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Abstract ; [ Objective ] To determine the optimal pollen donors by paternity analysis of open-pollinated offspring and
lay a foundation for the pollination disposition of olive orchards. [ Method ] 12 SSR markers were used for the pater-
nity analysis of the open-pollinated offspring of 3 cultivars from Xichang City, Sichuan Province. [ Result] The a-
mount of alleles per SSR locus was 5 to 12 with an average of 9. 08, and DCA11 and GAPU103 A had the maximum
alleles (12). The average heterozygosity ( Ho) observed was 0.732, the expected heterozygosity ( He) was 0. 709
and the polymorphism information content was 0. 675. 163 offspring were identified by 12 SSR markers at 95% con-
fidence level, accounting for 79.9% of the total of the offspring. The amount of identified offspring of * Arbequi-

na’, ‘EZhi-8’ and ‘ Jiufeng4’ was 44, 47 and 72 respectively. Only 20 cultivars were identified as pollen donors

among the 36 candidate cultivars with the average productive success of 5% , while the cultivars which were more
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than 5% were ‘Koroneiki’ , ‘ Frantoio’ , ‘Chenggu-32°, ‘Berat’ and ‘Barnea’. None of the offspring of the

three cultivars were self-pollinated. [ Conclusion | The cultivars ‘ Arbequina’, ‘EZhi-8 and * Jiufeng4’ are self-

incompatible. The cultivars ‘ Koroneiki’ and ‘ Frantoio’ are compatible with ‘ EZhi-8’ and  Jiufeng-4’ , while

‘ Chenggu-32” and ‘Berat’ are compatible with * Arbequina’.

Thus, in a new olive orchard, ‘EZhi-8’ and ‘ Ji-

ufeng4’ can be the optimal pollen donors for ‘ Koroneiki’ and ‘Frantoio’ , while ¢ Chenggu-32’ and ‘Berat’ are

the optimal pollen donors for ‘ Arbequina’.

Keywords :olive ; paternity analysis; microsatellite markers; compatibility
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Table 1 Name and origin country of olive cultivars
iﬁf fih A Cultivar S Origin Tf pras il AP Cultivar Sk Origin Tf
1 F$i 5k Kalamata 7ol Greece O/T || 19 3E& Leccino T SA Ttaly 0
2 FEfEIE Megaron 7l Greece O/T || 20 Fi% 3Kk Koroneiki il Greece 0
3 H¥ Tanche 2 [# France O/T || 21 Bu[ff Z54F Arbosana PHHES Spain 0
4 BFEF Ottobratica A Ttaly 0 22 DIZRRN Patrim 7l Greece [0}
5 ¥ JE4s Salonenqgne ¥ [E France 0/T || 23 EJE I Barnea L% Israel 0/T
6 &3 Arbequina PEPE S Spain (0] 24 Rz JR/R Picual PGPS Spain 0
7 ¥ Frantoio BKA Ttaly 0 25 PRl Coratina B KA Ttaly 0
8 Y /R Chemlal de Kabylie fi[/R }2 F|3F. Albania 0 26 /NEH Manzanilla de Sevilla VEHPEA Spain 0
9 KMk Kaliniot Changye — Fif/RELJE V. Albania O/T || 27 Fik/K Gordal PHHES Spain o/T
10 [ESEF Ak Kaliniol Yuanguo BRI Albania  O/T || 28 H@£ 3 Pendolino A Ttaly 0
11 ZRM-#k Kaliniot Jianye Pl /R B JE P, Albania O/T 29  §K#k Zhanglin [E N % F Domesticated selection O/T
12 DI$74F Berat fif /R B2 JE . Albania 0/T || 30 =% Yuntai [ N 1%&F Domesticated selection O/T
13 BFEBKFL Mixaj Dukat [ /R B JE V. Albania 0 31 Julg 4 5 Jiufeng4 [E N FH Domesticated selection O/T
14 BafHf Ascolano Tenera B SH Ttaly T 32 Hiil] 24Zhongshan-24 [E N % F Domesticated selection O/T
15 F## Ullir T bardhe Bl /R E2JE 1. Albania 0 | 33 %kHa8 5 Ezhi-8 [ N3 H Domesticated selection O
16  FzHl|#] Picholine ¥ [E France O/T || 34 3%[# 32Chenggu-32 [E N1£F Domesticated selection O/T
17 Bl B Frantoio de Corsini 7 A F Italy O/T || 35 BEJEWSE4T Seedling of Barnea  [E £ Domesticated selection O
18 dtpPKHL Mixaj Peginit Bl /R B4 SR 7. Albania 0 || 36 k%15 Unknown-1 Unknown 0

B0 LT A, 0’ is oil olive and ‘T’ is table olive.

8.0,KCl 100 mmol - L™" ,MgCl, 1.5 mmol - L"),
1.5 mmol - L' Mg**,0.225 mmol - L™"dNTP, iF J
514 0.2 pmol + L™ Taq B4 1F 1. 25 U( TaKa-
Ra) . PCR Wi FEFF 4 :94°C 5 min,35 MG (94°C
30 s,Tm30 s,72°C30 s) ,72°C #EAf 7 min,4°C {3,
ARSI Tm (AR . SSR-PCR F=¥7E 8% (12§
DU RGCBE IS b FELUK , AR e Aar i .

L B 2 A M S 12 X7 5] 9 ( DCA3
DCA11, DCA18, GAPU59, GAPU89, GAPUIO3A .
GAPU71B . UD099-6 . UD099-11 , UD099-19 . EMO90
1 OLEAGEN-H6) , 34 i 45 FAM fil HEX 59 ¢:3&
A 265 19 (_EiESG) , I T SSR-PCR ) &% &
AR KR . TS BT R 510k B T ARG SCER( 19 -
23],

2.3 EEBXEN

B FAM 1 HEX 5 6hRicd 4 )5 19 PCR =4 2
pL RS JE A 6 pL ddH,0,iR5), B 1 pwLiRA
1, MA 9 wL Hi-Di f10.5 pL ROX-500 %54 7
NARTR A ¥947,95°C 28 ¥ 5 min, |4 F ABI3730
DNA ZpAfrf b, 47 B 4148 f vk A 3 gl 2 S,
FlERE .

2.4 BEFEITESLW
FIFH Gene MarkerV1. 95 B {443 Hr W AR BHiE , i

H Allele #1 Bin 4% . F] A Cervus 3. 0 %44 %} 204
A B Bk AT A S BT, IF 5 S L Ak R 4
(Ny) FEALHEPIAR R (Po) DU 2% 5 B2 (Ho )
A E (He) FIZ SRR B (PIC) |

3 HRE

LS
Bl P 36 A~ S A AE AN 25 R D3R 2, B
ACHARFEERTE] 2 31 d, Hod, A8 B4R LI B] Fpe 1 1) b
iR BT I 32 RN R HIA 3 21 d; Kt
AR A SR B AE I FRSR B A B L AN 11 do AR
SCHTEE 3 AN AR B U4 5 SR 8
5 N 2RI E S
3.2 SSR &&MSH

FH 3% 3 AT 12 A SSR {3 s 247 38 4 109 4~45
PrIEA A SSR A s SRR 5 ~ 12, - 359%k
#79.08 4>, Hrh, DCAT1 1 GAPUI03A i 25 {37 L
K42, J9 12 4, UD099 — 19 F1 EMO90 [y i 2
B, 5 Ao AR by S Y0 2 A R
(Ho) 4 0.732 P B 5 5 (He ) 2 0.709 , 2713
ZAMAFE R (PIC) 7 0.675,
3.3 BEHEMTFREOXESH
204 A~ A B TR AT 45 SR L3R 4

3.1



54

FAAE, 5 2T SSR ARIC A SCA AT T IR f Ao ] 4 2 Rk 643

774 7177519
7775417171757
77 5 41717 19 1919
75 41717207716
7554 7519191616
7 4 177197 16 16 16
77 47 17 23 19 23 16
7744 17 BB

202020 202
41 202020202020 20 20
6206 2020202072020
620620202020I610

»”” 236 6 2620 20
20 23 20 20 20 26 20 23
|1 16 20 26 26 20 20 20 20 \3282828 283055 cy3a 251
20 1123 16 16 20 20 20 20 20 ‘sszzis'zsﬁ- R,
20 20 20 20 20 20 20 20 20 20

20 20 20 20 33 20 20 20 20 20 \3525242

20 20 20 20 20 20 20 20 23 20

BERAI NN
2520725282523 775 57,0
;‘;5232;50”31553;:5::125:5: ) o
75282525252 2 2 3522
3525332828 “):i!z" 24280

333

s 33
2525 2 25337

nszszsllg:lo’ 25112433725 flom >

o

2525252
25251 '55’3,;'25510 5337282811

3.
249

4115 )
6,55 15,79,
23325 30 ;312
2050203, 90
2,

L s i e el i R
Fig.1 Field plan of the olive orchard showing the location of cultivars

ARl WL 1, B SR ETTHE P BT D BT R S R B, + T HUER 2012 ARSI AR FIIX, ¢ w7 AR 2013 EFTGI A FIX . The

3

number of individual tree for each cultivar was presented in Table 1. Black square showed the position of the selected mother trees.

+ + and ¢ *

# ’ were respectively the locations of olive trees introduced in 2012 and 2013.
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Table 2 Flowering times of the cultivars for the flowering survey in 2014
FREEmH W I-H) FRERmHE W I-H)
Al Time of HIAEW BEAE ARAEM f Time of .. BEAE ARAEM
. B T T - YIAEH Time o o
Cultivar bloom Time of start Time of Time of Cultivar bloom : bl Time of start ~ Time of end
duration /d bloom full bloom end bloom duration/d  © start bloom bloom bloom
[T £ Z2 8 Arbosana 16 03-27—31 04-01—06 04-07—11 BHL# Coratina 15 03-31—04-04  04-05—09 04-10—14
R B
e 21 03-25—30 03-31—04-07 04-08—14 ﬂ—%ﬁﬂ.l . 16 03-31—04-06 04-07—11 04-12—15
Ascolano Tenera Frantoio de Corsini
B Ottobratica 18 03-28—04-01 04-02—07 04-08—14 53K Koroneiki 18 03-26—04-01  04-02—07 04-08—12
[ J2 . Barnea 17 03-30—04-03 04-04—08 04-09—15 fitZ R Pendolino 16 03-30—04-04 04-05—10 04-11—14
P S A
;EIJ\ A 15 03-28—04-01 04-02—04 04-05—11 BZJR Picual 16 03-29—04-02  04-03—04-07 04-08—13
Seedling of Barnea
DUZAFH Patrim 12 04-01—05 04-06—08 04-09—12 JZHIF Picholine 21 03-25—30 03-31—04-05 04-06—14
N
D14 Berat 15 03-31—04-03 04-04—09 04-10—14 t,)l Wi . 16 03-29—04-04 04-05—07 04-08—13
Chemlal de Kabylie
< i Ak v Z4s
b T_JFM\ 11 04-06—08 04-09—12 04-13—16 vl 14 03-26—29 03-30—04-05 04-06—08
Kaliniot Changye Salonenqne
k[ 32 7
. 21 03-24—04-02 04-03—06 04-07—13 IH# Tanche 18 03-25—31 04-01—05 04-06—11
Chenggu—32
S Arbequina 19 03-23—31 04-01—06 04-07—10 FFEAE Megaron 18 03-26—29 03-30—04-04 04-05—12
/A 8 5 Ezhi—8 18 03-31—04-03 04-04—09 04-10—17 2z Yuntai 15 03-28—31 04-01—06 04-07—11
f#5¥ Frantoio 15 03-30—04-04 04-05—08 04-09—13 PR Ullir T bardhe 19 03-22—27 03-28—31 04-01—09
BRI O -
ARRAL 19 0321—28 0329—0a01  odor—os | PR o 19 0325-30  0331—0404  04-05—12
Mixaj Dukat Manzanilla de Sevilla
JU4 5 Jiufeng—4 17 03-29—04-03 04-04—08 04-09—14 ik /K Gordal 16 03-31—04-03  04-04—08 04-09—15
AHIL G 12 03-28—31 04-01—04 04-05—08 :”:,HI,IK*L, . 17 03-24—29 03-30—04-03 04-04—09
Unknown—T1 Mixaj Peginit
ESIRR LSS
5 T#M\ 17 03-23—28 03-29—04-03 04-04—08 %+/M\ 17 03-29—04-04 04-05—04-08 04-09—14
Kaliniot Jianye Kaliniot Yuangua
P hik Kalamata 18 03-21—26 03-27—03-01 04-01—07 34 Leccino 18 03-31—04-04 04-05—11 04-12—17
KAk Zhanglin 11 04-10—13 04-14—15 04-16—20 il 24 18 03-30—04-06 04-07—09 04-10—16
Zhongshan—24
£3 HEMST SSR FRIEHN S BN
Table 3 Polymorphism in olive cultivars with SSR primers
SR fre | CEREEE Lo S WMAATE WA Bpeced  ZEMRATR
SSR ~.""  Observed number S = jb Allelic frequency Observed heterozygosity Polymorphism information
rimer ize range.
p of alleles( NA) /A4~ “ 8e/bp (Pi) heterozygosity ( Ho) (He) content( PIC)
DCA3 11 232 ~ 268 0.002 1 ~0.229 2 0.925 0.843 0.822
DCA11 12 126 ~ 179 0.0021~0.483 3 0.546 0.710 0.680
DCA18 11 160 ~ 183 0.002 1~0.3167 0.950 0.818 0.795
uDO19 5 100 ~ 168 0.002 1~0.739 6 0.354 0.429 0.401
GAPUS59 8 208 ~ 224 0.002 1 ~0.662 5 0.392 0.522 0.484
GAPU89 10 158 ~208 0.002 1~0.4437 0.842 0.704 0.658
GAPU71B 6 118 ~ 144 0.0167~0.418 8 0.821 0.723 0.679
GAPU103A 12 136 ~ 196 0.0021~0.193 8 0.933 0.863 0.845
UDO6 10 148 ~ 197 0.002 1~0.389 6 0.621 0.757 0.723
UDO11 11 100 ~ 129 0.002 1 ~0.204 2 0.938 0.854 0.835
EMO90 5 184 ~ 196 0.0021~0.6521 0.583 0.486 0.408
OLEH6 8 140 ~ 189 0.004 2~0.3187 0.883 0.796 0.766
44 Average 9.08 0.732 0.709 0.675
2 hi N A== i
LG PL e 3R SR B e 2 (33 4Y) , B4
3.4.3 JUE4A ST e U4 580 AU, TTEREROY 45.83 % LU B KR AURGR

95% A5 DX [ A I XA 1 T AUAH 72 A4 (O
90% ) o AL ACAS Sl BR 9 A, AL 2 AN Eh R (C
BHA MBI ) B BIHTTERR = T 10 %,

20, BHHGTRRR Ny 27. 78 % o Hiar 7 A~ il Pl 8550 5T
BRI/ T 10% , FAK6 A~ e n] L, 5 ° Juig
4 57 RMMPEBCR A  FR A 2 A, S Bk A
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Table 4 Paternity analysis of open-pollinated progeny from olive cultivars

4% Mother tree

Ok R Arbequina ZPHE 8 5 Ezhi-8 JLIE 4 5 Jiufeng4 T B S 1 e T

bl FRAH ST PR SORTORE P SORFORE A Tol  HCK Average

Number of  Reproductive Number of  Reproductive Number of ~ Reproductive ~ number of reproductive

progeny/> contribution/%  progeny// contribution/%  progeny/} contribution/% progeny /“{~ contribution /%
7% 3k Koroneiki 0 0.00 20 42.55 33 45.83 53 32.52
¥4 Frantoio 0 0.00 18 38.30 20 27.78 38 23.31
Y [% 32 Chenggu-32 20 45.45 0 0.00 1 1.39 21 12.88
DRI Berat 9 20.45 0 0.00 0 0.00 9 5.52
t JE V. Barnea 0 0.00 3 6.38 6 8.33 9 5.52
2FH 8 5 Ezhi-8 4 9.09 0 0.00 0 0.00 4 3.07
5 Arbequina 0 0.00 1 2.13 4 5.56 5 2.45
BAf#; Ascolano Tenera 1 2.27 0 0.00 3 4.17 4 2.45
] % Ak Kaliniot Yuanguo 0 0.00 2 4.26 1 1.39 3 1.84
2 JRJR Picual 3 6.82 0 0.00 0 0.00 3 1.84
Hi1l] 24 Zhongshan-24 0 0.00 0 0.00 3 4.17 3 1.84
1H# Tanche 2 4.55 0 0.00 0 0.00 2 1.23
3K Leccino 0 0.00 1 2.13 1 1.39 2 1.23
ALK FL Mixaj Peginit 1 2.27 0 0.00 0 0.00 1 0.61
KK FL Mixaj Dukat 1 2.27 0 0.00 0 0.00 1 0.61
JZ 5] Picholine 1 2.27 0 0.00 0 0.00 1 0.61
g;fj%lgamamua 1 2.27 0 0.00 0 0.00 1 0.61
43K Ak Kaliniot Jianye 1 2.27 0 0.00 0 0.00 1 0.61
fit 2 & Pendolino 0 0.00 2.13 0 0.00 1 0.61
=& Yuntai 0 0.00 1 2.13 0 0.00 1 0.61
it 44 68.75 47 78.33 72 90.00 163

AU L 4 S (19 1 AR, XS Mooker-
jee S5 FHACAR I M7 i (K IF 5 45 SRR W) L D3 A
AN ) R ) S AP A 25 S WL MR A
WAL EE T ° JLlge 4 57 N TR AR R A
B, 24 50 UE 4 50 — SR A, XA
SCUFFTES AR 28 e R sl e g 4 A
A ECERIE © SPAE 8 5 5 SRR A N TR R
HOKBLSME 8 S 5 3R Z A IE S AR e
FREPRE Y, A A) AT LA A B T A SCHE P )1 3
L PHHAEORE ah b USCAR T IR 58 i B, A © SR AR
8 54T AU, R AR T T A4,
FHATTRARDCN 2. 13% L] 32 5 S8 57
ZIAA SR (ECR AR . o e R I, A R Ao
FEARI ML 2R IR B —E i 22 53, nT e i T

UESEAF BT TR AR o RIS Jih BOASE Pel PA) it ol
Tt 2 52 W) SRR BF T 45 2R, FEAS T 5 A9 el P
CYRIE 327 A0 DU SRR 2 (A] A A
T, SRR BRI 5 LE 4 5 i SRAE 8
5 ZIRE R ARG, Al fE S BT R A5 R A —
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