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Summary

Monoembryonic C. erythrosa Hort. ex Tanaka, a biotype of Citrus growing in
Cheju island, was artificially pollinated with pollens of 4 male parents; C. iyo Hort.
ex Tanaka(cross El), C natsudaidai Hayata ’'Hwangkuem'(cross EN), C
platymamma Hort. ex Tanaka(cross EP), and C hassaku Hort. ex Tanaka(cross
EH). Growth characteristics of the zygotic seedlings of 4 crosses 15 years after
germination were measured. Leaf extracts of the zygotic seedlings of two crosses
of EI and EP were analyzed by starch gel electrophoresis for isozymes of
glutamate  oxaloacetate(GOT), leucine aminopeptidase(LAP), phosphoglucose
isomerase(PGI), phosphoglucomutase(PGM), and superoxide dismutase(SOD). Gene
segregation and linkage were examined. The results obtained are summarized as

follows:

1) Cross EN showed the highest ratios of fruits harvested to flowers artificially

pollinated and seed germination.

2) Plant height was higher in crosses of EH and EN, and trunk circumference

was longest in cross EN.

3) Number of summer shoots was similar among all crosses, while mean length of

summer shoot was longest in cross EN.

4) Leaf length of zygotic seedlings was shorter than those of their both parents in
all crosses, leaf width and leaf shape index were intermediate between those of
their male and female parents except with cross EP showing narrower leaf than

those of its both parents.



5) Genes specifying 5 isonzymes analyzed, segregated as theoretically in both

crosses of EI and EP.

6) Two gene pairs of Got-1/Pgi-1 and Lap/Pgm seemed to be linked with the
recombination frequencies of 28-35% and 34-47%, respectively.

7) The gene pair of Lap/Pgi-1 was confirmed to be linked with the recombination
frequency of 9.1%.
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Table 1. Effect of artificial pollination on the fruit set in C. erythrosa.

e

"~ Item [No. of flowers No. of % No. of fruits
Pollinat\xk)\r\;‘\\\‘\" c:)ollinatede ) frui(t:) set fruit set harvzag)ted Eal))>< 100
Civo L0 w0 B &% 4

Gamatoudaida; 100 68 68 36 53
C. platymamma 100 81 81 29 36
C. hassaku 100 53 53 15 28

Table 2. Effect of artificial pollinators on number of fruits, seeds and seedlings
in the zygotic populations derived from C. erythrosa as female parent.

'\\\ Ite No. of No. of y No. of seedlings B
L m ?Io.itof seeds seedlings ern?i‘;nation remained after (—blx 100

Pollinators™ TS per fruit germonated(a) & 1.5 years(b) (@)
C iyo 45 8.6 71 83 4.8 68
C. natsudaidai 36 7.0 6.8 97 49 72
"Hwankgeum'’
C. platymammal 29 9.1 8.3 91 46 55
C. hassaku 15 83 7.4 &9 45 61
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Frequency
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M C. natsudaidai
30 ~ C. platymamma
hassaku [ i
25} |
20 -
15 4 |
|
10 i
i R i
5 1 V . \\<
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0 20 40 60 80 100 120 140

Plant height{cm)

Fig 1. Distribution of plant heignt in the zygotic populations of C. ervthrosa
with several pollinators.

1Y 2 LRME #ES] EXE Uuhd i RACREY EX] zole #iE
o) F¥o st} HeEH TAEEIM Y Bl dlem2 M Ay 2
BH AW WS 36cme 7 AUTHE 3). HE IAEFAME BEo A9
o] vhit emdHE N T WolAlS=r) FiTl

-11_



Frequency
O - e e

40 o —+ C. natsudaidai
i .+ C. platymamma
- ]:r C. hassaku
30+ )
20
10
- ‘55‘\1 ;g\»
Ol T3 T« N
0 2 4 6

Trunk circumference(cm)

- C iyo

Fig 2. Distribution of trunk circumference in the zygotic populations of

C. erythrosa with several pollinators.

Table 3. Effect of pollinators on plant height and trunk circumference in the
zygotic populations derived from C erythrosa as female parent.

= T

Plant height(cm)

Trunk circumference(cm)

Cross combination®
e _l\/{‘r’ﬁﬂﬁiﬁﬁ CVv. Mean*SE CVv.
E 1 554+153 385 36*0.07 27.3
EN 62.1t1.64 355 4.1*0.08 257
EP i 573x261 479 3.8%0.11 31.0
EH 62.8+£2.74 36.0 39%0.11 23.8
o WF—value 373“ o @;6.56"7_ -

“E 1 C erythrosa X C ivo

EN C erythrosa X C. natsudaidai 'Hwangkeum’
EP C ervthrosa X C. platymamma

Kl C ervthrosa X C. hassaku

_12_
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50 S e —— e e e j
_ ]
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20

10 - ’
* |
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0 5 10 15 20 25 30

Length of summer shoot(cm)

Fig 3. Distribution of mean length of summer shoot in the zygotic populations of
C. ervthrosa with several pollinators.
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70 - e

o |

= C. iyo i

or N —— C. natsudaidai |

+ C platypamsa |

sor : A l -8 C. hassaku |
40 -
30
20
10+

o e 7
0 5 10 15 20 2

No. of nodes per summer shoot

Fig 4. Distribution of numbers of ncdes per summer shoot in the zygotic
populations of C. ervthrosa with several pollinators.

Frequency
R . T
| \ ; . i
| . [ e C. iyo i
25+ : | ~— . natsudaidai |
* (. platymamma
20 ‘f C. hassaku
15 :
10+ . naE ‘
‘ : J * !
& / \ / \E/B\ﬂ :
5 sk M NG |
* B\g o i
L S |
G—a . |
0 S J O V) S, 1 1 ;
0 0.5 1 1.5 2 2.

Internode length of summer shoot(cm)

Fig 5. Distribution of internode length of summer shoot in the zygotic
populations of C ervthrosa with several pollinators.
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gieol Hudoli: WHEH LACKE) 133cmz M AR PR A EE ol
M 92cmz 7P gkl B midge HeEHE RREEAA 10302 1 Bt
i WHelAleE AAu XEHKEEG nodeol: PR RRKEEY HEEH LREE
AM 12emt 13em Aoz, Mk ZEEEN AW ZAEENAS o Zo] Ldemy o
U ol Al gz 2h2 70.3, 32.7%5 Apol7t ZITHE 4).

Table 4. Effect of pollinators on the growth of summer shoot in the zygotic
o DODU[dLlOI‘lS derlved fmm C emthrosa as female _parent.

Mean length of No. of nodes per Intemode lenﬁ
summer_shoot summer_shoot of summer shoot

Mgggtﬁs.lz 7(37\/ ercan+§E C V \/lean*b E CV.

< . . )
Cross C()mblnatlonz

E I ' 92+017 677 73x011 518 12001 308

EN 1332024 630 103014 482 134001 379
EP E 118038 8.8 81019 636 14004 703
Bi 1254047 7710  84%023 556 142002 327

 Fevalie | 18477 2325 708"

“ See table 3.

7} ZECHER ¥ize] E¥ (Y 6= AW RAEHAMN GE DEEENT o)
b3 BEEE AP UmA A ZEEFECME vnd AFEX s #Eigy
TE(OYE N AW XEEBENAM 9%0 29 HolE ¥ W & ZREEINA
v FAACAM eEXoR HolHUrt. FHM ZAEEY HLBE TREHA =
¥ HAVE A2 1.5cm~46ecmz HI3HA ey Al SREEAAM Y By W
Y+ 15em~4cm, AW ZACEENME 2em~46cmE 5 AWtel £33 o)l v
Aok BEARB(IE 8= FRHA, HELEM, HHS oz TREFNN: F

EX¥o Ve BXEE HAN o5 Ml e Wex wadAn AN A EE
NM AEH FEE Holv thE EEENT AL W XX E By}
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Frequency
0

. C iyo
.~ C. natsudaidai 1
30| * C platymamma ;
-8~ (. hassaku

Lo e

20

10|-
0;.,, -—_ 1
0 2 4 6 8 10

Leaf length(cm)

Fig 6. Distribution of leaf length in the zygotic populations of C. ervthrosa
with several pollinators.

Frequency

> C. iyo
i | = C. natsudaidai
3oL +~ (. platymamma ‘

' 8- (. hassaku
20+
10~
0 . P S DU 1_?:’,,, 1 - +‘ * L — -
0 1 2 3 4 5
Leaf width(cm)

Fig 7. Distribution of leaf width in the zygotic populations of C. emnvrirosa
with several pollinators.
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80| —+C. natsudaidai
* C platypamma |
40+ B C hassaku J
30
20+
10 -
oi i ——— J
0 1 2 3 4

Leaf shape index

Fig 8 Distribution of leaf shape index in the zygotic populations of

C. ervthrosa with several pollinators,
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Table 5. Characters of leaves in C. ervthrosa as female parents and pollinators.

C. erythrosa
C ivo

C. natsudaidai
"Hwangkeum’

C. platymamma

C. hassaku

Leaf length

Leaf width

Leaf shape index

Mean*SE CV. Mean=SE CV.

7.0*0.17
742018
76=0.15

747012
9.0=0.20

16.72
17.30
13.88

11.59
16.81

271007 17.23
33%0.08 18.03
39+010 1819
28x0.06 1581
522011 1447

Mean
26
2.2

2.0

26

Table 6. Effect of pollinators on characters of leaves in the zygotic populations

. - . )
Cross combination®

derived from C. eryvthrosa as female parent.

Leaf length

Leaf width

Leaf shape index

MeantSE'" CV. MeantSE CV. Mean
El | 60:010 26  29:004 175 21
EN 67009 190 28004 202 2.2
EP 57+0.15 237 24+005 194 24
EH 66*+0.14 175 34007 210 2.0
F-value 774 4164 18.45™

“ See table 3.
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Table 7. Correlation coefficients among Vegetative growth characters in the zygotic
population of C ervthrosa with different pollinators.

@) (b) (<) (d) (e) f) &)
Plant hight Trunk Leaf Leaf l.eaf shape Length of No. of nodes
circumfer length width index summer per summer
1 -ence shoot shoot
[ Tlo0371™ 0363 031977 033977 0.048™ 0623 0.163
(mz)} @ 0127 0202”7 0188 0.113" 0.006™ 0582 0.156°
@) 0487 0561 0485 0476 0.198° 0558""  0.144™
L@ 049377 03997 008%™ 04457 -0.346 0741 0346
Dl 0375 0201 0288 0264 0.089" 0.855™"
© @ 0362 02387 0.106™  0.023™ 0.123™ 0.844""
3| 04127 0294 0212 0.203 0.095™ 0.858""*
D 0370 03647  -0031"  0.043°  -0.059™ 0.855™"
D1 0473 032677 0387 0367 0.109™
g2 0371 0315™ 0201 0.104™ 0.133™
1@ 062077 T 053177 04067 038477 0177
7y J 0500™ 04377 0035 0258 -0.204
L0158 0117* 05167 -0.193"
o & 0.003™ 0050 0338 —0.384"”
3 02717 02717 0720 -0.104™
4 0007"  -0014™ 05117 -0.441"
D 059077 0569 07237
@03t 030l 0T
3 04817 0428”7 0606
@i 0463 0416™ 0537
T 0617 0579
o 2. 0373™ 0.409™"*
3 0548 0528
C@ 0475 03807
SO PO S o
T 0765
. . 0.689""
S ® 0664
@i 0746

“(h) : Intermode length of summer shoot.

D C erythrosa X C. iyo @ C ervthrosa X C. natsudaidai 'Hwangkeum’
@ C ervthrosa X C platvmamma @ C erythrosa X C. hassaku

* Significant at the 5% level. ** Significant at the 1% level.

x** Significant at the 0.1% level. ™ Not significant.
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Wiy B3 o) H A 7 B

HE 8 TWEEM X FAIRHN 3 O MERH < Hilh XREE oA 2+ FAfEE] &
HR s ekl Aot GOT-19 HER S & SR EES YA BE FSXFSE
I HFEEFENA EMEANS FRFSSSTE 12119 Ee 5% 2 Aotk £ 87 99
Al Wz nbel glo]l B o EECA BN Clguis S#itS wstd LAPS] EH Y

BEfG (ABEM 2% FSolry 1 KBCEHNMI: FFFSSS7E 2h2h 12118 5
#od Zlow g £ Avd FF AW 1850158 G-EBAF] FA4 A3 A
A ol vrhyg o2&l S#itE uxvtn #ahE Ak el LAP BETe
FIAul WEE<HEFe) ZEEES FFRESYE 27208 el 1019 Yev & uaots
Ao 5 eyt

PGI-1 #E e ol ST EERG X FEEH, JdE
i ike] il A 732} RS FREW g 5%
B B X Fig WISl Z2BeMl Goll X WEYE g oy Hfso] 1%g3el )
fo Ruokar B ek B Aglol Al B R GAMY: WL W ®o g (R
fir sz Aol DAY FAHO R 5%l A o sl

iFEffol FF, fAfgH FS #HF Wirds
Tl RS 1l

Table 8. Segregation of single-genes speci{ying leafl isozymes in the zygotic
po)uldtlon <>f C. ervthrosa X C. ivo.

Genes S;”}Z?fSJ’CS Of - ?,Ln,()tysl)eeeii lgfg?gouf G
 Gol | FS X S BEFS oSS 0957
Lap FS X FS fSF ':' SP(‘)S :-‘ 1“585 1.875™
Pgi-1 FF X FS ﬁ:{; 2‘ gs 1.453™
|
Pgm | FS x FS glF -:' 5Fzs N lgS 4.144™
Sod-1 t SS x FF SFéS _
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wgtth, TorresE™e C grandis’ Chandler’ X B2t il & o] ¥ A o)A 1
o e PR XS LR ol A PGMS] Sl R PS BT st
eu EHYe) mate)alys o)A H#lE wsitin gk e wftM Aol
o EETO Ssrt ga thiA debdon g e #ise B Agale
PGM BT S87) 01249 S#its way QAU 0 RUELZOR (|
fEla ar r®ol e PGM REH LY FFet FSE RAE &9 FSZo.2 9
WfiEs Koln iz AL Fujwurh

TR < (FIEH 228 ol Al 2k 219] SOD-1 BT SSXFFR AR K ) A )
BRI e FSurol yldl )zl o Argh 8371Al RN FS9)E S} JER X ik
FRCHL GOl A ok o] EEME SSH SR R B EHERL SS9 FSTL 1
o sr@fibs B,

Table 9. Segregation of single-genes specifying leaf isozymes in the zygolic
populatlon of @ enthrosa A &€l 1)Iaz‘»mamma

e F i B B

Crenot3 pes of Genotypes of zygotic

Grene parents seedlings Grad
Got-1 . ES x FS FF @ FS : SS 0.497"
| 4 30 11

Lap . FS X FF FS : FF 0.071™
79

Pgi-1 FFF %X WF FF : WF 1.137™
o4 1 32

Pam FS x FF FS : FF 1.137™
2

Sod-1 SS x FS SS ¢ FS 0,283
% 30
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4. VR S T o) TR

Bt iEEol WHERE 470e) BT 2 olFolA= 6719 EM TS dY oo
Bt b AR 30 100] Jtebd uked gk 30} E TRl ME B XA E B
FOEAQ SEE dlor el Got-1/Pgi-1, Lap/Pgi-1, Lap/Pgm & W&
3N R TEE ¢ ZRCEHNA o]l A=A bk TEEREXEK ARG
NM S Lap/Pgi-1 %A EFWS FSXPF/IFXWEE BuHeEes & 4 A

th Azl ol Al CEEge]l ERRRHLEC Ak GOT, LAP, PGI-1, PGM &
BE#7L ) (gl Lol AAIEOl Got-1/Lap, Pgi-1/Pgm #E T8 WS

AARE iR ols 5 BE T GNAM o]l REHA Ut

Table 10. Gene pairs analyzed for linkage and the G-statistics for the test of
independence in C ervthrosa X C. ivolupper) and C ervthrosa X
C platymummallower) crosses.

Gene (Gzot-1 Lap Pgi-1
lap 6.036
3.878
Pgi-1 6.402° 26.392"
6.900" —
Pgm | 0.772 16.684" 0.520
| 0.260 5824 0.150

= 47

10|

Significant at the 5% level.
Significant at the 1% level.



LAPSH PGM T4 BMutfE 23 5 QMG =5 Mol :Eslol il
& HHE Ass B 13 128 4uh keI el B HEES 7% 2l 9
g AxREY FS/FS7E Hwsl wol vehd e Aol 2rbsstgnh #ilfolx el
M 34% 2 ol MM T BiEol AT BAekx olF o BME RAA
ok FAHAT, &V RENAN (R ALHO) KA EANM o BETH B
HUEHE7E 35%2 oFF MBS Wolu vk stk # Agolqel Ry A
47b Aol olgol HAF MBIk ATki ARV AT T3, FkAHI Sl
Aol T EHIET 47%2 7o) BRol iz Kol FAZuolth 2 AN i)
SR Al e PR URAL A FHLGHEZE Med Ao vl &
g g MASE dgew migsh ety DetE

"able 11. Analysis of Im}mg< for Lap/ Pgm gcr‘c pair in C. erv [hmsaXC vo.

L(mformdu()n of genc D(ur ‘ (ronots Ix of progtn) No. of B
on Lh(, pfirentd] chromospmc _ - __{_ﬂp Pgm seed]mg_s_
Parental types FF/FS 12
FS/SS 8
Lap F Pgm S FS/FF 13
Tan S Pam I SS/FS 11
C. suavissimal $) Subtotal 44
Recombinant FF/FF 6
X types FE/SS 0
FS/FS 29
. . SS/FF 2
Lap F Pgm F $S/SS 9
lap S Pgm S Subtotal @ 39
C ivo(3) Grand total 56
G for independence 16.684™
Recombination frequency (%) 47




Table 12. Analysis of linkage for Lup/Pgm gene pair in C ervthrosax
C. pIatymamma

Conformdtlon of gene palr Gcnotypc of prog(,m : No. of
.on the parental chromosome ~ Lap/Pgm  seedlings
Lap IF Pgm S Parental types FE/ES 16
T S 5 R FS/FF 21
72 &m .

C. ervthrosa( %) Subtotal @ 37
% Recombinant FFE/FF 8
types FS/FS 11
! Subtotal : 19
Lap F P, F
P £ Grand total 56
Lap I Pgm F G for independence 5.824°
C platymamma( 3) Recombination frequency(%) 34

313 1435 Got-1/Pgi-1 SEE T4l 3 BES B8 Qo2 (HigHiol] 4]
HFRLG HUE ) 35%, #iMGe) M G HUL L 28%2 o) BETHO MEAAMI Pied u
o [ R ff Lol Mt shhe Aol Yl Ao &) woue) Al
(HERHE X KLIE, 1R E < 7 ZRL G Rl o BTl Bimoe s B
o Ik st Torres 5% B8 C grandisx C umbhirit €. grandis X 9
AR ZRGE ROl Birmoe R ol HAdn Budgsu B A e 2w
Az o159 #Ee Al Yebgt

Lap/Pgi-19] BE T4l dlslA &%= Fst x40, 08 < Hl S0 M
G NAlA ke o7 e Belon HMAHES 27} 10%9 3% [F--
FEE Lol obF 7bAE Azlel vk AL #ESAEH, B AFAdME o] &y
Tl el o) 7He A WEMS X FBA HEolA LR 8-23H(p<0l) 4o
A BiBCl 914 Hn FMAHES 01%2 BHEO(E 15 &% ML po] [
— Rl Lol A= BBk AUHE KBS AL 4 UL
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Table 13. Analysis of lmkage for Got-1/Pgi- 1 gene palr in L emthmsaXC Lvo.

7 Coinfbrmatlon of gene p(nr Genot;pe of progcn}
on the parental chromosome S Got—[/Pg{jJ
Got-1 F Pgi-1 FF Parental types FI/ES
SS/FF

Got-1' S Pgi-l F
C ervthrosa( §)

Recombinant FF/FF
types SS/FS

Got-1 I Pgi-1 S

(Grand total

Got-1' S Pgi-1 F G for independence

¢ ivol ) Recombination frequency (%)

No. of
~ seedlings
13
11
Subtotal : 24
6
7
Subtotal © 13
37
6.402"
35

Table 14. Analysis of linkage for Got-1/Pgi-1 gene pair in C ervthrosa

C(mformatlon of gene pair (rcnotype of progem
on the parental chromosome lap /Pgm

Pdrcmal Lypes FF/FW
Got-1 I Pgi-1 F

SS/FF
Got-1 S Pgi-1 F
C ervthrosa( )
Recombinant FF/FF

types SS/FW

Got-1 F Pgi-1 W

Grand total

Got-1 S Pgi-1 F
C. platymamma( 3) G for independence

Recombination frequency(%6)

No. of
seedlings
1'27
6

Subtotal @ 18

[S1 N W]

~]

Subtotal
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lap F Pgi-1 F

Lap S Pgi-1 F
C. ervthrosa( ¢)

Lap F Pgi-1 F

Lap S Pgi-1 F
C ivol 3)

Conformation of gene pair Genotype of progeny

on the parental chromosome

Lap/Pgi-1
Parental types FF/FF
SS/FS
Recombinant FIFS
types SS/FF

Grand total
G for independence

Recombination frequency (%)

Table 15 Analysis of linkage for Lap/Pgi-1 gene pair in C ervthrosaX C. ivo.

No. of

seedlings
16
14

Subtotal : 30

2
1
Subtotal @ 3
33
26.392""
9.1
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