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Abstract: There have been some advanced progresses in ploidy manipulation of citrus. Firstly,
numerous triploid and tetraploid have been reported, and some triploid and tetraploid varieties have been
released. Secondly, Some tetraploid perform well in controlling tree shape, and being resistant to dieseases
and stresses when used as rootstocks. Thirdly, haploid and dihaploid were used in genome researches of
Citrus, and great achievements had been harvested. Nevertheless, there are still some difficulties in ploidy

manipulation of citrus. Firstly, long juvenile phase and nucellar embryo affect the efficiency of new
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polyploid varieties breeding. Secondly, it is still difficult to obtain haploid and dihaploid, which limits the
promotion of citrus genome researches and breeding. Thirdly, some polyploids with high qualities are
lowly fertile, blocking the efficiency of breeding by using these materials. Regarding the problem of long
juvenile phase in citrus polyploidy breeding, it is nessary to use new technologies of shortening it or to
take advantage of germplasm resources with short juvenile phase. For overcoming the interference of
nucellar embryo, it is nessary to develop more monoembryonic tetraploids. When using polyembryonic
tetraploids as parents to produce triploids, embryo rescue, and molecular marker can be used to improve
the breeding efficiency. At last, the authors suggested that ploidy manipulation in citrus could be extending
in the following aspects: firstly, improving the frequency of 2n gamete production in order to develop
more polyploid, especially monoembryonic types; secondly, the advantages of polyploid being used as
rootstock and polyploid rootstock should be brought into play to promote the development of rootstock
breeding; thirdly, continuing to induce haploid and dihaploid in order to accelerate genome research,
functional gene research and breeding of citrus; fourthly, on the basis of allopolyploids and their creation
technology, new materials with only small amount of alien genomic components and target traits could be
bred by combining with chromosome manipulation techniques.

Keywords: citrus; ploid manipulation; tetraploid; triploid; haploid

TV G AR R VB E TGRS IS I ATyE )&k (Thorgaard, 1986; Gernand et al., 2005; Zhao et al.,
2013; Kreiner et al., 2017), | ZRH T2 AAH M E M. B BRTHLEMALE S ORERE
W Z A5 R, OFEZ PR 2 AR (EFS 45, 2004; Liang etal., 2011; Zhang et al.,
20190 I VI R AT A AR DL S 28 A R N A R A5 LB A AR, R DR B R AR ) b 45 3 8
(Maluszynski et al., 2003), {H 5B L0544 S OB A AR A 72 S H B FH 3E R 4212 (Germana, 2006,
2008, 201 1) fEAGPEERAE D IEAE FF R QL k454, ©AE/NEE (Triticum aestivum) FAE (Gossypium)
KEZE (Brassica pekinensis)~ )N (Cucumis sativus) SAEY)E M LIS TIER T EHR8G, BE
TRV IR R R, RES MR BEFHE 55, 1992; BEFH LML Ji4, 1993; Multani
etal, 1994, 2003; Z=fiibk 4%, 2001; FREHHA 45, 2003; HiEW, 2006; WiEtk 55, 2009), —
e U DUBTRIA BHER RS & i A, /b2 —BZ2 IRS/IBL A R BB &7, $UnSE
PR (e 55, 20060, FEMHFTEEN ZRA . GeORERIEROR LIS A RHEEY) &
k4% T ERYER (Hechanova etal., 2018; 5K%Z K %%, 2018; Dangetal., 2019; Lietal, 2019).

WHEE (Citrus) MILIEZGHEWMZE Nk 2n=2x=18), HRKH THELESZ M (B
€, 1990; Hynniewta etal., 2011; Ollitrault & Navarro, 2012). £k, FETFIH =FAKEE T
KRR AN S B B, MG 2 AR T MRS R KR, (2 THREE M RFHHM =SS,
1993; [A R ERIZEEE, 2003; Grosser & Gmitter, 2011), FfEA. XA 1T 8] — 2 FEREFIH
Wi T FERAT AR TS B (Aleza etal., 2009a; Wangetal., 2017).

G AR TRRAE H AR A D I SO R B, FE A5 P PR AR B B Al B BEAT Ye ik #0E, v] BIEZGAE5
A RAARTIT A KK SR JFAEI R G5, RAEYE MBI RO . MG RS E BT e 1 5
BISG, HWAFEME A, TEA R RE . AR E AT REE, I b xS, IEx S
LR RHATIRSE, VIS G R B R AN RS AT RLHEAT LRI SO AN 5 B R (2% .
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1 A A5 R SORBE 7E 5 B BILIR

L1 B ARG R AR A

1.1.1 ARKALEHF

BN 2R AL 2 S G AR IS I8 EZ 57k . MOKAERE S 77 ARG DU AR I iiE % £,
FEX R A 259 (Wakana et al., 2005; Lee et al., 2008). M@ /G2H4 (Wu & Mooney, 2002;
Zhang etal., 2007). =F40f (Duttetal,, 2010). KK B MMER (Gmitter & Ling, 1991) FIFp¥
(Surson et al., 2015). £XIAFFERT, FSHEMNREZESR, HAETIEARNIE TR LR HE
VERCNTE B T Z2RG AR EAE, SRINRE 2, BB SREN 2 EREE B, SR
BRI Z AP RHSE T, (B SRRRAC, HAO MG B ik G n 75 B a4 & U5k, #
PEK T E A (Aleza et al., 2009b) . FEVE A4 Z R A 7E KRR, 75 5 R 8 M (ATIA 59%),
A DU 5 AR A MR T IA 42.55% (Zhang et al., 2007), HAAZIEFRE 5 T3Aai & MURA; iS4
P A2 A 2 R A A DUk, 19 sk 43.7% (Duttetal., 20100, Kk, U744
FOKAZR 5 T AT G DU AR I AT Se e SR,  CLAnPRR I SRR AT RIS D AR AR, B SR TS i 4
2L, ARENMPEAR 1) BTN 3R 1G 2 5K I AR, BT BLIZ M7 iR AR B IR AL o 1 B FH A
112 4k

SEAE Gt AT SR AE VU AR i 2 vk, DA (1) M S8 2 B IR W] B R 3T Ytk
% (Alezaetal., 2011; Dengetal., 2019; J&%i %%, 2020, (2) A 2n B+ KA F 25 m H
LGB

MR A CRAZHA) @il SRR T IR . P a iR HE (C
sinensis % P. trifoliata) R1FHEA]IL 20.9%, (H KRG EICT 5%, H —Lepp R R I Y AR
(Barrett & Hutchison, 1978; [ ZEL 2, 2008; Aleza et al., 2011). RIRLAITFIRZEN . K
RISERZIR, AN [ 1) (1) 22 5 e 1k 10 £, X T RE S SRS R ZH A K (Alezaetal., 2011). #Fh
RS YR S 2n FEF A o< (MEREL 45, 2008), SZAEERINAE IR R 2n FL T R AE IR RAK . 7
% 2n ALY R LIS F 20 BC T 7 EAS BB W IT, RIS T — e (R B 55, 20065 HkE
A, 201D, B0 (BEROHALD EMTHRBEREG FIRE, IR TE RIU A5 2 e 2% b
WK CHEMD 28, 2005; Alezaetal., 2011), XJ& 3 E MG PAA TR 2 TR EFF .
1.1.3 Akmpaaks

YRR A T ow IO AR A AR TE I BEAS, A ORRE RS Ry T B MR SRIE, TREN TR E
PR . 24K, MGG IS 7 BRI, By Fhia) DL J& B fhG 3-45 1 K& R
AR, ARIFHEEDT 500 4>, WA 7 RE S HHER SOE SR BB (800 2, 1998
Guo & Deng, 1998, 2001; Grosser etal., 2000, 2010; Grosser & Gmitter, 2005, 2011; Dambier et
al., 2011 (HANFZH & 1 P A 28 DL S LR Bl LU UK 22 57 o FERB 0 AR Rl & AR 1 ANSE A
(Gt th B BoAb B RIS FR <M (Kao, 1977; Wang et al., 2008). ¥rdhfh ‘fedh 2 57
BPAE A A ¢ ‘ER 15 BMNER + HB D SREHA R AR 2, F HB
Al % 32 DR 2H DR A7 ) 200 B 5, 3 30 g 4 B e 1 A 5 A HAth 5T 5 HB AliAHIZ (Guo et al.,
2004; fRILAR 55, 20200, X PR fRELG v 3RS — e G R AR — /D E IR A R X
k2% (1999). Liu £l Deng (20000 FIH X SF£ab#ftig, LR A B2k, 3G T 24
HAWIANI R . X RIS FRAR G B P D BORBR 1o AR — I etk KA, (R A
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Z—HIEB A IR tH IAE PR A ik (Bona et al., 2011).
1.1.4 m A
VOt A AT VR SR AR 5 AR R SR 1G5 R AR S AT (Do BL7E 1958 4E it (C.

grandis) 5 Z FF WV 51K B Al (C. paradisi) #2783 8 T = 54K & FF ‘Oroblanco” Al
‘Melogold” (Soost & Cameron, 1980, 1985). 124, KEM kS VUREARRIGEER ARG T
—AEAR IR (XBF5HT 5%, 1996b; Recupero et al., 2005; Grosser & Gmitter, 2011; Aleza et al., 2012a,
2012b; RfEIH 5, 2012; MEPLAR 25, 2013, 2014; Xie et al., 2019). {HHFTHE A I FFHE
WA (R B HIERATRZZ 7 mE, K aEWaBoh Rt . B—, BREK, BHNAS
BE R B, S VU, Rl IR DY A R S, DA SR A RAR ) = AR 5
A, THt—PHEE (Grosser & Gmitter, 2011). #5 VUAEART B R AF M FH (Grosser &
Gmitter, 2011). B4, G NHIE R VUG5 R ALK K AR AT &R n] 45 2 0K BUEFF AL s CalT
A, 20100, X AR5 U ATER B MEBURELSE K 5 A P E A 5% o &6 70 DU A5 A4 PR RR 7 (Dambier
etal., 2011; Ruizetal., 2012), 7E3ZHIMZ (Grosser & Gmitter, 2011). $iiJ (Grosser et al., 2003).
fif £ (Basel et al., 2004; Mouhaya et al., 2008; Saleh etal., 2008; Grosser etal., 2012; Ruiz et al.,
2016b; Weietal., 2020). fif & (Allario etal., 2008, 2009, 2013; Weietal., 2018). fi¥%€ (Oustric
ctal., 2017). My HEEJE (Balaletal, 2017). MHIFISILE (Ruizetal., 2016a, 2016¢) 577 HA
—EMMH, BN REAHET 1198771

1.2 HRB=EENRESRENA
1.2.1 %4 5 i R AF =424

MR EZE S A58 UL S B AREE S e AR i kA2 B T SRAS = 5 M A B 15 2 1) 7, XK=
BRI T 20 BT, PETRMIR. R, SERESEI =A% (Alezaetal., 2010a).
Uk, Ay RN ARG WA W R, =R IR i A1 (BRI BT
ZH, 1981; Toolapong et al., 1996; Chen et al., 2008; Aleza et al., 2010a). HAEl, CH %S 2n
TE¥ HF 18I A AR MG = A5 AR GE (3R B, 2002; A3 EBE 45, 2006; #Re 4, 2007). B
RE (2011 FHBOKANER T SRR 2n 488y, P AR EIER] T 17.17%, R JIHBOK.
122 WKL fFhER

VU5 4R 5 AR R A AT RSB B = A A, JFARIEZE AL SCIE 17 B Fl (Grosser & Gmitter,
2011; Alezaetal., 2012a, 2012b). {HIUfFIAREC 7 IR 8 Mtk (2%, RAUETERZHE. fEH
VAR S AR R A, AR RGN 10% CRIgE 55, 2005). ARIERR, PUfEE
VEREARR 33 =R AR T = (Aleza etal., 2009b, 2012b).,
123 IEfLIEHRAHA T K

MR ZLEE TR LA 5, RIS I = A5 (ERuMaki#E =, 1978; Gmitter etal., 1990).
FEAC LGB R TP R BL=1%4K& (Germana et al., 2005), HMLFE WAV, whES A KNMME A4
K GEILEE 55, 2018). UbAh, 38wl A% 40 f— B A 40 P 4 B Rl & R0 — A% A4 4R 40 s —Tic &
fl& (Pental etal., 1998) 33 =%k, FIE C/EAE T IL, HE#HEARNHIE (Kobayashi et al.,
1997; Ollitrault et al., 2000,
124 A

B =AE AR 32 H 125 F 0 R IOFF i Fl () (Raza et al., 2003 ; Ollitrault & Navarro, 2012).
HAT, fERE . BRA . A WIS C R AT 2 MU RS AR RS = A5 A i A (87587, 2005
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Aleza et al., 2010b; Cuencaetal., 2010; Ollitrault & Navarro, 2012).

13 HEREEMNEFFNRELRERA

FAAEAAR  RCER A A0S FE R TR & PR3 B 2 L (Forster & Thomas, 2005; Aleza et al., 2009a)
MG SRAT BLAEAR IR 7 V5 2 B AR 2585 7% L /M7 3577 L 75 S IOUME A2 5 R0 52 42 77 18 (Hidaka et al., 1979;
MRt %%, 1980; Oiyama & Kobayashi, 1993; Germana et al., 1994; Toolapong et al., 1996; Germana
& Chiancone, 2001; Yahata etal., 2005a, 2005b; Froelicher etal., 2007; Alezaetal., 2009a; ZRi%
5, 2015; FIRE, 2016). L2355 5 FINMEATA 2 H BTSRRI HIAG B4 . RS A A R 77
o SHPASARTEMG P A8 218 (Germana, 2003; Yahataetal., 2005a), b H 2 T &, M.
AN, FRE. FriE. S (C. aurantifolia) VLR —S6 52 M TP A SRS AR BOBU A5 R0, Ho
WHEESTRENIRE (K1) 8L, SMEE (Clausena excavata) "HWEIE, HEsy Bk, X
AR EHS B A SRR A A SVIRES

F1 BRBORGEE. NREFOMIBRITETE
Table 1 Citrus and relatives within which haploid, dihaploid obtained

- Yiskit Al (BRFRD PATTT Ik R 275 3R

Genetype Variety (Line) Obtaining method Type Reference

345 Citrus aurantifolia VA AR PR 2l AR UR A By, 2015
Mexicn Lime Anther culture Homozygous haploid embryoid

W2 T C. clementina Nules, SRA 63, 12 ai & ik, 5. =M%, Germanaetal., 2005

C. clementina x C. tangerina

C. clementina x(C. paradisi

x C. reticulata)

Monreal Fortune

Nules

Nules

SRA 63

SRA 63

Monreal Rosso,
Nules
Clemenules

Ellendale

Lee

Anther culture

IR RS
Anther culture

SN LIy eyl
Triploid pollen
pollination
PRE

Anther culture
TR + Ik
R

Irradiated pollen
pollination + Embryo
rescue

N HTR
Microspore culture
TR AER Bk
Irradiated pollen
pollination

= ARAE R 0
Triploid pollen
pollination

Ak A
%5

Hybridization
between diploid
plants

TR L8
Irradiated pollen
pollination
ZAERTER BN
Triploid pollen
pollination

PAYIERES

Homozygous haploid, diploid,
triploid and hexaploid

AR XRAEEHALN.
7S
Haploid, double haploid callus,
plants

FAEARHERR

Haploid plants

L ERELR ERS

Haploid plants

AT HIAR CRAFE), IETERY
HARR

Haploid plants (didn’t survive),
embryonic callus

AL, BAEEIRRE
Callus, haploid embryoid
LR NI LR EREN R/
Haploid, double haploid plants
LR

Haploid

FAEARHERR

Haploid plants

BLAE A R
Haploid plants

FLA AR R
Haploid plants

Germana et al., 1994;
Germana et al., 2000

Germana & Chiancone,
2001

Germana & Chiancone,
2003

Ollitrault et al., 1996;
Germana, 2003

Karasawa et al., 2013;
Chiancone et al., 2015
Aleza et al., 2009a

Oiyama & Kobayashi,
1993

Esen & Soost, 1972;
Germana, 2003

Froelicher et al., 2007

Oiyama & Kobayashi,
1993
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Bk
B R A (R EEWIRFS R 2 CHR
Genetype Variety (Line) Obtaining method Type Reference
C. deliciosa x C. paradisi Mapo R FR AR EHL . IR A Germana & Recupero,

C. ichangensis % C. reticulata

¥rig C. limon

VUZ4d C. microcarpa

#ll C. maxima

HAEE I C. natsudaidai
W% T C. paradisi

C. reticulata % C. sinensis

C. reticulata x (C. sinensis
x C. reticulata)

EHPE C. sinensis

C. reticulata, C. deliciosa,

No. 14

Banpeiyu

HB i
‘Hirado Buntan’
pummelo

X S A 4 A
Cocktail grapefruit
Fortune

Tangor 15-1 x Red
Tangerine

otk
‘Early Gold’
sweet orange

ARCE

‘Rohde Red’
Valencia
5 A

‘AnLiu’ sweet
orange
Valencia

C. sinensis, C. limon,

C. paradisi, Tangelo ‘Mapo’ (C.deliciosa x C.

paradisi)

{3 % ( Clausena excavata)

(4x)
. (Poncirus trifoliata)

Anther culture

T2t
Anther culture
1R IR
Anther culture

123

Anther culture
ZAREARAE R
Triploid pollen
pollination

TR AE A
Irradiated pollen
pollination
AR TR SR AR
%
Selection from
progenies seedling of
diploid

BT RES 2 )
Gamma ray radiation
1217

Anther culture
AR B
Irradiated pollen
induction
TGRS A A g
i

Hybridization
between diploid
plants

et

Anther culture

1EZRE IR
Anther culture

EZRE IR
Anther culture

1R IR
Anther culture
R
Anther culture

1EZRE IR
Anther culture
1R FR
Anther culture

Haploid callus, transparent
embryoid

FAERHERR

Haploid plants

SR EAAL . FRAFIR
A

Haploid callus, embryoid, thallus
L ERELRERS

Haploid plants

AR R

Haploid plants

A AR R
Haploid plants

A AR R
Haploid plants

FAERHERR
Haploid plants
PSR EAR
Haploid callus
AR HER
Haploid plants

A AR R
Haploid plants

RfER R GREL RAREO,
g AR (BIERK
Haploid lines (callus, embryoid),
Homozygous diploid lines
(including plants)
LRSI

Haploid callus lines

LRSI

Haploid callus lines

WA A 2 21

Double haploid callus
AR S 2 A R A R A
ML

Mixoploid callus containing
haploid and polyploid
TAEARHERR

Diploid plants

AR ER

Haploid plants

1997
Deng etal., 1992

Germana et al., 1991

Mot %, 1980

Toolapong et al., 1996

T, 2016

Wang et al., 2017

Karasawa, 1971;
Germana, 2003
FilH, 2016

Froelicher et al., 2007

Liuetal., 2012
T, 2016
T, 2016
T, 2016

Cao etal., 2011

Geraci & Starrantin,

1990

Froelicher & Ollitrault,
2000
Hidaka et al., 1979

FAAEAA . RS PR FH T M A S R 445 U2 . M s AL 72 (Xu et al., 20135 Wang et al., 2017;
Wu et al., 2018). ¥ 1] FI| FH A5 7k 5 A5 AR 40 B ik & 3545 = f%1& (Kobayashi et al., 1997; Ollitrault

etal., 2000).
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1.4 HbEMA R ENA
Br BB A RSN, MR A SR o] LA £ 1 A RE (Lee, 1988), 1 Fififk (Citrus iyo
‘Miyauchiiyokan’) (Oiyama & Kobayashi, 1991). 75fi5fk ( ‘Bonanza’ [if#6 -5 3 5z I/ 40 B A4 ol |
TAEAKRERRE + Rl A] DO £ AR 40 B 24 R HR) (Guo & Deng, 1999; F53Cit 45, 2007). J\ {1k (Barrett
& Hutchison, 1981) VL AE#EAEAR ( ‘Kiyomi’ AEFES & #FRE 24F) (Yasudaetal., 2010),

2 FHAR AR A SR N, T P 3 0 A

2.1 EHRK

RR B, REMPM BN — MRS MEREIY 3 ~ 10 4, # R e
KA R A RERKIE R4 (I HEAHE R, 1986; SR HERIFEE S, 1990), XN H Fitk A,
TEMIAE G AR T, G RIS 75 2858 A Re AT BN BRAR AR . 1841 3 BARR I T A 2 A0 R Ff
JRAEMIAE B B R .

20575 R AT 7 b ) ORI A A AR KR T S S A IE X I AR R BOR AT REXT TR 4 A
RhE 5 A — R, IO I W 2GR o AR A Y B AR & 2 R IdRkIE (AL 4%,
20100, th&At. FAubrt. Faciily FARPUR MR M 3 A EE SR, AR ks & 0 3 IR oR
KFATHACE M CEMAEME/N=, 2005; K&, 2010; ST %, 2013; #Z2R%4 %, 2014;
R, 2017), o RAE KM AL G R BRI FE ISR (Alezaetal., 2012a), Xijt
B 22 AR BEIARE IR R A — RN RE . BIE 4% JE IR B R 45 0 28 HACE 2 Bl 4 b s B, (H 3
TRV AR A A HE B AT R PERUD

2.2 BRIODHEETFH. BN S ERERR D

RO IR T2 48 2 MM AR S R A7 P AR I R BR O AHZUR B IR, S0 A PRI K & FA 1
R R IIE TP BT — B RMERE E M R e MOy BEAR, EAR R
FRETLLGI R . G R A LA 2, Wik, AU CRE R &8, 2007). e HIE THE. P9+ %M.
FR&M . vt AL B IS SE, KA Z RIS A (S 4, 2007). H
FARPER DU PR A R > (3R 2D, PRE RS TR = A A AR S A OIS B . B A S
R RAEMAR B, SEAR G I SR 1) DU RS AR R R DR 28 5 B AR R], K] bk B R P AR P A B AR 9 Y
FEARE S IR G BRIPERAR 1 DU RS 5 R BRI AE S 2. 70 RUEE S H LU B A RS 77 3R 45 1R
IRTIR T (B E 4%, 2008; LM %%, 2008; KR %%, 2008), FIFHMOKALIZFALBEZER,
G5B 2RI 3 ) AT SEBATARG SR M DO AR B i A5 5 (Aleza et al., 2009b). Ih4h,  H5 M A
iR A B IR N Rb - R T SRAF IO EL B B = A5 4R (R SRR EHIZ AL, 1981), FIH 2n Ft ¥ E i HIX
R B A5k B AN A 3R AR = A5k, PTBEF SRR DU £ PR I SRAT IR HE R, IRAT . 3 B
THE FREESEATF PR S St 18 WA B P BRI v] B RO R TR R BE A
B AT =5

AR FERR T TR e, AR/ BT 2O IR T B 1) J5 A R e 1 T AR 2 .
TE— LR AR MR W B 2Z RIS HE Y, AR —T7 B IEMR AT N AR Fh ik i bric (B &5,
2011)0 3 FARICHOR A0 22 Pk AT RS e, EMAE TR a B GO 55, 2003) . AR £ 14 5]
R EAAE A FARCEHMT S E RILAR 2, 2013), ML RN AR 2458 e A ml 4 1k
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L =fERAA (IR 55, 2014). SRR AIEREAS 50, il IR, 4567
THRCEE, ARG =k VUGS AR, BREAT ik 7 At T 4 52 SR,
HIENERANHIPSERTL

®2 CREBEFBEHAEEHIERS

Table 2 Monoembryonic citrus materials within which tetraploid obtained

B R R A (BRFRD BN EWIRFS SR
Genetype Variety (Line) Obtaining method Reference

Citrus maxima % C.
ichangensis

W E R — & R IR Y A
‘Shatian’ pomelo - C. ichangensis
allotetraploid

FR LR OmnG: (BOKIRES)
Allodiploid genome doubling (colchicine-
induced)

R %%, 2016

I 4, 2008
Aleza et al., 2009b

SEAEJfE Seedling selection
Bl E R R BT ER + W% + B
eI

Colchicine/oryzalin induction + Micro-grafting +
Sectorial chimera segregation

Vb HHH ‘Shatian” pomelo
Clemenules, Fina, Marisol

1 C. maxima
TR ETHE C. clementina

C. clementina x (C. unshiu x ~ Moncada MoK/ ZRUR RBE TR + WG + B Alezaetal., 2009b
C. nobilis) T4 8

Colchicine/oryzalin induction + Micro-grafting +

Sectorial chimera segregation
SN ‘Succari” sweet orange + ‘Hirado  {AZIffEL& Grosser &
Allotetraploid Buntan Pink”  pummelo sdlg., Somatic cell fusion Gmitter, 2011

‘Nova’ tangelo + ‘Hirado Buntan
Pink’ pummelo sdlg., ‘Murcott’
tangor + ‘Hirado Buntan Pink’
pummelo sdlg.,  “Succari’ sweet
orange + ‘Hirado Buntan Pink’
zygotic pummelo

C. reticulata x C. sinensis Umatilla MoK S @ Wu & Mooney,
Colchicine inducing callus 2002
¥4 C. limon Lisbon %1 Unknown Esenetal., 1978

2.3 Z{EIKFHEISLI i

P A A5 PR A IR 3 A2 SRAR TR =R i A . K2 BTG R B Bk 4550 he /0, RIS AR R A
PR A AR R S TORF R, TSR A TR RS, Wikl E AN SE AT, s R R AT
PAFTORF R K2R MFORIATON s HARE AR R R Z i 2748, 5748 DA K S A e FhoR 1S
AR CBFHHAINELE, 19965 XKLL 55, 1999; MUK, 2007). @5 MEERAE R =1
TR R R B EE .

SR, SRR ERR. B SEE S PR Pud. WIRE/NERFE GELH %5,
2018, 2019), XA[RETE =AAAARMIAG AL . =AM AT ‘Safor” BRICHFAL, [H/BRECHI R &
TFT2EA (Cuencaetal., 2010); =f5AEHEMNFr ‘Garbi” BRICK 4, A MHERF S (Aleza et al.,
2010b). X Ui B ELAA A L8 AR RO T A R E R AT = AR TR SRS, AERR P B A v AR AR R TC K AR
FABPER AT R, A B T 5

H AL
(1) B R A A A M B LA CLE SR B RP R 3643, L3RI A b
Bob, HHRMSE KA. SBOCRIERLS TN ALK . O RESE 4125 )7
TS, AR R 3 AT A 1

() ARF e BB RN R BRSO bDR 28 IR SR £ 10 5 B

24



FEVLUE, RS, WEDE, & B, MR, HEs REE.
MG R E R AR S B RIUIR. AU R,
[l 2 54%, 2021, 48 (4): 791 - 810. 799

FIRES AR, AR RACE PERIVUAG 2 S B B = AR R EEROR . AT TERY], B A4 f s i
HE PR 1 T R A, R MRS A TEA R AR AR M R e T A e B R R DU AR (R 538
S, 1992, 1996a). A2 fl &5 DA HEX SR B AR L RAPEIRER AL 7l ettt BURE MEM RS
e B PEMRHA R A S IR DU A, DU R B IE T RE R, 5 A R A B AR & PR R
3k R A8 1% 2 R AR

3 RY¥

3.1 125 2n BFHYRESRER

FIF 20 BCF 0T DA AT B =k, DR A, 7EMTRG ol xR/ 18 2 ik, (HA R
PRI 2n T RAERA B R ZER . BIEER. &l BOKMESE S35 2n BF =4 .
ZEREVFZ YT FES 20 Bl 7 O3RAE — ik (EEE 55, 20110, H R s iR A s 54 i
TEFE, Tl 343 91.21%0 2n 1883 LA K 87% M =54k (Lietal., 2017, 2018; Wangetal., 2017),
XTEME A % . A7 T RE S th TR RSB EEEAR, M BRI — R 2.
FHECZ R, MR EEXT PR A BB 38—, BB R N AU = BB AR = iR 75 5 2n AER IR73 ey, At
Tt a] 2SR T i . A2 S AR AE A% B LA b b r] 2R N U 585 SRR T n £

3.2 HFERZBEEMEAK

H T 2 A5 AARMTAE CTRIYE . 980 VERS A BN 3R B (Grosser et al., 2003; Grosser & Gmitter,
2011; Balal etal.,, 2017; Oustric et al., 2017; Weietal., 2018, 2020), KUb/E4Ln KR EAA
REGERETIT K OA B2 AR, DASsHIWNTE, $EmPui it DL TN 5268 /) (CRETLiK
25, 2019,

3.3 BEHRFE

BAAEARE A B ARG AR AR AT EE A B PR 3, B AR R e 1R 2508, Btk sl e
WRAEE A5 A, fEE M L YRe LB Fih A EEAEH (Barro etal., 2001; Szarejko, 2012; Shen et
al., 20150, [Altk, 7ESRAGHE 2 SRR EAN [, Al SE 32 PR AN MO F A A 2L DR ZEL A O 95 7RI
FAEAR S SRAT B 22 R B AR () Bt B, T AR ST B AR R SRR RIS R B AR, DU M AR
VigReFE R FU R B o

3.4 ROFRESMENNRMEREIR

Midik G EM T ERZ IR, WE S EYN R, AR (C junos) it 5
(B XA 2, 2011), K45 (Fortunella hindsii var. chintou) = PuUE R (RAFAEMET4E, 991),
WU (Atalantia buxifolia) N2 MR (R) SPURGL R CRELEMHAZELE, 1997), FiF
(F. margarita) (3KIGEBE 55, 2004). #0HEE. T, SHAFGS (R) GEHE 55, 2010;
Deng et al., 20100 Xt IHiitEEcsR, K. WO . JLEE (Murraya exotica) FIATER. B
K (C. lansium) K3 (Limonia acidissima) R (C. excavata) Z&X%F 8 Wk A BRI 532 68
71 GEERE 55, 2009; #RFRF5, 2018). HETCIRTG 1 E Lk SBRIE MG AR 20 B s Fl, 8
A RERBLEGRITT (R MR CH R 5%, 1995; FESCRAXEF5Hr, 20005 Grosser & Chandler, 2000;
Viloria et al., 2004a, 2004b). JXFURZe 4N A AT OB A G R BRI 1L G M8 A RYEIR .
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AL GAAYFE R AL RO RE R, T AT R R AR (2x) IS AR ) BC T 40 D B R
PRANM (x) (ARG, SRAFAUE 1AM BRI B U8 = A ) B I AN AR (A 41 i 2% 52 3K 45
B AN AR R R, BT G AR TR SR AR IR A A 42 ) F AR VIR S R £ S A
By AR R A/ BOMR QAR K 5708 5 L R SRS CEEIT, 20065 ZAZR, 2006).
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