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Studies on Haploid Plant Induction via in Vitro of Unfertilized Ovary of
Garlic
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(College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop
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Abstract: The flower buds of garlic(Allium sativum L.) were used to get well-developed floral organ
by means of garlic stem culture in vitro. With the unfertilized ovary, a regeneration system of garlic in vitro
was established by analysis the effects of different medium (MS, B5, N6) and different hormones on
haploid induction. The suitable media for callus induction was B5 +2 mg - L' 6-BA+ 1 mg - L' NAA, the
highest induction rate of callus and gynogenic embryos was 12.24%; The suitable media for adventitious
bud was B5+3mg- L' 6-BA+ 1 mg-L"'NAA, the regeneration frequencies was 46.15%; Adventitious
bud and embryos could grow root and develop into complete plant in the media B5 + 0.05 mg - L' NAA.
Eighteen regeneration plants were obtained in total. Ploidy analysis of the regenerations with flow
cytometry analysis of leaf tissue revealed that 16 regeneration palnts are haploid.
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RIEE M. AR, S5 BN HRM™E, SE G iR (Bl 4,
1996) . il Fhps Mt 15, EAR AT B EAT DL AR, AR B0 BE G AR 2 P RS, SOfE AR BHET %2
BB Culth g, 200500 BRI, b R wa PO o 5 ) G5 AUET S Rl R & & CE K.

FAREARTEAE ) & ORI I A 2 B B F RN T TP A ARV ). AR e e i n iy, 7]
R NS B AR B RLA548 (DH 5D, RePdiifai R, I ERERE. B 1976 4 San Noeum M
KERZHET 5 B EHS M AR LCK, S5 20 B 40 KPR TR0 I RS2 Rk 1
GG TR E , AT A AR 10 B} 25 Fh 2 A5Ff (E3CR1, 2005). HATC MR
(Muren, 1989; Campion & Alloni, 1990; Geoffriau et al., 1997a, 1997b; XJUKIL 2§, 2010, 2012).
28 (HEHAR AL, 1989). A (BOCPREESS, 1983) HlIhifh 3 i parAcmiik . ZedEm)
2 (1995) W K mifb R AR R AT R FR AR 1, (R R Qe (i 5, AR IR R B A4
Fi¥k. Suh Fl Park (1986) 7 MS. LS I BS FEARGFRIEE LA KA RMAB AR, X Kaiak
K Nagano White. Jaeju BTN 412597, 25 d JG TR @A 4128, (0 AR LA TR A4 o 2Rt 22 55(1999)
KGR R % R bR, (R T Y O AREE E . hT ARRE N R e s 5 R & WA 4,
A WMARKE B A AR

AW R BB S T KRR B R B B R4, R e R g IER, JERIURIE
BRI, LA S G AR R TE R, 5 & a8 i A 13 JsL s a4 6t
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1.1 iRgEHHY

Ko B I A ARMY K2 il SR BB [ 5 1 wr bR R ws” o DI A K 5 I #R 28, I
KMPE 1 ~2 he HBREBIF TGN, T5%PRIHTE 30 s, JCREKMYE2 ~ 3 K, 4% K AR 75
35 min, fJE R KIVE 3 ~5 W V12l R, a0tk MS 559738 (% 30 ¢ L BEHD
e (1, a). JEIAAE R 26001k, 16h-d', ik (25+2) C. 4~6d )5, {ELHSMT
PIRAEWEE, MO R ETTIRAT 1 ~2d, BILACMW LSS, FAF KRR T

[5Y

2 MHBRES

AL SRR R K KT LB IEA #eit, Lo MbEl (R D, LAMS. BS.
N6 NFEAREFREE, WAL 6-BA (6 - “FIERIER ). 2,4-D (2,4 - “HIRA LR NAA (Z%
LI o SRR RUF KA BUKIARSZNG 1 M B @O 2 S B IR 5 B3R, SRR 6.

1.3 AEFES

B ARUREE TR G, AT FRIEP B S AELE . MU FRIELL BS NIRRT I, 4
TR INASFIR E I 6-BA Il NAA (% 2),
14 #HEHKBE

KGNS 0.05 mg - L NAA [ BS B35 3k h i S/, TR bk

DL AT B 32 R N 30 g - L7 BEWERI 7 ¢ - L BfIR, pH 5.8, 121 ‘CKI# 20 min. 2352 855%
KA hy: W (25+2) C, I 26001x, 16h-d's

RI Y5 K ST DPS 6.55 F1 Excel 2003 #4745 17047 .
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F5 1 e R R A Gk . b St f, T 55 mm B5FRIH, A 200 pL & H0GH .
FEFRHUBE P R I FAR I B RLIRE, B AU P IR AF 60 ~ 90 s, HEAN I REAEVK B
FiAE Al 30 pmol - L' PartecCelltrics™ fALIE L JE 2R E 1, I 800 uL Partec HR-B ¥ ( DAPI
WO THREA A, ERETRERE Partec PA YA AR ML A 5E REARSH L DNA AT 5. ME SR X
A EIATE i DNA ih6E .

2 R

21 KREsREMABTIL
RiFe T MS AR 7P i (K1, a), % 5~7d, AAEBZEER (K1, b). LK

Bl AGERENRERARKERTEEMGHFEGKES
a: MIARASINFREE; b Hi9R S~ 7 d B RVEREEIZ R, o BBRUESEZER T MILIES S d RMBRSAEBEERER T IR L,
e RBATEMIGTR, ARRE FRRFFERETRM; © THAHBREMIHL: g MR ML,
he @OHALE S i AEFESAENR; j. B AREERK.

Fig.1 Changes in garlic flower organ development and plant regeneration of unfertilized ovary

a: The initial state of garlic stem; b: Aerial bulb enlarged after 5 - 7 days; c: Well-developed garlic flowers with aerial bulb removed:
d: Degeneration of flowers without aerial bulb removed; e: Degeneration of flowers under the natural state without in vitro culture;
f: Callus induction in unfertilized ovary; g: Forming adventitious bud from gynogenesis embryo;
h: Forming adventitious bud after callus differentiation; i: Rooting of adventitious bud; j: A haploid regenerated plant.
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M, RS AL, 55 8~ 15 MEFE ., ALt 20d, B EIRELM (K1, o).
BAKRE TR N AR PR A 2L 522, SEBSEA L, Kfess B LEA (F 1, d. HRR
A FAREL EAREEFRNO e T EL (H1, e

22 TEBFHENAGARRERESSHMN

BT R T PR R R, 20~30d E T IFRIE K. 60 d o, T L BB AR AR E I,
TN AR, BRFICIE 7 Ps B, IR SR A sR s A BoRek (&1, D,

&L 1 A5, BS FFREENEENHFEIFRIE, MS IXZ; N6 HiFREPTRIE M EHLALR, ANid
BRFFRZRE T IR, 6 6-BA1~3mg- L IREEE A, 5351 6-BA2 mg - LI k; 78
NAAO~1mg- LT WREEVEHE K, B59%EA Img- LB A 7524-DIKE0~1meg- L JaHA, %
FRUBEFREE DA 2,4-D WK DA TR ma A s PR A, & B FRTE: B5+2
mg- L' 6-BA+ 1 mg- L' NAA, 1 HAEMEFRIE, R32HE 1 55wl BLE A MER K & IR IR i A= 1 2
(K1, 2o

F1 TREFELERHFR L AGARES KRG RME

Table 1 Effect of different medium and hormones proportion on callus and embryo induction

N PR T B I A e S S e T
iRk 6-BA/ NAA/ 2,4-D/ . T b -
. 1 1 R Number of ovaries . Number of Percentage of
Medium (mg-L) (mg-L) (mg-L7) . Number of calli . . .
inoculated . embryo induced induction
induced
MS 1 0 0 151 2 0 1.32¢
2 0.5 0.5 150 14 0 933 a
3 1 1 148 8 0 541b
B5 1 0.5 1 149 4 0 2.68 be
2 1 0 153 17 2 1242 a
3 0 0.5 146 5 0 3.42 be
N6 1 1 0.5 150 0 0 Oc
2 0 1 152 0 0 Oc
3 0.5 0 149 0 0 Oc

e NGEREOR P<0.05 KF, AFTEMREZE B,

Note: Small letter express P < 0.05 level, significant differences treatments are indicated by different letter.

2.3 AEMERERE LR EFESRIZN

¥ B5+2mg - L' 6-BA+ 1 mg - L NAA B FRIEP A 774 @0 kAR 97 2 0k, JL3kA
84 BLmMidl gl (3 2). UL BS NIEAREIRIEL, 0 BIMSINAS R B R AR K57, 76 6 Bl fb ks
TR T AN R, AR A A A KRR B e, B2 AN R A A K
FIBC LIRS AL K. 2 NAA KIS N 0.5 mg - LI, A F MR 6-BA W 10746 ETF

R2 6-BA. NAA RERELMFEFFENPAREHREE
Table 2 Effects of 6-BA and NAA on shoot differentiation and plant regeneration

%/ (mg-L"') Hormone Bl g g HZEEL I/ %
NAA 6-BA Number of callus Number of growing shoot Regeneration frequency
0.5 1 15 1 6.67
2 14 3 21.43
3 15 3 20.00
1 1 14 1 7.14
2 13 2 15.38
3 13 6 46.15
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J5 T, 6-BAWEN 2 mg - L ISR : M NAA MR 1 mg - LI, AR5 ZE 100 AR bt
6-BA WKE MM LFF, 3 mg - L W DAARNE ZERI M AR B e, & T I A 37
FHB5+3mg-L'6-BA+1mg L NAA, AR (K70 It i il ik 46.15%.

24 HEHRBESEMETE

KA AL F) BS + 0.05 mg - L'NAA B3Pl SR, AHRIE 100%. LLIEH —ff%
PR TERM AR R A RSO P AR AR AR AT A5 Ik S o A DU, 1 A Ak (g e L IR
PEART 5GBS 0 100 I (B 2, RFORRERED, 4 bW 45 T 19 7 A AR AR b B f i, DA HH IR
TEARNT DGR R 50 I o KGRI, BLHE eHMERZ K & I A2 10 2 B P AR AEARSS O i, B a4l
SIFE SR 16 AR, 14 BV AHA (B2, SRHARER, 2 Bk BS+0.5mg - L' NAA +
3mg - L 6-BA i3 A 2k & TR N A5
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2 KRS EEFI—EGIEWE DNA SRS T E
Fig. 2 The DNA distribution of haploid and diploid plants in garlic
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W7 s ORI S AR IR, T A AR, IR B RS R EUsL 2 . ERAE . Al
SEALETS P AT AR X (OB 25, 1982). Kar 5 AR R RS T K B F. o1
Frids B B SRR Ay JER e BRI T B o ARG DA I R G 1A LR Rl RS R
KRG T3 ARAE, W PRI AR i AR B, BRI VR T T R AR R S AR R I
S, N KR B AR ERTR A

ARG, Keifbds FiBtk, TERIUNAMAC SF A G55 A AT B (1992)
WIFLR BT, AR LIEABRIEH RS, RSB S Rea o e A8 75 0. A doxd &
PR FRAEEELEA B A KT MS A IR I8 LR TE, RIBRI RIS AR 2 gkl R, 3k
PRE RIFARSZRG T F . UWIMBR A EBE RS R3S G, "Ik R & IE W MK Eas o

BRI R RN ERE ) A K S A SR R SR T D RO G R 2. KZRZHE 75 8
JRERRE 2838 % K Miller. N6+ MS. H. White siILok B AU FREE GRISH 25, 2009) BEATH 9%,
KRS (2008) WFFULRIA, ARG FRIEN SR 20 1 5 @A A 205 SR 5 2 il 2%, MS
T B5, MS. B5 BT N6. BACEFFIAEEE (1983) WIFTEE, TaREM 7 HNESLIM R
MS ORI, N6 R RE 2. AR F LA MS. B5. N6 NFEARE I, RILAE MS F1 B5 FaA R %
St EYATE SR FEAR SRS T 44, BS T MS, “EHWIFT N6, KUIRRVEYAZ R
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T BRI SRR, & EEA S SR AN ] o SRR B S o7 B A L 2 15 5 4y
WREMECR . AR K, NAA 5 6-BA MEAAGH R T RKer K320 1 ahdRi%Ss, 6-BA
WEEWRE A 2mg - L', NAA N I mg- L', BFRIErR AN 2,4-Do SASE 0BT R Y], 6-BA
3mg- L'\ NAA I mg- L' WIE IR . AERARIEEPRINGE NAA, 1B AREEER, HEA
EMRMEER D, WA . BT AR #E AP E 2RI 7%, 143 H s B
FUGIA TR, TEIE DN

AR, WA RSGET 2N TS e, W AR A% N DNA B & i 2 1
HEWT AN ML f5 1, — IR AT 2 ANFES, PREEVERG (BRNTAE, 2004). AGRLE LM A oA, it
A0 MASCR PR A AR AT R AEASIN, RSP A AR P B AT B0 Rt A, AR R th a4l
U T AW AR R TR TN B, 5550 R A AT G i n £ 1 352 £ 1 AN F e 30
G MM HARSRG T 5 ORAA EHEE O AR R, PIARG S A A2 B, 38 G Bt 20 A AN P o AL 7
PEERIA RS, W RFEM RN B LR e M. Bk, ST KRR SN 7 MR A B 5
FEARRERE P A S IR S A IE A R NIRRT
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