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VIR FLIE IR T A3 5 A, 2 RES2 R PT DASEB g B3N AN RIE R AL — PR, 7E =R F b BT UL %
T2onle FRlG . SRR MA R R ER 232 IRALE TR M Rtk 2e 52, il = (5 R 5 0 BRI R e 2 = 0%
PRAIT 7T SE BT KB

KEIE A, 2nlil T, fRPERIZRAS, IRILIEIR, BRGNS, AR
TP, EHF, 4K, 28, FHIE, &6, ABRE BVK AARM (2021). RAR =4 k. SE5MA. H17
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TE ZAEARY R AR A v, 18 58 BE R A R 4
OARFRA NGt b2l . =542 A 3B YL R 4L 4
Wi B ANMA o [ = 1% 14 (autotriploid) it 3 Ge th AR 4
H [A— ¥ &, 40 =£%4& 74 /K (Citrullus lanatus, 2n=
3x=33). i = {1k (allotriploid)f)3%E YLt ik 45 H
23 MFE, W =154 B (Populus tomentosa
x P. bolleana) x P. tomentosa, 2n=3x=57), —ff{k
AR AL AR SE SR B ERL ToFF (D FF).
AR KR S A B A R AR PE (ST SR, 2018).
A DR RV AE FAE R SRR b C BN H
Wi, (B LR A E 74608 BARKIR A RHED A%
B, HAT, B RARAR =R A RS, (H
TR Z RGNS A SORERARR AR LS %€,
Ik — R 5 Z 450 1 I R AR = AR ) B A (A
RLFHHT S, DAEAA R TmIE AR R AR = 5 1442
.
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1.1 2nEFRt&
AR AL IR Kok T T P 24N K 4 e iz
R, 1MEHR SRS TS T, 5T
& Nl AR AN, K E BRI %)
) (FMA); 15540 i 5 20 B il & T/ o] A2 I 5L
i, KB REIALEI NI K E R Rl Kk St
EIE, BEEIRMIFHR) (E1B). i 1L H i 0 R
FEA A EROE . BERC @ i n+n B AR T OB R
FRE T, dRERERAN —FHE(EIA, C)o —fF
A SR PR 47 A R 20T T (A5 M4 iR e e R K H
AR R 5 B A5 P T 7 (n) i@ 3 2n+n AL A 5 5 20 il =
kG 7 (BME).

HalT, N Rk AR EREY) 2RISR
2nfid T LA (Loginova and Silkova, 2017) (&
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2)o JETI> ZLNIAAH ok e (0 FLAR 4> BIFE R IFDR (first  FDRZAELSDRA! H 4 4 Fl(Younis et al., 2014).
division restitution)®!2nft 1 (K 2C)E/R KFEE E 4% HarlanfliDe Wet (1975)I\ AT A fE Y #E L5 =
BT ORAM AN, MEE RN HK RO RER P A2nEl T, EPF R AR KRG
7y B EFISDR (second division restitution) ! 2nfit (Oryza sativa, 2n=2x=24)% i fg B K= 46 =%
T(E2D)m Edi G . Kk, EEEREAREGETH  R(KESE, 2002). 7F 5 1AE £ iR (Alopecurus

o LR ,f
B

C ISMNEFREFTHHE
Ak

ERFEAN
I HE R

OrS

el e =fEET TERRA N AT

B RAR e AR
(A) R 5 400 SRS 22— b A 5 T AR (B) AN 5 o SR S 52 K7 2 A3 P R TR % 5 O 3L
(C) ik B FEESRN T8 R K 1 A5 #; (D) SBILIESLALABE FM = (s (E) Mt 2n+nE RO RIEREA56; (F) iliid —
I 5 VR DT £ (2n=dx=AAAA) 15 — {5 (2n=2x=AA) 42 £ FRIFIE = fi 1k (G) S IUA% 15(2n=4x=AAAA) 5 {5k
(2n=2x=BB)A%e & FR IR = it (H) T 2R R = fi ik

Figure 1 Pathways to triploidy formation in Poaceae

(A) A sperm fertilizes an egg cell to produce diploid zygote which subsequently grows into diploid embryo; (B) A sperm fertilizes a
center cell to produce triploid primary endosperm cell which subsequently grows into endosperm; (C) The embryo develops into
diploid plant through in vitro culture or seed germination; (D) The endosperm develops into triploid plant via culturing in vitro; (E)
Triploid formation by a 2n+n mating; (F) The autotriploid hybrid produced by crossing tetraploid (2n=4x=AAAA) and diploid
(2n=2x=AA); (G) The allotriploid hybrid produced by crossing tetraploid (2n=4x=AAAA) and diploid (2n=2x=BB); (H) Formation of
triploid by polyspermy
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bulbosus, 2n=2x=14) { AR EEAAR, 5K, =5k E
VU544 3177 (Sieber and Murray, 1979). {E22/ 1%
4K F (Hordeum vulgare, 2n=2x=14)/##, ={%
RFE IR & A2 70.01%—0.29% (Sandfaer, 1975).
7£ # 16 5 (Anthoxanthum alpinum, 2n=2x=10)"2n
Bt 1 1) & A % 96.3% (Bretagnolle, 2001). Xf+74¢
Bl24 Y Fr60 M AR B S R B, & 2l 1SR
BN AR 22 D0 L AE 3 3 A (38 5 R R R 2
RAEFE<2%), I HAER 2 MR, Xtk %
7 A A AR 200 T ISR AT BELE 2 A AR R T i K
¥ 4 AF ] (Kreiner et al., 2017). fE[A—HE4, M
B 2n B ¥ B9 K A #F A — i (Ramsey and
Schemske, 1998) . MY > (Dactylis glomerata,
2n=2x=14) 2nMEft 1 & £ % N0.49%, i 2n/kEl -+
K N0.98% (Maceira et al.,1992). % F2nfi 1
KA, TE2x/2x T d i 5 w5 1 2 £ L (unilateral
sexual polyploidization, 2x+x) i =% 4 [ 40 % iz
i Tl XA A P £ % 4 (bilateral sexual polyploi-
dization, 2x+2x)J¥ U544 K83 . filan, 7EEAEr
H2nfic T 1 i = A8 1A 1 R A 238 0.2%, (H AR LV £
& % 4 (Bretagnolle, 2001).

SCER, 2t rlE IS BRI . (SR B
V] 2 A AR A oy R AR AR SRAT  2nL T 1 R AR 452
WEE), H R TREREGER . Aahd il sfE s T
] BRI 2n S TR 1 (Younis et al., 2014). fil4n,
W7 R (Rosa) )48 2F 2 #& T-36°C i Al i &i2n
HERE T & 4 % (Pécrix et al., 2011). fERAFR} 1K
IR B2 3200 1 K A2 R WARIE . N,OFE 3
fi3%(Van Santen et al., 1991). & K(Zea mays,
2n=2x=20) (Kato and Birchler, 2006). /NZZ(Triticum
aestivum, 2n=6x=42) J. K7 (Dvorak et al., 1973)]
2nfic ¥ FHUS ) o 1] TR AEAR I 560K R 15 5 2n
ER I IRAT AR = fi5 4k (Kato, 1999). Fbi ] 2k J& 7] 4%
P = AL 2n 0 1 1 2R AR, A TR
(Ramsey and Schemske, 1998). Mason%(2011)%>
BT T 3% 252 J& (Brassica) ¥ Fh & HLFy 2 Fh i 2n i iC
TRAER, RIS HHEAHZE(B. napus, 2n=4x=38)
iR B R AR (0%-0.11%, T #4118 70.03%) ik,
T H 3 B S B 1V F F 2 b 1) R A2 22(0.17%—3.29%,
FEIME 91.55%) 8 E e 7L, PhE] 28 PR SR AR R R 4
2nfie T K E IR E . Zeng%(2020) & BL7E 4 16

(Cymbidium ssp.)f% 4t & B 2n L 1 K A2 N
0.15%—1.0%, 1fij # [8] 2% Fh 24 2.5%—4.03%;  [7] i 1
FN ] e TG I T A ) A AE AT T i
12, 2nHC - (AT B AR B8 a0 R80T BR AR [
1) 5 A% AT e 3 B 97 B AT RS B 5 23 432 [ T
FE E2nBic 7, fnflE§ I (Arabidopsis thaliana, 2n=
2x=10)#ffjcycal;2/tam (SDR*Y). osdl (SDR#!)FI
Atpsl (FDRAY)Z4%14(Brownfield and Kohler, 2011).

1.2 fEMEZ3Z

N L& R A5 h4x2xa2x/4x7 4= (Thomas and
Chaturvedi, 2008) (FI1F, G). i, it F K Al hn
%1548 % (Eremochloa ophiuroides, 2n=2x=18)f 1
TE R H14x 55 2x 24 38 345 [Al YR =% 44 (Schwartz et al.,
2013). 95 2x/4x3R15 AR =54 (B, 2006). 7K
&5 /MR AR (O. minuta, 2n=4x=48)24% 315 7
T AR (TR A4, 1994). FEANMRIE R KB I 1%
IEAENAA, T DU s A (CRe ) 72 N & s DU A5 44 ) i
B MR REA . BN, IKFEAX/2x IR AT 45 5 5
(0.42%—1.64%) = T H = 22 14 (0.20%—-0.85%), fi%
P[] 2% 52 [R] Y5 =5 44 5% #2.(0.07 % ) I AIS, 2% 28 Je i
Bl AR RORT $2 T+ = A 4 R A P 19035 2. (0.78%) (B
FA PN =, 1999). fE4F + (Setaria italica, 2n=
2x=18) 4x/2x1)2 100/~ 458 J5 AR 159 2|50k =514
(KAE#N0.24%), [AEARBESRAF =54k (1 A 5%,
1994). Hpoi, uTA B R AR =KL
AR A AR A 5E (R 1) . AL, =2 (Sorghum
bicolor, 2n=2x=20)%f54 B 28 7= 4 1) = 5 4R 7T GEJR
Tk ES 7 AT A B 5T A 53 47 A 2L - 5 9
By ZAIA 2L R ZA IE 73 2 XL T 45
4 (Erichsen and Ross, 1963); DU fha) 432 F 44K
HA N BE R AH 25 R R TR R = A5 A (T 5255, 2004).

1.3 ZETH

51 £ L R 24 K 40 i (n+n+n) T B = A5 A 1 (18
1H), TRZ K2k (polyspermy). %4 52 ks A R Ak
T BH L 2R A R AR, B iE 2R S
(polyspermy block)#fi &+ 1 A5tk (1) k&
E K U 5 R 5 A B o 9 B BBl o7 7 B A R
I [/ % o7 B3 3o Ca ™ e it Pk i J5R S50 F) i ok 44 P 2
SO O & BT B A 52 T DABHE 1k 22 42 (RS 40 g N
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(A) 55144 AR LU I H T RO S Euk 4 H Y, (B) I o il A B 22 A% AT A DY i A A6k BEAH i 7 A PRD AL 2n e 1, Gy 2y
(Falistocco et al., 1995); (C) 7k 7 ZL1HA [R5 4L o i JE FL X Al 43 2498 1 1 FDR AL 2n i 144 £ B3 Ik S5 21 A BEANRI BT SEA L A
W4eM(Filho et al., 2014)f1 &4 B35 (Chen et al., 1997); (D) 7EIHAL 22 I /3 248 A K (¥ SDR AL 2n e 745 (7 81 KR 41 A
BAMUIER I T 21 B R OEEI AR K20 T, WL AR (Chen et al., 1997); (E) 7ERE S ZIHE - J (i LLAH IR G (4 84K 73
B, HAU MRS, BEJE AR 2 2B RIMR B 2nEE T, 407 4 (Lim et al., 2001); (F) JRE 24 15 % 128 A S 544
KA M B S R 5 T s PMD 24 2n it 1, 4044 2 (Bastiaanssen et al., 1998)

Figure 2 Mechanisms of 2n gamete formation

(A) Chromosome numbers of normal gametes are halved compared with somatic cells; (B) PRD (pre-meiotic doubling) gametes
are obtained as a result of the tetraploid pollen mother cells formed by cytomixis or syncytium, e.g., Dactylis glomerata (Falis-
tocco et al., 1995); (C) In the FDR (first division restitution) type, pairing and division of homoeologous chromosomes do not
occur during meiosis |, and the FDR 2n gametes maintain all of their parental genes except cross-over fragments, e.g., Paspalum
jesuiticum (Filho et al., 2014) and Lolium perenne (Chen et al., 1997); (D) SDR (second division restitution) gametes with two
copies of non-recombinant chromosomes are the result of the second division omission or cytokinesis abnormalities after normal
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anaphase Il, e.g., L. perenne (Chen et al., 1997); (E) IMR (indeterminate meiotic restitution) gametes were discovered in Lilium
longiflorum x Asiatic hybrid (Lim et al., 2001), in which some chromosomes are separated as univalents during meiosis | whereas
the others are separated as bivalents, and subsequently the second division omission occurs during meiosis Il; (F) PMD
(post-meiotic doubling) gametes occurs due to the genome doubling of haploid spores during microgametogenesis, e.g., Sola-

num tuberosum (Bastiaanssen et al., 1998)

| AP =GR

Table 1 Triploidy cultivars in Poaceae

BEA AR w44 A& 2R
Hh 2F #(Cynodon dactylon) e FHR(C. Tifway. Tifwayll. Midiron. TifEagle. ®iJ}Er Kamps et al., 2011

transvaalensis)
2n=2x=18

2n=4x=36

Tifgreen. Tifdwarf, MS-Supreme.
MS-Express. TifSportflChampion
(2n=3x=27)

#(Miscanthus sacchariflorus) T%(M. sinensis) llinoisF1Freedom (2n=3x=57) AERTEYD Perera et al., 2015
2n=4x=76 2n=2x=38
T K (Zea mays) PUREMRAE(Z. E215(2n=3x=30) T AR £ %45, 2007
2n=2x=20 perennis)

2n=4x=40
IR BE Y5 K (Tripsacum  dacty- $50IRBEHE R (T. Verl (2n=3x=54) WA FAEY) Springer et al., 2006
loides) dactyloides)
2n=2x=36 2n=4x=72
# 4(Coix lacryma-jobi) KAFEY(C. aqua-  F44(88 (2n=3x=30) FERED MEZL, 2017
2n=2x=20 tica)

2n=4x=40
% %5 (Pennisetum purpureum) EWREEEP. 45 (2n=3x=21) T A X 1E 5, 2012
2n=4x=28 americana)

2n=2x=14
FE MR (P. americana) S E(P. purpureum) [E446%5 F4HERG 15 (2n=3x=21) T FAEY) M-F4%, 2004;

2n=2x=14 2n=4x=28

MRehm4E, 2012

§i; (2) 4= B % ¥ (physiological polyspermy)fE £ k&
GR-F A G BV RS 1N RS Z, TR IR AR A B
% (3) R & THULE R HIENGEIE, 3+
H 2 MK T I8 O AR ] P2 A 2 s 4 2 b0
(microtubule-organizing centers, MOCs), MOCs:#%
IR R E RN, FECE T BRI I
A (Nakel et al., 2017). # 7 HE Y3 EE I )3 i
FERONIAZ fA il Or & 1 00 5 1%, Bk 2 R1E
S BIA TR, WRERIE I B 20 i o 1) 2R A8 20 W i 3
H A ALURE s 51 168 5 BE AN IRER, SN e &
75 I VR Bk Bk L i A L A B A e, 2R A8 B
FERONIAZ {Ailig 1k, JF5 2R e & HBE L R
i 45 4 3T % 5 72 AENO; NOXTALLURE1s 3k A7 W1 i
FEAAE N 5 A ALURE S IR 79 W I3 i O v, 0
il L5 AR AR EAE D, A 0] 5 RAEH B 1R 51 RE
JIEEIN B, AT 5 22 I R (polytubey), HZFH
1% ¥ 52 4% (Duan et al., 2020). t1T Y40 i bk = o
OB, FF AR EATHERZ 7 203 FE T Gt 73 B 1)
gifEfk; —BZRIEHEBIAMSR, EH%THEDTIE
R ZHREE F A READIET. . ZHE 2RI %0 R A,

AL G AR A e BOR TG VE IX 3 = A 44 ol o) M ik
Z(n+tn+nEi2n+n) =4 Bk, A O 2216 (Hagerup,
1947). E>K(Rhoades, 1936). =% (Erichsen and
Ross, 1963)H1/N3(Suarez et al., 1992)) % ¥ Z K
MR — B AAERCHEN, Sh= BRI Y FiEE .

I JLAE, BEFCIE Sk 205 2k = R 4E K FE(Oryza
sativa)FI#LEg 7+ 1 m] LUk A4 . Toda%%(2016) & Toda
FiOkamoto (2016)fli FH Ab7E7Z % 5 )+ 45 il T FKik
Y1 5 I H2B-GF P kS 4t M A/ 9 Al xf 5, F 7K 75
RHNZRER &, B2 RS, YA K T KEZ
FH T 2M R IBRQM %L E S I RS
2SR G 5 TS O AR Rl ) S AU B (EH);, 2
AT X GTEARAT N IES, Aot G4 H
GUE TR B = 5 AR R - NakelZ(2017) M 2 1 i il
=2 K2R R T H HIPOD, % T. H H mGAL4-
VP16/pUAS25H: ik . 1647 55 A 165 RPSba i3 8l 145
i) B S 5 5 [ 7 mGAL4-VP16, H R 55 Bk 57
Pk bar £ 5, {68 56 A2 Erbar kK, Jofe s
WOE T, barZ KA TUTBRRAS . e — 0k s A =k
1) &)y B0 Bk R ORI R AE B B R Ab B S AT, X e e
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R S0 A RN 23 A7 7 A= T 2 by J A (RO REL o A R o e ok
BFIfEE . U IR ER R AR RN e i it
NG, XA Z K32 G 011E 7 7] G (Beale et al.,
2012). ik 1A B2 5 2406 A i 56 B 2 R 2 A
R — BT i A 3SR AR I 7 U = A4 (Nakel
etal., 2017). ZHE T RKAEKMEBRAL, £
K HEFHN0.012% (Nakel et al., 2017), X FH LK%
WS e R H . WEAA BRI A EE, M2
F 2 HE ST 2 A = UE T3 % EASF R4
—Lah s .

1.4 FEFLIBFF
TE SRR ARHED T, 24808 (n+n) 58 48 (n ) fid
A T 1= 15 PE T 2 1R FL 40 B (primary  endosperm
cell) (BI1B), B/ KB N=AFAIRTL . A IEFL40H0 A
AREtE, W E Bl AU IR IR = A5 (E1D). 8
i&, LampeRIMills T 19334F 4 Tk A sl 24 ik 7L B
BRCR T A YIRS S Ey/ b e s SN ES Y|
BBl 45 /b & IR 7L 41 o 3% 51 (Thomas  and  Chaturvedi,
2008). [f5, fEEK(La Rue, 1949), ZHEAHBER
(Lolium perenne) (Norstog, 1956)1 1t 5 3 i (L.
multiflorum, 2n=2x=14) (Norstog et al., 1969)#: i #\
AL BB AR IR TR, R4S T RS A 1) i 2R
Johri #1 Bhojwani (1965)¥f 1 % F} 1 #) Exocarpus
cupressiformis H i 24 FL B #2204 H = 5 1R 252
Nakano %5 (1975) M 7K F8 2K Jil 24 W 3L 43 44 H A AR
WESE T K RBIR A ) e Rett. 25, KR E
Pl T IX—45 % (Bajaj et al., 1980). # % H i, KZF(F)
W =R ZIE, 1981). /NE (XSS, 1984), B
(Secale cereale, 2n=2x=14) (X {254 1984), /N
SIS Ph(EAINSE, 1982). iR (HI LB AIEE A,
2000)F1EA4T(Phllostachys edulis, 2n=4x=48) (&4
¥4&, 2015)% RARHE Y38 i IR LB 77 o4 il
o

ALK & W BOR LR TR R R 3R, W R
J& K ¥ (days after pollination, DAP)FEAE . i H LA
KRB FAESMEE, 2 F4 BEEEI-10 DAP
(Norstog, 1956). £ >K7:8-11 DAP (Straus and La
Rue, 1954; Tamaoki and Ullstrup, 1958). /K f&1£4—7
DAP (Nakano et al., 1975). /N#7£10 DAP (X 2
4 1984)LA K K 7E8 DAP (Sehgal, 1974); /M-

FENREE: RARI =5 e $ES5HA 377

M AT IR FLI A L 434 14 DAPH i SR i,
7E7 DAPHf IR, Ti#E21 DAPR CORAETE S @
LU EHINEE, 1982). LLEFT30-40 DAPHI R L
FUEASMEEIRF DN (R 4325, 2015). — il
T, BCEIR LR B 40 o RAE T IR I 5 I R S,
1M A %R 2L 5 B 4 i o 2 5 IR 2 B A7 £ T8 R
(Hoshino et al., 2011). 75 Z455 A48 H 1052, WInAc
B R GHNEHE T URE IR, TN R IR AL
To AR 85 25 10 44 TR R R A 4 2 45 A A Rk
B (RIS, 1984). HiFRdk. A RKIFT AL
FAFFIRAL =AM R EEAE . B, K
TR N8 % X REME A I T /N2 - B 32 A S IR L (1 1
L S (EMIAE, 1982). FINEIENT T A Bl
JE LI 1 58 45 5% 5 3 (Hoshino et al., 2011). fE/hE
R PR FRI, WS INsh R A2,4-D ] 4 i &4
AN SAR GBI 2525, 1984). T K IR FLAERS A1
FEA - 4:(Straus and La Rue, 1954), ifij{E ® 3
e R X IR LI 38 51 JE 52 (Norstog et al., 1969). L
B 7R LG 7R N R JE A, FE R A R 0 = A5
LY

Bt 2x/4x (EiAx/2x)ig 1R (B F) RIS = 151k
TR E . (1) A NI 544 (2) DY
EpRREA AR HLE . R 7 2> — R T E; (3)
VU £ 5 A5 AR AL AR S B A5 4552, (4) =5 RHh
THIZE . AT EAE . SR RIE H R Th A% HLE %
Koo X O IRFLEE IR BID S [ e, 22 R L RE
FEAERF EPIRITT LIRS = 548, FET 4% =R 6k
JAWT. D, 2x/4x (B4xI2X)i& 1% 6 M = A5 R TR
I, MR FRGRAL T — PRl 7

2 =EENEE

21 FEERN

FEIE IS T2 % PR 40 P BXC AR RS PR sk, T84
KOR/NAER BAR) 2 W S48 filtn, #32 )8 (Arena)
TER KL R /N 5 R A A5 1 52 40 3 35 TEAH 56 (r=0.86, P<
0.01) (Katsiotis and Forsberg, 1995). £ K% (Johan-
sen and Vonbothmer, 1994). & ZZ IR J& (Alepecurus)
A1V % J& (Catabrosa) (Sheidai et al., 2009)91 4
AL 5 R . SR, 2240 A SR BAE R R KN AN 2 A
Y1 A5 ) 52 (Jansen and Dennijs, 1993). T %L
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(Bouteloua curtipendula, 2n=2x=20)7E 75 %548 LA N
TERRLR /N S AR S 22 BBt A A8 M PR 3 D 38, >4
RIS AR JG 20 S804 T A5 148 4k (Kapadia and
Gould, 1964). {E441> K% J&(Hordeum)#)ffieh, Sk
H/NESMRAERRL, HACR BAR R TR B8 i /NE AR
KWL, AR KN B 5 P 7K TR 388 o i 384 (2 4x
F16x) (Johansen and Von Bothmer, 1994). [At, i
T A 4 e AR A 1 B S B A A 2 R R R — A
MR B, 54 # (Bromus inermis, x=7)I1EH;
KK INE B AV (A BXHN8X)Z A fEAE E B, Wit/
LA FE %€ 5 A T AL 2R 5 88 KK /) (Tan
and Dunn, 1973). 5id i 7080 IR 4 £ 1 AH AL,
T AL AR X s M P AR AR R P e T S o

AR, BT 7R R T 38 R R BRURL FE 43 #T (volu-
me-based particle size analysis)n] LA 58 A8 RS
P =4I &, MRS = 4R R ARk B, AT
TENPRLI) eI, W B AR AR T R ek b K
/N TR 2 50 e O AE 1 b %8 5 £ 1 (De Storme et al.,
2013). {ekny %% T ZUE R IE AT, %558
K. TAEER, HOZHE#W . Ak, 2R
AE IR B )W IR =, EHEm
R 2 A A Rt U RE A7 AE o AR T A REAE %5 58 AR AR A
P, HEE ARG, R, SRR R RIEAN
SAEAR B R RRAE T AR S TE R, BE VR TR A S
Hedik.

22 Fafat

et A oy At ALt A i 25 Rt B X R o G
AT 2253 ZEGL ORI ] 2% o A 2253 G VAR )
M T BA A 2257 2405 M 10 3 A 2R (Wi 2R |
ZRRMAAGHL), X AR AR KA
B )38 5 R AR A (AR LINZ ) AT G o fh i) 45
BA] G AN i [ B S e 3AN 2L 24 2 2 (LI LIVRILIN) B £
Yo BE S5 IR EE P AR 4 il A B (55 400 i 53 28245 it 2 v
W, R e R AR ) [ E (R AEZE A
AR, R AR EAIEES). FE(HR
F 2 B A VR A B 2 B g PR BE DU ) ) R
(o8 200 PR Gt A 73 10 ) B R 5 4 B AR o 4 o 4% TR
Hil v JTERIANE], 2 R i (squashing) . IR A
(spreading). i F2:(dropping) A1 7% F %< (SteamDrop)
(Kirov et al., 2014). f&/5, Bk J o k% H 80%

AWAETE. R E SRR, TIEEXR, it
ANIE T R A S o R, X T 40 B A% e
ML OAREL 2 Y, MELORTSAERRZE R . AT, 1%
RIS H TS B A R T, RN =A%
A8 e bR

TEG AR & AL b, TR R R ET TS
()52 6 JRAL 42 32 B2 R (fluorescence in situ hybridiza-
tion, FISH)FH3E Tk A 20 v [=] Y5 14 5 52 71 1 22 PRl 24
JR A7 2452 H A (genomic in situ hybridization, GISH)
WP T SRR HEE. B, BORFE(H. bre-
visubutum, 2n=4x=28, HqHHyH,)5 i 5 k3 ik 5
(Elymus canadensis, 2n=4x=28, SSH.H.)Z43Z, i#
I GISH% & HEF o — dHH G (i 24 2 2R 1) 5 U = A
f£(2n=3x=21, SH1H,) (T 545, 2004). F|HGISHE;
REINEE T 2 A BAEZ -5 (L. perenne-Fest-
uca pratensis, 2n=3x=14Lp+7Fp) (King et al.,,
1999). F£K-VUfHik £ 448 KA%(Z. mays-Z. pe-
rennis, 2n=3x=10Zm+20Zp) (Igbal et al., 2018) 27K
Fg - B & B 45 A% (O. sativa-O. punctata, 2n=3x=
120s+240p) (Sun et al., 2017 )2 55 =12 44 (1) 3
A [FIREHE, ZEE 0 TR SR P 5 e A
G RZRHT, B KMEMET R B E,

2.3 RAMAEAR

MG AR (flow cytometry, FCM)ii i G 1341 g #%
DNAE & [A] 52 ) WA B I . BUM AR B LR A
BECLB i Gy ot o B AE), SRR RN, AR
1 em?it B, e ED AT S B S . A AR
2 IR 2H 2353 1) 22 DNARK Ak 25 VA 125 D9 B0 24 2 07
W, —EEEIRA LAY W AR (internal refe-
rence method), H.H I HLAS U A A1 45 v (external
reference method). #MRiZ TR, PN AR AER
T A & A KR RAEREY), FERIFR
2% (R A S 3 I, AR AN [F) M S B AZ IR O - 1
un, 53 Ot (Y %E, 2019), 1 R (Cynodon
dactylon)fl 75 £ 57 (F. elata) yHepes, —F# % 4K K
(Brachypodium distachyon) [ Tris-MgCl, (L i %5,
2015). 2 6 YL L (anfill At T BE (propidium iodide))
TN 20 i 23 W5 AT 2 5 4l N BDNAXUEE o,
i N\ B 5DNAF B R IE L, 38 1 i =040 i SO I %¢
It 5 SRR AEDNAS & . FCMu] ZEX0RS iy 3ok E 5 AN
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VA M 3k AT DNAE &I 5E , AT S 3045 P 1) v o 2
o R G 440 05 FCMXE 3043 5 & (Miscan-
thus) )1 % e R, ARGk 5%, FCM5E
BT 5 A5 TE (Miscanthus sinensis, 2n=2x=38)/f]
YRR ()55 4%, 2014). EXTH s fsth %z
FCMAREAFAERF]. 9140, Pagliarinis$(2012) A% 4,
A5 BT N BR HETE ¥ T FCM % 52 18 2 B (Brachiaria
brizantha, x=9)f% M FIHEMATE, =Ll DU A5 1AM R 1R
FIR FAGRE NG, T LSRR R 8 T
(R

FCMA I 1883 85 1 N 2n il 1 (A S 4t 7
EHESE. SR, FCMXE LIRS & i B A% 2t B 5
H R fg ¥ H 92 10 2n # (singlet) 5 n+n 2 & 40 i
(doublet)[X %3 (Kron and Husband, 2015). 2nfic 71
KA M FAE, FX r2ntz 5 3G i1
ZL, Kron%§(2015)FF & FHEeE 148 F ik 73 A (pulse
analysis) & 6k 12 24 BEAT XU AL IR, DLEAE F 188
FCM3R G 2n i 7 &% MR I S AE . 4 7E2nfid T (2C
DNAS &) X3, 4 M k% ¢ ' v FE A B o8 FE o e
7N WU 25 (7] #6 7 singlets flldoublets), 45 & 7Enfic
TSN BIE S A, W] LIX 5 2ni% M & 40
JH o X BRI R AAE T AR PR 2 2, (HARAF
AN FIR A, TR — 8 O BT BRI T

24 4GF¥ric
O T AR A0 AR I TE A R TR AN TR 1 S5 A 5 A
X 7 SAGARAN 54K . #5200 TR A Snlit 1B A4
BB S LR R ) v Aafaa, JEAR B2 AL
BN, Tk RA . Ytk skFCME R = £i%
PRIV S5 o 45 AT 5 200 TS5 AR I 5o B R 24
H5nf7 oA A R AR, 78 5 AR A A il A7
WA 3L IE R, W B % 1% 5 O = A,
2 H LR GRS SE R i R BER R o 4458
R, DTSSR R . Y AR S B sRFC M &
ZERR T N = 5. Chens(1997)F] FHIRFLPX &
T 2R BEZRE 20N T 8 K E . Lamote &
(2002)F] FHAFLPHfi & T 2 - A B 22 Hn] 7= A2 2n i i
T» MutluZ%(2020)#1 I SRAP IS SR iy 7 A% k1)
H AT (4x/2x) Ja AR RGE L AT 1 %0 .
A TR AL IE N L 24752 J5 DNAF 513 B A
[ 5 B 2H A L, CER FH 2 A A A A i 0 23 ]

FENREE: RARI =5 B $ESHHA 379

A Z A0 7 hnid. TR EREFIHBAE
SEALFE D 2 REPE R 20 TG, SRR 514 B IS
AP EE AL R R RC S, A8 1% 2 R R AR A A o
HMECASEIL . A 27 Hmic v S B w0, (H SEge s
FELLFCME 2% o Wl A8 ) 7 1A 10 B 432 B I 223
FRALAE M DA IR = % 1436 5 30 R PO i A A8 e 1 1)
Al TEER, BB Y RRAS AR B E, R —
AR P Bt A =5 vk A SCikAoE . Biltn, Eidd”
BE7- I Fy %55€ R = A5 & (Delomas, 2019).

3 ZEFHFA

31 HEFH
J R LA B BEAR 1) 5 Rz 5 P Rz 3 (R A8 R AR HE
RS ——FUR, 4 5 FUR S E160% (Kel-
ler and Feuillet, 2000). = fi% A o 3% Y (0 A 20 B4 4
RS W (A R = A R T BR), T B A T T
T B R, MR T & P BRI A R I i
T, BMZRNEAE . Hiltn, ERMM)S AL 4L
KA G R — vk BT8R 8 M0 53 U5 = A5 74 (3x,
MPP), MPP/MM. MM/MPPHIMPP/PPPP 27 45 52
R HNT.84% 0.56%H10.52%, — 5441 & M
IS, HIHERS 7 & TR RC 7 = (B R4S, 2015). 1Y
5 AR S5 SE R N0.12% (Bh7E, 2006). @i Y
5k 22 % B8 3 B | AR SR 50 6 U = A5 R B 10k
B, MRS A B =5 R 18R A E (Naganowska
etal., 2001). °J W, H§T =475 L7306k B br
IR ZRAEY) E I E R AANME .

=GR R B TR RO A E R e E
AR E FRAEK, WEBAERNE R AEKLS
(Hoshino et al., 2011). Bk, RAF =545 EH FhE
PP RRIR RO FOGRIBEE(R1; EIBA). 5
AR LG, =AM DR BRI B PR B
AT B IP W FANAE . fEoml & AT F 3K (Poa
pratemis), 7% B T 2n T PR = 154k BB
i fh ) (Pepin and Funk, 1971). =54k L — 51k
T4 M (Seashore paspalum, 2n=2x=20){MH- {7 5 7%
(Schwartz et al., 2013). @ik VU £ 43 @ 0 F 4R
(2n=4x=36)5 &1k 4 f(C. transvaalensis,
2n=2x=18)4:% & ik I Tifway. TifEaglefTifgreen%s
HIA = A5 P AR B A (2n=3%=27), N =51k 5
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FEREE M TG . =585 K (M. x miscanthus,
2n=3x=57) B A ZHFH | Camptiil. AT K. Hit
RIS A Y B S R 1, R 2 5 ARRR IR
), BLC BN REIE R A Y (I S5, 2017). =51k
I3 5 P S A KT AR T XCE (B, 2008). =ik
W45 FEEIFEE7 W TR " 8 LA REL
(Pennisetum purpureum) ¥ 7= 32.8% (x| [ i %%,
2012) REAS H A5 TR S A5 2 A K2 5
AT, 4y BE ). AE s B BAEEGEF %,
2007). A== oM F R R AL = A5 A B U HE R4
F(ERNKZ BB W R (1) FIH SR =A AT
TR MRS, (2) ZHEARAKRE; (3) BT MEE
W. B, F. apennina (2n=4x=28)5F. pratensis
(2n=2x=14) & I = F5 14 B B AW & R Pt 3%,
RLDR 2R 5 45 SRR, JiPe i 25 S R BOR IO e B4
A, 7ML T (Boller and Kopeck, 2020). &%

JEf%A (BB)

% |" ......
o

B3 RAFR=REANFIA

AZERH | S|

Bildn

J& F1 Bt 3 (Eriarthus  arundinaceus) s = K A & H Al
W JC AR A R, A SR AR E

32 HRER

XA BRI AMMER =450k, s A, FAaM
AR EH AR — B R (K3B). MS-Supremeii+
Tifgreen(f] H AR AR, 5 Tifgreenf tb H - A Fl 25y
A4 /N 8% (Krans et al., 1999). #ETifgreenf) H
SRIEAR Rk % H TifdwarfFl FloraDwarf25 5% 2E i Ff;
Tifwayll. TifSportfITifEagle N tAH N = 54555 A Ly
R SHF AR 1T K (Kamps et al., 2011). Fil 440 fu 14
R 53 H MR LETifEagle i & 175 21 4 K i a) 4 48
IR TR REA RO TR 4E M AL S (IR A R AR AA); DA
0.3 mol-L™" NaCIyie# [ i % i £h 40 i & (Lu et
al.,, 2007). LAEPHIRE S (Pennisetum americana)/
DU £ 4 G BB ) = A5 AR F Bl PN IR M RL, ZyiR

i

SR (AABB)

0000
il

Q% SR A% (ABBBB)

0000
==OOOO

ﬁ SR/ 5k (AABBBB)

(A) =AM EIEAI L (B) A8 | ek R B S R S H R B R = (5wl A (C) AR IEAE R il P i “ =057 (D)

LR BRI, () Bt axi2x IR (1

Figure 3 Application of triploid in Poaceae

(A) The direct use of triploid cultivar; (B) The improvement of triploid cultivar through techniques such as radiation, genetic mod-
ification, or tissue culture; (C) Use of “triploids bridge” for production of polyploids; (D) Alien genes transfer; (E) Development of

aneuploidy by 3x/2x mating
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PP 7 AR I A6 5 (R EPESE, 2012). HEF1
5 AR AR RHE H A5 A 2% AE R 2 AR T R (R T4,
2004). =R AT LLEBAE SR AR . 72 7l
" &i (Stenotaphrum secundatum, 2n=2x=18)[]3x/
2x A Ja R & R PR Rk & T B (RS e
(Magnaporthe grisea) 5 #2 ) Fl iy 5+ HE £F FL 58 i Fi
(Chandra et al., 2015). #F & KA JEARHEA 1614
EHEREW T FEFEMER(ERRBN14.41%—
151.85%), f&Ja iRt th3markl, HAEMERT
A (B EESE, 2017). @ = AR B RS BRI
RELFATEE P E R R X T M ) = A 2
AU 5 (PR ESE, 2016). THR26-20R B HE
2 tH =5 5 AT AR Tk (it an &%, 1992). = f%
I B[R] ot 2 AT B 2FP SRS IR o (1) B4R DL =5k
NZAR, FN BRI @R B R 0 &R, = A
FHiTifeagle (Hu et al., 2005). (2) X} T &40 4%
B R =R, B R SR 42
AR BB AR AR B VYRS AR A B IR 2, SRl
R B BCR AT B A SE T R N H IR, el
I A% 1 R] 2% 58 A A B TR = %5 44, 17 (2n=2x=38)
(Wang et al., 2011). IT4ER, FEH B AR K ER
JE A2 R = AR TR A AT R

SRR AR I AR e A A B, B =1
1A (triploid-bridge) (KI13C). EMZ =ik G h &
BT VYRR AR DL R IR R AR AR (B 5, 2008).
AR EESE R V] P A 2nER ¥, G 3x/2x A K 1Y
f# 4k (Kindiger and Dewald, 1994). DL =f#&Z 2500
BEE(EMBRER/RE, 2n=3x=21)1 4 & k5 77
RAFHIEME B B ZOA R, BOK AR5 5 3845
N (CBh /N, 2014) . FI AR K Al Bl A 34 52 55
(2n=4x=28)/Z £k 3L (P. glaucum, 2n=2x=14)%%% =
FEAR S, R 40 BN A5 J5 T2 R YR 7S 5 44 (Campos
et al., 2009). FZEU 773K HM. x miscanthus7s
fE4K(Yu et al., 2009; Ghimire et al., 2016). /K f&(AA)
AP A FE(O. alta, CCDD)4AS i I = 151k,
T 5 T Rl = 2 5 5 7S £5 74 (AACCDD) (L &1 I 55,
2008).

A A T I A ol ) R A2 i (B 3D) . 45 i,
JKFE (AA) 5 44~ S0 87 4= F% (O. australiensis, 2n=
2x=24, EE): LA MARKGR1GF,, HF HEEAT, H
VEREARARIRGFP T SR, DADURE AR /KRR BEAR . )

FENREE: RARI =454 TER. %E 5FIH 381

N A FEAE S AIRAF = A5 (AAE), B J5 FH /K FE1E A
IR % =5k, B S = AR R e S A R B
T YU 6 ECRT A 6 K RS BB (Multani et al.,
1994). & B =5 ARSI B H 5 DY 5 AR AR LG, &
DRI 26 (0 A 0T 453 2 B8 /b B A 0 0 AR s AE A 4t
(Nunes et al., 2013). ¢, FIH = E A& HEAGE AT
P 1 S A B DR A (R R R S8 (B VLR 55, 2018)

3.3 JFEEfEK

AR AT R B A AR I YR (EIBE) . X =A%
B TR AR E Ry, R FERP IR 2B =1k
(EIEFAFEE, 1994). 75578 =5 KFE(AAE) K TG
HA A, BC ALk H AR MR 28-31, BC 441
B H A2 g 9 24-28, 7EBCoF, 345 84 It I &
(2n=200s+10a) (Multani et al., 1994). 7£ 7% (Ha-
nna and Schertz, 1971). ¥ #4(0. sativa subsp.
geng) (lwata and Omura, 1975)F1%l (0. sativa
subsp. xian) (FEf7E %%, 1996)%% & 5 R A RMEY)
6 185 3x/2x ) R I A B =4k . RALH LU R
A 225y AR, B AR R VR IS et fA it
M AR %44 (Thomas and Chaturvedi, 2008),
LB R FL(Norstog et al., 1969). £ 1t M 3 B 4x/2x
G =5 A S AR R R T, R AR
L N70.89% (56/79); 4 UL = fEARAECARS, JEAH
54k |5 LA 87.69% (741/845), 2 FIiT =544
SCAS I BEAEARTE By A7 e B 50T AR B A AR A K 2R T
(Thomas et al., 1988). FifiZ& 7T hric Al 7> H AR 1)
R, T AR 5 A gk AT = D] v Ao A 2 0t 1R ok
TR AL T AR B AR B A S5 AT AR AR,
FELLVIR R R I R R AT AR BEA R EF—F (Henry et
al., 2010), Gao%:(2016)iFsL 1 AR LTEH A2 A5
R B R H e b B AR, SRR NEW
DNA FF B Ak 7K T FSE =0 ] DUAR e 1 Ak 8 3% 4 ) AR 4k
7K, X R AERAE R ] DUAE M AE RIS R

4 HiL5RE

H Al SRR AR L4700/, 4210 000FH (A [E 4
MELER), BRERBEIEM(EK KBINEEE),
TAFEY) (AR, B93F, SR AURERS), REVRAE
Y. P47 (Arundo donax)FIHIAE % (Panicum vir-
gatum)&E ) FOULF S HE 1) (FE PP BRI 2 45 ) 45 B 57
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BXIRE . BRARBRIEMSS, HARARERME =15
RE A IE ] o LUE R NA A BRI AR AR
B, BT EfZ R s = AR, W&
A AR A MER B MR COARAA A H FR i
R FAEY, =R NN R . A E =152
PR B AR AR, AT D B BR AR 2 HAEFE 2t
Al A B, A TR 2 HE A
2o Bk, =MERRABHEIEARRI E R A 4
SR AN R EY PR RS A B ] AR R AR
=R S RS BRI, 25T R R EAS R T

41 BEFH=EEER

EHARG A5 M A A 31 = A5 1 i Dl o 15 W] DLAE 22 i 44
B =fEAREIL? Fln, fEMIEE(2n=4x=36) (Costi-
ch et al., 2010)#1* % (Phragmites communis, 2n=
4x=48, 2n=8x=96) (5K %5, 2020) " PY AR )\ {544
iR S AR Z R IR (SO AR ) PR S
A&, gk 5 USRS AT =5k, N L& =151
TR\ 545 BN A ?

42 FRESEE=fZEFH

DA M 7K R i R 0 e 3R A5 B R S A VR = A A
SAR-3MEBEAE A5 R AE, fEF 45 3] — & Ll i)
AR, o E B R PR AT B S I e il A AR B AR
FrHoIR e e (k4% , 2002). Wang%s(2019)F) H
CRISPR-Cas9 £ Hill ¥ 4% 22 #& 1 [7] i i Bk PAIRL
REC8. OSDIMIMTLIYA IR, 45 v] Jofb & 4
A 58 BEF b7 (R A4 % N0.19%-0.41%), [E T 7%
PO, {8 30 b1~ 45 5 #.(6.2%) L B 4 1(81.9%)
KIEFEAK. bRt A IRE, BAJCR G AR =
35 4% BE 2 R b1 45 512 R N 53%—71% (Dewald et
al., 1992), =& 1ARBEHER i FhVerl P 45 52 S F =
B4 7°968%H1178 kg-hm™ (Springer et al., 2006).
A, B TR AR = AR To Rl & A2 58 & b DA e iR
TE 5 A v A 1 AR B R T il B 2B B A 1) iy, Sk
PR AL = A5 A4 A0 7 (08 5 M B it A= 7= e B 1
HAFSMMERSEPRE .

43 ZREZHSHEILESR
B SEA R IR 5355 AAA (BEA). BBRICC, i
o 2 A A W] G RN = AR (AAA) . 3R AR A

(AAB. ABB. AACHIACC)HI =3 =141k (ABC); il
i BE L8 7% W] 3RS [F IR = 15 4R (AAA) T 36 = %4k
(AABFIAAC). 1L 248 T 2 f kel Bl 3 2 575
Pyt b3 U B R 20 56 B A = A5 AR R TR X o AT
2 M EMERER T . B, X T 5 ki 2 6 8 TR A
(o, G I AL g S ABL T /K FE I 44 41 52 K5 & 4t (Toda
et al., 2016), FIH Z K5 ZH5 R Bl & 1T M Az
SRR SEIR AL, A S I I A BE S it i DR 4 )
G ? SHAEFREM, MATFRITRIMEIAK
FARAS . by BIE. pHIE . B FhSANIK I E Wl
AT, —Fp—38m T AR BRI
(7] — 0 b A [ ke [R] 78 i) U 7L 85 77 190 2 R AR W] e DR AR
HRE, FRBEEREAMATEFRMR I E R TR
177 MFLIG TR T B BEAR RS BT B AUS (AAB vs
BBA)? ZoHi AEMIL &AL M HA, XIMAATE
FELAR I (AR I OG5 b, IRFLRE 7R T 5 R & AR~
W TR = A A2

44 Z=FEEMNESEEEN

ST2nlic ¥ IR A R, fE2nf T = R ig A
S A 2N 8 2 PR TR IR 9 O IR BEAA R 5 2niiE T
FRH RN ST 548 B 55 HAEX2n
Be 72 A AR O] DR S 38 T T R RS .
Xt A E A 2 R 52 R A AR I AR, O
. PP e Tk RS R A A e v 2 A5 ik =
A AT 8 A5 R 1 DL R AE IR FL S SR R IR AL 24
TR T FE I e AR R, (1S T I = A A
BV A, DR, N TAMEEER TR TR, F3xF
FE ] 2 771 BB TR 28 b id A FCM &6 5y 1 A U
T3 R NG 2 = A5 AT T e A ST I A ) DS

g RMLawmZEMAERA RN SAHE LS
B|A.
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Triploid in Poaceae: Formation, Detection, and Utilization
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Abstract The formation pathway of triploid in Poaceae includes 2n gamete fusion, interploidy cross, polyspermy, and
endosperm culture. The fusion of reduced male (n) and unreduced female gamete (2n) is the main method for forming
natural triploids. Interploidy cross is the main method for synthesizing artificial triploids. The application of ploidy identifi-
cation methods such as morphological observation, chromosome analysis, flow cytometry and molecular markers in
gramineous triploids is introduced, and the advantages and disadvantages of different methods are also discussed. At
present, triploid has no direct application value in cereal crops, but it can be used as a genetic bridge to synthetize po-
lyploid and aneuploid, as well as to transfer alien genes from wild species to cultivated species. Gramineous triploids
(especially allotriploid) are widely cultivated for forage or biofuel production, suggesting that triploidy breeding may be
directly performed in this type of grasses. We discuss the future prospect of research on gramineous triploid, e.g., polyp-
loid- and apomixis-triploid breeding. Particularly, endosperm culture can synthesize triploids in one step, and polyspermy
can achieve one-step fusion of three genetically different plant genomes, which should be paid attention to in the triploidy
research. Due to rare occurrence of 2n gamete fusion and polyspermy, and frequent chromosomal variation in ploidy
hybridization and endosperm culture, the development of high-throughput triploid identification technology will become the
key for breakthrough in triploidy generation/breeding.
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