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Establishment of flow cytometry system for DNA C-value
determination of polyploid species in subgenus Yulania
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Nanjing Forestry University, Nanjing 210037, China; 2. Advanced Analysis and Testing Center,
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Abstract . By screening different combinations of dissociation solutions and internal standards,
the DNA C-values of six polyploid plants of subgen. Yulania (Magnoliaceae) were determined
and analyzed by flow cytometry. Results showed that, in the screening of solution buffers and
standard samples, woody plant buffer (WPB) was the best choice for subgen. Yulania.
Furthermore, the peak pattern of mixed samples worked best when Magnolia stellata ( Siebold
& Zucc.) Maxim. was the internal standard and the coefficient of variation (CV) of the DNA
peak was less than 5.0%. The C-values of M. liliflora Desr., M. polytepala Law, R. Z. Zhou &
R. J. Zhang, M. cylindrica E. H. Wilson, M. denudata Desr., M. x soulangeana Soul.-Bod.,
and M. acuminata (L.) L ranged from (3.92 +0.02) pg to (5.85 £ 0.03) pg and the genome
size ranged from (3832.13 = 24.67) Mbp to (5964.17 + 56.06) Mbp. Thus, our results
showed that the optimized flow cytometry system accurately determined the DNA C-value of
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polyploid species in the subgen. Yulania.
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4,20 min, F#fE_EALEI,
1.2.3 N4 pa el
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1.2.4 HIBEHH
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I (2CH) x (FREINREAS W5 5 56 3 B/ PR A e AR i
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Hh 8.0% AT, X LG 45 AR A — R 1 R
1M WPB il & A% & it X W S M fe, CV (%
Wl TE 5.0% 2547, FFBIE X R AR & 45 & 220k
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Table 1 Comparison of coefficient of variation (CV) of samples treated with different dissociation solutions
. WPB ff B Tris-MgCl, fift B /i LBO1 i BT Gal fft B
Species WPB buffer Tris-MgCl, buffer LBO1 buffer Gal buffer
FEK Zea mays L. < 8.0% <5.0% <3.0% <5.0%
}8EMk Liriodendron chinense (Hemsl.) Sarg. <5.0% REH < 10.0% <10.0%
B AT 22 Magnolia stellata (Siebold & Zucc.) Maxim. <5.0% A < 8.0% < 8.0%
2 22 Magnolia liliiflora Desr. <35% ANiEH <8.0% <8.0%
450
] 500
400 A Peak Mean CV (%) B peak Mean cv (%)
3501 m 10342 7.95 4507 m 9264 421
S 300 11600 4.81 5 400 9090 9.82
w®E = 11843 2.96 53509 | m 9223 10.34
X6 550 % E \
= o250 §~6 3009 |
22001 E § 250
e —____wPB STE 500 ] WPB
150 LBO1 2 ‘ LBO1
“ Galbraith 1504 || Galbraith
100 \ ‘
| 10094 | I
50 A0
50
0 et e 0k M* VUM
0 10 20 30 40 50 60 0 10 20 30 40 50 60
1000 i 1000
WATOREE MR 3R f )
Relative fluorescence intensity Relative fluorescence intensity
800
C 800 7 D
700
Peak Mean CV (%) 7001 Peak Mean CV (%)
6001 m 8853 3.86 m 22185 3.45
z 8306 7.61 . 6004 20691 7.97
3 5004 2
- m 10797 8.28 S 500 ] m 21876 8.04
X8 401 ®E
2 400 X6 4001
F2 2.
E 3001 WPB =3 300 _ WPB
Z f LBO1 E LBO1
2001 Galbraith Z 5001 Galbraith
1001 1001
0 v - T T T r 0 s .
0 10 20 30 40 50 60 0 40 50 60
= x1000 . x1000
ARRS 2 6 A AFXS 56 AR

Relative fluorescence intensity

Relative fluorescence intensity

A. EK(Z mays); B. #%EM (L. chinense); C. B4t T % (M. stellata); D. ¥ T 2 (M. liliiflora) ;
Mean: HIX}5E5% 58 I ¥ ( Relative fluorescence intensity) ; CV: 7485 R % ( Coefficient of variation) .
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Fig. 1
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PHRBRE

Histogram of peak values of four samples under three kinds of dissociation solution
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AWFFE A A5 AR AL T 22 NS bR, ik
FH WPB fift g5, AT A0 AU £ 2% W JE 6 Fb
ZAEER Y A DNA 2C{E K/NIEAT I E , Frfs Y
RN A 2 s, A R AL == g S5 1
eSO L H A, H CV (HHE 5.0%LLF, iE
SERALE Z MR E Z 451K £ 22454 DNA 2C-
{ELAG B BRI AR 1
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Fig. 2 Flow histogram of different internal standards and Magnolia liliiflora
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200 1
D Peak Mean CV (%) = Peak Mean CV (%) 2001 F
o1 ° ° P1| P2 Peak Mean CV (%)
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Relative fluorescence intensity

Relative fluorescence intensity

Relative fluorescence intensity

P1 NSRBI T2, P2 AR EE 2 ST 22, #HINE2, AEY, A EXAMIRE 2, Mean, MHXZEIRmEE(E; CV. &FF

P1 represents standard sample, M. stellata; P2 represents M. liliiflora, M. polytepala, M. cylindrica, M. denudata, M. X soulange-
ana, and M. acuminata, respectively; Mean. Relative fluorescence intensity; CV. Coefficient of variation.

B3 ERFE=Z5F=ZTE6 MEzEHFEYHRXESE

Fig. 3 Flow histogram of Magnolia stellata and six polyploid species of subgen. Yulania
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FEAE R 22 5 R AR & TR B R B B I &
WoR (B 3), P1IERNELEE > 2C DNA & ht b,
P2 4% Fh A7 IR 5 2C DNA & il 85
P B EOC R PN 545 3 2% W R A R AR
(20 AL R% DNA & & (DNA 2C-{f), [a] i 4% ¢ 7]
A5 DNA-2C {15 B F iR i Cx H Y

EHAFAEI, 22 R 6 ff Z 45 R H 4 b DNA
2CHmARMERES, HREZAFE2, ¥E
2 ENEZMEREES, AN EHRE
2,6 MR Cx ERYTEE N 1.96 ~ 2.92 pg,
FEREPEACE b, B E 22 RNk, Ha 5 #iiy
Btk (£ 2) .

*k2 E=TE 6 MEMHRABMMLNESER
Table 2 Measurement results of six species of subgen. Yulania using flow cytometry

B fh 5 BRI L

Wi z% o LR 4]
4 Peak value ratio 2C-fil Ox Z%5 il Pk Cx f %'Hj(/.h
A ) 2C-value Cx-value of . Cx value Genome size
Species of sample to internal (pg) reference (pg) Ploidy level (pg) (Mbp)
standard Pg Pg Pg P
HE= 2.07 + 0.01 8.80 +0.04 223["% 248* 255[8]  2n = 4x 2.20 4301.57 + 24.01
M. liliiflora e e ’ P ™ ' T
L7 T AL
ERERE = 1.95 + 0.01 8.30 + 0.05 N 2n = 4x 2.08 4058.70 + 25.09
M. polytepala
2'_'5'“357 ) 2.04 +0.02 8.67 +0.10 2.23L1%) 2n = 4x 2.17 424452 + 24.73
M. cylindrica
HE [15
2.89 + 0.03 12.28 + 0.06 2.21115] 2n = 6x 2.05 5964.17 + 56.06
M. denudata
ThREE 17 16 *
2.75 + 0.01 11.69 +0.06 230" 2750161 299 2n = 4x 2.92 5716.41 + 32.56
M. x soulangeana ’ ’
AR E = 1.84 + 0.01 7.84 £ 0.05 2.06[™! 2n = 4x 1.96 3832.13 + 24.67

M. acuminata

. AR 3 IRIEE , R T IE + bRdEiR; « £ C (% (https ./ cvalues.science.kew.org/ ) ; N /R i KA iE
Notes: Three replicates for each sample; data in table are average values + SD; * database of C-value (https.//cvalues.science.

kew.org/) ; N. Has not been reported.
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TEAN A B s AR, R R A e & ok
Y R AN A B B e, R N A
FITF 0 85 e B A A%, AR Al A A B TR
MRStk s B 20 i Py A % DNA Y
O E Al i U AR S roy I R e 3 )
ZREME, BEH — R B VR AR E T T AR
ARG T 4 B 5 (LBO1, Galbraith, Tris
FIWPB) , A HATAE S 0 i xR0, MR H ek
TR CV B I/ IN AT £ it B 00 H AR i 240
MRS, DARE H Bod i sl 45 R%M, U
Galbraith #1 LBO1 b fif 2§ W BF, CV {H I E K
(>8%), SBAEH%E" LI R—5,; i WPB
XF 3 PP 22 BHE Y 0 2R AR e, LRI AR
BT IEM EK, B CVEMTE5.0% T, Uk

ZSERRIE T A L BHEYIN B & & 2 R
P, WAL, WPB ff B e M R+ 5 1
g ( Ziziphus) '® | ¥rJ& ( Quercus) ' S KA E
WAL RS R 2 R, ik, WPB 2 H
T & T2 W2 B A 22 B Y it 2R I e o i
B

Bennett 2527 (Y AF 7 5 I8 PN A 1 358 8 %) FCM
5 45 AT 5 AR F B2, Dolezel 461 kgt
TAE T HIY) DNA 32X 20 B ARAS I B 8 Ff b i iR
i, HHEKRY Cx (B 2.7 pg; AWF5EH 6 Fhfy
W E 2Ry h 24508, CSiER Cx £ H
2.0 ~ 3.0 pg. AR PIFREE BN, ARFERITRE I
FE Cx fEEEE AR AR B, A] 3 =X 20 i
PN 11 R | 0 N 5 SIS R 1 = o 8 N 1 .7
DNA C-HEA#IE , Wik, A5k = K1
FE A, BIARMPFR R, — RIS E IR
TE S HBREE 0 e AR5 R R AL, FE— 28]
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JPE B ANTE & TS bR iR, N ESTE
TR ST 2R AR R B AR, Parris 21
FEF I E AR 2 RHEY DNA SR, FEUBT
( Pisum sativum ‘ Ctirad’, 2C = 8.76 pg) NN
B, (T 2A5HOR 2B 0 DNA & & 5 % 5 A
VT, BOEREREUIE T JE WA 2% (M. virginiana ¢ Jim
Wilson’, 2C = 3.92 pg) A — Zbp 17l E
BAEE SRS E S TRIRE S R B A S RE, Yefalk
ZEFAAL, H DNA & &85 303 e WA 2 A6,
JEAE R 22 R AR bR 5, Bk, AR
WFSEEE T Bk | REEMK, BAEE = 3 S E i
PEATIRE, 55 R AL T 2 N AR, IR X 5y
B, g HAR e, CV {EH/DN, a2
R g S 00 AL £ 22685 B 22 W8 25
PAFE WA E I E 7R E L FE v, 3 RE A ST
I5AS DNA W& CV HIRAAE 5.0% LT, FRIET
ARSLES FCM I 25 R RG i i . 25 Lk, X F
EEWE 2 EEYWE, &£ H WPB f# B
(1mL) ., PIRYSEH(50 L), L1 em? R/ 7
Lo R BRI, BERENITRIFY 1.5 cm® K/
AORFINIRE 55 PABRZE ik 25 8 v ) Bh-E1) e i 8 A4 A%
BIF, T FCM i H DNA C-{H, A& A
HURTAT ISR
3.2 EXTJE 6 Mt C—ENE L RITM

] A AR A 22 R A 0 A0 M 2 5 32 i vh 7
BRI I, HARHER P RZ0 8, E2ERE0h
FPR]AEAE £ B e R RS 1R 25 5, G A% K
(2n = 2x = 38), PUfEik(2n = 4x = 76) | 7~fi
(2n = 6x = 114) %, KZEFI A LA,
CHEMRER, EXEBPHHAEZ(2n = 76,
114) HE>%=(2n =76, 95), —FF K> (2n =
76, 114)  ®wILE2(2n = 76), ZMEE 2
(2n = 76) FIWIRE 2 (2n = 76) 25K
ARWFFEH, 6 Bl E 2L AR MK 5 T A 5T 45
FFF, B EE 22 NAEARSN, Ha 5 Fidy b
it

AW FEIE 1 Cx (-5 O A SCHRHRE 19 808 41
AR —E 2R, Paris 5 WAF5E K, %
IWE=/) Cx AN 2.23 pg; HEZH) Cx [N
2.21 pg; Wi E 2 Cx N 2.06 pg; MAHISE
AR 25 SR /N, ok 2.17 . 2.05 11,96 pg.,
LEXZMFEZM Cx HE5EA IS E R X

T e B el C-{8 P2 1R 45 SR 43, X 383 T it ik
JE R AR R e R, R, 7E—2ERh N
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