR I A L, R Sy 2L e R P AT = 2 4 M
AU TRPEAR 2 DURPEAN I A1 B A A . b — DS R MER AL A it 4148 (B 1, AD
RS AL RSN, IS EHEE R SRR e g e, JUARRRL S R4 2 1%, 4
B A, WS KEE AL, DL 15 e (B 1, B BRIERILEE A LK LE 41 g m]
MR RFS R T AIE S AT LA B LA IR AN IR PE A, o 5 A L A R 40 R R
P20 AT AT REAYR - A7 AE I LANE IR gog 4 (I 1, C) IRPESR IR b i o F
HAA KRR (K1, D).

MEENE BATAL 1/2MS TR IR 7~ 10 d BIESRY AL, IRPEG0 i 141 b i IRk 4 i A 75 9
BAFD, ANFERH ARG R R 40 DUgiie. J\ A 2 ania s it ) [ B BLAE TR
AR (&1, EL F)s 859R 14 dJa, BRI A EERSOR TR ARG IR,
KAEZ UL KA BEREDL, AN — AL 10 AN ELERIRRAE (B 1, G)o R Al 2 R A4 4
PR AR5 7 3 22 A S
22 (iEREMBMELE. KB IEFEMRANEEL

TS PAS Beta g RO, WAV A5 4LZA AR (R R PR A0 AT A AR 20 1) A7 WS AN . AR R 40 i
(£ AR N 7 T 1 1 2 N Y s ek i oV 138 e O ey VS S BNE 27 Ge  OAD
o A BSERZAES, R BRI AN (B 2, A IR AN M [ Hh K R R 40 B 7 T
RIAAFEAL, RSP 220 R A DU lsi iR, B — 2Dk WA 2 o R o o
AMUEIE . DU SRR W] T AR B2 Al RIS A R (& 2, B O
KEBEREIRY, T UL B rh Ol B AR 1 o R I o AR LA, R BV FR
JZ, JLPANETER KL, HARAIAR A oy, BRI T LA K AL (B 2, D)o KA
JE BRI A0 P TR 20 (e R R AR R, R b T SR AE K AN R S A 2 2 18] i 2 2
BEANMIPY, SERPRRLR, AN ST, HIE RLAR AR AN B V40 1 i b 1) A B A S sk i e (18
2, ED, HED AN Z G EE AR I ek AR 20 D AR R AR D R ) ORI RE R, BRTE RSN
TEBPRIAR 2R 2 A ey o

BREIRRE— PR RO (B 2, F)o ORI N VSRRSO R FE, (ORI A
s S FBL 1 2050 L2 T B 240 i N A7 /D B INBTRE s R B (B 2, HD o (O BRSNS 20 ) 58 BRI
RPIRRAPER 704, BT R AR AC N 2R A R B (B 2, G

TEBPRIAR ISR 3 e W) A L) A R RSN, s I KRR A ] S R A, AT R ) g
N 2Fs, RBEE S AR (B 2, Do BRERK RS, KRB LA R L, s
2. BRCK (K 2, Do W& GEEAEE— P AT R, BT LRt E g (& 2, KO,
e R EA R e (& 2, L), SRR sEkykbigeat —Diae, RAEgEE R, Ry ZFEK
s S P A BB B A 0 AT /N BORE R S R L, B W s> (2, MO

30 d PR IR B T WIS B AL, BREEHESDI R, Tl AN 28 DL SRR AR K
A, U IR IE S PN SRR DR RR . PAS B e Ry 2 A m AR AR L, R
PR AR O BUBTAS K 7046, OB T B BLITE e 23 4 (0 AR ML R ) 2R A Py, BIEZEIZE K
sl AHRRT ORISR MO R V7 BRI S AZ], BRI, R s R (K2, ND.
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RIS ABERRL Y BUER 4 DRIRL SR e, 2 B0 A1 T BREE AL X Ak 6 TR ] [ 2 2 i B A SR . 2
KA R ey, B2 BOREK (B2, 0D, A /IMEMREE— 50 R A KA TR e 5
Ky 5Efit o

1 paEE & B SE R
A: BFLORNEEGAL: B: DAEBUEAER A AR JOE gl C: It @t AL b IE A TR AERE AN D: & &
BRI IR PEA AL B ARG ISR NRE e Fo IR RE, A FR G I I A4 i Js
G: JRA5 BRI AL -
Fig. 1 Morphological observation during somatic embryogenesis
A: Slightly red-brownish and friable callus; B: Induced embryogenic determined cells in groups; C: Embryogenic aggregates and non-embryogenic
cells in embryogenic callus; D: Embryogenic aggregates containing abundant starch granules; E: Proembryos at various developmental stages;
F: Asynchronous development of embryogenic cells, showing proembryos at various developmental stages;

G: Clusters of somatic embryos.
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2 {RRRREE A R H IR IR A BT
A EEVERR (D Rt EE: B ARAENYMEER: C. yERB LA REIRN = . \AEIE; D BRIEIE;
E: BROGIRIIARA ol 8 A BE A i, etk (1) RRERER: F: OJEME; G QJBERMIIRAK A (RMD FIZEAK R (SMD 14304k
He OB IEI AR R R BN B, RS NS FE s T RO, T RO TR AR U B B AN, TR (1) AR
K: fEE; L R4S R (D ks M: 5 IR o) A R A B A e, D e bbb (s
N: FRAE/NRIRE, ZRAR (R RIZE (S) b O A /AN BRI 25 v i 441 A5 SR0J) B s 4 M
IRKIEVERRL (1) IARER,
Fig. 2 Dynamic changes of starch granules during the development of somatic embryos and plant regeneration
A: Embryogenic cells, showing starch granule accumulation; B: Proembryogenic mass at various developmental stages; C: Two-, four- and eight-cell
proembryos, showing starch granule consumption; D: Globular embryo; E: Parenchyma cells around the meristems of globular embryo,
showing abundant starch granule accumulation; F: Heart-shaped embryo; G: Differentiation of root meristems (RM) and
shoot meristems (SM) in heart-shaped embryos; H: Parenchyma cells around the meristems in heart-shaped embryo,
showing starch granule consumption; I: Early torpedo-shaped embryo; J: Parenchyma cells around the meristems in
the early torpedo embryo, showing starch granule accumulation; K: Torpedo-shaped embryo; L: Differentiation
of vascular bundles in the torpedo-shaped embryo; M: Parenchyma cells around vascular bundles of the
torpedo-shaped embryo, showing starch granule accumulation; N: Regenerated plantlet, showing root
(R) and shoot (S) differentiation; O: Parenchyma cells around the vascular bundle in the tuber

of regenerated plantlet, showing abundant starch granule accumulation.
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R ARAREE IR A RS 56 2 i 73 A JE P @Rt 4128 . At 1SV O e e, RVERAT 1% 35l 14
SEMITTE, ARG AT IY) A MR ML R S8 BRI AL ZND) Jr s DR EAR AW 5 80 R P8 40 M A A/ e A
HERYTHBAL o

S R AT A LA S AR A ML S AL, R 40 B B2 LURR P 440 i P 1) FE 5 A7 AE . Winkelmann
S (1998) RIS T AR IR AR R R RN M A 147 e, (DR A 20 [T 2 AT 4 Hh Ui
AT AR RS A MBS, AERARLL O NE IR E A 4123 b R BT 5 B R PE o 5 40 F
AR, FCARFRECR YRR P A (R VE AR Z 2 4, 3E P EE R o, IRPEA i 3 2 i &
IR k5 2 0 R 3 73 284 1 B 1 K o

3.2 REREMEARE. AEMERBEIREPIIEMRATL

WG R GRS T AN RAR AN SRIR I R A R B FIRLRE P A 1 R P AR s M AR R B At 5 4
IR T A R AR AR o 5 5 B IR v s 0 i RT R E 4i f F1 309 380 sB IO v Bk AR L, ey
RIS 1 AN me e JEIRIE 40 S 3t n DA 4r 240958, H H 45 22 2 AR I S 3 T 4R 1Y)
WMo Toie BB SERF A, kAl M b #G JE R R 2R (Ribas et al., 20005 XIJ#E5E %%, 2004;
JAE G, 2004), JWRE A0 e R IR SR AR () A4 VR e AR Tk AR e R — R AR A IR G, [
AT G DA A VA 40 3 MR 1) SR AR T R A2 R 4 e R SR AS IR SE TRV S A, Ol ) SR 4 i £
orELL (EUEARLE MR ROMAE P TR RE R & oA 45, 2005).

ANEEAAA A MRS 2 I SRR i M IR BRI, bbb LR SR T XA A, kiR, #E %,
/0 T VR Sy o B S A R o (RN [ R A e R KT IR SV AR W 0T — e I 22 e 1k, RIS
(2004) FRZRXEE (20000 FIFERTULAE (1996) 23 HIAESHE b fb4E A ARIFISE S DR 7R 40
JRLIVR S A= v LS B A R AR SR RS R S A 28, 1T Karim 55 (20060 71 2 5% 1) 4441 g IV 5 A rhowd
FRH) 3. 4 A0 M IO I E R R AR B, TR TR IR0 T IR A A LR B TE R R IR R R

TERYRLIIES 3 AR B I LA TR I, BESE o IR R T PR e . ORI R B
B NRRRES, B 4 DNUER AR R IL, O AR R P AR KO E 1R AL R ) i R A .
Cangahuala-Inocente 5% (2004) #JE T 272 (Feijoa sellowiana) [1JERTEIRFIH B4 5 1R /DA
TEMPRLII R B, SRR ) RS B R AR AE f ER IR I IR, ek S5 ke R R 10— 20 P A AR R 5 1)
FHK

JUE R AR LEAS [F] (P AR A 0 () TR R 4 B R R A VR B I R b R T — e i 22 ik, (H2
VERME B ARG TR P ADES KT RIS R S] T 2 CEZEN/ERM Jordy, 2004).
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