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Y% S IR AR @412, BRIRAA T 40 BN AR 10.56 AT 7.00 A, @ AGL4LE07 55 5 AR 3.56 Fl
8.38 AN 90234 A AIRAK, 7 F AL 6.75 /45 70Q78 Fl 80Q52 AU A AT, 7754 B A A1
3.00 1 1.00 /o 4 0 % W 523 W R AR R B A5 21 2% UL B AT S8 AN R IR 5 RREAE o R 71 VIR Ak 1
AN TR O REAS T, AR, KT R FURI 1.5 ~ 4.0 £, AU EBGE, Bl m 2,
He, aif (o) AR, R A R AL M R SERR, 2 RS A B . @
REV A A E 70198, 70Q78 F1 80Q54 FRAFH 137 RRFFAEMIMRAGIE, Ak, A5 B =K BT & e
B4 53K 68.6% 29.9%F1 1.5%
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Studies on the Development of Microspores in Carrot Isolated Microspore
Culture

LI Jin-rong, OU Cheng-gang, ZHUANG Fei-yun’, ZHAO Zhi-wei, HU Hong, and MAO Ji-hua

(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The differences about the development of embryoids and calli arising from microspores
were investigated in isolated microspore culture with eleven carrot accessions. After cultured about 92
days, five accessions began to form embryoids or calli. 70198 and 80Q54 produced both, the productions
of embryoids were 10.56 and 7.00 per dish, and the productions of calli were 3.56 and 8.38 per dish,
respectively. 90234 only produced embryoids, and the production was 6.75 per dish. 70Q78 and 80Q52
only formed calli, and the productions were 3.00 and 1.00 per dish, respectively. Microspores with thin
wall, size elongating 1.5 - 4.0 folds, and large vacuole would develop into embryoids. Firstly they latitude
split, arranged in series and connected tightly each other. While the microspores expanding like globe
shape, splitting and connecting loosely would grow up to calli. The ploidy level of 137 regenerated plants
from 70198, 70Q78 and 80Q54 were detected using flow cytometry, and 68.6% were haploid, 29.9%
double haploid, and 1.5% triploid.
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T B /INEL - R TR T — R4 7K RGO  FRAAAR R 2l A%k (DHD IR AEEAR T
Bt. Maluszynski 55 (2003) {2l A4 T s 1 33 MEEAEY LU L 226 FhHABALY) 1)
SRR IE, P E M AR R 2R CRE. B, WS RARMEY (2
RURAED S RS, WA AT~ B BN, 2 b SPERAE BRSSO M R 1 58
WHTZNHTER, H—HZRRZBEHAFNERRAE GEF 55, 2004; XML %, 2007;
Dunwell, 2010; Ferrie & Caswell, 2010).

HATHHE NIRRT R BOR F 2L 293597 07 S — € 2k @ (Tyukavin etal., 1999; Adamus
& Michalik, 2003; Gérecka etal., 2005, 2009; Kowalskaetal., 2008; & K= ZF, 2010), JfiifyK
WA NI/ T B IR ST R A N 2818 . Matsubara®y (1995) IRAEBE M E/IME B 98 h ik
SH/NEALR, BA ST, Goreckads: (2010) MEAEY NP ‘Feria F,” 1 5 #RAN[EIiL
ARARR P75 T RAK, SRAT 42 BRIFARERE, MAPESE 20 A% K. Ferrieds (20100 XHAE |
AT T2 B8, PGS 20 R TEAERMEDI AT S /MEF 7%, SR8 T 17 BREHE b FEAER R
VEZ I TR0 N TAESEAL, @A il S N3 i0r vk, DIAFRIZERIZEH S N AR T A G 9T,
FEXT N TE SR AR B DSOS AT A0 M o5, At — 2B 58 5% /D RS TR B it
BLERTEN TS

O VR RS DARES

1.1 #Hl

PL 1T AR R AL S5 b oilAt, B 70198 F11 90234 4y HAT &4, e RN T MR 7k
TR IRAFIIF AL (R 1). HCM A.C.. Beta 111 2327 & E g e Ardft. M 5. 2H s
SPOBR B S~ RARLUE R N E P T FI S AR RS R LSRR BSkSR L BT TRE ST
P 37 0 R R AT b b RO A2 e B S AL ST T [ SRR R s b A PR . M T 2008 4 7
H AT b B AR MY R 2 BB A AT AR B, 11 H WDBCSRBIAR IR 58 T 2 b iR 47 R A b
B, AEUE 3 AV L A AL BRI RIS T 5RLCM, SR AR 10 ~ 15 BK, 4 HIRFEARIT 464
I,

%1 BTFHEMITFEANTAEENAE My

Table 1 Different carrot genotypes selected for isolated microspore culture

Mk S PR Bt
Code Genotype Type
70198 HCMA.C. H4 % Inbred line
70Q78 P24 x SR Shanxi Jiangzi x Danvers F,
80Q48 HCMA.C. x FH#i#ff HCM A.C. x Danvers F,
80Q49 HCMA.C. x BfH 55 HCMA.C. x Shitian 5 Cun F,
80Q50 HCMA.C. x R #EH 5 HCMA.C. x Gailiang Heitian 5 Cun F,
80Q51 HCMA.C. x [ 45/t HCM A.C. x Amsterdam F,
80Q52 HCMA.C. x 2327 HCMA.C. x 2327 F,
80Q53 HCMA.C. x Fg%i#fi HCM A.C. x Nantes F,
80Q54 HCMA.C. x Beta [l HCM A.C. x Beta 1II F
80Q68 B x Wk3F  Zaochunhongguan x Liangtouqi F,

90234 [ 5 ~F Heitian 5 Cun 42 % Inbred line
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1.2 EBINETFEFRAE

WA NI /N R IR FE Y 2 i Ferrie (2003) M7 VAT OO o B REREAR /N7 Ab T 5
BAEAe Y, e, ElE TAES L 75% BN 30 s, 10%IK SR # 15 min, JCR /KM
Ve 3 W, BER 1 mine RTINS, AN EBS IRBGH, HUERERE, /e
PUFRBGK T, 2300 HJE Mg 10 mLE0VE, 10001 min”, B0 4 min, #_LiER, IHABS
PRI T . R RIvE s B E L 2 K5, IANLNB AR 7R (% 0.1 mg - L' 2,4-D
0.1 mg - L' NAA, 13%E8E, pH 5.8 &I/ T MM THE N 1.5 X 10° ~ 2.5 x 10°4 -mL™,
BEREFRIL (60 mm x 15 mm) 1 3 mLAEFW, 100 pL 1%iE TR . 33 CHIGAFE 2 d, 25 CREREIE.
B R IR RE R 10 dMLEEGE T #5380 7 AR R A B AU 2 IR AR L R i A 28, LA 3% 200
dJE 1 BB I R R A G % IS MEERVDN, BRRmE i 2, Melr
P AR L 7= 2 IR AR AR B A AL BT B L

1.3 IMEFAESENELBEEREELE

AN R RN, BERE 7 d AE S AEE FREAT LSS, IR, IC NP AER IR L (R A Kk
B SR BN IF UG 4> R, WD /N PR FRCE T 3% R 1, SR DAPT e {t, 4 ZEISS
Axio 40 %6 WAMEE FALEE. IUAH.

FEAAEARAS P (0 %5 58 A0 AL 5T R MR A B W FT i HE T . BRI NS (2007) (715, 3%
WA MR 2 em® 247, DATE R ARIG I N A8 pAoh ot J, i g 9 A b S s 435 1 40 4k
ff (ModFit) i€ Ff i DNAT &, T P AZRERE A5

2 RGN

2.1  EFEBPRIR AT A 15 LH A AR B 220
EZAI 11 Ak, 5 P EDE BUWIRAR Bl @ 20 (3£ 2). 70198 i 80Q54 [F] N5 3
HIRRAR RS2, 90234 AR RRAK, 70Q78 FiI 80Q52 1™ A Arfii4li4l. 70198, 80Q54 Al
90234 if5 T MRAAEL 370 95 56 Al 27 A, WERAAS™ 25 B BEIIL 10.56+ 7.00 F1 6.75 4~ 70198,
%2 FREEBPE N FRENAGELESEREFHME

Table 2 The frequency and days of embryoids and calli inducing from different carrot genotypes

TEREAR A B JHR A4 75 AR

ot iR R AR A5 . BOHLE UL E .

o ) LI . 5 K Hud A 7T EeRYud
Yy Number of petri o . Number of Production of . Number of  Production
. Number of petri dish with . . Days of forming . . Days of

Code dish cultured . . embryoids  embryoids . calli of calli . .
embryoids or calli embryoids forming calli

70198 70 9 95 10.56 109 32 3.56 109

70Q78 46 1 0 0 0 3 3.00 177

80Q48 9 0 0 0 0 0 0 0

80Q49 31 0 0 0 0 0 0 0

80Q50 35 0 0 0 0 0 0 0

80Q51 15 0 0 0 0 0 0 0

80Q52 35 1 0 0 0 1 1.00 182

80Q53 31 0 0 0 0 0 0 0

80Q54 41 8 56 7.00 92 67 8.38 92

80Q68 4 0 0 0 0 0 0 0

90234 24 4 27 6.75 95 0 0 0
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70Q78. 80Q52 Fl 80Q54 %S AT AL E 4y 7k 324 3+ 1 67 A, RAGALL 5 53 5 BRI 3.56.
3.00. 1.00 F18.38 /o MRAARFN @A AL T I wa I (A1 1, A ) 25 DR 2R T e PART HIR o] DL JVR PR A4 B8 A
BitH L 7 92.d LA 1, Hirb 80Q52 7E K557 182 d Ja A M AL B .

2.2 FRARIKTZ BT FE A 2R

DN AN (NS RS S PO 2 o LR L N 1B o G 7 | P VN e S L LK TR 2B EE ol U B M
AN, REER)E, K/ 15~25 um (K1, A), HFRfEt /MBI REK, 40/ 5:
AR, KEEREJEORIN 1.5 ~ 4 45, JUFRARIWIASLIIRE, AR KB (K1, A, gt

50 pm

5 mm

B1 BEREEMEE
AFVAL PMMETIZER (1 REFP/MET: 20 BT ImEZNMET: 3: BIHGRR/METHRES): 4 B TAMETHR v B
i) B. S 1 XA 3 Co AR Z R A GRS D ikt ie; B, Z2401H; F. G ERIEME; H. OJEM; 1 AETEMK;
I Ko Lo S ABRIIRK: M. 8578 ML B ORI A
Fig.1 The development of embryoids in carrot microspore culture
A, Al. Initiation of microspores expanding (1: Normal microspore; 2: Nuclear lying on the side of swelled microspore; 3: Nuclear moving to the
center of microspore; 4: Nuclear locating at the center of microspore; v: Vacuole); B. The first division of microspore; C. Cells arranging in series;
D. Differentiation of cell; E. Multicellular mass; F, G. Globular embryo; H. Heart shape embryo; I. Torpedo shape embryo;
J. Embryo at cotyledonary stage; K. Polyembryo; L. Embryos with various shapes;: M. Lots of embryos in petri dish.
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SN, ARG EET R s, IR TAN A (1, AL, EHEA a2 ~3
W, e g, BHpE—&E (B 1, B, C), HARMMN N ZRSHE, KK IEZ 40
A (B 1, D. B), #t—RkERERER (K1, F. G, OEK (B 1, H), aEkEr (B 1, D,
THWE (K1, D, R ERRE (B 1, M. fEREFESET, WHPLERE, AR
Wy (1, K. L),
2.3 AHALRRISIENER

ERRAE K AEA LG, T2 B AL /INME 7 R IUA R RFE, BB /NI KEERE (B 2, Al

_.‘.T'- 1.‘:.

25 ymr'

2 BGEARKLE
A FIAL Y R/MET, v WGE: BRI BL EA/NMOTHEATE OB R A5 02, 2 4iif: C A1 CL. /NMETRETES 2 IR 2L, 4 A0
D M D1. /METHATH 3 k0%, 84ilfl: ERMEL Z4MKEl: F @OAR, G HIRMHIE R E AR,
Fig. 2 The development of calli in carrot microspore culture
A, Al. Swelled microspore; v: Vacuole; B, BI. The first symmetric division of microspore, 2 cells; C, Cl. The second symmetric division of

microspore, 4 cells; D, DI. The third division of microspore, 8 cells; E, EI. Multicellular mass; F. Calli; G. Lots of callus in petri dish.
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AL, FATRKWIE, AMTHRE, MMEIEER. M IR 2SR 3, TR 2 410,
HHE A MR (K 2, By B1), 2 igkstr 2B 4 418 (K1 2, C. C1), 8 4ifi
(K2, D; DI ULZgifaid (B2, E. EDD), B#HiIEKRARAI@GHLR (K2, F. G), iXik
T AL 4N i TR T P (A — ik .

24 BEEMKEMETE

Kf 3 AL 70198, 70Q78 Fl 80Q54 F= A (K] 137 MR BRI MENAT %5, Bk, %k
N AR 0 0 68.6% 29.9%F1 1.5%; A[R]JE K 7Y 2 [a) B AR R AR A% 2 LB AN TR]), 70198
AR R LE ) 1 IE 81.4%, 1M 80Q54 HL A 33.3%; #E 70198 A1 80Q54 w1 4 AN 2 1 #F =54k (K
3)s

%3 TREEEHAE MNERNETRGSRGBEEREEEE

Table 3 Ploidy analysis of plants regenerated from IMC of three carrot accessions

¥f¥5 44 Haploid plant {4k Diploid plant Zff%4A Triploid plant
] kAR L oD i PP — L PoeD
L7344 L6 A51/% L7344 LLA51/% L7344 LbA51/%
Code Number of plants . . .
Number Ratio Number Ratio Number Ratio
70198 97 79 81.4 17 17.5 1 1.0
70Q78 7 4 57.1 3 42.9 -
80Q54 33 11 333 21 63.6 1 3.0
it Total 137 94 68.6 41 29.9 2 1.5
5 \/\
3 g

H AT G M/ NME T3 95 1 SCIRIRE 5D, AT BE DR 2R rp 75 5 LR VR A B i 7 4 21
(Matsubara et al., 1995; Ferrie et al., 2010; Goreckaetal., 2010).

AW GRS NN TR S, N S YRR AR s AR IR AR B A1 421
XF 70198, 70Q78 1 80Q54 (1) 137 #RFFAMAMRBEAT (VS E, 68.6% M HAGIATERK, 29.9% 0 {5k
RIRR (R 3). ARIGTE T8 S IRAR R @i A2 I R, B ) 80Q54 157 92 d A4 A IR
Al L@ AR RAR, 80Q52 7E 182 d JE A M ISV (£ 2), X E AU 2 i
NEZEFE 60 d Ja A4 7= A /ME T B AR A 45 3 OF Ca 55, 20100 BOMAHAL. Goérecka
25 (2010) ML MR/ IME AR FR)E 14d A IS 1 2L, S5 BRH WS /MBI R R
3 d JEt T WA 1 R EE, 13 d WER AT IR O ileE 55, 20060, K828/ METINE
R RBRAEEREES G 2~3d (Wangetal., 2009). #% N TAKE s REK, Xalfed
PHASHH Y D F B/ MR IRER R ISR . B B AR BE AR 4 T e Adh B ] DL HE RS 57 h 1)
AN BUR BOAAERRL B L TR R B IR A N TR R B i%4% (Zoriniants et al., 2005). BRFAGK
ACERAL,  H AR R AR EEA . DU (R FOKANBRSE . 2506%E (2001) AA LR ALEE
W NI BN IR S SERUHER, Gu s (2004) RXEERH 4 CARIRTALEE 2 ~ 4 d w] 1 E. 1%
SERAR S 3 23 H 0 T S R R IR A AR BE T, AR R ey S AR TR B M TR R iE
A Rpit— BT,

PSS /NP A RAR AR @A 2R T B FE AT AN M 22 5%, R A7 AE S8 AN R
SERRFAE . Zoriniants 55 (2005) TAA MR /INEL TR T B il R GG /INFRL T K R 1% 4 ) 3045 v
5 DNA SHlsif 20880 05 BMRIE. MBI 5, SRR E KL T
BN NMETRERIERK B TR KN 1.5~ 4.0 £, 4B T/ hMET—ui, BEDNMITRE, BN
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e (1, AV AD . TEMRIRIETERIIA,  40 B3 — e IO THES, 40 M2 T 8%, 1 7
PR F R A OB ik, v DA XA AN o 8 K B /N R 7 b R AR AL 45
¥, o3 MRIARAR G R R i 454 (Goralski et al., 1999; Matthys-Rochon, 2002), ZEHRIR {44k
R TEARBEIN, - 40 M T 25, 028 ity AL 2R 540 TR AN BRI HLAT R 2 DR 41 e (Massonneau et al.,
2005) o JIRAAR R AL R R0 A1 23K A PR AR R IR 3R AT FE AR AR (R P A ade A%, (L TRIR AR BE 4T 1l
MR, TEAL T E L — S T A R R AR R, XA R AR iR AR B DR B A A
PIRHR (K 2. MRERENSETE— L.
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