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Abstract

nuclei. The keys to this method include preparation of aqueous suspensions of intact nuclei, staining the nuclei with

DNA flow cytometry is a method for analysis and estimation of DNA content of isolated cell

a nucleic acid fluorochrome, and classification of the stained nuclei based on their relative fluorescence intensity
or DNA content. Because the sample preparation and analysis is convenient and rapid, DNA flow cytometry has
become an important tool for plant ploidy screening, estimation of genome size and determination of reproductive
pathway and so on. In this review we gave a brief introduction of the basic principles of DNA flow cytometry, and
reviewed its applications in plant genetics and breeding.
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Table 1 List of nuclear isolation buffers

el By R Z2% R
Buffer Composition pH References
Galbraith’s buffer 45 mmol/L MgCl,, 30 mmol/L sodium citrate, 20 mmol/L MOPS, 0.1% (w/v)  pH7.0 91
Triton X-100
LBO1 buffer 15 mmol/L TRIS, 2 mmol/L Na,EDTA, 0.5 mmol/L spermine-4HCI, pH7.5 [16]
80 mmol/L KCl, 20 mmol/L NaCl, 15 mmol/L B-mercaptoethanol, 0.1% (v/v)
Triton X-100
MgSO, buffer 9.53 mmol/L MgSO,-7H,0, 47.67 mmol/L KCl, 4.77 mmol/L HEPES, pH8.0 [17]
6.48 mmol/L DTT, 0.25 % (w/v) Triton X-100
Marie’s buffer 50 mmol/L glucose, 15 mmol/L KCl, 15 mmol/L NaCl, 5 mmol/L Na,EDTA,  pH7.2 [18]
50 mmol/L sodium citrate, 0.5 % (v/v) Tween 20, 50 mmol/L HEPES,
0.5% (v/v) B-mercaptoethanol
Otto’s buffers® Otto I buffer: 100 mmol/L citric acid, 0.5%(v/v) Tween 20 [(cell culture pH approximate 2.3 [5,19-20]
tested grade of Tween 20 from Sigma-Aldrich (cat. no. P2287)]
Otto II buffer: 400 mmol/L Na,HPO,-12H,O pH approximate 8.9
Tris-MgCl, buffer 200 mmol/L TRIS, 4 mmol/L MgCl,-6H,0, 0.5% (v/v) Triton X-100 pH7.5 [21]
Seed buffer 5 mmol/L MgCl,, 85 mmol/L NaCl, 100 mmol/L Tris, 0.1% (v/v) Triton X-100  pH7.0 [22]
General purpose buffer 0.5 mmol/L spermine-4HCI, 30 mmol/L sodium citrate, 20 mmol/L MOPS, pH7.0 [23]
(GPB) 80 mmol/L KCI, 20 mmol/L NaCl, 0.5% (v/v) Triton X-100
Woody plant buffer 0.2 mmol/L Tris-HCI, 4 mmol/L MgCl,-6H,0, 2 mmol/L Na,EDTA-2H,O0, pH7.5 [23]
(WPB) 86 mmol/L NaCl, 10 mmol/L sodium metabisulfite, 1% PVP-10, 1% (v/v)

Triton X-100

a: ZH A% LEOtto T buffer P #2HL, DNA#L {6 /£ Otto IMOtto TR Gl (1:4)h AT, &pHZINT.3.
a: the nuclei are isolated in Otto I buffer; DNA staining is done in a mixture of Otto I and Otto II buffers (1:4) with the final pH approximate 7.3.
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Table 2 Basic characteristics of DNA-selective fluorochromes used in plant flow cytometry

TR /mL 5¥mas4& WO A PR i ap .

B2k (EFI % (ng/mL) "5&\?3& HA WP (am)  ROH P (m) SR RIRENE FER

Fluorochrome Concentration Vig-¥ Excitation Emission Suitable Abplication

used (pg/mL) Binding mode  wavelength (nm)  wavelength (nm)  excitation source pp

Ethidium 50~100 Intercalation 523 604 Laser (488 nm, Genome size estimation,

bromide 532 nm) ploidy analysis

Propidium 50~100 Intercalation 538 617 Laser (488 nm, Genome size estimation,

iodide 532nm) ploidy analysis

SYBR Green I 10x* Intercalation 498 522 Laser (488 nm) Genome size estimation,

ploidy analysis

DAPI 4 AT-specific 358 461 Arc lamp (UV Ploidy analysis, base
band), UV LED composition analysis
(365 nm)

Hoechst 33258  2~4 AT-specific 352 455 Arc lamp (UV Base composition
band), UV LED analysis
(365 nm)

Hoechst 33342 2~4 AT-specific 348 455 Arc lamp (UV Base composition
band), UV LED analysis
(365 nm)

CMA 50~100 GC-specific 445 570 Laser (457 nm) Base composition

analysis

a: Yk >k H http:/www.fluorophores.tugraz.at/; SBR[ /6 iR 5 L FEDNA/GURK B |
PR 10 000%, HEF 48 IR 910

a: excitation and emission spectra of fluorochromes were obtained from http://www.fluorophores.tugraz.at/; Actual spectral properties (exact

BT, pHAVF B EA %, b AR

wavelengths) depend on several factors, including DNA/dye ratio, ionicstrength and acidity of the staining solution. b: the stock solution provided by

the manufacturer is usually 10 000% concentrate, and manufacturers recommend a working concentration of 10x.
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Table 3 List of DNA standards suitable for plant DNA flow cytometry (modified from reference [6])

IR R 2C DNA7; & (pg) 1CHE R ZHK/)M(Mbp) EEPU
Plant species and cultivar 2C DNA content (pg) 1C genome size (Mbp) Reference
Raphanus sativus L. ‘Saxa’ 1.11 543 [37]
Lycopersicon esculentum L. ‘Stupické polni rané’ 1.96 958 [34]
Glycine max L. ‘Polanka’ 2.50 1223 [40]
Zea mays L. ‘CE-777’ 5.43 2 655 [41]
Pisum sativum L. ‘Ctirad’ 9.09 4 445 [37]
Secale cereale L. ‘Daiikovské’ 16.19 7917 [37]
Vicia faba L. ‘Inovec’ 26.90 13 154 [34]
Allium cepa L. ‘Alice’ 34.89 17 061 [37]
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AT E FREAE, v DA SR AL R B . (AR R AR
W, RO BB AR AN FR e, B e AR R Al B TGt R AR
Fto X T A KRR AR A Y K UL, 57 1 H
AR SR A B B . DNAR A A AT LA
FEAA R PREP R L TR AR e (AR,

555 B A5 M o S 8 A L, R B A AR CRE )
Rk — %G Em S e R RERN TE. A
I O #E, DNAJ 220 B AR 1 R R 2 DL
N R, NI R A A,
FADNA =X 40 Jf R 9 Ji Ty Hb 78 1P 6 (Humulus
lupulus)H %5 58 1 BLARFD = K1, Roux %51
DNAL A AR AE = 5 A4 7 88 v PR %5 e
Bk, Hisd et HoEsl TS e 4R,

TEVFZ MY, AFHLE A = T2C DNAR
E(I4C. 8C. 16C) 4. X I R FR AL N
% f P (endopolyploidy). 1% 4 2 15 18 7 & HEZ
T & | (endoreduplication) 5| 2 fJ1>%81 R 41 fig 7% FH £
T 2257 24 R R G 2 51461 % . FIHDNAJ
AU AT L7 {5 1 I 22 A5 -h AN [FIDNAfi5 P 7K~ 4H
M%) 73 A . FEDNAVR ZUAH IR 0 B b, N 2 4%
P B A — R YRR IEDNA S & B 77 BB IR, 1
XL 5% N B S AN [FZKSE X R0 1% N 24
PRI G AE A A TR g S Sl {E /R AR A
VIR R D, FEE W R RIS, IR
I B AR R = TR, R HEN AR )
M. HLVERKMM i EEAEHT. A FHDNA
i A AR 53 A F0 3 3 AN [R]85 4 7K~ (2C~128C) )
Fo i R A Az T3 — 0 R R R R IR A, 5 R
LW, %A 2 A5 KT 3 D15 rRNAFITmRNA % 5%
o AR,
2.5 HEESHEYMRIEE

— LG SRR B R R AR, XA
AR 7 B ERR AR SR AL T AT R, T
FRSE 5 M AR T — S A S AR A 1Y B Rt
oM N B A B L. Costich%5 75 i DNA
TG0 AR 73 A7 23 30l W 5E 1 A6 88 1~ % (Silene latifolia,

544 Melandrium album)HERR AN MERK 141 A % DNA
o, 45 RAR W, HERR R DNAY & T HERRT
Dolezel 5" i DNA i 240 MU AR K I, 81 5L
N A AT (Silene dioica, 54 : Melandrium rubrum)ft]
MERR 20 R AZ DNA R & LU HERR 25 B2, BT84
PEGL A 2 [AIDNA K& 72 e Al /), Rt R & o3 7%
ZE(CV<1%) DN AT A M A [7] 7347 I 5 Ak 5
HERR AN MIAZ, A BefS3RAT AT LLIX 70 e BFEAR T AN
HBIEHXATDNAS 8 E 7 EP, B 7oA KR
W RR, ST IeR AR RE I e Ho e B . A
WL R, i Z (Rumex nivalis)HEMEYE 7] P 5E 168 40
M AZDNAZ &= B AR T HEHETY, Xk 5 875 5 1
VY Fh K5 A Bl (Arecaceae) 7T 715 B J& (Chamaedorea) T
Y IDNAE 41 fig AR 5 ¥ £ B, C. ernesti-augusti
HIC. pinnatifronst) I Pk 41 fil #ZDNA S & & T I
¥k, (B2 5 W N<1%); T C. alternansFC. tepejilote
T A2 HE P 40 B X DNAFr & & T HERR (22 7= 0 o
2.4%- 3.3%)74, %S T MEE T ARAE P15 2 (Phoenix
dactylifera), W5 R, LK HAT/GCHF =1l LA
XM BERRTL,
2.6 HIERRLTE

Matzk 55>t 5t % B, Al FHDNA R 20 AR g
WA T Y AR SR AT S e . A YEAETE A
(b7 IR AT IR ZLDNA S & Oh2C:3C, Mt &
AEFE PR A BB N2C:4C, T8 S To Rl A A BE T
O, AT DU %2 21 5 & % i AR AN [F CHE (1) 2 1
H B M A i B AR gl oAz @ T X
OB 2 XA OO Gl G A FE 2 E 1)
— A RO . RO B v AT LIRS i b U e
A R e 25 AT 2R 6T A AR 2L 1) o R T G 8 TS AR 1)
AL BEAKE R B A5 107

3 ERSRE

41 1, DNAJR 2040 AR 75 R34 5 75 Fi
O T2 MM . B T E AT DNA B i
HEAT R KT 2 BT R AR R, L 000 5 3
DAL K /IS IR TR T2 % el 1, TR A 0 0 2 65 R £
KL, PERBI&. Y, B2 pits
AL 2 L5 1 R S T o 2K 2 ot 4 SR 7 A B
PRI, A5 FTDNAJE 24 M A 1 0 35 B 2K /AN £
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W T & #ill (progressively partial endoreplication) ] A&
Yican 2240 L RN 20 R/, HH R B A7 BORHk
o R I BRSO T R A R E T, BRAR BSR R
AR, R EE ma 5E 25 R e PR . LAMRE i (i
4 PO ORAE A i 5 H R ) 40 A% 43
9 52 M RT RE H AE PR R A DN A TR 240 R KR
]S 8

H4 KA VIDNAV 2040 i A 1 & A H T im
YIRS AL R OG G R R . il
W 3 35 FH P20 PR R S U7 R B R B A, R T
SFEY R RS AT BERAY
LB .
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