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Improvement of the Cell Nuclei Suspensions for Flow Cytometry and
Comparison on the Cell Division Activity of Litchi Fruitlet and Pericarp
Which Having Different Final Fruit Size

LI Cai-qin, WANG Ze-huai, XU Yong-shan, ZHANG Jin-ai, and LI Jian-guo"
(China Litchi Research Center, South China Agricultural University, Guangzhou 510642, China)

Abstract: The effects of the five commonly used buffers on DNA nuclei isolation from fruitlet of
litchi were evaluated. The results showed that improved method on Otto buffers (adding the content and
type of reducing agent into Otto buffers, putting RNase A directly into the buffer and reducing the
centrifugal force) could get the highest resolution and the lowest coefficient of variation G/Gy peak of
DNA nucleus, which was suitable for detecting the cell division activity of litchi fruitlet and pericarp. By
comparing with cell division activities of fruitlet and pericarp in the first stage of fruit development
between larged-fruit and smalled-fruit from the early and late flowering flowers of ‘Feizixiao’ litchi with
the similar genetic background, and from ‘Siliangguo’ and ‘Chenzi’ litchi with the different genetic
background respectively, it was found that the cell division activity of larged-fruit was higher and lasted
longer compared with the smalled fruit, indicating that their differences in terms of the final fruit size was

related to the cell division activity in early fruit development.
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MAAMA (flow cytometry, FCM) & —Fp s AEAH =il F1 2> Hr i i DNA &5 (1)
J7ik, RGN T RIS+ (Bennett & Leitch, 2005), 404 i & 047 (Sgorbati et al.,
1991; HE4%E 5, 20005 FKEWFSTFHH, 2005). HYMREIESTE (Souzaetal, 2004). Yfifksr
¥ (Lietal., 2004). 4ifiit% DNA % 5ll5E (Dolezel & Bartos, 2005). AFHi& % ¢ (Matzk et al.,
2000). DNA ZZ 55381 (Murray etal., 1992). #fEF2E M0 #T (Pinto et al., 2004). WAL HT
(Perry etal., 2002) %%,

P AN B A 72 B0 2540 40 06 200 Ak T B0 B BOIR A T8 D BT ) A0 A B (MM 2>
Fe I AT TR (OB T RS S A AL 7 B G2 P . AN IRIRE P IR A 2R SR R 25 O3 A7
RN ZE S, AT FH AN A% 23 B G2l R R AN ), 1 HL I WA — Tl ke i FH 1) 40 A% 2 25 2% o
W PR 2 AN [ O 4 A% 70 B 9 P, 8 2R S SR R B g3 LASRAS e £ 0 40 i A% 2>
BRI

0 ) S0 P ek T R e A 4 L ) 43 2R R ) R A S SR U Rk e 48 T 2 B (Winklemann
etal., 1998; Yanpaisan et al., 1999). 40 % VF 20 TN 0 2 PoE B S 24 R/ (1) fi T 2 (1) 40
P02 A, SN[ R 2 TR R S ORI 22 S OE TR 5 A 2 24 2 (Goffinet et al.
1995); Bk (Scorza, 1991). Hi%&f (Cheng & Breen, 1992) FIE/K (Higashietal., 1999) I %Hy
T FFACTT A I 4l M 7 R B8 . e Ah, Ok BT A (] sl AR ARG A% 1 5 1) ) i b 2 T SR S K/ 22
AL AR, TR A A P A SRS RN AN RN A48 4& (Bohner & Bangerth, 1988), LA
K Jd)— R AL E AN R/NRZ 1] (Cowan et al., 1997), Sz /N2 5 L 40 f o AR TR
FITig i), 5240 M RN BRI SEM AL o I HERE 75 S R SR AR /N SR it A SR SR e e v B i AR
3 0 L 0 R R /N e BRI SR /A R R i g, SR GG (A 4E, 2002).
I FH U A A ot 35000 B 40 Y A% N DNA 25 5 SEBR Fo2 40 i AL 3l & (Dolezel et al., 1989), X4
I 391 At T P A Aot 00 0 ] 303 2R

AR AT A AL TS 50 e 75T AR R BRI A6/ SR L RAS RIS AL 15 5 1 R SR
/NSRS R ) SRR e A o3 B MR R 22 5, AT 1 — 5 7 7 B R SR /IS R 40 B 2 L 2 (3L
(P o

1R

11 ##

FAR T 2009 4 3—6 H A R ANV R el 2057 Be E H A PR g A, BRI 8 A
Forp H T 7 40 M S Ve N SR 7 VA AR A RGBT RS 7 d 91 HA AR
AL SOPPRL ) KRB SR DU SR RN SRS b PR, & 3 Bk HARRLEL S =) ‘15
R (MEFEBITH N 3 H 20 H) Figde GHEFEETFIA 4 H 10 HD B, % 3 Fk. S 1
MHEE,

FEMETE ST (T2 0 d), TRRRIEAERE 5~ 10 4R, F T2 WIRAE . HORE J5 F K ot i+ [A]
S, AEUK EHVEE A AR 10 5 AR /D YT, a5 0 ~ 25 d AR R, 1
Ji 32 ~49 d FEREUR K .
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12 %S BENRIYIE ik
e 5 FeH A AR A% 70 B SE P, LR SRRV IV -1 ANIV-2 B ES AR, e AR 1o

% 1 SHERARESBEYR

Table 1 Main components of five nuclei buffer solutions

Beor e genh il

Nuclei buffer A5y S

solution Component Reference

I 15 mmol - L Tris; 2 mmol - L' Na,EDTA; 80 mmol - L™ KCI; 0.5 mmol - L™ Spermine - 4HCI; Dolezel et al., 1989
20 mmol - L™ NaCl; 0.1% Triton X-100; 20 mmol - L™ B-mercaptoethanol; pH 7.5

11 40 mmol - L™ MgCly; 30 mmol - L' sodium citrate; 20 mmol - L MOPS; 0.1% (v/v) Triton X-100;  Galbraith et al.,
20 mmol - L' B-mercaptoethanol; pH 7.0 1983

il 100 mmol - L citric acid; 0.5% Triton X-100; pH 2.0 - 3.0 PR S, 2009

\Y IV-1: 100 mmol - L™ citric acid; 0.5% Tween 20; 20 mmol - L™ B-mercaptoethanol; pH 2.3 Otto, 1990; Dolezel
IV-2: 400 mmol - L' Na,HPO, - 12H,0; 20 mmol - L' B-mercaptoethanol; pH 8.9 & Gohde, 1995

\Y 200 mmol - L' Tris; 4 mmol - L MgCl, - 6H,0; 0.5% Triton X-100; 20 mmol - L™ Pfosser et al., 1995

B-mercaptoethanol; pH 7.5

T BREMRIV-2 Sl RSN, HRITE 4 CRAES .

Note: Five nuclei buffer solutions should be stored in 4 ‘C, expect for buffer [V-2 which was kept in room temperature.

13 BENBZPRHUR

K% 43 B HE OB R 0 30 mmol - L DTT. 10% Ul A& ) PVP. 2% (f&FLEL) Triton X-100
150 mmol - L™ B - 373E Z W25 /% 7y SErPiie B 4T 5 ELAE N 100 pg - mL' RNase A; 250N B
L JJ M 800 x g FEAKE 400 x go

14 #%E%DNAHSRLEE

Yetty S H L 2L (2007 J7 75 il 45 U AZ BN N DNA 2¢ Y6 42k HELLK A IE (PIL propidium
iodide, Z¥KJZ N 50 ug-mL™") K RNase A (%K 50 pg - mL™), HEAMIGIR T 4eth 30 min. J1]2%
PRIV B I, et 2 i 5 A6 _EHLET 10 min IO o B8 85 2 10 40 A% B ZE 400 H JE e il 3
Ja e NAMEER R R, BRI, 3ANER.

15 RN E

28 PI YLt il i FACSCalibur 32041 2 {% (32 [E Becton-Dickinson A ), 1L 488 nm 't
IR B R R a5 t, h FL2 SEIEA I 9 6 a 5 o A FHBEHLEAE CellQuest Pro™ K HU A ,
BN E 10 000 M4 Mukx Otk . s R H] ModFitLT (3£[H verity Software House A H]) &
AT 0 M, Won BT (CHEERARRR ) DNA A&, RS IZR TR, AAR A 40 HuiZ H
DA, RAHAT A AR ED, I Go/ Gy AL 5 R 5L (CV/% = iz /~FIIEME = 100D (4

=, 2007),

1.6 s HiEERITE

I M oy 245 AR T Go/M AN S IS4 Bu i 5 S 40 B Lu kR R oR, THE A XS H K i
(20000, R4 2351 (CDA) /% = (Ngym + Ns) / (Ng G, + Naym + Ns) x 100, L Ng m
Lo/ T Gy ) (DNA GRUGIHD FIM M (H 220280 MAMEE; NoF&nRaT S (DNA &
B IAECE: No o, AT G (DNA AT A Go 1 G o dn i dicht
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S
&

2 HiIR 5

21 AREZD BERRHREBMRILE

Bl 1 SRR AN [ A% 53 18 D2 il T 3R A5 14 o B 40 M BT AR e A B, AP & G/ Go 1L S
WA Go/M IS I A 0 A i ke 56 1A “I8” AR T Gi/Go I, 28 24> “Ig” 2 Go/M ], Gi/Go
IR Go/M BHZ A (P05 2 S HHe A 1 mT LUt X 5 b G i il 25 140 75 A 400 SR A0 b R oot
2ot A M AT e, TR A 00 B 7 U 1 e (R ity , 30 tH LB ) g, [
A 2R R TTTAN IS & 75 B 4 AR A1 A2 B I i % o AR T T V. V&SR
Pl S B R aate 2 S S 8 N B e Nl 1 S S P Y e S st 1 e BN e A SR LY | 95 e S R T AR 7 i
HEDIX 1] B8 A A B I 0T A0 LB A KO, B i S R 2 R 4 e Fr FISRAE A L, Sl AR e, AR
52 NPT IE o

3 M AR P R BT B 20 R — e DU S R4 (CV) k7R (Dolezel & Bartos, 2005). CV
/)N, DNA 8t BafEm, T THMALN T, BEFZEDNT 8% A Re B s gf 2. Al
MM T T IV VIX 4 FA% o3 25 28 i il 46 10 5 e 40 P A% B, e AT 1) CV IR AR < 8%
[IARAE. HT CV {22 S8R, BRI, AH A (PR S 70 A [R] PR B B 2R vy P 3R A5 1 40 i 23 2435 1 (CDAD
2R (e 43.28%, A% 27.69%) .

160 [ I m
G/G, CV = 14.635% CV = 18.860%
120 ‘ RCS = 6.554 RCS = 5. 461
CDA = 43.28% CDA = 31.99%

80

40

HE G400 P B
Relative nuclear counts

0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
FIADNAS § FIADNAS § FHADNAL Bt
Relative DMNA contents Relative DMNA contents Relative DNA contents

160 - N v
CV =12.895% CV =14.875%

120 1 RCS = 3.501 RCS =4.222
CDA=30.36% CDA=27.69%

80

40 4

HE G400 P Y
Relative nuclear counts

0 200 400 600 800 0 200 400 600 800

HIADNAS FHADNAR it
Relative DNA contents Relative DNA contents

1 TR BEWRRBOFZELREN DNA FEEHE
CV: A4 RCS: fAGFLE; CDA: ARG,
Fig. 1 Histogram for the relative DNA contents of cell number isolated from litchi by different buffer solutions
CV: Coefficient of variation; RCS: Routine checking standard;
CDA: Cell division activity.
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RCS e Ztil2 L iffiahs, UK KWL SRS i A RS R, 0.9 ~ 3.0 AL 1—
AEH, M0 3.0 ~ 5.0 HRTRAEAZ, N 0.8 BUE KT 5.0 EEAL N AR BT T R RTRUE HY 4 Ff
ZZIRIY RCS MAELE 7 S, Forp UM IV A ZE P V 1K) RCS (EAEWTHEZ YA, AFA ke i
LR, Hi T CVAEBOR, BRIE B HARA G 2R ARUE, DI E TSR

22 BRE%SBEEPRIIZER LR

M 2 AR RAT A8 O R A% 23 1 R o5 1) 5 B A A s, AR LT TR R R A A
(R AGARFI DY AR 07, Wi AR 7, AR, HAR EIESRAIRAFAE R 2 108 W, (EE A
SR AETRE B (B D RS, T T b, CV AR T RN EGE, H
e FA B A G IV i) CV {E AT RCS E 11X 3 7 iliR bl 25Kk, Rk, RE LA A il 46 5 e 2
A% BB B 0 B G P

[ 1I
,g 360 CV =13.32% ] CV =15.53%
= 3 ] RCS = 6.260 1 RCS = 5.371
'ﬁ § 270 7 CDA = 42.74% ] CDA = 44.34%
25
=2 i
_§ S 180
m =S
= =
g 07 ]
[ L B N B B 1 1 T
v \Y
260 1 CV =7.82% . CV =11.82%
El - RCS = 4.545 - RCS = 6.241
;*;5 § 270 - CDA = 35.24% ] CDA = 43.38%
= 5
23 1
5| g 180 -
' g
EE
s 90 - -
o
0 ! 1 1 1 ] 1 1 1
0 200 400 600 800 0 200 400 600 800
HIATDNAS i FHADNAS fit
Relative DNA contents Relative DNA contents

2 MREFAEZSBESRRBOHFZHLHREN DNA SEEFHE
CV: R #4: RCS: fAGFLE; CDA: ARG M.
Fig. 2 Histogram for the relative DNA contents of cell nuclei isolated from litchi by
optimized different buffer solutions
CV: Coefficient of variation; RCS: Routine checking standard;
CDA: Cell division activity.

IREG LS T 400 x g A1 800 x g 2.0 JIXHAZ Ay B AR IR, M55 (B 3) &, RHAI 400 x g
1800 x g E.0 IR CV Y < 8%, RCS{HWIERTHEZIEN, ZRAK, HAHRER IS
O AR T BRARA MR R AR G R8s &%, 2002), thith, A SR G 22 IV AE A%
TG, K 400 x g B0 I AL BE TS VL B E A A A B 4 R A B A A, T T A
Y N TR 0 A
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400 < g 800 « g
CV =1758% CV =782%
. 360 RCS = 3.641 ] RCS =4.545
‘E CDA = 37.06% CDA=35.24%
3 210 ]
% 5
L [+
= 2 180 1
§ 2
= v
EZ 90 ]
2
0 . = . - —+ - - - ;
0 200 400 600 800 0 200 400 600 800
FHAFDNAS Bk FHAFDNAS Bk
Relative DNA contents Relative DNA contents

3 FRABELATEGE NV RENFZHLREN DNA EEEFHE
CV: A4 RCS: fAFLE; CDA: ARG M.
Fig. 3 Histogram for the relative DNA contents of cell nuclei isolated from litchi by
optimized buffer IV under different centrifugal force
CV: Coefficient of variation; RCS: Routine checking standard; CDA: Cell division activity.

23 ‘RFR HREBEARMGLNRRILLEFAMES BRI LR

HE 4 0L, FEREAEIH (0 d), FARRIMEAE R I+ b5 40 i o0 e EA ZEA K, BEE RS E,
HAC)E 14 d i, FACR I T — ARG R, S + Gy/M BN 27.5%, B B #HET
165 39 d I, S+ Goy/M AN BEL T R A 15.5%. MMEAERTT S + Go/M A e /e e ) 14 d 22
JA R B4R 16.6%, BURIEAE)ST 25 d I FTRITE, (EREART 32 d I, 407 24550 DAL TR K P
BRI, A L5 RSEREEAN R E RRE, AR R0 RS ER 2w T AR R, Ho4h
YR RSN TR LB AL K 7 d 224

40 T —o— B Early bloom
% —=— Mk Late bloom
\D Q
w0
# 2
oz
gg(:; 20 f
R g
2 g
=% 10t
g
&
0

0 7 14 21 28 35 42
LG FRE/d Days after anthesis

4 ‘BFR GEEERAGREZRRAXLERHAMBSFEEMLE
Fig. 4 The proportion of dividing cells in fruitlet and pericarp from early bloom and late bloom of
‘Feizixiao’ during fruit early development

24 AERITXRNGHEHMRILLERHMES ZEER L

P S AT, RS CDUB Y ZE I 4 43 24 P AL TR K (HA 20.57%),
HRE S IR ETF, IEAEfeE 7 d k3 —A /N EE (30.97%), ZJa M EE R, B35 T 27%, 16
Ji 28 d BliA e EIE (36.66%) &, (EHFIR S IRE, 216 49 d BRR KK (16.28%). /MR
m A BRERT WIZEAR S 0~ 21 d W, LSS0 i 40 B4 06 ME e REAE — ML R 7K (22.63% ~ 25.30%),
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1e)a 21 d e, FFABPUER TR, 2Ae)E 42 d IEBIEARN 13.12% XL S RP sk & 1 1)
M R4, BRAESS 0 dAh, DUMSR GRZ&s T BRE, i HANM o MRS T b PR
K7dkH4.

KR CIe 75 BAERS WM Mo 2GS m T/, i B R K I 7 R 4L
I a], IR RS AR SR B I I 40 M 2 0 1 5 RS R S 1 e 8 R/ A B DDA O 1)

50 o— [EHF Siliangguo
= —&— [f4 Chenzi

240
5

= 30 B o
; A 3
20 ¥ - = o

10

A2y i Yo
Propotion of dividing cells

0 7 14 21 28 35 42 49
{EJ5 K #/d Days after anthesis

Bs5 ‘ARR 5 ‘BKE HRRLAEFHARS RBEN LR
Fig. 5 The proportion of dividing cells in fruitlet and pericarp from “Siliangguo’ and
‘Chenzi’ during fruit early development

3 e

3.1 ZH4h RS HE MR AR AR SRR SL

T3 G M ARANE I TRG R I AR R, DRI RDIRZS  E0OM A A A2 5 % 18 ) i 2
@ (Hopping, 1993). S HBRZMRYFANERIIMY), HRERBOR, IX LSRG PEY) 5o A1 70 40
T, G M A RN ARG AE — S, 2 2 A PR S 2 2 B, GRS ik an i kz Ak, 3
TIFE SRS, BEASRE 40 B S i sl DASSOAS REMED ARSI Hh A MR S (1) A5 (Noirot et al.,
2003; Suda et al., 2004; Loureiro et al., 2006). Favre & Brown (1996) #l Zoldo Z& (1998) 7Eill
SE A DNA Sy, KIMEERA 3, FUIL R R BN By 2B Y R A7 (E . Loureiro 55 (2006) 7F
W FURR B RS ALES e RIS AR i DNA Bt iy, RIS R 0 16 i 22 S KM R Rl . 7 A R
SRS G2 I R RS, A7 B PERG BE S B 7 BORE A TR, U BT L A
Rk 1ok FE E 7V ) SR S T R A LA B TR 12 o

AR R ST S BeE A0 AL 2 B R BIAT T AL L, RILAERESE (2009) $&H 1iE
GG 40 A% S G2 PR TTANE T A B R, AR JE 8 5 S0 At 4 b 2 g A 748 ks Jit
R (B - S AR RAE = 2] 50 mmol - L) AR (4501 30 mmol - L™ DTT) ek, HIWE
HH Y TR DNA Qa4 R QiR E, FRRan Az A4 s 7 it 28 4, et 4n i
R, BT Sk, THERIT SRR T4 . DNA 986Uk PLA] i B 45 4575 DNA XU E (1) 55 S 45 1)
by A2 DNA J3 A 22 5 5% m, 4% ) DNA 7> 73 H B2, DNA 7r PR, PLRA
WER R P I R 2, 2030 G IR, IX 28 DNA {2 & %€ 6 1 5 5 st bkt o 5 40 B 757 BUBE [F) RNA,
PI HAEIR A 2] RNA ALk, e 2 i o mm, DRf,  H PT AL EURH 20 RNase A LA
TR RNA 201 (58 %5, 1998). AREH K RNase A BN i A e H e Qe taid 72
AR SWH (Otto, 1990; Dolezel & Ghode, 1995), MIfjfli RNase A 75 #5440 4% 1 H B ik
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FEPARAAEAEHT, SN TE 2> Ho 3 A il ) RNA, - AR RNA T3

32 HRRLABEFHMAMOIXFESRIXNDRIKRSR

YT AR RS, RAEAEBRTT b X — e 3 NG Made—
1E 4 A A8, BAER (>30g) —MREMAER (<22g) BK 50%LL (g 4%, 2004).
AARIS T, BRI A ME A BT H 34 502k 2009 4E 3 20 HAT4 10 H, 48R, B4efse
e A TR T 1I5 34.58 g, e KT HRAE R SZI1 20.58 go AL, HE OB ERMGE - 2 EE) CRIGA,
1998) id#k, PUPIA F BRE BPRRE Y 34.6 g 1 14.8 g, HIFJE T KA MFN, 1M
o BTN R SR, AR O DUBR R R BRI TR 0 30.47 ¢ R 14.61
go M R B ARG 501 Il 15 FUAR R SR A A8 /N S DL HAT AN [A] g A% 1 S5t (0 R R
/N SRR T ) SRS T I AR 4 SRR S R A R A R R, /NI TR, R A 4 oy
PR, HRRZEm 24, PO SRS N7 T 22 S 5 L S SR B AT I IR TR AT O . ARG,
R PUEs T E A5 (2002) A # R RSN E T4 Mol voe B s e ARZ5 RS HAR
Ezura W8 417 FI L RIS S5 ARARL, A A Tom ok FH 20 2R ) 2 10 VR LR 1 AT RE A% 15
SRR A ‘Fuyu A7 FUNRERE R ‘Natsu 47 BSZRE LW 225, DO IR SR
JIN S H 4 i R v S PR T 5 4B KNG 9% (Higashi et al., 1999), i >k S it 7 28 40 oA Fry 6
5 R PTIESE (Kobayashi et al., 2002). 4 i Jil S A] 30 ek 1 42 5 ) 5 440 1 £1%) 3 26 e g 0 4 e el 3
FIIH PR Sk v s 41 ie 25 (Winklemann et al., 1998; Yanpaisan et al., 1999), [XIt, 40 fH 3 %) 5%
T KRR 28 B /R e P VE ] (Inze & Veylder, 2006). 75 ks Sz b i mi it 40 Jifa 43 %4
I (PARLA) 2B A Y Rt/ T Lk 3848 v R S A R AN B o A M B R L 2 ), AT B
KA LA H 1
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