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Haploid plants are of great value in plant bréeding because they afford the opportunity to establish homozygous
plants by doubling of their chromosomes. These plants are very useful materials for genetic analysis of useful fraits
and strategic breeding. ‘Toolapong et al. {1996) selected a haploid plant derived from a female gamete of the
‘Banpeiyu’ pummelo (Cizrns grandis Osbeck). This haploid pummelo showed vigorous growth and flowered for the
first time seven years after germination. The objectives of the present study were to investigate the morphological
characteristics, and to evaluate the reproductive potential of female and male gametes in the haploid pummelo.

Leaves, flowers, pollen grains, and fruits of the haploid pummelo were significantly smaller than those of the
‘Banpeiyn’ pummelo.  Although the haploid pummelo showed remarkably reduced pollen fertility compared with
the ‘Banpeiyw’ pummelo, it produced slightly fertile pollen grains.

Reciprocal crosses between the haploid pummelo and several diploid citrus cultivars were performed. In the
crosses with diploid cultivars as pollen parents, no fruit set of the haploid pummielo was observed, However,
developed seeds were obtained in four cross combinations in which monoembryonic diploid cultivars were pollinated
with pollen of the haploid pummelo. These developed seeds germinated normally, and many diploid hybrid seedlings
‘were obtained. These results suggest that the haploid pummelo could produce fertile pollen grains (n=9).

The mechanisms of fertility restitution in male gamete and the process of female gamete formation in the
haploid pummelo were examined. Although meiotic division occurred twice in the haploid pummelo, abnormal
division was obseived in most dividing cells. In some dividing cells, all the univalent chromosomes remained near
the equatorial plate without distributing to either site of the poles at anaphase . In some other dividing cells, 9
univalents ranged on the equatorial plate, and showed mitotic division to segregate each set of chromosomes into the
direction of opposite poles during second meiosis. Consequently, at the tetrad stage, the haploid pummelo had a
high frequency of dyad at 24.7%, whereas ‘Banpeiyu’ pummelo had normat tetrad at 99.3%. These resulis suggest
that the production of fertile pollen grains would be caused by abnormalities in the first meiotic division such as the
first division restitution (FDR). TIn the female organ of the haploid pummelo, elongation of the pollen tube was
prevented by the adhesion of the stylar canals in the pistil.  Moreover, no embryo sac mother cell was formed in the
ovules, and consequently a normal embryo sac was not produced at all.

To produce the homozygous strain, colchicine treatment was carried out on axillary buds of current shoot of the
haploid purmmelo. Although numerous shoots with cytochimeras arose from colchicine-treated axillary buds, a
doubled haploid with 18 chromosomes was obtained from the cytochimera when cytochimeric buds of 2X+4X were
bud-grafted onto a trifoliate orange.
ln the present study, morphological characteristics and reproductive potential in the haploid pummelo were

revealed.  In the fuiwre, the doubled haploid will be an iroportant material for genetic analysis and strategic breeding.




(ZALE 9 BHE0)

No. 1
R CRERROE R
TS Mg B
29 Zd
EE EHEXE Hiz T B
HlE  EIRKE B f% B A
¥EEZE BE BREEBEXFE  #uw =PIl FS
RlE EHEREF HE HA R
AlE HIFKE iz BEr
HEG A

FRHET A F U ORERIFE L F 0T T4 5
Bg H (Studies on morphological characterization of a haploid pummelo and

its reproductive function)

EHRIT, T ORBREEMT A S e ko CABICHABERE OIS T & D
AR CHENEBEN S L RO CHRTh D, ATEIE. WA (Citras
|grandis Osbeck) MEE B THK DL HEEBHEFETFHCHNO CTHERELEZ L%
B3, TOWENEM L EEELEZTE L, S b F MBI ko TEINEREY
FEHLT, 2o % YEORE - SBICH T 2BEED 0ENAL Lisb D Th s,
PEREOBEILTOLERY Th 5,

1) BHAEOBBOBBIC OV THE LR, HEDOE, 78, BhH X 0RER,

WeEH LHBILCHBRIC N S pot, Eh. REAOESREE. BAk &
HBLTE Lo ic s, bEsais b IcRERED b,

D) LHME LA D (D Y B S TE & DR MR T o i R LRk R T
B LEBATHAER LA, BHAREREL LIEa . 45> 05mia
AU TRABF BBALRE, THbORAETFREEIRE L, £< 0 (KoK
HEBPBONIZ, ZOZLPLEBETIIEERED (n=9) BPEREhTWHWED L




No. 2

Y N

3) FHAEOHERB T OREEESECHEESTOREERICOVWTHE L,
HEMEBFORRBRIZBNT, FEEIE SR E S TFo> TV ELDOD,
BLALOGHMRATREPHEI N, —HBOSBMBMTIE, B—0&BFTB
Tw<om®~ﬁ%é¢ﬁﬁﬁwfméﬂf\%Lﬁﬁﬁﬁﬁé%@%ED@%@ﬁ

B S CHerbhbT, RIETICOEO ~MBEAENBIFH L., BRI 45
THDOREEINL, TOBR, THENSTHICHNT, ‘Beads’ Tl 99.3%0
W4y FTholed b\L\¥&WT@:%%ﬁ2ym&\#%m%wﬁgfmﬁLf

Wi, ZNOHORRITZFEEOERPE—SREERO L 3 R RF T L - TREMNEE
LTWaZbamllic, —F., FHEOMERE T, BTV oD LI THEEF
TRBELTEBY, EHEORENEES ATV, $-, BERBSFHR CIE. B
OOBMRAEIER ST, WThORBICBOW T O EFICRELEKD 5 1384
Enfphoi, '
4) EEBEDFEMBREEHT B, FROBME~DOINLE I 0 E (T 72,
LEéhtﬁ%@W%#%%<@ﬂ@#%7ﬁ%$bt%@®\:%W&E%W®ﬂ
BFATEATZEFFEC—FEET L LIS, 18 AORGEKYH T 5 5N LEHE
ERRBTHZ LN TEI,

FEED X VORMELERII. ZRHEABHRANR Y vy 7 XL E X B0, K
JEIL, FHEAEBEDMOBEASEE AEBERIZ OO TEBMRHEE - 2T L3
I, EOEIMEBEEEHLT, DX VEOREE - TROFRICEARE OMA
ER/BTVD, LR T, AR SMmiksc s L“c+f\te{ﬂﬁfia‘7b>§>5%@&#ﬂmlﬁ_o




(A1 0 E#ER

No. 1
RERBREROER
’z{iEﬁ%j }\f@ E.,%E
EE  HEAE #iz LT B
BlE  HBAR Bm#EE  EHR AB
BEELE BE BRBRKE  #E EBH O fiE
BlZE Rk #Hig EA PR
B EE KR Bz HE o
EEHHE
EiEA R YHw18% 1R 7H
REBRAE (BY0oboz2OTHTZ &) H%& - £%

FELVRIZEE, ERISE 1B TEOAEEES BT RAEE
HLT, ZUHEBRXOAFTICOWTHALRD, BEOFHEIZ DI
W &2fTolc, BEFEMICEIEO LS B - REARZ S, WFhb
WREDODW BEL2HDZ ENTE T,

UEDRER» S, BEEZESIIREET N EL (B 0222510
BERYZOENRLEICHRETETL LD,




AL B R E }\lﬁﬁ g}’ﬁa
K 4%

(R 1) Co¥HET V2 00BABERZEOL bWWEoOh,

[E& 1] Zo¥EET 20l ‘BaM 2BTHELT AE—Ly N ZL—F7a
SV EZHLTHRLNEH 2000 HOBFH» b EF 2 EEL T SEESBETIBRRT
LEEBELR TR, EFCENLDOTH S,

(2] 2r eV PEOoEEEOHMPBREM ESELHECS>VTEDLIIELZ TV
yia |

(EE2] YREDIFHDFELHRBICH ESTE0RELNEEbh s, B2HIERES
REZURTIZEZL 2T ETEZDOTEHAENHERDR B,

(AR 3] ¥RET L F o OREEROERA ZORFEE THZ BAM OFhEEL
TRELR>TWER, TALOEMOFEMEITT —F b5 & T {Hk Tk < BH L
EALND, REEHMOKRESICENETION,

[E 3 JRRE LA PRAR 1 EETHY  FOEARZ->E 0 LT WA #iET8 (H s
DFFEETOEN), BHELBESHBER, BEOEERBREREE LTV B0 TEEZW S
EEATVD, SHROBRFREE L,

(BRI 4] FIIET 5 > ORMER S BEM £ 0 KkE < RoTB DI ~ARKE
ER o, PRET UV VOREERETERVET T, Te—Wg M A—F - X BEY
MR BT 12 & 72 Ui,

[EZE 4] B YHIZBTAERO 7o~ 1 F 2 — % —fRIFITEFROICELL ., 74
VAEE O £ DRI OERIEE T TH 5,

[ERS] PHEET BN CHEEROEREREODRELZHES LR, 20EHE
&Lf‘hv%ﬁ’%ﬁ%éh(méﬁ\&%zmﬁﬁ%ﬁﬁbt®moit;‘%Eﬁ’&
oy Y7 ORMICEZZETRREE RV DL,

[EZES5] Ny s’ HEBLAVCREZATIZENLAEROERR L L THRALE,
Hilo, ‘BAW & vy OMOTHEFRMEEOFEIC W TR, EBICE D 2 HFER
TREEZTW, ZROFLETFH/ELREZZI ALV ERbhR 3,




No. 3

[HR6) ¥HET ¥ L OMEFRRORR L LT, #TWHOEEORE LIEO  fEIR

DIPRICLD Z L 2HT TV D, EHAITERESHBBESL, Lb 16%0RMEY
BOLNTVLDI, SV TIEEESE T LTbh v o,

[EE 6] KD D BN CELLUMOBBICEERHEbD LHEBRINAN. AL TR

TIZETHRBLTWVRY, LALEBL, HPFWAITHRBRESET STbAR VO NIZ 2

WTHIEFRICHERDY , SEBBRFTLTVELRVERS,

(R 7] $BET 2 OREZHRLFEREDO OB 1 RETHERLELY THER, %
OFIREAI 25 2 L b b,

[(HE 7] BZOSBMEIZELTETEHERLEDOLBDbNS, £, T D 1HERICER
LMo ORRIFCRELZFET LieDic. BAKEB b0 LiffEshd, ZOBEA L
LT, *ﬁﬁk?’/ﬁ’/i{{ﬂ@i}/ﬂ(—/unﬂikiﬁébf\ BMERFeDLEZEL NS,

[RS8 LB OMENBIEE B 5 2 L BSBOBBLEbh B, BIEREDELS |
FHME, BAEREOEE B SN Th BT 3R H 50 TRV,

[EZ 8] $MET 22V F U MTBIC L 918 5 M EE kT 1 HETH S,
S, FEIMEREOELEEZ L 5 EHEICSW TR LW,

(AR 9] ZLAYOT —FIIHFABIANTHNARN, AREDEREERH D LF—&iC
SHIZFEEENRTTLBROT, TEHFITMEATWEFTE 1,
(BZ& 9] BEEST - ZRELT, BELTWVL,

[HH 1 0] ¥BET 4 o REOEH NN REEEL &5 E 2 50,

[(EEFEL1O0] FEET L F iz, KBEWZ LRoPEEREG N LAY, BkbsHBELH 5
ERPBVWIERREENNE N L RLERE L TIHEABALEELH Y . EI;‘%E“C“%E)

EREbhs,




