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and the Application in Horticultural Plants
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Abstract: Genomic in situ hybridization (GISH) has been used to discriminate the different ancestral ge-
nome donors in polyploids or hybrids, analyze the phylogenetic relationships between cultivar and wild rel-
atives, and study chromosome behavior of meiosis in plants. GISH technology includes multi-color genomic
in situ hybridization (mc-GISH), comparative genomic in situ hybridization (¢cGISH), and self-genomic in
situ hybridization (self~-GISH). Its key procedures contain chromosome preparation, probe preparation and
length optimization, the concentration ratio of probe to blocking DNA, and stringency of post-hybridiza-
tion washes. This paper reviewed the research progress on the development of GISH and its utilization in
horticultural plants,and summarized their promising application prospects. During the past several years,
the complete genome sequences are available for horticultural plants such as grape., banana, pear, sweet
orange, and cucumber. It is necessary for researchers to select more chromosomal specific markers from

the whole genomic sequence. Combing with fluorescence banding and fluorescence in situ hybridization
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(FISH) technologies, GISH will become a powerful tool to further illustrate the origin and identify genetic

relationship of horticultural plants.

Key words: genomic in situ hybridization (GISH) ; horticultural plants; polyploid or hybrid identification;

species origin; chromosome behavior
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hybridization, FISH) ¢ AR ot ik & f 1 sk, 35 2 5
FIEPRIC— B4/ W Rl ) HE K 240 DNA PR R R 5,
T3 — DR/ YT AR IC FE K 4 DNA R R 35
SRIE SRR ORI AT AL A 58 s B 2 D SEA LA
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AT 2 40, 3[R 4 JR v 2% 28 (multi-color genomic in
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2 [6) H 52 P 4 Y ) 5 L i s A AL B IR SF R AT
P SITEAS [FAR ) % 8 AR | 08 43 A FR AR 3R WA [\ 4
Fofr 1) 1) 2% 25 O &R By b e i P 20 D A7 2% 28 (com-
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AR U R (3R 1) o 1) 3R BUAE D X A (Ce-
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HABLW S MES  ATREh A5 K 1. trifida J
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E AR 0 FEXF 2 g 1L 4§ (Camellia reticula-
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AP TE R L 4S (C. pitardii) F VL4 10 58 (C.
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Wi 38 2 FN 70 S5O B R B bR IC . 45 IR D] A 2
BRNRIRZ MK, 459 LU Solanum verrucosum
(AA).S. jamesii(BB)#1 S. andreanum (PP) Jj £
£, 58V A A + 5.(S. hougasii, 2n=6x=72)
S, demissium(2n=06x=72) Y@K, 45 H %
Bl S. hougasii J SR SAEAR, ALB FI P 3L R 4[]
NS5 THE ;M S. demissium W Ry A HF4H
TSI B [ P8 7S A A
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Table 1 Identification of chromosome composition in polyploids and hybrids revealed by GISH in horticultural plants
o T .
i A G A A e GISH % 2% ik
. Chromosome Chromosome N
Plant species It GISH result Reference
number composition
E % # Rosaceae
P P inloi —qo— o KR A AL ] PR 5 U = A% 4K Natural triploids
M4 Natural triploid In= 3= 51 contained both autotriploids and allotriploids. [s7]
HEAE (U5 R X = %5 1K) Eriobotrya japonica (tetra- , - 34 SRk AR, 17 &5k A %1k 34 chro-
. L 2n= 3x= 51 — . L [38]
ploid X diploid) mosomes were from tetraploid and 17 from diploid.
W B R X B RS Fragaria nilgerrensis X F. ananassa  2n= 5x= 35 F*F*F*FF* 7F" +28F* [39]
F. X ananassa (F. wvesca X F. iinumae) 2n= 8x= 56 FFFFFFFF 14F" +42F [40]
16 e (0 {4k B R BT BE . 16 20k | mE Bk 16
WY B PRk Prunus cerasus Schattenmorelle 2n= 4x= 32 chromosomes were from P. awvium and 16 from P. [41]
fruticosa.
B T8 Rubus L.
2n= 4x= 28 R’R’BB 14R’+14B [36]
2n= Sx= 35 R’R’R’BB 22R’+13B
* Aurora’ 2n= 8x= 58 R’BBBBBBB IR”+49B
. . 14 Yo fisk WA, 7 453K 3 L 14 chromosomes
I [ —
BERL 4% A Putative hybrid 2n= 3x= 21 from R. parvi folius and 7 from R. coreanus [6]
= F Rl Rutaceae
B Poncirus trifoliata X Citrus aurantium 2n=4x= 36 PpPCCt 18P +18C* [42]
A P. trifoliata X C. sinensis 2n=2x=18 P C 9P +9C [11]
Al P. trifoliata X C. paradisis 2n=2x=18 PCcr 9P +9C"
KR VU A A 22 oAy S5 98 00 3% A o N A3 A 34 S T 95 4
Y HAl C. grandis cv. Shatianyou 2n= 4xr= 36 — % f& Natural tetraploids were mainly allotetraploid. [31]
while artificial tetraploids were all autotetraploid.
é//|‘ [I{ it} ><H B # C. grandis cv. Shatianyou X = 2r— 18 cc 9CE+9C [43]
_. ichangensis
2n= 4x= 36 ceeC' 18C*+18C
Citropsis schwein furthii X Nanpu tangor (Citrus spp. ) 2n= 2x= 18 cc 9C +9C" [44]
C. 2n= 4x= 36 — KSR [8] P DU 75 /& Natural autotetraploid [45]
BB Musa L.
Caleutta 4, TMP2 2829-62 = 20= 22 AA 227 [13-15,
: : : 16-47]
Butohan 2 2n= 2x= 22 BB 22B
Kunnan. Safet Vechi 2n= 2x= 22 AB 11A+11B
Wompa 2n= 2= 22 AS 11A+11S
Bluggoe, Fougamou, Praha 2n= 3x= 33 ABB 11A+22B
Pelipita 2n= 3x= 33 ABB 8A+25B
Kunnan 42 X Cameroun 2n= 3x= 33 ABB 11/10A+22/23B
Agbagba. Figue Pomme. Laknao. Malaccencis X Kunnan 0 — g 9
4+ Mbi, Obino TEwai. P. raja bulu n= Se= 33 AAB 2ZAT1B
Luba 2n= 3x= 33 AAB 22/23A+11/10B
M. bouroukou, Nyombe 2n= 3x= 33 AAB 21/22A+12/11B
Kunnan 4x X IDN110 2n= 3xr= 33 AAB 23/22/21/20A+10/11/12/13B
Karoina 2n= 3x= 33 AAT/ATT 22A+10T
Kunnan 4z 2n= 4x= 44 AABB 22A+22B
TMPx 4698-1 2n= dx= 44 AAAB 33A+11B
Yawa 2 2n= 4dx= 44 ABBT 11A+22B+10T
P HEZEE Passiflora
9 Ytk H P. gardineri, 9 %K H P. gibertii
HD15-101 (P. gardineri X P. gibertii) 2n= 2x= 18 9 chromosomes were from P. gardineri and 9 {rom [48]
P. gibertii.
HDI13-133 (P. sublanceolata X P. foetida) 2n= 2x= 22 PP 10P* +12P'
HD18-106 (P. sublanceolata X HDI13-133) 2n= 2x= 22 P°H 8P +14H
HD18-113 (P. sublanceolata X HDI13-133) 2n= 2x= 22 P*H 9P*+13H
P. sublanceolata X P. foetida n= 2zx= 20—22 P°P' 9—16P*+6—11P" [49]
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4:3¢ 1 Continued Table 1

Ju 5 Y 4]
i e 6 R S o 2 - it
. Chromosome Chromosome N
Plant species o GISH results References
number composition
2n= 3x= 30 pp 21P +9P'
i B Diospyros
fili X SR D. kaki X D. glandulosa 2n= 8x= 120 D*D*DFD*DD*D#D# 90DF 430D [16]

B KW Z. jujuba ¢ Zanhuangdazao’ 2n=3x=236 — [A] i = f% & Autotriploid [50]

—+ =2 #% #} Cruciferae
Brassica napus (AACC) X Raphanus raphanistrum (RR)  2n=2x=28 19AC+9R [51]
B. napus (AACC) X B. oleracea (CC) 2n=3x=27 ACC 9A+18C [52]

B. rapa ssp. pekinensis (AA) X B. oleracea var. 7TA+ 10C, 9A + 9C, 10A + 9C, 12A + 8C, 14A

capitata (CC) n=17—20, 26  AC + 12C [53]
BEE Solamacene
+ 5 Solanum hougasii 2n=6x=72 AABBPP SV AR Allohexaploid: 24 A+24B+24P [17]
S. demissum 2n="6x="72 AAAAAA [7] P AR5k Autohexaploid: 72A

24 Y iRk B L. esculentum, 12 % K H S.
BAXLD L sl X 5. popenicodis W=dedimdn Glisn e DR S Dopde o dromoone 39

2 from S. lycopersicoides.

12 &gtk sk { L. esculentum, 12 % ¥ H S.
FHIX £ T L. esculentum X S. sitiens In=2041=25 LS +1 sitiens. 1R S. Lycopersicoides

12 chromosomes were from L. esculentum and 12
from S. sitiens and 1 from S. [lycopersicoides.

#HE Allium

20 ZeYs ik [ A, cepas 20 253 A A. roylei 20 chromo- [55]

somes were from A. cepa and 20 from A. roylei.

S &Y Ak A A, fisutulosum, 16 ¥ H A. tu-
A, fisutulosum X A. tuberosum 2n=3x=24 — berosum. 8 chromosomes were {rom A. fisutulosum [56]
and 16 from A. tuberosum.

S &Yk A A, fisutulosum, 8 %K H A. cepa.
A. wakegi 2n=2x=16 8 chromosomes were from A. fisutulosum and 8 [rom
A. cepa.

% % Compositae

. < e .
K BB X FE K 3 Dendranthema crassum X Py —y1

A. cepa X A. roylei 2n=40

Crossostephium chinense DD DD D¢ 45D +9C [57]
A X HEH A D, indicum X C. chinense 2n=3x=27 DD C 18D +9C* [58]

JE ] 2 9 AR ROk | SEAR 48,9 Aok H L3 36
%% H C. grandiflorum f C. crassum. A true tri-
Line T3 2n=6x=>54 generic hybrid containing 9 chromosomes from C. [59]
chinense, 9 from Artemisia vulgaris, and 36 from C.
grandi florum and C. crassum.

i 5 B Begonia

B. socotrana 2n=2x=28 Ss 28S [60]
Tuberous begonia 2n=4x=56 TTTT 56T
Elatior-begonias hybrids 2n=2x=28 TT X SS 14T+14S

2n=3x=142 TTTT X SS 28T+ 148

2n=3x=141 TTTT X SS 27T+ 148

2n=4x=56 TTS X SSS 28T+28S

BA B Lilium
12 e i {k % H Marco Polo (Expression), 12 £tk

Marco Polo X L. henryi, Expression X L. henryi 2n=2x=24 H L & A 12 chromosomes were from Marco Polo [61]
(Epression) and 12 from L. henryi.

L. longiflorum X Asiatic hybrid (LA hybrid) 2n=2x=24 LA 12L+12A [62]
WEEE Tulipa
F (T. gesnerianaXT. fosteriana) 2n=2x=24 TT < T'T' 12T +12T" [63]

BC, (T. gesnerianaX F,) 2n=2x=24 — 18—20T*+6—4T"'

2n=4x=48 — 42T +6T'
BC, (T. gesnerianaX BC,) 2n=2x=24 21—24T*+3—0T'

2n=2x+1=25 25T*
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4:3¢ 1 Continued Table 1

e B Rt AL . P,
i . Chromosome Chromosome F’ISH i 2% ik
Plant species i GISH results References
number composition
BZERE Aloe
KA T SR Yok R P 257 Sk H P s Allo-
A. arborescens X A. wvera 2n=2x=14 diploid: 7 chromosomes were derived from A. arbores- [64]

=62—67

Jk{ll B Narcissus

WO AE KA N. tazetta var. chinensis ‘two-color flower’ 2n=3x=32 —

BERE Iris L.

BEERE 1. versicolor 22=108

cens and the remaining 7 originated from A. wera.

A KAl AT #5 K Al A K SR = A% R 4% B Natural triploid
hybrid between white flower narcissus (2n) and [66]
yellow flower narcissus (n).

SR G 38 2R G Bk B UL R L 70 4R 6 1
* I. wirginica Allopolyploid: 38 chromosomes [34]
were from I. setosa and 70 from I. wvirginica.

T RRHB N BEAR XA

Note: The hybridization crosses are all “maternal parent X paternal parent”

Xt 1A~ AR AR SRR 1A DU A A B R
it R YEATBF 9T 7E GISH F BR A F KR = 4
FISH BME AR R ZREMZ DAL . AR
AN R Y R 2 B R A AR I X 5 R R TR A
HAH DL R 2 K B SR 0 O U R E AT K
Lim G500 A% B Ak 355 2 BF (20 IR BE AR K5 2K BE (2
~122) DL SCBEATT Z 18] (4 5 5 2 A% K 17 GISH 43
Br s S5 R BORTE S IR A A A 3 Atk dl >k A
W& (raspberry) , 2 >3k B 2% (blackberry) ; T £
— S PRRE S UR 2 A A\ A B R R B R A
rora’ {8 (A 24 rh e IR BE AT 56 B R A L A 4L
AL TR ARG Ak, IF A X g th T A& R E 5K
Fifh oy Bl i A BLS R T 45 4 A4S G 68K 2H A8 B X B
I B 5 o M. acuminata . M. balbisiana . M.
schizocarpa Ml Australimusa J& WY R, L0 2%H
A GISH HER %58 T 24> B ARG R i 2k R 4 R
RN AL B T IR RS IE T Bl ) 2% B¢ Pelipita’
(2n= 3x= 33, ABB) Y4 A4 pily 8A+25B i
ANEFWIR 11A+22B, Karlov 2 F ] GISH $%
ARG E AW 3 FER OKRFTEE) ACEME
) LURHE A) X4 k. Nathewet %1% 5
GISH #EM R B B %E (F. {imumae) F1 PR AR5 25 (F.
vesca) Al iEAR S 5 T #k 15 ¥ &f (F. X ananassa
‘Hokowase’, 2n=8x=56) i i,

GISH WAEfd Z Wi 4 2 Fh i B e h &
7R EAE L BRI T AR A B, RE S PR
B RS KR, LT FAEFR N B, Singh 55516
W3¢ (Brassica napus, 2n=38, AACC) 58 % |
(Raphanus raphanistrum, 2n = 18, RR) 4% 3¢,
GISH £ I  W HC i 5 o3 28 4 (AR A7 o 35 B F3E

LIRS e 7 %5 N LK i 2 Y . GISH
o )3z T H 3 1 B SR AR Y ) ) 2%
A RSB I R A . Tang %57 il if GISH R
AN K K 5 Y 1% 28 ( Dendranthema crassum , 2n=10x
=90) f1 % % (Crossostephium chinense , 2n=2x
=18) M2 JF A8 (2n=60=54) EL L PEPE4T T %
JE [ AR TACBEAR M R G LR . HIk, GISH
HOR T &0 I 25 AE b BT BIHT FURT o F G 5
MEZETH,
3.3 UMEFEZXER

Py b (] 2 % OC 22 WO O 90 02 2% 52 & b A B 98
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