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Number of Embryos and Emergence of Hybrid Seedlings in Polyembryonic Citrus

YAMAMOTO Masashi'’, ITO Takatoshi', KAWAGUCHI Shoji**, NOMURA Tetsuya™, FUKUDOME Hiroyasu’
and KANMERA Shota™

'Laboratory of Fruit Science, Faculty of Agriculture, Kagoshima University, Korimoto, Kagoshima,
Kagoshima 890-0065

*Toso Orchard, Experimental Farm, Faculty of Agriculture, Kagoshima University, Toso, Kagoshima,
Kagoshima 890-0081

Summary

The number of embryos per seed was counted in 13 local citrus accessions distributed in Kagoshima,
Japan. Kawabata Mikan and Usukawa (Kishu Mikan) showed monoembryony and the remaining 11
accessions showed polyembryony. Among the polyembyronic accessions, Hetsuka Daidai and Kimikan
showed the lowest (1.4) and highest (41.4) number of embryos per seed, respectively. Next, the
relationship between the number of embryos per seed and percentage of hybrid seedlings that emerged was
investigated. Six polyembryonic accessions and monoembryonic Sakurajima Komikan were used as the
seed parents. Their number of embryos per seed ranged from one to 35. ‘Mato Anyu’ was used as the
pollen parent in all cross combinations. The percentage of emerged hybrid seedlings became low when the
number of embryos per seed in the seed parent increased. When the number of embryos per seed of a seed
parent was around eight, approximately 20% of seedlings were hybrids. However, when the number of

embryos was 25 or more, hybrids hardly appeared.

Key words: Isozyme, monoembryony, nucellar embryo, polyembryony
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WH L OB IR THRE SN TBY, Ml LIERTRD
EERDLZVEBO—D2TH L. bOETHIRMEH, IE
B L OCHBGTHISICBIT2ERELEETH S, AN
WAL = ALY IVBIOTL—F 7V =05 HAEK
T Y ay I A URERETH LA, HE, AHK
(AR, 2001) DX ) IR L > THER S 2O E
FENE T > T 5.
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(LB 5, 1967), Whk& MEfRSEA BLER & OBRICIZA
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DHEFREYH B EDbh o TS (BALS, 1981). YK
DT ERDVL, HREET 208605 FEAIT T THE
HMThs 070, BEAAZEZ %G, ThEth
DEFERBEORBZ MBS Z LMD TEETHS. L
Ao T, BFEENRE OB D W TR 2 3
MdHbH (BAS, 1981 BB S, 1967).

FHEOLIRENELECEEBERLRY ¥ F Y DL
PRI FLATW D (IR S, 2006;2021). 4%, &
NOEFMEFM L LCTHERT 2546, BROBEH D %
ZENFET LW, —, AVEVHIIBWTIE, £
15 o @M —LlTRO 7 a— U HMELRTE S
ZENS, FREBRAREHHICHAHL WS, $4abb,
BARE LTHHT 57013 MMAEADRBIRIMEL %
LEBOL B ONLENS. MIEHEBEED S v
T4 77— —-DAIbHRE L THESNRTVS
bobHD (FHS, 2014). TD L) %I ENLIUESR
OB ERET A LIEELBETDH .

F 72, ik ) EASHERE S A I BRI A RUT
FTIEERDOLNTWED (RS, 1981), B4 %
WHDONRHE VLD F TR L TliFEOBMRE R L
TeBNE R Y72 6 v, KRR TIEHIREED & £ IRk Tk
BOZWbOF TR LMAGDLEEHWT,
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W, EREO4R/M, NEERED 1 R/HESB L OCHEZE
DI3FHMTHS (Table 1). #B, 77T GisL) 3m
FHERRBHEMTr IV EIRENRTWE A VXV TH D
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10H LLRE, /MEASEILS 5720 (B S, 1981), 2o
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2 FT- & A R TS, 200 T- O IR B % RS % H
WCEHINL 7=
Rt & MERAE HIRER & ORBfR

WA RREaIA Y, PHEN, A TR N
Fa, T4 T—%— () BLY FHKRCH S
2HETHUC, ERBLCIE REAMT 2T, 20074
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MOMETB LR EETRY BRE, FUAH OfEh%
ZEL, EHICEMTF Lz FEIZH B2 R
L7 B, Y4277 —F—1C3EHENELEL
(Yamamoto &, 2017), ¥ 4 7 U —H%—=721F Tl RMHEH
BETE RV, Y47 7—%— (W) L LT, @
K S R B B R AR CTH 5 2 & 2 R
L7-.

ik & MR DR B L O/ & TR O M % R
HL7z BERA ORI 6HTOMETH- .
BONLFETE, JMVER B X N 2 #E %, KT
MO AMER Y Y — L EICHEEL, BERT,
25CC 1ML 1EMNE IRISERLTVS
BxEREEZHLE L T3ERy MIBML, 25C, 16
BIHETRE S REET A VFA 250 OME
L7

TA VAL NGRS (1999) 1SR L T, Got
ZRI L7, AR TIE Got-1 DA ENZRE L, ZO%
MR T 40 Hirai 5 (1986) 1CHEo 72, Z oIk
O MRS L B OIS 2 R L 7.

BRESVUEE

AL L 72 13ROI EL D45 - % Table 112/m L7z, I
IHVEIRAT (FT I A VR HEMET,

- WA - FRRRUARE - R RS

flZZ Rtk Th 7. ZMUERHKEDD B, WES A4 54
R AE E R D%, FIh 0410 E %
% TdH o7z ISSRGHT TRFD DD\ — 7 F — Rk
DERIAVEFY =Y (LIRS, 2010) OBREIXIT
IZR U CTH o7z, F72, SRAP W CHHMICHEITE %
ZEDY 4277 —%—2F%#M (Yamamoto &, 2017)
2, MW TIERE RERITRh o7,

100U Lor v FyvoksHmE Lz EFHS
(1967) YNNI AV BLOF T 2w I H v 2 HIKEEH
BLTBY, KoM L~ Lz Hoid, B
FNZEN1A2L138DT VXV BIVERET Y 5 ¥
L RETIERDORBERE L T D. ZULEES
454 OB EIFIZ—L, REFHEDRD L XVORE
DERHERBTH B Z L IR TE . oL htED 7
FVERRH—TF—IZDOWTIE, EES (1967) DA
AR PR dro Tz, LEFS (1969) 1dEEAE11~1
HICHEL CTw5. SRR T o/MRIZ10A DIFRGRIL S
2lddbrzo (BAS, 1981), MAFIEH TERHFE
HOENTZTHEMD DD, ZOWE, AIFEORFEAASR
ODIEBERLIZDDEEZOND.

WEFA 74, aX, y—=r—BXOrsY (Gash)
i3, R THO TREBAH LN E o7z, F72, [
ThHhoTHMM - ZHIC Lo THRHIZR L D5
(BACS, 1981), ¥4 7 7 —H—HH% 3 UDHHINER
HOREOMIA b BEST . HONIERIIFER D ~
XV OBRARNHPLERICEIT 2 A E LR
Thb.

PN B & HERE S A LR & D BAARIC D W TR L
7o Mo 5, MBI I VIZHERET, ko 6%
WMIEZHETH -7z, LIRERKOKREIL, T2 T3.2
fil, A7 AT82MM, THEMN B4 277—%—
(FiE) TH25M, HHKRY A Y BXU ERA T
F135fTdH > 72 (Table 2).

RO Got-1 BIn T, 77T A%KL 6 %4
TSS, WTATSATHo72. —F, LB FELL
W OBETRIZFFTHo7z (Table2). THOZ EH 5,
WTNOMAEDOE THHMEAEITFSTIEHMER
D, FFHER CEETFROBROGRIESE EMHEEIZXT
&5 LHHERTE T

FHLAEDRICBI LM EEHEE % Table 3I27R
L7z, MBLL 724K T 28146 & 3B L 72850
W BEGOME 2 EL Lz, WD RE TR
o e BEERAT CHRESEAE 1 EEASIREIL 722720
TR § B M FEAM BRI T o7z, ZNEER
CE, WERL RO o CHERFA O HIRIT
K< o dz. IEEAY 8 B TIEHI20% D MERL S A A5HEE2
TED, BEDRI2MELL L CHEMIZIZEAEHIIL 2
Tz olz.

T HRORE L HEEAEEROBBKRIIOVTE, B
5 (1981) HHELTWAD. ZOMETIZIZEALD
MABEDLETHIT ¥ FE2IAMBLE LTHEALTNS. &
SEYFERINBRETHE, FOZHERIEENICEN
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Table 1. Number of embryos per seed in citrus distributed on Amami Islands or Kagoshima

Accession

Latin name

Distribution

Mean number

of embryos”
Kawabatamikan Citrus aurea hort. ex Tanaka Kagoshima 1.0=£0.0
Hetsukadaidai C. sp. Kagoshima 14=0.13
Kimikan C. sp. Kagoshima 41.4+4.64
Kozu C. depressa relative Yakushima 16.3+1.09
Kunenbo C. nobilis Luor. Amami-Kyushu 17.7+2.01
Usukawa C. kinokuni hort. ex Tanaka Kikaijima 1.0£0.0
Fusu C. rokugatsu hort. ex Y. Tanaka Kikaijima 8.8+0.76
Shiikuu C. sp. Kikaijima 9.4+0.75
Kikaimikan C. keraji hort. ex Tanaka Kikaijima 13.5+£1.06
Keraji (Shodon) C. sp. Kakeromajima 10.9£1.50
Natsukunin C. keraji hort. ex Tanaka Tokunoshima 119+1.27
Shiikunin (Kara) C. depressa Hayata Tokunoshima 15.0+1.39
Shiikunin (Ama) C. depressa Hayata Tokunoshima 16.8+0.96

” Twenty seeds were investigated.

Table 2. Number of embryos per seed and genotype of Got-1 in parental citrus accessions

. . No. of seeds Mean number Got-1
Accession Latin name investigated of embryos genotype
Seed parent
Sakurajima Komikan Citrus kinokuni hort. ex Tanaka 20 1.0=0.0 SS
Hanayu C. hanaju Siebold ex Shirai 20 3.2+£043 SS
Kabusu C. aurantium L. 20 8.2+1.08 SA4
Juman Unshu C. unshiu Marcow. 20 24.7+2.47 SS

Shiikuwasha (Okitsu) C. depressa Hayata 20 25.3%1.12 SS
Yoshida Ponkan C. reticulata Blanco 20 35.7+2.51 SS
Okitsu Wase C. unshiu Marcow. 6 37.7+£5.72 SS
Pollen parent

C. maxima (Burm.) Merr. - — FF

Mato Anyu

“ Not determined.

Table 3. Hybrid seedlings emerging from polyembrynic seed in citrus

No. of No. of Hybrids as
Seed parent” No. of seedings hybrid percentage of
seeds appeared seedlings seeds seedlings

Sakurajima Komikan 10 10 10 100.0 100.0
Hanayu 100 77 59 58.0 76.6
Kabusu 100 106 21 21.0 19.8
Juman Unshu 57 95 1 1.8 11
Shiikuwasha (Okitsu) 100 93 0 0.0 0.0
Yoshida Ponkan 15 16 0 0.0 0.0
Okitsu Wase 6 31 1 16.7 3.1

* ‘Mato Anyu’ was used as a pollen parent in all cross combinations.
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Ashton, 2001).
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121, TORBEREMEE L EZWS LTV B
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WAL L 72 BR Wbk 2 B & i L 7-.
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& #12C TRAEL, BRI 514H DINICIREES7.0C,
EE60~80% (23 L 7= N LIEunsE (P-05%4, BRFI7 5
CFALE) ICAII L7z (W, 1981). ABIFETIE, 6 A
24H 648 (MPopiif : 1~7HB), 7HISHIZ8M
(BrOFIM : 1 ~11HM) ot 42 Lz W7 H
HICRMOBMINEZIT, ERHEINE X OREEILINZ R
7ot ZHRELRD/-. 4HHB L U23HBICH BRI %
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2019 MIH, 1981). A LT, I—Iv¥ v 7 ORb
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() NOEME : REFILIIOEFHEIIH T 2HE (%) 2RT.

EL, BAERLEWE S TWwb (Ashton + Ashton,
2001). AHFFZEICBCTHIN 7, 14, 2338 L U028 H I %84
L2 EELE 1, 0, 2B8XU5MTHY, 2o
HEEIZ125, 0, 25.038 X 1625% %R L, BALERTIC
HEEILI GEELIN) OBEFEFLTVDL I &2
LMo 7.
AREFZETIAL L 22 SE OB IZI1E "B 253 S,
BISESNEEVINS O B 3MWMT “HWHH (LI
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L7z Zh, FAUpsMci b EFTICE S DM EEL
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B2R -y 7OMEHEIE (BAED) (£), FEEYE (B

BRSNSt GREE, ) 2METa& & 1T, LI
DOFEZHHT 572012, BT LA LNIORE A
BINCE DA OEHIECOVTHBETRETH 5.
i, A=y Z3BmEEEALTEYD (Ashton -
Ashton, 2001) (3% 3 ), HARBLIZ X 2HLHHEICOW
THMHORMD D 5.
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