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WE: (B8] 2 EAY RRIARFERRRLE T ikt A RAR DG Hrn, TRSEYERER DR,
[ Fik ] A £ AL K FoF A, VAKFE Oryza sativa AAR, REmPAZEERRA 1, 3, 5. 7. 9, 12, 18, 24 f=
30 min 3t 9 B, ARAX AT R A AR BN B ARAR DTN, [BR] ONA—HFmE, Lot
KA F R KT B AL, KBRAKDMUAERDETF, £48H 0.04~0.20 pg. QRRM AT ERFRAZLRR, LT, &
# Sinobambusa tootsik. %t /& # Sinobambusa tootisik f. albo-striata. -F % #& Pseudosasa japonica var. tsutsumiana.
¥& #5 & 4% Pseudosasa japonica f. akebono. % Wi %4k Indocalamus decorus. Fo.°t 74t Sasaella glabra f. albo-striata R 4T#F
4 Chimonobambusa mamorea f. variegata ¥ €, 1 min B i& 3| 5z K 3% KA, FR # Bambusa multiplex %= % % # +%
Phyllostachys sulphurea = & 3 min iz 3| % K14, 7% 5 4 Pseudosasa amabilis var. amabilis F= #p *t 28 # Thyrsostachy
ssiamensis ¢ &, 5 min ix 3] & K¥EAH, AL BRI A Phyllostachys sulphurea(*t % )7 min i& 3] 5z K34, D12 AM+rHH 64 52 %
BEAE 130 min WA EBRKRER, BRIRFH. Mt . ZIRAT R ZEAFIN, LR eRE TN £
5% AL, HRREFZAMAIRATLER, 5RH 12.93% Fo 12.88% ., DA KA AR ZR A Fo bt 2n 45 K B K D>
A (1.64+0.54)~(2.69£1.01) pg, H A 10 AR ArFP L B 20 K ) % (3.76£1.51)~(5.73£1.85) pg. 10 AR AF A FE v, RI45 B
Phyllostachys # 7+ 2 B 2% 0>, KA (3.76£1.51)~(3.91£0.95) pg, H i Bwy— % H AL HmE K, KD A
(4.82+0.54)~(5.73+1.85) pg. [ & ] O R Mot A Ao F 3 TAE A R BB K NS4, otz d &nb i) sF K B ko)
MEERABLE— YR, FEREA 35 min RiE, QRFARAAHEARAR NP RN TBAF ARG, BHFARSH
P, ORI B A ARG R B LKA R T AR AR, B 1 RS £ 29

KR o TAWF,; AR ARAKD; AX@Es; KobME
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On the application of flow cytometry in the genomic size
determination of bamboo plants

CHEN Rongfen, HUANG Jianqin, CHEN Rong, XU Chuanmei
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This research is aimed to study the effects of material tissue and the treatment method
on the genome size of bamboo plants with the ultimate purpose to improve the genome size determination
accuracy of bamboo plants. [Method] With the leaves and shoots of different bamboo species selected as
materials, and the rice used as the reference standard while the nuclear staining time set for 9 different gradients,
thatis 1, 3, 5, 7, 9, 12, 18, 24 and 30 minutes, an investigation was carried out of the tissue sites and staining
materials of different bamboo plants with the employment of flow cytometry. [Result] (1) With the same
bamboo species, the leaves and shoots were similar in the fluorescence peak and genome size with the genome

size difference range as narrow as 0.04~0.20 pg. (2) The 12 bamboo species are different in their nuclear
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staining time, with the fluorescence intensity of Sinobambusa tootsik, Sinobambusa tootisik f. albo-striata,
Pseudosasa japonica var. tsutsumiana, Pseudosasa japonica f. akebono, Indocalamus decorus, Sasaella glabra
f. albo-striata and Chimonobambusa mamorea f. variegata reaching the maximum within 1 minute, that of
Bambusa multiplex and Phyllostachys sulphurea reaching the maximum within 3 minutes, that of Pseudosasa
amabilis var. amabilis and Thyrsostachy ssiamensis reaching the maximum within 5 minutes, while that of
Phyllostachys sulphurea (leaf) reaching the maximum within 7 minutes. (3) The fluorescence intensity of the 12
bamboos varies greatly from 1 to 30 minutes, all exceeding 5% except for the leaf of P. amabilis var. amabilis,
T. ssiamensis, B. multiplex and the shoot of S. tootsik. In fact, the fluorescence intensity of P. japonica var.
tsutsumiana and S. glabra f. albo-striata have reached 12.93% and 12.88% respectively. (4) As for the genome
size of 12 bamboo species, 2 tropical woody bamboo species of B. multiplex and T. ssiamensis changed from
(2.64+0.54) pg to (2.69+1.01) pg, however, that of the 10 temperate woody bamboo species changed from
(3.76£1.51) pg to (5.73+£1.85) pg; of the 10 temperate bamboo species, the genome size of Phyllostachys
changed from (3.76+1.51) pg to (3.91+0.95) pg, yet that of the other bamboo genus changed from (4.82+0.54)
pg to (5.73+1.85) pg, which is obviously larger than Phyllostachys. [Conclusion] (1) Both leaves and shoots of
bamboo can be used as experimental materials to determine their genome sizes by flow cytometry. The nuclear
staining time has a certain effect on the determination of the bamboo genome size with 3 to 5 minutes as the
optimal staining time. (2)The genome size of tropical woody bamboo species is obviously smaller than that of
temperate woody bamboo species while among the temperate woody bamboo species, the genome size of
Phyllostachys is obviously smaller than that of the other genus bamboo species. [Ch, 1 fig. 5 tab. 29 ref.]

Key words: molecular biology; bamboo plants; genome size; flow cytometry; peak fluorescence

Tt A A S A R D 40 A SO0 7 20 L B FOs S A o BT B BRAR A BT R R, i B AR AT X — ey
S 1 A N G €8 A S R AT A3 AT RN 3 3 RN 2 A R DR 2 KN B A KT A E AT I E RN 4y
il FES TR R RN R, SEGNRR IR A E R AL, WA MR A SR fE
PRSI . L, BT aSal AR R Y S I KNSR b R4 T EEWEM, 2 265 Fh 4 E
Asteraceae fH 4 . 157 F B HE Bl Cyperaceae fH4) & 191 # B K& Ranunculus #5493 R 4 K/ E 8 o i
A A >, KRR C{EH (R PR AR A% 1 DNA & i) B R g™ BERA K ME
SR R G2 . FE N P S P S R d it 22, DR, 4 v ) 5 PR A R/ Nl e B 28 06
FE, TR E RN, SR 119 )8 1482 B, FERE L 37 J8 500 4 Fh, AR
FRAS AL 100 AP0 FEATSSAE Y BE A =58, B AT BAT Phyllostachys edulis . FFITT Olyra
latifolia . 257 YT Raddia guianensis N JRZAT Guadua angustifolia S5 7T AP SE R T 3L 4L 7 TAE, 1E%
ATSAEY T L BE AR R 0291 i Ah, TEATSSRE RN A Mg, BRTZS 200 TP Y
FE A /I S A I, (B TARRIFR B BRSNS | RIS RS T AR m], #53
PR AE DN 2 25 R A A — o 22 U0, R S i 20 AR Az S O e 8 2 A0, AN [RIAE )
SR N B ) SACEI I L AR, BT A B AR S BORAE L A AR A R 25 57 o SR A A 2 E SO E 2
WOAZ SO, 17 2 W G e B[R] XT SE B 25 SRS o PRI, SR T 2D A AR 3 DR A RN A R
HIRGEE . ASBIFGE A3 HT T A i R A AL S e €0 B [RD X AT AR 4y 25 DR 20 R/ NI e B85 SR A 52, DR AE LAl 1
s T 12 TR R KN, DU AT A 3R G053 28 B R A DNy 4 ik 2 %5

[ I I

1.1 ##
LT K FE Oryza sativa 288, 12 AT RS BB KCRFE R B UL 1. T =Can M3 or B i AR P #%
RHELR IR BT B L O A2, B TR VR AN TR SR AL B T ISAE Y I R AV AT AR S R, T
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HIOrERE, Rl BT HE S KA RAE . BT Sinobambusa tootsik, 23F-4T Pseudosasa amabilis var.
amabilis . 22047 Bambusa multiplex 3 & 52 WIAT Phyllostachys sulphurea %5 4 A7 [R] B UL 4k b
B, M FEAT Sinobambusa tootisik f. albo-striata . ¥ JZ 2k Phyllostachys sulphurea . “F%4 Pseudosasa
Japonica var. tsutsumiana, MW 44T Thyrsostachy ssiamensis . &M 7747 Sasaella glabra f. albo-striata, 3
W EA4T Indocalamus decorus . W& i o ¥T Pseudosasa japonica f. akebono J 21 ¥ %€ AT Chimonobambusa
mamorea f. variegata %5 8 N4 - BLIE M Y Sh— LA Pl i S Ok . XA AP ECE A R, HATM TG
F, Wi, X 8 MR R oL,
®1 RMAHREER

Table 1 Description of the geographical distribution of 12 bamboo species

P MR B A MERIR EZEa
ES Vg W AR 2= 2047 el 30°09'14"N, 119°26'00"E || AT WA A= 2R [ 30°09'14"N, 119°26'00"E
M-ty WM EREEE  30°09'14"N, 119°26'00"E || F-ZAT LA 2= AT 30°09'14"N, 119°26'00"E

piga ki) T ARMR 24 1] 30°09'14"N, 119°26'00"E || MEFIRAT WTLRMRZEFBRIRE  30°09'14"N, 119°26'00"E

WA WM SRR AT 30°09'14"N, 119°26'00"E || #EAHIRAT WL ARMOR 24 Re i 30°09'14"N, 119°26'00"E
JEAT WL FRAT I 30°09'14"N, 119°26'00"E || FEANEAT WHLRMOR I RRIRE  30°09'14"N, 119°26'00"E
AEnFFEAT WA FRAT I 30°09'14"N, 119°26'00"E || £LAFFEANT WHLRMOR A BRI T 30°09'14"N, 119°26'00"E
1.2 FHik

1.2.1 AKX @mIaSH b & X TATIAEY I R RE s, BRI AR SR 0 i B AR 2 58 A SR T
MM s XA SRR, SRR IO R RS, ekt B rh s 23 ae . XU T DI — B AR 2N
1 em® BJEEZ) 1.0 mm B J, HAZY 0.25 em® BYIEGFE T TR RYIEIRILT, SRS e EEFRILFANA 500 pL
A0 A% HE B (cystain UV precise P Nuclei Extraction Buffer, PARTEC, %i*5 5003) 7 EE &, &)
U] T OB AL SR, B B SR LR B 1~2 min, 4004 IGE 4y, Z )R mEFRIF A 2 mL
DAPI (4,6-diamidino-2-phenylindole) 4% A, (cystain UV precise P stain Buffer, PARTEC, %i5 5003) X} 4
Murz AT, SRS 30 B RS A DR BB T, RS LA

122 AXmasen 2 REFTHZ RS mas R, EmREanESy 10 3, 5, 7. 9. 12,
18, 24 130 min 3£ 9 AMBERE, FIHIR 40 MY (Partec CyFlow ploidy Analyser) X i AT E . R T
PRI 25 P HERAYE , RRRSEERSELIOKRTCA S IR, 4t TP BATRY SRR RN, e Rl T P HoAh
P e 20 O NHEAT I e Ao B o O TR 25, BRI R E 3 AR E S, AR S R AEAERITE 5%
DY

123 RRE#AF6) DNA 2254 &5 CIEEHEEM B (http://www.rbgkew.org.uk/cval/homepage.html),
A KRS AR AR ZH X ) DNA i 2C 24 1.0 pg, FFHERRF TR 2C 16 : FrIUATFN 2C 18 (pg)=
(FRIATY A e (/K R UEAEL) <K 2C {H (1.0 pg), KAFHAFIARIE I ZH R /Ny 466 ML, 4f AT DAHESE. H3 AH
AT Ao S5 AT 2 X6 10 R S

2 HRGH

21 PIREYHRMEERAXNNEERSN

A A AN S A i DR AR /N R v, e Al RS DR A W ST B 2 2R 75 P S (Y E 2l .
ai A B P PP A A S U B, AHN B A B B e L, ARt oD R R IR AR R BATR
ﬁ'ﬁ?HEI, MERZEWBUN, SSEASREATRE; Rz, B AL PR b A RO AR R, X R A 2 I

SEZ L, BN R B AR A IR, SR ATRIEE A AT EE . I L T RIR . AT, B
4’\ AT Lo B W25 4 AP Rfo B R g SR B A AR RO A, A SRR A S34h,
(5] — 7 7 14 R0 200 o P DA ALt A B, S AY 0 R A R4 2 B 0L, G ZE A
(RIS 2.C 2 BT X L A9, A MBS AR )08 Sy 4C 2 R P o 7 g e, A [ 24 8 240 M6 X 7 5 D 5t FE (LA
JLP—B (1A ~AY). BRILZAE, BT, ZRAATRIE K WIPTAE 3 APl S 22T SOARML, P R
LR A4 (8] 1B~B,, & 1C~C,, & 1D~D,).
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Figure I Flow cytometer peak value of some bamboo leaves and shoots

Wit b, 5O EEARIRK, UM AR G, R AYRE PR/ R fe

o T SRR XA SAR YT R A G IO B R R 2 R/ INBEAT LU BT, 0 LA B WA

KA. F

AT B AT 4 ASATRb: e 5 08 B R DGR BE A MR A, S5 4 A el o 60 5000 g 14 3 PR A R/ o
SRR 4 APTRE R N IS A RN AR SE W) A, AT L AR SR B R
XY 2CE 43 5K (5.0342.33) . (4.82+0.54), (2.64+0.50) F1 (3.76=1.51) pg, i X5 i B9 2C 1853 51 Ky
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(4.99+1.56). (5.02£1.99), (2.72+0.59) Fll (3.86+2.31) %2 4 NFEAFIE SR E A KN
pg, /ﬂ\: EP %15";":"‘/1-/:( N %J”ﬁﬁ& i'%fﬁ NIJ T’T IJ‘[‘ }‘Jl- 2C {E IH% Table 2 Genome size of leaves and shoots from 4 bamboo species

ANF SRR R 2C L, 2 fE 4 31N 020, 0.10 WR BPREBG 2CHHRREE e %%?&
i bR ifE22/Mb

F10.08 pg, i & ATH - 2C {H b 578 K 0.04 pg - dl
(& 2). B AR REFTIER AL R o Lo o
5.034+2.33 4325.80+2.33

SEaEYE, HRZEARR /N, mREARVFERMN.

N . . # 4.99+1.56 4291.40+1.56
R, X7 2 4 i 75 Lo AN S8 m] A Sy HEFE A
) e semei i 4.82+0.54 4 145.20+0.54
’va!\ ﬁnﬂ{]?{‘/ﬁ% " o - £ 5.02+1.99 4317.20+1.99
22 FEEEXTRENEEAXNESRY A et b0t 2970405054
A ZEIAT -
w7 2.72+0.59 2 339.20+0.59
P 3R 12 AT RRAE— 5 I ] A IR B i K¢ P w 3.76+1.51 3 233.60+1.51
y i . = Eyiail
TR E(HSG , BEAE SR IE, 2GR A o 3.8642.31 3319.60+2.31

ANFIFREE R, 2 L (8 i A 2E K 3 30 min B, K
R R B Com FE A B A D B e/ o 5, WA Ry i e A S Y G R R SO B AR AL A 58
SARE. DB AE], ] min 280 E R R R K, Z )5 REE Y A I, 28000 B E AN KT
b, YL ] AR $] 30 min B, SEGTREE(ERD BN, 8 6.23%, T REAT S R RS B
MILAE 3 min, ZJEFEE QAR AIEER, 20BN B A, e 30 min B, H 2008 B /0 3|
119.75+1.40, 2470 2.67%(F 3 FE 4). ik, 12 MRV DEOGIRELE 0~30 min WIETEE RS, 728 55
IR 2.67%~12.93%, BRIEEVTH . 28T RNGE . ZEMAT I B0 4 A7y A5 o B AR AL /N T 5% 4b,
HAR RGN ARE I KT 5%, A LATRh2CTR A E 2 T 10%, MM 24T
L e AR R eI AR, SRR ARRAE /R 11.02% . 12.93% . 12.88% J 12.33% %5 (3% 4)
2 FH 400 A e 3 SF B XS A7r R 40 6 DR 28 /NI o 5 SR A A — e 5T

T3Ah, ANEATRNEL B[R] A7 A [ 20 U A 0 G st ] S i R S8 AR Rl At oAbk R i, R
Vo AEMEFEAT . SRR BRI AT RINEEAT . AR IRAT BT FEAT YL AR | min BV IA B S KPR,

R3 2 AMIFARE R ERE TR IEE
Table 3 Mean value under different dyeing time of 12 bamboo species

AN [ G € P ] X 7 1459 516 5 B DA

L7/ v
1 3 5 7 9 12 18 24 30 min
IKFE M 24.67+0.38 24.4240.48 2424052 24.16+0.42 24.07+0.36 23.94+0.38  23.8£0.34 23.47+0.27 23.15+0.24
o M 123.98+2.33 123.32+2.68 122.24+3.14 121.48+3.27 120.81+2.72 119.83+2.84 118.59+3.08 117.32+2.55 116.25+2.19

JF121.8541.51 123.04+1.56 122.77+1.23 122.1141.51 121.86:£0.78 120.82+0.35 120.67+0.09 119.75+1.40 119.87+0.60
M 118.13£1.24 118.8120.59 118.97+0.54 118.52+1.03 117.99+0.92 116.27+1.73 115.82+2.62 115.75£2.24 115.3122.43

ke
R F123.39£1.90 123.67+2.00 123.75+2.00 123.18+2.09 122.57+1.57 121.37+1.87 119.56+2.31 118.80+1.68 118.85+1.24
S M 64.07£0.44  65.20£0.54 64.92+0.59 64.63+0.22 64.88+0.44 64.54+0.83 63.85£0.83 63.70£0.86 63.35+0.74

F 67222059 66.90£1.15 65.60£1.97 64.72+2.07 63.71£2.90 62.85£3.17 64.79£1.64 60.61£5.90 59.81%6.10
SR M 91.20+£1.83 92.27+1.60 92.50+1.52 92.70+1.36 92.54+1.36 91.98+1.91 90.64+2.27 90.11£1.93 87.70+1.09

P 9521+£1.83 9535+231 94.46+332 92724322 92.09+2.81 91.10£2.28 89.01£2.74 88.30+2.03 87.66+1.87
BT M 95.84+1.19  96.37+0.95 95.66+1.22 9574123 95.10£1.53 94.68+1.85 93.47+1.81 92324225 91.27+3.96
&) M 134.17£0.93 133.44+0.57 132.43+1.18 131.34+1.49 130.17+1.63 129.10+1.93 125.12+4.50 122.36+6.36 116.82+8.22
AEMET  126.61£1.96 125.97+1.71 125.58+2.88 124.25+2.10 123.76£1.86 122.98+2.18 120.92+2.30 118.80+3.17 117.99+2.33
MR M 132.17+1.58 131.67+1.67 131.36+1.46 129.64+2.47 127.77+3.32 124.73+3.37 122.08+3.05 118.56+3.82 115.14+3.52
BEAIRAT  MF 141.29+1.85 141.20£1.47 140.06+2.06 139.30+2.20 138.50+1.63 137.64+1.84 135.40£2.90 133.01£2.20 129.62+3.47
EWEN " 133.08£1.14 132.59+2.03 130.98+3.10 130.03+2.85 127.63£2.80 125.613.61 121.71+4.26 119.82+5.21 116.67+6.85
HImH4rT - M 65.67+1.47  65.88+0.83  66.25£1.01 66.23£0.68 66.09+0.40 66.14+0.42 66.39+0.83 65.12+1.47 63.30£0.96
LIFFIEAT it 132.824£0.97 132.29+1.73 131.62+1.88 131.36+2.02 130.12+2.22 130.10£2.21 127.39+3.91 126.18+3.35 123.87+3.58
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Table 4 Fluorescence intensity change of 12 bamboos

P LS A TR CIREE /NGB i BE Wl E K LA/ %

- ﬂi 123.98+2.33 116.25+2.19 7.73 6.23
E2 123.04+1.56 119.75+1.40 3.29 2.67

st it 118.97+0.54 115.31+2.43 3.65 3.07
% 123.75+2.00 118.80+1.68 495 4.00

SR i 65.20+0.54 63.35+0.74 1.85 2.84
H 67.220.59 59.81+6.10 7.41 11.02

— li 92.70+1.36 87.70+1.09 5.00 5.39
95.35+2.31 87.66+1.87 7.69 8.07

BRI i 96.37+0.95 91.27+3.96 5.10 5.30
AT nt 134.17£0.93 116.8248.22 17.35 12.93
TN AT it 126.61+1.96 117.9942.33 8.62 6.81
AN FRAT i 132.17+1.58 115.14+3.52 17.03 12.88
W AT nt 141.29+1.85 129.62+3.47 11.67 8.26
FEMHEAT it 133.08+1.14 116.67+6.85 16.41 12.33
Mint-4n ey i 66.39+0.83 63.30+0.96 2.95 4.45
LIFFIENT it 132.82+0.97 123.87+3.58 8.95 6.74

Ye o i (B 2 F) 3 min B, SEGER S W, (HUD AR (5 3); FEIAT RN E B e T R KR
JEHIAE 3 min, 5 1. 5 min XJ R 1928600 BEAH 25 AN BH B (3% 3); ZRAFAT RN AT fe K28 i 4 1
BAE 5 min, HAPEFEAT ARV 5 I 3 min B 98GR B B, WA 40T iR KPR E S I
7 min BP0 B BT, A SR NPT B RO G BRAE 7 min, (A5 5. 9 min X0 A6 15342
(3 3)e VAFFAMPRIET, 90 B BE YL A i o] AR AR A 0 55 i AR AL, L SR /) 53 K i B
HERAE 1 min, JEATFIEE R MIAT 2 AT B S5 0 B R ZEOGHR EE Y AR 3 min, A4 R OR TR A 1 BLAE
S5min (& 3). FEAT. AT ST AE K NIAT 4 ASPTARR RIS DA R TR RE, (R RSN
PN M BATE AR, 5] 408 B2 WP 500 B K 258 B2 BUAE 3 min, I F e K25 B 40 i B AR
7min (K 3). L5 LRTiR, TwEM RN H, RO HERK S 3 min B, 75% PR E AR5 K
SR, ZERKE] S min B, ©A 91.67% MR RIRRGOEREE . Bk, BRI SR 4 K
ININE 25 RATERR T, TSR G (U R S 4R IAE 7 min DAY, BA 3~5 min feft
23 RAAEEMITHOEEBKXNTHT

2 5 R SZEIAT FOAIN I L AT X R A R 2R/ i R (2.64+0.54) FT(2.69+1.01) pg, B /T H:
i 10 TR HIR NI JE Phyllostachys (/)8 K WIAT FIE K S5l 77, REI A 2C {53 510 (3.76+1.51)
il (3.9120.95) pg, W1/ T HAb—SLAT R A PTFb ;. FUCR RATIR Sinobambusa WFEXTRIER FEAT, XFR

£S5 RAREIHOEERAKN

Table 5 Genome size of 12 different bamboo species

Wb 2C1E+HRER /pg SRR/ N7 EZE/Mb Yk 2C(H+hRfE2 /pg B PR 20 R/ UE 2 /Mb

KA 1.00+0.00 860.00£0.00 AR 4.82+0.54 4145.20+0.54
ES ki) 2.64+0.54 2 270.40+0.54 i) 5.44£0.93 4 678.40+0.93
i i 2.69+1.01 2313.40+1.01 B AT 5.73+1.85 4927.80+1.85
B WA 3.76+1.51 3233.60+1.51 A FRAT 5.36+1.58 4 609.60+1.58
BT 3.91+0.95 3 362.60+0.95 ESITEL) 5.39+1.14 4 635.40+1.14
FET 5.03+2.33 4325.80+2.33 LLAFIEAT 5.38+0.97 4 626.80+£0.97
TN REAT 5.13+1.96 4411.80+1.96

UL LIS F X0 O B dme R BE (R A , X HEE P2 R/ NBEA T 135
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