}’bﬁ% Guihaia Oct. 2018, 38(10) : 1404-1410 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw201712007

SI3AES: Ak, MSAE, PP, & AR At sE e [J]. ) P9, 2018, 38(10) : 1404-1410
ZHU B, TIAN GF, HE LY, et al. Advances of aneuploidy in plant [ J]. Guihaia, 2018, 38(10) : 1404-1410

v a l—"l‘
HYIEEEEHARHIRE
& o', BEAE, HRE FH
(1. SMIHTE R 2R ARl 22i e, SBH 5500255 2. Bl k2=, I 430070 )

B ARBAA (aneuploid) JEAE XS T IEH A (euploid ) B YL (o PR ZH RGN ol — 2wl A de (ARG
AR BT AR AT A A A A A 25 DR 50 2 R0 9 AN P45 PE ( gene—dosage imbalance ) |, JE #& A5 /R A~ 1111
SR IJ™ (R TYER A (aneuploid syndrom) , AR FIBLE AR /N MELLEH S A0AE, A, Ji ol SR
(R S BORT A= LT T BB 1) J R G, FRAIAMY — > 21 S Y ik ds DL (R 48 D) 51k, s, KZ
BRI U R A S P AR R, TERZ AT ARG IR XS T 3h i S N2 B i, AR 0 T4k
RS RN LR R IR B A TR 52 77 R 2 7E S U5 2 A A b . A A B AR TR 1 3t 1 B AR E
A BB S AR R KO S hRic i A A R | SO S G G R A OC R B S | HAA TG
AT AL 2OCERIR T I SEAE R A DA AR R A AR S R 45 2, A 40 T AR B AR 1 JL Ao o 28 i PR A
KRBT A M T B 83 IR 1 AE W AR B AR XS A AR AL B PR Rk DL S W35t % Jy T (9 5% i, B i)
W T AR AT IATEAE ) AL DR 207 3100 5 DA R 35t 42 80 R 7 T RV FEAE T o TR I, 3 T A 4 AR AT R F
FERHT LK | LA R ) F AR S A (A AR OCHE ) 35t A o B B RIS B8 71k

IR ARSI, RGN, SENY, BER R, R EA, R
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Abstract: The aneuploidy for one species refers to the occurrence of one or more extra or subtractive chromosomes or
chromosomal segments in the normal chromosome number in the somatic cells. Because of gene-dosage imbalance, com-
pared to normal organisms, aneuploidy usually gives rise to severe defective phenotypes, such as delayed development
and growth, stunted individual architecture, barrier of reproduction due to severe reducedfertility and so on. In human,
the most serious aneuploidy syndrome is Down’s syndrome with irreversible cognitive impairment, muscle hypotonia, as

well as dysmorphic features in newborn, caused by one extra copy of the whole or partialchromosome 21. And the majori-
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ty of solid tumor cells show different complex level aneuploidy. It is long recognized that plants have better tolerance to
the impact of aneuploidy than animals, particularly in allopolyploid plants. As rare but vital germplasm resources, aneu-
ploidy in crops is essential and powerful for these genetic improvements and advanced breeding studies which are focu-
sing on confirmation of the physical location of valuable genes and assistant markers, and transferring of desirable genes
from relative species in cultivars. Aneuploidies are also taken as convenient materials to identify the relationship between
chromosomes in cytology and corresponding linkage groups in genetic map. In this review, we provided a concise but
comprehensive review of recent studies in aneuploidy plant, in which we introduced some important mechanisms respon-
sible for the formation of aneuploidies, the transition of identification methods for some typical aneuploidies, detrimental
effects on organisms and cells caused by unbalanced chromosome, and gene expression change and epigenetic alteration
of aneuploidy compared to normal organisms. And we particularly discussed some potential values of aneuploidies for the
research of genome evolution in plant, and introduced important function of aneuploidy in allopolyploid crops to improve
their genome sequencing and genetic improvement. Meanwhile, we sought some novel ideas and methods in the aneu-

ploidy reseach, and also discussed the possibility of some new insights intogenetic improvement and advanced breeding

AN« AR B AT AT STt R 1405

with the aid of aneuploidy in some crops.

Key words: aneuploidy, gene—dosage, high throughput technology, genetic improvement, genetic recombination, epigenetic

AR T4 A5 K A= 9 (euploid ) T & , AF B A5 K
(aneuploid ) #§ & A 1 Y o (R 50 H A 2 1A% 19
&Ny T B B LA B3 TR s b it
TS B AP 1 e R R, e R B H 3
TN AR FRAE A 14 (hyperploidy ) , 44 (A /A% H
I A PRBEPR AR A% A (hypoploidy ) | UL B4 3IF.
fER E B A B4R (monosomic) , BIVAR X F — A5 KA~
YA (2n) B — S8 Qe AR R MA (2n-1) 5
B (nullisomic ) , BP 20— X [a] P8 G € 44 7Y 4> 1k
(2n=2) ; HAEAR A =44 (wisomic ) , BRI in— 4% Y
AR AR (2n+1) 5 UK ( tetrasomic) , BV 384 i —
X IR G AR i A (2n+2) , FHER TREAF K, I
RS A A 3 RS S ™ A S, DR TG AN 2 B AR
o MO TSR RA Y b, B R A
PEARRE B A (recessive aneuploid) , R~ G (6 %%
H 5 E WA AR E , AH— 45 () G 6 4R Bl H 3 5y
[Fi) 0 4 € 0 T 2R AR, DRIE % £ K 2H 7K1 B 9 57 1
AT, AENZE T d o BLRY B ) O S BORT A L
B IR 0 B IR EE G RE , AN — > 21 SO
PRPE DL (87345 V1) 5158, oAb, R 2 50 98 40 il
SRR A N U A AR AR, s B TR
orPEGe R B AR B AT A Y 2R R AR AN A
HR 2 XA A AN TS S, AR T S, dE
Poxh FE R A5 R 2 B B v 0T A2 0, HLX T g A%

BRSO A AR AT R R N W] 245 Y 3
& B Fob J5 5 U5 ( Siegel & Amon, 2012) , Z % i 3K
FE 7 3R sl bR 0 A B B B T T g B
TRIXT I OE R |, L R A I S R 4%

1 EERERTENRERER T %

AT AR 77 A i A% T R A M A 22 sl 8 B
B RETh R O R R r E SEB, AR TR
24 53 ZLN I S O3 B AR AE T 2o A B iy AR R A
A5 A AE DR ZEITHIBT 0 A AT AR 7 A AR A
NSRS TR 0% S0 SR VIRENIUE | iR

A PRGN 5 245 Fe b, TEH R B (AR 2
YRR 7 A 1) 9§ 22 3% 5 | A IR G (0 B PR AT [ 79 A
MEAT 70 BB, e R vh | 24 22 19 S B4 5 B Gt
ik b 9 fE 22 4 3% 7 5 b (spindle-assembly
checkpoint, SAC) ( Musacchio & Salmon, 2007) , 40l
RN P TN IE R 1Y SAC B3 SAC YR RR
JE WIS A (APC/C-Cde20) 8 ik, Y A 1k
Iy R I S R 7 A AR AT B 0 (T
T) s IR G (0 BSR4 ((cohesion ) Y Bk [ L
Ky Tl ) A 2 3t g €0 A ) S O S A
T 7 A= E 2% R 41 it ( Musacchio & Salmon, 2007 ;
Ganem et al, 2009) ; 35 22 R0 {4 1Y W A2 o BE T2 2L
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JEHEAA T HL 2 32 ORI Y R S o B, 2R
Yy PS5 X BE 7 A AR AT VR 40 (TBC ) ( Siegel &
Amon 2012; Ganem et al, 2009) . ¥ FHYIM 5 ,
W T AETERS VE 0 78 S5 | A (6] A% i [) 2 52 5 [ml 52 mp
RRAEWN: {:0E | £ 8 R Ny PR ok o DL AV /3% N
(Sears, 1954 ; Chen et al, 2007 ; Zhu et al, 2015) ,
Weoh  FE W) AT 0L 5 2 2 W ok B b i T A AE A IR
FE R 4H B9 ( genomic shock ) i RS, t RETE Al —
SR T A S R AR A ok b B0 4 A S O D A A Tk
R I G B 2% 38 LB il (Hua & i, 2006
Tu et al, 2010; Zhu et al, 2016; AR5 ,2017)
R AR B A5 AR T 35t A% & b 5 D 1 AR AE
ZRR T AR S, BT A A e 6 {41 1 4% 7
O3 MR IR T UL S T G R U — W) B
(g AR A% AR AR E 1Y, AN R A G (B AR HE R B
oS ge 5 X, DL K B AR T T A AR 25 57
AH R A0 3 8 A i T 5 A DX TR B T A
MR AE RIS (Young et al, 2012) . 7F I 5
fili F O RESE AR SR C Ak G ik BT e R
FIRET PG IEAL A AL H AR (FISH) R A7 M4
I3 HT (Duan et al, 2015; Jiang et al, 2016; Zhang
etal, 2017), M T FISH H.A % (1 o] 48t 1
WA, TS S A ) e AR 7 S S I L, PR T
12 N7 FH 3 A8 ) 1) % 8 53 B B ) A R A A 4 )
W ( Mestiri et al, 2010; Xiong et al, 2011; Zhang et
al, 2013; Zhu et al, 2016) . 4R T4
SR T BRI A # £ 1A 2 AL Y Bt (Pavlikova z et
al, 2017) {HAE 14 X F 5 A 4 4 K 9 A 2L
b BT e K 7 51 T K 1 R S M T AR e
THA W G BRI, U 2 R B A
K ) 4 % F B (Kang et al, 2014; Chen et al,
2014; Zhu et al, 2016) ,{HIXSEFRICIETE AR W%
PRic, AN REA 80 Sl Hh g% A 1 5 DR 3l
$ili B A0 L 2 B9 F B (Zhw et al, 2016) . B
0 0 e R 19 i T 6 RNA (mRNA) 1
BEARHBERA, BT 2585 R KRB 5 H 1 I
FETELME R PRI L T 4 B 41 RNA I P AR
AT LAE A A e — AR 0 G R 2 PRy i
W B2 10 21l B A% 1R AR 11 %58 1 ( Letourneau
et al, 2014; Zhu et al, 2015; Zhang et al, 2017) ,

2 AR B AR XA ARG R

BT AR R AR B AR AR ST R W, R
RARATEAEAE R R B et st T, B AA IS T
ke AU 0 R IR L 0 R B B, 20 429,
Boveri TE LA 4~ IH ( Sea urchin) 4 41 Jitd 5 — 4~ B
Y SZAE & B G IR Th g 8] T X R ESL R F
BRIEILZ (Zhu et al, 2015) . Torres et al(2007) X
{0, B — BT B ( Saccharomyces cerevisiae ) F&
LI AN — 2R B — X B2 B 22 e AR Y b1 ) s A7 2R
A AL B[R 3Rk B KT 1 R G850, 45 RE
ST X SR B AR RAFTE A MG B G, X TR
K (Zea mays) .JKFG (Oryza sativa) . JH =% ( Brassica
napus ) XANFEIT (Arabidopsis thaliana ) W AR AEARF
FEAMAESE T8 ) A B AR AR ) A A7 7 3 b A K Bk s
(McClintock,, 1929; Singh et al, 1996; Henry et al,
2010;Chen et al, 2007) . MWAHX; TS W1 &, FHY
Xof T ARREAR A AR 5 Wi A B G 03 O, X T B
3 [ 5 R sl [ 050 e AT 114 ) i A A2 S 3
(Siegel & Amon, 2012) ,

AR BT AR A AN A5 o A A 1 B PR SR 3K TR R
TR AR RV AL A A, HOX R AR {2 4 F A
B9 ] 515 1Y ( Letourneau et al, 2014 Henry et al,
2010; Gao et al, 2016) , Henry et al(2010) 7E{LIFg
IrARRE AR B 5 S5 AR A I 3 e fR 4 T R A
A TR A AR IR B A A B A 1) — SR U6
XBEFRE AR 52 AT RE Sk H R WIS AL 1y 2 4k B S
X MR TE /N A AR A5 S 4 S DR 20 WY A 1Y
s AL 5 I LIESE (Gao et al, 2016)

CIE S IE  SER R NS K

HAE 20 thad 30 440, R A stk = e &
( Datura stramonium ) I = V& fi ¥k 2 B Hb = % &
(triploid ) FH B B 0 7 H Y % BB  BE S 6T R
KA 1 AR Al B AR AT AR AR R R SEWT ST R
ST X —45 R (Guo et al, 1996) , F:TFixLbsdh
Birchler et al(2001 ) $& 5 T 3 A 21 - i 56 ( gene/
genome balance hypothesis) , fliIA N 7E I AFAA
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A. Stoichiometrically balanced regulatory complex

:xx“l.
VN

B. il B A T i
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C. K 2 X 3 5
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X Xb
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184 It 2[R T & #y Ak R
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EFRMY

—
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EwRMY
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B R RIRIREE A Yt BB ( Birchler et al, 2007)

Fig. 1

P — 3 G o R S B )Xo T 0] e R 1 2
Ry, G A% 8 A 2 T 8 3 T e, DA T 3 B
TE R R S BE ARG AEA (B] 1, 51 H Birchler
et al, 2007) . Bif5 , 5L A B BETE LI I L oK
LW ( Drosophila melanogaster ) . H Wi AU 3% | DA K
W/ NFE ( Triticum aestivum ) A BEAFIRAAK PSR 5B 43
iR 4 B R R TR 3R GA 0 AR DG B 5Y vh 5% T HIE 52
(Huettel et al, 2008; Guo et al, 1996; Malone et al,
2012; Makarevitch & Harris, 2010; Zhang et al,
2013; Zhu et al, 2015; Zhang et al, 2017) ,

4 HEWAEEGEAERLIE TN
& H

4.1 M AEMFBEEECEXER
TEAEY) S AR S Sh W b AR B A% R X B 52

Model for stoichiometric balance of gene regulatory complexes

el AT /0 | L AR 40 7 A 5 TR 3R 3K 1) 5] £ A AL
il , P AR 22 Al A A 2 AR DUAE I Ok, 31X O AH
SRAE ) 19 388 4% 43 A7 B ol B WF o8 4 4L T XE AR 1 A
B, A AR R AT AT L5 i 5L ] B Ay AR e i
A, A T B AR B 5 B | o i PR S
R X R G 2R 45 (BT UK S, 2002) , /NEZ IR
R4 5 34 5 1R 6 A 3 BT 0 L B R 28
Niemeyer & Jerez( 1997 ) i iz Il 52 /N 22 () — Z 571 B
TR AR 2, 4 5 8 05 TR 5 TR TR 6 B /N2 4A
4B Jeafk I, 228k /N (langdon durum)
HEHA DL S PTIT 5595 JE X, Hussein et al (2005)
ok 6 g A R CRE kL N FZ( Triticum turgidum
AABB) D 4 o, 14 41 A4 3 Be 45 95 1 B 5T 4 A
KL/NZZ BT 55 5 B TR E AL 3 T 6B il 4A B A fK
b XTI IT 2 A AR AR R A B S (Henry
et al, 2010) iE 5 A [F] G4 €8, {4 X T~ 38 484 (14 A0 1 51
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R T H A SR Bk — X C2 e ik iy R B A
VR RE B IR TR 40T, W58 T C2 YLtk iy f7
WAL AY 3 QTLs ( Zhu et al, 2015) . Geleta et
al (2012 ) 38 2 0 42 55 19 1 35— H 1 SR MBS Jon % 3k
17 PCR 738 50 H7 , 4 64 XIR: 5 SSR 594 & B A
[ C Ye ok b 3 2o S 5 | Wil R i 7 i H ik
T WE AU 3 i gt 4% 1R T A AR YO
TES IR Z A AR Yy b, b 395 20 [ 95 % € 0K 10 b
PENL] , — 28R 5 UL 1 PR R ( monosomics ) | it 4
(disomics ) 8% 50 4 (4 £ 37 B K, 191 An e S U8 S A% AR
IINZZE T e ) — B A R S B (Sears, 1954) B
B, RT3 B8 R Y g5 4% 2 S AR FRATT B A T
FEM T e T /N2 56 R AR 454, 3 4 T D e o 1k
MAHE IR, B, BT — BN 1 B AR R, R
FH chromosome—base FM ¥ 77 15 LD 4l 2% 1 7
R/NAZ IR 17 G B9 REEI 4115 B, (international wheat
genome sequencing consortium, IWGSC, 2014)
4.2 EYFEEFEERSERESEEREYNHELE
Z A8k (polyploidization ) 1 4 8% 1A hy J& A7 4 i
IR — A E B Ty, SR ST, 49 80% 1Y
T & D SOETE & ) 20—k 2 A5k
2 (Van de Peer et al, 2009) , H & A [6] ¥y Fh 42
38 NI B BE DR A IS T 1 S U 2 AR 58 T )
Fofr ] 4 35 £ il @13 1 BE Ol R L 2R,
FEA RS i 3 P ARy T M T AR
A (Chen, 2010), EJLAE, IR EZUANT A
SR ECE A SR T NIIE B S 98 22 A5 R Al U
ALY 5 R 2 A AR i BEAL DD AR (AR I R,
TEN T B A SR A ML Y 5 8 2 A5 R )5 AL
i A7 7L R AR BBRIE R B AR A A (Mestiri et
al, 2010; Xiong et al, 2011; Zhang et al, 2013;
Pavlikové et al, 2017) , Tl EL7E N T4 Y 5 95 Y
FERH W RIS (AACC) |, 7S A% R /N2 (AABBDD)
F18 e T AR AR A A R AN AR SR A ¢ e 1Y L
(Mestiri et al, 2010; Xiong et al, 2011; Zhang et
al, 2013) , Jerp Xk A 16 R AY1 0004 Bk A
T B 75 A% A /N 22 4% R R F 58 & B ( Zhang et
al, 2013) AF R M RR AT 55 T B BR R 20% ~
1009 FIFE R, R IRAESE T B 2 K 20 3 (R i 75
by T ORI, A KR R G Rz TR A

CHRMNHAROHKR IR E BPT]SRE
Tragopogon miscellus & H #& 5 e 5 ¥ 19 — Fh 5=
B2 AERAEY) B IR TAC M, il 20 H 2 B
MR 51 A B A% 1R HE W Tragopogon dubius F
Tragopogon pratensis (2n=12) % H IR 3 Y (o ik
HMAEIE W, KU 80 a I i 4k Iy 2 (24 40
f) . Chester et al(2012) LI £ 41 43t LA B R A7
Z S BOR T B IZ ) (8 A [a] BEAR 547 4% 84 )
KB AR Ao — A REAR AT 8 7Y % B 20 A
69 % MIHE Ik % I — ZR 50 2 2 e (IR iy JE A%
P, Ferhi ik 85 % By AR AR B AR B A% 1A (hidden
aneuploid ) , RU4H A 2 A5 R AR 0 Je B (R % H 1
Je AR AR TE S O B 20 W) PRAM 55, T
12 R4y TR R AN AR N T B H i B S oS
F A /N A IR 52, T RE TS 4 K PR3] S 2800
ARG IR B IR B 1Y 32 229 SR HL ] ( Xiong et
al, 2011; Zhang et al, 2013) ,

X Be s T BE U E R A R A S IR 2 A
ORI AR AR 2, X
Xof T S 2 A5 A Y AL T BE 2 A AR, XK AT BY
THT AP S 7 A R Y 35 A AR S DT 3
P, PR3 T IR G o A ) g MBI Rt A B T
SR Z AR P HEAT AR, X RNTE BT G Y
SR Z AR Y T AR R AR R AR B ET
JC 2R GE 0 kR, 7 00 AT RE 2 b T SR AS ] 35t 4% W) o
AR ANV 38 B, BN 2280 20 48 1 8] 19 22 5 55
4.3 EMEREEFSLEHEAR

7 S FVEE ZH 0N Oy S 7 A 38 AL Z AR R P
BEACRR T 2 SO M A B A R AR 2
FEPERY FZ AL, HOB ARG s T R AR, T sk
SRR A B, AR B AT PR W LR i 2 v S AR Y
YA, Nicolas et al(2009) & # H i A3 5 1
SRASSIE LAY AEF A% A (AAC) H: T 95 5 201 #) 9t
R T DA A H B S IR B AR AR Y C
R 252 A JE R 20 19 8 4, Suay et al (2014) DA
i f AR 2L B 5 SRR L, AT — RS
BRI [R]85 H Y C 3 o i JE B A5 (AR ik, X 3 28
JE AR R 1AL 0 A R AT Y C 2 e A
J FpPE DT g% (8 0 (%) &5 5 X5 S (] 5 o 2 ) 0 R
2E5r . HIERNMSE S HOE G M L & A A2 it &
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T AT AL & H s B 3 3% Yy @ 1R 4 1Y R 2 4% R and quantitative traits [ J]. Dev Biol, 234(2) ; 275-288.

P , Zhang et al (2013) XJ H W By S8 518 & 58 5%
KA G a2 A B G R % H o 38 11
B B B S HE AT o T AR e i R B, S5
J b 2R A A T 43 B A5 B 00 H 0 AL S A 5L A
TR ARR 2 5, X EEHFSEIESE T R A%
ANARTT LS G AR B B DRV 7 AR e R B EE A X
AT A s AR Z AR W] O B R B R R R
{H 32 A5 2 E A R 1 SR PR RRAE | 3 75 2 AR H A
8 A ) A e R A A o LA SE

5 k2

Bt i R B K DR A B SR |
HEHE AL | Chip-seq % 4 % Y BF 58 T B B XHE
WA A AR AR AT R G 00 B R IR A T iR R B
A 240 L S A AR 18 G R 48 75 R i R AL R PR 3R
Ik FRUB AR RHLEE T ARk X R R A A
4 PR 2 R PR 3% 35 BF 9T 52 A A% 1A 5 TR S i 3R
IRAALAFAE T 85k 2 B33 I (9 e a4k b O XA
F) i Bz 43 A0 T8 DUER oA /) e a0k b
(RAAMEH) , X — RO R 5 AR B R i R A
A5 Ak % ) AH 5 ( Huettel et al, 2008 ; Letourneau et
al, 2014; Zhu et al, 2015) , MAh, —2L T 245
(LNIVE| 2% Ny NN 1 (- 7 B SIS AR O =S
PE, R i EROR T DU R — 2 57 Ok e R 2 A
A i 5 PR 2 A 8 DA R i TR A A X (TWGSC,
2014; Zhu et al, 2016) , [AJI}, X TR B A AY T
ARG A B T 48 8 B DR ) ) TR OG &R, 4,
NI — L8 35 A% 5 0 B IE 52 5 A B A5 1A AH G (171]
WRE REEGAE ) |, I B4R 1 A 53 0 iE 55 K 22 2000 i
S 20 i 5 S R A A TE DR R OC 2R W A A AR A
RIS AL LB 48 78 A B o N e Zh iR B A A
P P A AT AT I R

SE .
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