B 2 R 2019,36(5): 549-556

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20180487

BRAEHEME R o7 FARICEBCR BRIk o Y18 F 14 d ik
TAF LT, T M R, AR, FHE

C A LR MR 27 Bt 8 M BRI 50 T« H R L 2 e SR A KR 5 B A 1) B T RS BG =, RH 450009 5
TWIT AR G246 L X A AR Hrty WiV 24 % 3123000

& E: LB R VERESRE ThRe vk 1M SR, 75 & A A p AT s At R R S e e R E R . B
AR T B 8 R A T 1 ) 45 58 20 T A i T A AR, T4 58 P S A 1 2R I PR I A 8 o B0 E I SRR 10 7R
At S e 5T 8 v P P R KX e FE BRI SR AR v A S Y L o K TR P G I £ 64 3 S AR B
WAL, K 37 30 PCR 738G 1) 07 25 LA B 508 PR 40 T fi et Joe R DK B AR, K 2 43 0 799 AL A Bk 12 ) 37 A i A0O T A002 FH
A003, SmX F1 SmY 1 {38 I PEHEAT R 36  L4E 5R Y (1) A001 AT A002 78 B AR Ak rh 3 B 4 8 1 22 26 0k 1 B, HL46 T T
W7 B 52 (EL A H P A0S 5 1 B 5 (2) A0O3 1) PCR 37 38 45 W it fis BRI 4% v, S804 37 M 10 v B b B 5 (3) 8 S5 2 2k e 3 11 2
OB T R 0 BRI A SmX W 1Y £ L SR, BT S 1) 2% 5 A S B LR M AR S ME R RARAIC, AR A
555 (4) SmY | 7E JCRBRGE B, BEWE 4 1 22 25k 1 B, ELAS H B AR 5 0 1 B o D538 JHE AR AT 50 BT FH 1 S A
TR R, P AR P40 A R I T P03 FE e, S 0 00 SR e s A BRARAIG, ELEE AN BE 1Y e R I e B
ANEE T ASHIE T8 FH AR A B e S 5 058 ) e 1) 5

SEHRRIA « OB - M A 10 38 A 1% s SCAR ; SSR

hE 452 S:5663.4 MERFRAERD: A X E %S :1009-9980(2019)05-0549-08

Validation of kiwifruit sex molecular markers in Actinidia arguta
GUO Dandan', ZHONG Yunpeng', FANG Jinbao', HUANG Wuquan®, REN Jianjie’, QI Xiujuan'

('Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences/Key Laboratory for Fruit Tree Growth, Development
and Quality Control of CAAS, Zhengzhou 450009, Henan, China; *Agricultural Technology Extension Center of Shangyu Distrinct, Shao-
xing 312300, Zhejiang, China)

Abstract: [Objective]The kiwifruit varieties currently cultivated and grown mainly come from Actin-
idia chinensis Planch. In the production, Actinidia arguta (kiwiberry) is a new type of kiwifruit and it
develops rapidly and becomes more and more popular among consumers in recent years. Actinidia argu-
ta has begun to receive extensive attention in the kiwifruit community. Kiwifruit is a functional dioe-
cious plant, and its sex differentiation is controlled by sex-determining genes, which are located in a
pair of chromosomes like the XY/XX system with the Y chromosome specific in male individuals. Gen-
der differentiation is independent of plant ploidy level. Generally, the juvenality of kiwifruit plant is
about 5-7 years. Due to the complicated genetic background, male individuals of the seed offspring
seem to be more than the female ones. However, the male and female individuals of kiwifruit seedlings
are difficult to distinguish by the morphological features in the juvenile phase. At present, there have
been some reports about the development of molecular markers for sex identification in kiwifruit, but
these markers are effective only in A. chinensis Planch. or the restricted hybrid progeny. The versatility
of the reported markers in the sex identification of 4. arguta is still unclear. Some researches on the sex
identification of A. arguta have been reported although its accuracy is still not satisfactory for the com-

mercial use. [Methods] We chose two sets of reported molecular markers: SSR markers A001, A002
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and A003, and SCAR markers SmX and SmY 1, and we randomly selected 64 accessions of A. arguta,
whose genders were already known as research materials. Young leaves were taken from the healthy an-
nual branches of mature A. arguta plants of similar age for genome DNA extraction. The accuracy of
each marker was validated by ordinary PCR technique. we set 8 annealing temperature gradients to
screen the appreciate system of each pair of primer before all the A. arguta materials were tested. To
make sure that the results of PCR experiments are reliable, the validation experiments of each molecu-
lar marker were repeated at least three times. [Results]The results showed that: (1) The three SSR mark-
ers, A0OO1, A002 and A003, performed differently in 4. arguta samples. There were polymorphic frag-
ments amplified by A0OO1 and A002 in the products of the 4. arguta samples, but result pictures did not
showed gender specificity. Marker A003 did not amplify polymorphic fragments in 4. arguta. (2) When
SmY1 was tested in the samples of A. arguta, there were some polymorphic fragments amplified, but
the fragments showed in the pictures were irregular and they had no any difference between the males
and the females; (3) when SmX was identified in 4. arguta samples, there was no polymorphic frag-
ment while the DNA ladder presented a clear image. [Conclusion]The above results indicated that, in
A. arguta, the two sets of molecular markers could not be used for sex identification of this species. Be-
cause of the complicated genetic background of kiwifruit, the reason of the result is still vague and wor-

thy of further investigation. The author speculated that the position or sequence of the sex-specific re-
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gion of 4. arguta might be different from that of A. chinensis Planch.
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Table 1 Five kiwifruit gender marker primers used in this study

Elk/ES FHICS =37 B K YN PNAN
Primer name Sequences(5” -37) Annealing temperature /C Fragment size /bp
A001 F:TCAATGCATTTAGACATTCCTTTGTCCA 54 202 Female

R: TGGGTAAACATAACCACATGCCAAC 0 Male
A002 F: TACTGACGGTCACTCCCTAATCCC 56 219 Female

R: CATGGATGGAACTGGTGGAGGAAG 230 Male
A003 F: GCAAGCGGGGGTAAATTTGTACAG 56 304 Female

R: GGATAGGAGGAGCTTTACGGACCT 287 Male
SmX F: AGGAGTCGGAGAGAGTAGAGAAG 68 950

R: AGGAGTCGGATGACCGTTGGTGA
SmY1 F: TCGCAATTCGTTAGGGATGATGCG 58-54 770

R: CATAATCAACCATCCATAAAAACCAT
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a is the performance of A001 in 4. arguta at annealing temperature of 68 C ;b is the performance of A002 in A. arguta at annealing temperature of

65 C.

1 A001 R A002 #RICER R M ERIRIZR ARE 757 68 T 65 THIFIELR
Fig. 1 The optimum annealing temperatures of A001 and A002 after system optimization are 68 C and 65 C, respectively
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ais the result of AOO1 in A. arguta; b is the result of A002 in 4. arguta.
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Fig. 2 A001 and A002 are both not gender-specific in A. arguta samples

HETE Male

P Female

B

8 9

10 11 12 M
500 bp

400 bp
350 bp

300 bp

250 bp
200 bp

150 bp
s 100 bp

S

B3 RAEEA 67 CH SmY1 FRCEZREFRRZHEE H DNA FEIRI

Fig. 3 Performance of SmY1 in A. arguta at annealing temperature of 67 'C

K770 bp, H AR Gl 88 KA — 5 1B KGR AR T
64.9 CINAREAH By 44 2 B 1EF Bro SmX Arid
FEFI FH 6 A HREPEAT: 5t A 6 /> BEPERE & b RL I 2] 22
B UEBIG P, SmX FR AT I3 4 45 SR R AT —
B 38 HE T B — B0 Al WA T R S
.

PR N P AN PR ACAE T P AR 22 R R B Y R A
2 AR SRR R OB A ARAC K R GRS
ARIE

3w

X A B S5 MR S PR AL 20 7 o LAY S A v
W AT VR 0 S E I T R AT B Y. FE SmX AN

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

SmY 1 bric JF R AR, Jr i R B A 02 DL — A5 AR
HH AR R IR AR RO SEAR N 3K R, B SE A
Fi A7 A8 BSA T, B3 MK RN F A,
R 5 1 531 35 4% 24 A T AR AR 20 AN MERR ) 7 A4
H X AN 4 AL B 1) DNA 25 B8R 4, 70 Bl S A
P A1) D 5 DRIV 5 4 X 6 AR FH K B ) BB AL 51 4
HEAT MK, A B BE WL 3G 2 &5 DNA (RAPD) 24717
5 ) e 5 0 9K 1R 3 S %o A A VR A SR R £ T VR
B REAS 2 8] AT AT 22 25 1 0 5 1 ol e 5 AR S B 5
73 2 1) RAPD #7162 SCAR Frid , 3 i H 72 e
PEFAIATEEPE . X R BSA VR i I P 3R 4T 1 1) 4
SE W 9E 7 0 T R B B R B E R
PR ) %5 8 BE 78 356 A 2R SCAR B id SmX K

http://www.cnki.net



554 xOOMW

% 3R 36 %

SmY 1 7E T A Sl (1) S 3800 120 A AR iR bk S5 A4
FhEEAR TG E LB, SmY 1 B B4 AR IE™, Ui
A Ik 88% LA L 5 11 SmX A #E I 7h BSA 43 #7 it
B H AP —ANFK AP R R E AR R I
R > A5 W 50K SmX A SmY £t A 5 0 ik iR AR F 11
— ™ Ff ‘Rainbow Red” i Hi 56 4iF , HL 45 B B R
SmY 1 F7H B 5 1] 3K 95% , 1T SmX F) HE A 5N K iy
HM, BRI IGAE , 7E R RRERE , SmY 1 AR
TEIR JCRFE R 67 “C R REME S 3G T B 1) 2% 7, (R4
LA T 5 S 1, T SmX 7 Rk Hh A B
HR AT AT 37 BT ) 22 A5 B, i B SRR A K 5 R 4
DNA F R A RE I 5 SmX 5 %G I Fr B o

B 1] 44 AH 5% DNA (RAD) ¥ %1l 43 #7 7T LLAE BR il
AR P2 AR A RRAC , I E BR AL A5 B E 5= AR 3 R
PEFRICY, R B — 48 RAD Wl (RAD-seq) % A fig
5 F BRI DNA 2 451, T AN 75 22 25 50 SR BB A Wl
YRR T 5 WnAETF O R Foor S BEARR
| F RAD-seq £ AN 4 77 3 81 SNP AR il 24T % 52
75 2 (10 M 0 B 0 T AR 2 5 B E B A R b it
AT AR 5 B Ik B, M B AR & AP A", RAD-seq
AR K Z M — e A a2
(RINEF , CUAA R T /N Sl ot U G I ()
TE AR o R Bk 1 ) %S E BRad A0OT. A002 Al
A003 gt A2 3 i 5 % E RAD-seq % A & 3 17 K 75 2]
(1) SSR FRic , (H 2 A FEAE B UIE ik 3 /M1 (1)
FAPER & B, 3 4> SSR AR 10 7E BCOE R AR Bk A4 1 3
AR DU TR 5, T RE 52 PORBRE AR 5 b AR BR A Bk
EREE A TIPS SV DU e udalis it AR

TR G A A5 11 52 A%, rh R R A K S5 AR o K
% 9 AR AN DY A5 AR, ARk R A
TAEAR DUAEAR N AR )\ AR SR, TR R IE T
Rbrac R I8 A k) b, o SRR Bk S5 AR R L
BUBRERE 35 9 AR, FRATTIRUIE (1 A4 RH R AR A Bk
BN R . R BRERL K 25 5 G 44 O 4l e
R G i ARD 2, o Th e XX/XY FABLR, {H i A it
B BRI 2 R, FE 5 3R B TR A I AL
WA M. HEIRIE , 7R AR G AR A B N
AN IS OO B AN I M AR B A A
L2 BN, [F A — AN /N PR R S X7 R 46
Y Yotk B, I B BT Ak B A MERE AR L
WIRAR R A 5 5520, G id b, 2 5 A o 1k
(1) 2% DL 5 R A0 Bk 3E 5 AH L. Fraser 55 ™ 7E H X)

SCAR #RiC SmX M SmY 1 H € RLAIT 58, 4 e 1k 4
SARIE SmY 1€ A7 7E 1 G 44 0 i 4 X, 1% X 3811
T 57 B J0 ] 1 R 2 B A A A Sk e DX
RURRAE™ . g R 50 BRI R ok — 2k,
PRCERATTHE DU A A 110 A % € A Ak T i A P 28 AN IS
Mo BT EREBER) Y B AR AT AL T 32 A 1) 5B
Bl BRI TE 2R Y G g, WE 2 HED , 35O
AR PR P ) AR e DX ) o7 B B 81 T e 2 5 AR R
TRk AR — € [ 2 5+

FAVIRY, YR B R s
B 45 T e I A Bz TA) AR 3 (R A FH ok e s A A
S EATT I R BE AR E ST W FIE A i A
VR B Z MR, Zhao SECO7E FLRT AR
Tk A B 1 8 B e sk B e RN, ) TR B fe
W HETE T, PMECRIR R R D (1 R 1K 7K =2
METE 1 72 15 517 ACO, MANT , F1 MYC2 [f) 3R 1K 7K ~F
SMORAK T MEAE . PME 5 B2 LR 48 B V% /)
7R E ACk B AR Bl 8 R PR M S5 A Ok
ROEF R A E S 5 MEME R AR B 1 ) g
B, Akaji & PIE RGBT 45 SR A AR B AE
BNk 25 5 e (AR 1) Y-8 18 Xk, A7 — A HEVE RS 5
FEIH Sy Gl gt — Fh C B 20 B 7 54 38 e B 1 4 L
(6 B, HAELAG DRsF P B 0% 42 R A ke 7 0 E S8
TER B SRR, B AT, BBk (0 e 1 AR T
B — A 4 L 4 5 25 ) 3 T R AR A . A
0 3 2R 30 R A Ak 2 R D U 4 R A EROR L AR
18, H A W 7038 B H 6 5 & Bk (Blechnum spicant L.)
HERC 44 1) % R AT B0 1K 15 /R FH

Kax A A 70 i 328 B R 2L 0 Bk 1 3 43 - il
A, 45 4% 38 RAPD Fric S1032-850 42 7E 5 bk i % bk
JR AR Fofr ep I 0%, T 48 o AR R A Ak JER AR o A S AR
M Ak JER AR Tl A R ) ) O A A 1 1 R R A A
X} B AR E () SCAR ARl , HH T4 R EF e 1 £
fIt 23, SSR MNISSR EL48 1 H il 73§ AR e AT 2 H 1Y
F B 0, WA A B FE b IR R B8 R 1% A 1 H
Yo AN, B iR AR JEAE R AL, T4 2 Pl i
R R 0 ) 1 Sl b A2 AR TE , WAl (Diospyros kaki
Thunb)® BB & (Phoenix dactylifera)® iR (Gink-
go biloba LO" ¢ 3 K R (Carica papaya L)%
AR, BRI B e AT, G G S AE AR PR SR AR
W A Ml 55 77 T ik R 8 52 31 B AL AN 2R E I 2 .
YT E B AR T E PR | s A% A b AT R



551

FIIPY 45 - BRIGEHEIE R 70 7 BRI AR BB A e R IE

555

SR B ) 5 T8 2 T AR T A — A SR A R ) )

8

Bt DA T AE VA BRI AW, 8 I 2

DR A 2 T B2 4 A S8 E R 5 11 20 1A, T
PRIF ] Rl I, B AR A R A » AT A (2 2k 7 M (Y
fid REAN AT FF L & Jig -

S Z 3 Hk References:

[1]

[2]

[3]

[4]

[3]

(6]

(7]

[8]

[9]

[10]

ANNA W M, EDYTA K V , KATARZYNA K , MALGORZA-
TA K,EWA B W,BOZENA K,RENATA K, WIOLETTA S. Di-
etary Intake and Content of Cu, Mn, Fe, and Zn in Selected Ce-
real Products Marketed in Poland[J]. Biological Trace Element
Research,2019,187: 568-578.

R ETTTTE T AN R T R B M O 7
PE2ZE F T[], AR 2208, 2015,31(13): 108-112.

LI Xu, CAO Wanwan, JIANG Dan, SUN He, PIAO Yilong.
Study on difference of photosynthetic characteristics between fe-
male and male Actinidia arguta (Seib. et Zucc.) Plangch. ex Miq
[J]. Chinese Agricultural Science Bulletin 2015, 31(13): 108-
112.

SEAL A G,FERGUSON A R, SILVA H N,ZHANG J L. The ef-
fect of 2n gametes on sex ratios in Actinidia[J]. Sex Plant Re-
prod,2012,25(3):197-203.

KHUKHUNAISHVILI R G, DZHOKHADZE D I. Electropho-
retic study of the proteins from Actinidia leaves and sex identifi-
cation [J]. Applied Biochemistry & Microbiology, 2006, 42(1):
107-110.

N0, W TITE F I R, ke BTSSR AN AR R A
PE R A 3 52 50 B TE[]. AET7 BE 2, 2014(24): 6-9.

LI Xu, CAO Wanwan, JIANG Dan, LIU Di, PIAO Yilong.
Study on sex identification of Actinidia arguta by morphology
and physiological biochemical[J]. Northern Horticulture, 2014
(24): 6-9.

WRIGEFS , GEAT, SRR R kA TR] 4 ) o S0 A 0 il 2 1 T 1)
LB HT[I]. Al 54 AR 2004, 24(1): 40-43.

CHEN Xaoling, LIANG Hong, ZHU Donghua. Analysis of EST
and POX isozyme in the sex of Actinidia[J]. Agriculture and
Technology,2004,24(1): 40-43.

GILL G P, HARVEY C F, GARDNER R C, FRASER L G. De-
velopment of sex-linked PCR markers for gender identification
in Actinidia[J]. Theoretical & Applied Genetics, 1998, 97(3):
439-445.

HARVEY C F, GILL G P, FRASER L G, MCNEILAGE M A.
Sex determination in Actinidia. 1. Sex-linked markers and proge-
ny sex ratio in diploid 4. chinensis[J]. Sexual Plant Reproduc-
tion, 1997, 10(3):149-154.

ZHANG Q, LIU C Y, LIU Y F, BUREN R V, YAO X H,
ZHONG C H, HUANG H W. High-density interspecific genetic
maps of kiwifruit and the identification of sex-specific markers
[J]. DNA Research,2015,22(5): 367-375.

F0, R ZHSE, b R L AH G 1 SRAP

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

S FAREI] LI AR RES,2016,44(8): 69-71.

LI Xu, WU Songquan, JIANG Mingliang, PTAO Yilong. Gender-
related SRAP molecular markers of Actinidia aguta[J]. Jiangsu
Agricultural Science,2016,44(8): 69-71.

LIU F L,SUN X T, WANG W J, LIANG Z R, WANG F J. De-
velopment of a female- specific RAPD marker for Sargassum
thunbergii gender identification using bulked segregant analysis
[J]. Aquatic Botany,2012,102(5): 79-81.

ALMEIDA I G,IANELLA P,FARIAM T,PAIVA S R, CAETA-
NO A. Bulked segregant analysis of the pirarucu (Arapaima gi-
gas) genome for identification of sex-specific molecular markers
[J]. Genetics & Molecular Research,2013,12(4): 6299-6308.
HORMAZA J 1, DOLLO L, POLITO V S. Identification of a
RAPD marker linked to sex determination in Pistacia vera using
bulked segregant analysis[J]. Tagtheoretical & Applied Genetic-
stheoretische Und Angewandte Genetik,1994,89(1): 9-13.
SATORU M, HIDEYUKI K, SHINYA Y, MOTOHIRO T. The
validity of marker- assisted selection using sex linked SCAR
markers in kiwifruit (Actinidia chinensis ‘Rainbow Red’) seed-
lings[J]. Journal of Science and High Technology in Agricul-
ture,2015,27(2): 68-74.

PFENDER W F,SAHA M C,JOHNSON E A, SLABAUGH M
B. Mapping with RAD (restriction-site associated DNA) mark-
ers to rapidly identify QTL for stem rust resistance in Lolium pe-
renne[J]. Theoretical & Applied Genetics,2011,122(8): 1467.
KAFKAS S, KHODAEIAMINJAN M, GVNEY M, KAFKAS
E. Identification of sex-linked SNP markers using RAD sequenc-
ing suggests ZW/ZZ sex determination in Pistacia vera L. [J].
Bmc Genomics,2015,16(1): 1-11.

BAXTER S, DAVEY J W, JOHNSTON J S, SHELTON A M,
HECKEL D G,JIGGINS C,BLAXTER M L. Linkage mapping
and comparative genomics using Next- Generation RAD se-
quencing of a Non- Model organism[J]. Plos One, 2011, 6(4):
e19315.

ZACHARY A, LEWIS, SHIVER A L, STIFFLER N, MILLER
M R, JOHNSON E A, SELKER E U. High-density detection of
restriction- site- associated DNA markers for rapid mapping of
mutated loci in Neurospora[l]. Genetics, 2007, 177(2): 1163-
1171.

REN Y, MCGREGOR C, ZHANG Y, GONG G Y, ZHANG H
Y,GUO S G,SUN H H,CAI W T, ZHANG J, XU Y. An inte-
grated genetic map based on four mapping populations and
quantitative trait loci associated with economically important
traits in watermelon ( Citrullus lanatus ) [J]. BMC Plant Biolo-
gy,2014,14(1): 1-11.

TR SC . BN 228 BRI R (M. AE BT R
JiAk,2013.

HUANG Hongwen. Actinidia: Taxonomy, Germplasm , Domesti-
cation, Cultivation[M]. Beijing: Science Press,2013.
FERGUSON A R,O’BRIEN I E W, YAN G J. Ploidy in Actinid-
ia.[J]. Acta Horticulturae, 1997,444: 67-72.



556 xOOMW

i

[ F364

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

KT, KB ZL, RURKS, 2 W, BT . R R o 0 i X A v 2
BOX 7 AR, S A A 2 BRI BT ST D). A AT,
2014(3): 238-248.

LIU Hong, LIU Xihong, LIU Qiuyu, LI Gang, QIN Rui. Study on
genetic diversity of 7 populations of actinidia by using chloro-
plast genome fragment[J]. Botanical Research,2014(3): 238-248.
AKAGI T, HENRY I M, OHTANI H, MORIMOTO T, BEPPU
K, KATAOKA I, TAO R. A Y-encoded suppressor of feminiza-
tion arose via lineage- specific duplication of a cytokinin re-
sponse regulator in kiwifruit[J]. Plant Cell Advance Publication,
2018,30(4): tpc.00787.2017.

TESTOLIN R, CIPRIANI G, COSTA G. Sex segregation ratio
and gender expression in the genus Actinidia[J]. Sex Plant Re-
prod, 1995,8(3): 129-132.

RAY M, BENDAHMANE A, RENNER § S. Sex chromosomes
in land plants[J]. Annual Review Plant Biology,2011,62(1):485-
514.

T ARSATL BT AR AR S AR e S AL H R Tk
[J]. A HE 243, 2014, 50(1): 19-36.

DING Yi, XU Qijiang. Progress on floral induction and sex de-
termination in angiosperm[J]. Plant Physiology Journal,2014,50
(1): 19-36.

Nk VK B B AR BT AR g S 1
S5y AATE TEE FRE ). AL 38 A% BRI 41 2010, 11(5): 600-604.
ZHOU lJinsong, TANG Yongping, SHENG Wentao, LUO Shao-
chun C, CHEN Guangyu. Progress in research on sex determina-
tion and differentiation in Asparagus officinalis L. [J]. Journal of
Plant Genetic Resources, 2010, 11(5): 600-604.

FRASER L G, TSANG G K, DATSON P M, SILVA H N D,
HARVEY C F, GILL G P, CROWHURST R N, MCNEILAGE
M A. A gene-rich linkage map in the dioecious species Actinidia
chinensis(kiwifruit) reveals putative X/Y sex-determining chro-
mosomes[J]. Bmc Genomics,2009,10(1): 102.

HE Z C,ZHONG Y, HUANG H W. Cytogenetic study of dip-
loid Actinidia chinensis - karyotype, morphology of sex chromo-
somes at primary differentiation stage and evolutionary signifi-
cance[J]. Acta Horticulturae,2003,208(1): 6.

ZHAO C L, WANG Y,LIJY,LIUZP,LIUH S,YAOS Y,
REN Y Y. Identification and characterization of sex related
genes in Actinidia arguta by suppression subtractive hybridiza-
tion[J]. Scientia Horticulturae,2018,233: 256-263.
FUTAMURA N, MORI H, KOUCHI H, SHINOHARA K. Male

flower-specific expression of genes for polygalacturonase, pec-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

tin methylesterase and f-1, 3- Glucanase in a dioecious willow
(Salix gilgiana Seemen) [J]. Plant Cell Physiol,2000,41(1): 16-
26.

MENENDEZ V,REVILLA M A, FERNANDEZ H. Growth and
gender in the gametophyte of Blechnum spicant L.[J]. Plant Cell
Tiss Organ Cult,2006,86: 47-53.

WRAFW Rt el A A R B A V3 K] RAPD AR
i S1032-850 (1315 S Ho M [0]. Al A= My £ R 224, 2005,
13(5): 557-561.

YAO Chunchao, WANG Yuejin, LIU Xufeng, LONG Zhouxia.
Obtainment and application of RAPD marker S1032-850 linked
to male gene in Actinidia[J]. Journal of Agricultural Biotechnolo-
2y»2005,13(5): 557-561.

P RIS IESR M 5, AT KT AR . DISx-AF4S fric
E Al S 2% 52 Ja AR 0 46 5 v IR AT Rt TR (0], Bl 224
2016,43 (1): 47-54.

ZHANG Pingxian, HE Huan, LUO Zhengrong, YANG Yong,
WANG Renzi, ZHANG Qinglin. Validation of male sex- linked
DISx-AF4S marker in persimmon and F, progenies[J]. Acta Hor-
ticulturae Sinica,2016,43(1): 47-54.

AKAGI T, HENRY I M, TAO R, COMAI L. A Y-chromosome-
encoded small RNA acts as a sex determinant in persimmons[J].
Science,2014,346(6209): 646.

CHERIF E, ZEHDI S, CASTILLO K, CHABRILLANGE N,
ABDOULKADER S,PINTAUD J C,SANTONI S, AMEL S H,
GLEMIN S, FREDERIQUE A B. Male-specific DNA markers
provide genetic evidence of an XY chromosome system, a re-
combination arrest and allow the tracing of patenal lineages in
date palm[J]. New Phytologist,2013,197: 6.

AR R MERRE R M ) 5 5 1 2 AR OB FE[D]. #H A
KE,2010.

ZHU Xiaoli. Studies on molecular makers for sexual identifica-
tion of female and male plants in Ginkgo biloba L. [D]. Yang-
zhou: Yangzhou University,2010.

ARYALA R, MING R. Sex determination in flowering plants:
papaya as a model system[J]. Plant Science An International
Journal of Experimental Plant Biology,2014,217/218(1): 56-62.
IS8, LS BNE, IR G . M 2 = PCR HoR R
R ARSI [I]. A ER A3 2008, 29(3): 347-351.
HE Yaosheng, SHEN Wentao, LI Xiaoying, WANG Mingqin,
ZHOU Peng. Rapid identification of papaya sex type by multi-
plex polymerase chain reaction[J]. Chinese Journal of Tropical

Crops,2008,29(3): 347-351.



