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Chili R AR A2 b, T ARR Bl WA R SIS s 30 52, I 510275, e-mail:
Issjjh@mail.sysu.edu.cn)

. S (Chaneya) 7 KHI Manchester T~ 2000 fE&EV:, F5—RERHIXIFR. FL 2
FAEfEs R 122 MOERE SR A Ao 2212 BT b 9 Pt 46 8 tH R T K i
HoBrtt i S KRSk, I 86 BEAE A IR RS . Heer (1859) A& T-HLA 73 A
TR Ay Hu X (1) Jie /£ FF Porana J&. Weyland (1937) k& )& TSR 4340 T AP Hay
IS B I R A R Monotes J&. MacGinitie (1953) K& )& TILA 7045 T e 9 vy Hu X 1)
BEWRL Astronium J&. 52K (20000 H XM LR tEE AP bR A sh AR BT A iE RS R TR
PRGN R B an AT Zh 1 HEZ T B RSS2, [RIIAEEE T R bS8 4n 7 TR ] v 8 i A A A
A, WA S EIRRHE AT A, HAMEAAAE TIARA R R, &Rl RS s
Tk, WCERST T SR BRI & (Chaneya)o MR TE 7245 v K/ BL SR B 45 R RFAIER A BR UG 7
FeboE 4k A7 4390 %1 43 4 Chaneya tenuis FIl Chaneya kokangensis, JiiZoid 5 & HACHR AXT L,
NN Chaneya 5 ILA 40 A TR W 5 B hr e L U 31 HAS,  Ih R VG ME R 28 5 1) v AR R K
(Picrasma) AHfl. Teodoridis et al. (2005) HFPULEE T K H 4l [E A4 v (1) )5 € 4 Porana (AR A I
FRIFREL T H A=, IRIETEATIER ERHER HAZ 1T 4 Chaneya oeningensis, 81X 1% @1k £ A
DA A S8 (1) MESETERFAE IR A0 52, AR Lrh i) R (s A i h de i i AR Ae =, IF Hik ok
Chaneya M ESBEEFAE BT T 75 R B A (Picrasma), 117 HAE A7 A6 M B2 A0 AR el 40 B4 1AE B e
FTIACZEAH B . Manchester and Zattawniak (2007) %77 H 3# == R AUFR A& 1T 4 Chaneya
membranosa, BE— K% JE 1 S oA B T I OR i Rk

ARSI bR AR R B B 2 G B S B AL S B = v, FEBEREE R 15 AR e
SRTRR, AR TN, A%, FIONIETE, SEM e, TinmdlR, K/MHEFREGEAHFR, P 9.5 mm,
B 3.0mmo fEHF 3 SRIT AT MK, Erp kB, W1, (T, SESM kA, i
ik B A LS 25 H At IRGRITKN FE 0k b B AR At T S5 AR AT S ik R B PR R R BRI B IR
TERLFATE, H EAAREWIETER SRR . B bR AR 56 205G R 8 A R e, 250
R 4 NFPRTEGRLEX, #F I 2EE A Chaneya tenuis.

AR R a8 1 1 52 3 A . BRARE SRR 40 A DL S A 20 DUR IR Ui A8 Ak, FRAT 4N, )8
s . R ATIRSERE,  FELAR T A bR g B N A T B8, AR, Bl OB
HE IR T AR ARV, IO Ai DA E W 4 /s, AAEIAREHT o TRy i X kA Ay v AR R 2577
Blo Bl A e r M X B O BUER T R (Chaneya) fbA7, WI2Ie4A N 1EiZE Kb Ad kb4
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BROPAGER PE AR o 1 T IR T iZ E AR SR R Al %, DAL AR g IR A B b DX Rl RE the o JE 4
oLz,
R BRME, R R, KB, SR

RIS T E R AREIA AT H (No. 40972011, No. 310702000 1) 444 [ REH- I 4 T
H (No. 10151027501000020) [ ).

EREMWIES S

s 12, x5!

(1. P EFREEBE Y b, T ERE B SR O S nT R SR SRR =, M 510650
2. HEBFER AR, dEaT 100049)

WE: &)E(Themeda Forssk.)& RAF}H G (Poaceae: Andropogoneae) I JE G AP IfRK IS
W2 —, fEmB oS R B, BA mERESAERZ . B oM &
PIFRASFISCHR, SNz w0 A, RIS R LA 27 RhkaY), AR oA, Bt 3
P JE TR A PEA 13 M, SAAENEREEES (X), am THREGHIXA 10 . #F5TE
Wb ] 2 P A D R R R 2 A D M 22 RE P by, R 2 i S B S a2 75 D Y e S
i A E o

YEE RIS K08, 2, WG, BRSO ARAR EZEE I R 5L, email:
zhangyu@scbg.ac.cn

WIR/EE . XF, email: liuging@scib.ac.cn

EE&ME . ZE W E A SRS s 400 H (2011-1139); o ER= B A dy BHE s L il iy
WEIF9 B TH(KSCX2-EW-J-28) %t Bl

YEZ e 5k, L, WL, W97 I R AR SR R G 5L, email:
zhangyu@scbg.ac.cn
* JHIHAE# Corresponding author, email: liuging@scib.ac.cn
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FEMB/LHBREYMNS TEE

ik S
JTINIRE A RL A

WE: PUES S, YEPE BRI 1 1 NFEEER AR AR L0 H DX 1) 1 ANFEEER A4k
PSR S B AR A AR ZE 5, AR AT REAE 70 SO AN, O 1 il X S AP AR (1) Ao )
KR, ALy BIXHX PR ST RHE) ntDNA TS /741, cpDNA trnL-F /751 #l psbA-trnH /7511
T90#7, FF 5P B (Sinojackia) [RAFHEMS (Sinojackia xylocarpa). FkHFE4E M (Sinojackia
rehderiana). A RAFEER (Sinojackia sarcocarpa). MELFEHERS (Sinojackia oblongicapra). THFFE
FERY (Sinojackia huangmeiensis) 41 HRFFAEN (Sinojackia microcarpa) LA K A HE K S FEAR b4

(Changiostyrax dolichocarpa) I3 (Pterostyrax psilophyllus) —CAIHE RG K FH, Misifs
AL KRR 73 A A E e S Ao TR, Tk LA WIWF S L 7508 28
B, AT AAT 7873 AR I IR ) BEORPP IR LEPRAE AN o XF 2 DNFEHER A4 L) nrDNAITS 741, cpDNA
trnL-F /741 Al psbA-trnH J7 4103 T T PCR ¥4, /7, i2H ClustalX 2.0 BioEdit 7.0.9.0 il PAUP
4.0b10 23R ARF ITS 41 trnL-F FEFIAT psbA-trnH 4 EEAT /047 83T TS A1 psbA-trnH 4 £ 2
AT RIRERER & 6 N L2 2 AN APEREI R G B W ot K TRT 2075 3 B 4 SRR WX M) DNA
Fe BRI A — SO eh, BFSSAPRLER BN — AN 033, SiAh AN SO E AR . PR PR |
PURFERERS  PAACAPAERS | B M RT e  A 0 SRR, DRI SCRPRERIE SR AL 30 0 7 2R, Ak
ZEBARGKE b, JE T HE U, SRR AR BT R 7K 3 % B4 J8 (Changiostyrax ) .
FRAER SRR /N . AMARCER SRR, BARE TR St B, BF X AN e e 1
REGKRBRZR, AT RSB E S MBI OR & SIS I, SO T PR RE A 53 U5 1) )
MBHELESHMENE S BRILZ A, FHEM AL A S, RSB LFEEE, “FHLRL” Femf
Z, HABERAE.

R FHEEME, BT REKE; o TEE

[k 2011 i Az, * JHIHE#E: xieguowenl26@126. com, 15918540988
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JASCH, et

CRl R AR AR 2 e, ) R4S iy AR R B U T S %, )M 510275, e-mail:
Issjjh@mail.sysu.edu.cn)

WE: E AR R —ANE, AR RSIHE 110 &F, LA Faeeek,
2122 Bl FAJBIEHE 434 3 NS, BIAAVJE (Subgen. Pinus). 4 V)& (Subgen. Strobus).
-4 WV J& (Subgen. Ducampopinus). 4 VJ& FJRHE A S5 515 A2, BERASH A PIYEE I A 0 s
R, BEARET — 4 I, A B AL T rh AR, SRS AR, AR I 1Sl
R B A A B EERIN LR, LT A AR A A il s, A AR o B
I HATPT R @A A 2 BT IR &, 1 A W8 A il sk o feib, 8k
FARE S FaBR KA A Ad s, 1o 30 H AT 1B A I B RA BRA AT I RIE . ST T
FEETT Rk o A I AR JE AR R B Fh- %44 724 Pinus maomingensis sp. nov, {41
TRAFRIIA FABRMRA R A5 . b, FABRRA AT JR I 7 ORI A s A BRI AT, ARAF IR 73 K
2915 oK, w5 DK, SERRIEEE, SRR, Tl = MAIE, BgmE sk ks, K
TR, BRI Z NG A TAE—IR, AR, ik, MAEHKREEAE 8 HRKEL L,
GO« 51 TERFHE XN FIAE Dy #6 10#2 (Pinus armandi), {H A 56 b A
S e s th, SEIFFANI S, AAB A GAT A . 7 E S IE B I0 N AG 8T T 32 1K) Pinus delmarensis
LR RMMATTESFAEAL, 8 ORI B, ATk 26 JHOKAG, Mgk s i SO G

WA A ACHR AT A IR, T4 A4 Tt b A e P T 0 2%, DRt IR A AAE A T
IR JE— 20 RN 505 44 Z PR oty A=A ARy b B DA R T 1 A O e P A A e B s 31 1 i 1)
ATIEH .

KRB KA Tt g, AaWwE; KA

AT 33 T EH K AARBIF R4 T H (No. 40972011, No. 31070200) FIJ~ 448 [ ARR- 54 10
H (No. 10151027501000020) [r1% .
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et X g A p IR EH LA

Rek, etk

(P R ARz 2z b, T AR B WA R SR 0S8 5, T 510275, e-mail:
Issjjh@mail.sysu.edu.cn)

FE: WA 8 Liquidambar b5 ZERITEH TR, BLHE 4 MEARF: Liquidambar formosana, L.
acalycina, L. styraciflua, L. orientalis, [ij P4# FE 20 7L, L. styraciflua % W TALIEARER . 5574
af e h 3%, L. orientalis F 2R FHILE N . Hrp, KW ENE R F LMK WAEER
e s A G B =202, A Z B R ZE . R AU FIARAL A B 8 A IR
T B3 SRRy 8 T 4 b5 T b )2 i (MacGinitie 1941; Kuprianova 1960; Lancucka-Srodoniowa
1966; Wolfe 1973; Uemura 1983; Ickert-Bond et al. 2005), Hrhfigeizlatb Al F£&, s AniiHl
%] (Uemura, 1983).

ASCHIEGE T ORI T v S B G e B A T 2R3 4% bl o R o R A, B
FRAED s MR =2, FERSEE: HWHRH:: MR A KRARETR, Jdumith, SRSl
Bl PR OREIE, TismaRi: HOR 3 JEHNK, DA A RS it A R i TR, R
HEA IR Nk I REERAG A XA IR K, YR SRR IA S i h Ry B 6 W e ik
Pk = ZNKET S, R, AN =GR RS SRS R IR s 2 AT Sk, ik ik,
g HALSE AR A ME AR, WIPRE 20 =R, Tanai (1967, 1976) HEBCK A Bt
Jei R ENANA S8 A A 48— I AN EMA Liquidambar miosinica, ¥ & F1 44 B AR AS T AN
B, AT AR A SIACH L. formosana Hance AHALL, X GIFE TALA BN A s n4n 4, 5 4b
BRSO By ge . B S AR LB g S AT ge Ml EBrge i) L. formosana Hance (Colani
1917; Endo & Morita 1932; Manchester et al. 2005) t13E% A1,

I I R A HE R A AT R R IR A D RN A e KD A e B s DL R A R X A6 R
TR T SR T E R A s

KREEWR: KEAH, fAaAH, W&, mFtt, it

AR T EH K ARBHER4T H (No. 40972011, No. 31070200) FiJ 448 A SRR 5
41 H (No. 10151027501000020) % E.
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Xibets, e

CRl R AR AR 2 e, ) R4S iy LA R B U T S %, )M 510275, e-mail:
Issjjh@mail.sysu.edu.cn)

FHE. Y118 (Nageia) &2 AR} (Podocarpaceae) HH ) —NE ISR, H Gaertner (1788)
HFHHEY) Nageia japonica &7 LK, Hr A EFE T AIALE — BEAAA . DA%
JEFEDAN B DA B INAL & (Podocarpus) HAE A —AMALA]L (PTHI4L Sect. Nageia EndD)
A1E, HEGEH SCEE Mill (1999, 2001) WAL, BP4EATHIE 70 AT HH41L (Nageia Sect. Nageia)
FAFEITHI4] (Nageia Sect. Dammaroideae), FLA05 7 AN, FEAAEALELE 30° 2 /RIE T
EPNZRFR PP DG i Ll kb S S X, RO [ R 3. HOACEE . SRk B S BN JE v . 42
BOUPRIEEE P B UG (PhRIDXAE, 20055 FMAZ%, 2008),

WA T AT IR KA A IR A A B RE R /D> o HAT, AR 8 A Al s 5. mT g 3 32
FLEYEH . Krassilov (1965) (RS izt A< i X R 22 A0 3 25 b i ORI R R A1, AR
O3S I R B R AIE S 52 i Podocarpus (Nageia) sujfunensis Krassilov. Kimura (1988) 7EH
AV B M XA A A A EY Monobe ZH M, AL — HLM MR R G R, RS E B R
Podocarpus (Nageia) ryosekiensis Kimura, Ohana et Mimoto. #2510 (1990) #i& T K H i g K5
L Ab 7 L 2 b 2 P AT AR R R A6 47 Podocarpus (Nageia) nagi Pilger, F-4HEDI 22 s i) A i il
W B ORAE R N, AR, AT k. ST B AR A A sk, AR 3R
VG b 3 2 5 24 L s DX ey ebo b 52 A AT SEALL AT A R4 1 A8 A6 41 (Hooghiemstra et al., 2006).
5T, Jin et al. (2010) 7R3 R 5K 5 At afsgr th 2 b ORI T — 7740 JE Bl Nageia hainanensis Jin
etal., FFEHENPT A BRI P RERC IS T 5. 1 et O ZRAG X, H 2 DA afgrth sz 1 rp
P H6 o

ARSI T K F T 2R 5 44 2 H s 0t e R 4 0 e i 58 2= 04 4 b (1) 2 R BT 4 B A 4
M. AR TERSARE: S0, BB S E s RPIRI A T, %, FEHEE, &
FAREN 5.1-9.0em, T804 1.4-1.9cm, ARARKITHZHOL-FAT 41K, 29 19-22 4. FE06%
WA R WA T, MRS R RIGAMIE T TR TT I, DEE I, SR
FEZ, 3% B 3 A BE E s, HATWIR A BN S AL AR, BARRAEY, JELEE
ANKEZE, W1 R DA 2-4 A E Dok, ff DA0 T~ RE, el e, Jots] Dani,
W)W SALZENAR ZMRIR (Florin ring) o 5 & ML A TEAFARHEA A1 U I W 4 M R A AT
T, B E N TTARE RFETTAA4] (Nageia Sect. Dammaroideae) . A 3CE VRN FH 14 HL 1 WA it
I VT E R A 0 TR OR S R RFAE, AT e FE 20 2R BRI 17 bt . iR fE
IR R, A B FE TIME Ak, T H YR B0 e R A 2
SRR RS Y B 2 DL 2R 5% 44 Za b S — 20 b AR IR A T A A A

REEWR: DVURAEL VTA)Es M Al R KA
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AIRFAAE] T EFE ARBHEIEETIH (No. 40972011, No. 310702000 F1)7 444 [ AREIE L4100

H (No. 10151027501000020) [ ).

Water fern Sal/vinia (Salviniaceae) from the Eocene of
Hainan Island, South China

Li Wang, Jianhua Jin

(School of Life Sciences, Sun Yat-sen University, 510275 Guangzhou, China. e-mail:

Issjjh@mail.sysu.edu.cn)

Abstract: Modern Salvinia Séguier is widely distributed in tropical, subtropical, and temperate
regions. It has long been placed in the monotypic family Salviniaceae by many authors (Schneller, 1990;
Collinson, 1991; Stafford, 2003). However, the recent cladistic analyses support that Salvinia and Azolla
are two sister groups within Salviniaceae (Smith et al., 2006; Nagalingum et al., 2008). Salvinia is well
known as a serious tropical invasive weed (S. molesta), but relatively little is known from the fossil
record, including intact fertile fossil plants.

Fossils Salvinia are widespread and mostly restricted in the slightly lower palaeolatitude region
(Shaparenko, 1956; Collinson, 2002). However, very few specimens include fertile materials, except for
records from the Late Cretaceous of Mexico (Weber, 1973), the Cretaceous/Tertiary boundary of India
(Mahabale, 1950; Nambudiri and Chitaley, 1991; Collinson, 1991), the Eocene of France and the United
States (Fritel, 1908; Berry, 1925; Jain and Hall, 1969), and the Miocene of Sakhalin Island, Poland, and
Bohemia (Fotyanove, 1963; Bizek et al., 1971; Collinson et al., 2001).

Recently, great quantities of Salvinia leaves (including floating leaves and submerged leaves),
complete sterile plants, and one incomplete plant with microspore massulae in situ were recovered from
Hainan Island, South China. In this paper, we describe these fossil materials, which we consider to
belong to a single species. This is by far the oldest Salvinia fertile record from which the sorus in situ
was extracted, as well as the first fertile fossil record of Salvinia from China. Its leaves arranged in
whorls of three, including two leaves floating and a third submerged and metamorphosed into hair-like
segments. Floating leaves round to ovate to elongate, 11-21 mm in length and 6-14 mm in width, petiole
keel-like, primary veins distinct, lateral veins and tertiary veins forming quadrangular or hexangular
areolas, usually with one tubercle or hollow per areola, marginal veins free, not forming loops.
Epidermal cells of floating leaves polygonal and irregular, stomata relatively small and encircled by
epidermal cells. Submerged system branched and hair-like. Microsporangia ellipsoidal to globose, about
220-260 pum in diameter, each containing no more than 32 microspores embedded in one massula.

Microspores trilete, approximately 17-50 um in diameter, with granules on the inner and outer surface of
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the exine.

Based on the comparative analyses of vegetative organs and microspore sorus with closely related
extant and fossil taxa, this species is corroborated to be conspecific with Salvinia sp. Guo (1979), and
named a new species, Salvinia hainanensis Jin et Wang, sp. nov. Combined with associated plants and
sedimentary data, palacoenvironment is discussed and confirms the presence of aquatic vegetation in the
Eocene of the Changchang Basin.

Keywords: Eocene; Hainan Island; in situ; microsporangia; Salvinia

This study was supported by the National Natural Science Foundation of China (Nos. 40972011 and
31070200), the Guangdong Provincial Natural Science Foundation of China (No. 10151027501000020)

ETFAFLPR #THY{E Rk R IB R

W
(F R 27 e He r R A el )

FE: AFFSCRA AFLP 23 FARIc B K — 0 R B AERAAUR A, 7EFRIE 11 X 24
ANJEEE, 3L 192 AMAHHTIRE RHVFLAYEHET . 2 REW: 6 %F AFLP LRS5435y 1 th
Zl 288 4%, M Z AN 196 45, ZATEALIS T FN 68.06%; (EAFIK- L, UM AA
BB ZRerE, SN Z AR (He) A1 Shannon F530 (D 435124 0.2728 1 0.4070; jsifk
AR BAPAE TR B (Gst=0.7138),  Jf HL 4 ) 3 DA%, n ) 77 e 8 D) 1) 36 4% 43 4k
(Nm=0.2005<1). UPGMA 557018 WIH AR A4 25 oA R 0B e DY A s B s R - VRS RE R4 S
IR R L Bl - R L BRI AT P R A o W AR S PR ML DU R RS L ) P <75 S e R
AR ZRENE, N4 TR
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£ SHRR LN £ & B MR

VRS e

(HERGITYE K2 AE B2 0, | REMEOR B TRE SR =, | REEEERESER
WERLE N SEIG A, M 510631)

WE: LR Zor A TG . ARG HLIX,  ZERME D) AR AR L R it S I AN (R
e, o> R IBCIR, RS JRARAN T IR = A 28 A o R SCade BROE ARG VBUIR A8 K 1) 3 48 K A 22
(Caulokaempferia coenobialis), FiFARTER KT 5% (Hornstedtia hainanensis) LA THpIRAEK)
(1411122 (Alpinia chinensis) AACRMEATRI LIS, BRI =R SRR e o B 22 5, %
ZlSak4E S U

BN AL I G JZ RN AR TR OB 2, K S A 1L 22 R GRS 2R A 5 O P G 2
AN REAN LIS ST 2 DU 3 AR IS, B e K22 5 R RO SR B 2 B 20, /ML 1R8]
WITFR M L IR 2E 0 T, H R BHEZAR ) N KRR . I Z R E PR =
WELIT UG D BRI &, WL 2 o 3=, BRI AN, Aekn e 255 9 L3
NEZEA) Tk B -

WD RAT W WO 5E, RN R 22 5 R S I R 2 T S R B BT 2R R Y 4 i &5
R MANUIR RS s JE AR R FIT AR N JBTAA, T T B TR e BT G 3R 3 o /M5 R T8 AT 3]
TR 2GR 2 A0 b e T IRZRY T, K S R 2 A M ) ) e /> — L, B S X Ll
R Witk N2 = I TAeR AR 2 | 5 22 ZORY) UL [R) T8 ek 78 25— ek i . il
LG )2 AN AR AT R IAFAE, ARAE N oW 8 T R DL ade A4, fen et 391 24 =5 N A
D NERAFAE

=R KB R, AT NSRBI, BGAAER 8 R AR . A
VIR ACKY BE CEAAFAE 22 0, AR KA 22 (R AR by B AN BE R A 1T A BE R 5, NBECh 2 4y RS
HHE L 2RI AE ) N BE S ANBE S 2 S B AR T AMRE N IR 356, APRE N JE SR 0 PR . = RiR ) i 980 =
TIPS 5 AR BE, M SRR R AR BEY T, BTG ERGIE A TE W] AN A
BV S 5 AR P ) T B o

DA bR 2R =R AN RIAE R R AP AE 2 R W SERME AR 2R 8L 1K T i S H 9 B 2 AH
Ky Aekn PR PE TR 5 2 5T A e K 35 () SRS 2 03 WA BT 2 B 2R 0P 22 EAH G IR LEfE 2R
SRR TG AR BIER, 54h, ANMUT RS 5 T8 Ak B9 v ) i 2t — P 8T .

R PEREE KU ILEE B SEE BREEH




AR F AN SR R S G D

VUM IR RE Y B R TR LB R
LA PR YR
CfpfEAel THREZ=Be, ) 510225 )

E. A 754k (Dioon spinulosum Dyer). PY)1]#%2k(Cycas szechuanensis Cheng et L.K.Fu). £
JH 752k (Macrozamia riedlei). #H-EM 7548k (Encephalartos forex) PUFH #5425 ka453 mIBEAT 17 -4l
BT AU R G AR RS R S AT, R BSOS WA IS S A
R FIKTE: DA R 98 2D T4 S0 58, IR K I S AN AP ) () 22 . 2R 8
IRy INVERRHEMYEE R AT G R W E AR, DUR SRR INAT R R 25 s K IR 1 R
SRRENT, FERFRKEE: RIS > DU )1 98> & e > il it e n ek A
I ACH AR AR A 22 5, R I DU 954k > - JE 95 2k > o5k > il ik, RERKEE S
BT IR EASGHEA R BRI AR B R B A G IRk, DU IRk S R I 2 W,
Bhar. BRar. flar. WMEreE; sHBgkz e JLars s, HaMRERE IR 74T 1000um
W— A ALECTE, KT 1000um [—BOBEECRE, RIM-HEM IR 2 WAL, L8, WYL
DUBh ko AR FE R 28 0 1 o BRI, Rk WA o AR IR Bk AN (1) R e g AL 204
HEAG P A 93k e — X1 | — AR L8 — Rk s, DL g B e 78R > e i) R ai ik
et R A, PR KE RIS R SN R AERME R, 50 FIKE. K
Ui BE TEAR IRIAR DG A A adE— 2240 #

KRB SRR ERS T 450 ik

SEWEE (Email: huangyy233@126.com: Tel:13322817462)

BT EEREZE BRI FEM ST

TR L, XAk 2
(LMK AmRlEERe, T4 77N 510006; 2. #malfijns b thy 54 ek, T
M 341000)

FE. ASCER A (Typha orientalis Presl) [ G120 %t b 52 i (oY, FEASH LR
ik (L BRHEZEBK, Fiak i A KR . () F AR A = FPAS R RS b (0 2E K
WA >3EK . (3) FE A FIE R RS R v B> K> lE . BRI R AR A
EMR A FRARZE, BHETFUIRE. BN S & BN %, X AR 25 g4 LA
PR BB AT IR 5 R BEAT T ARSI, G5 RRIW . (1) FlifCIRZ2 R . FEARYLSUR 4 5 i
oo Serh FEACA ZArh G AT 5 RO B HE S K 2T 4k 4 i 22 A3 H IR 2 —o (2) FilA e i
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WFNBZ, N,
RegwEl. Al CtESIE WRAE REET

Asexual Reproduction and Anatomical Analysis of Origin

on Roots in Typha

Abstract: This article is based on the comparative experiments studying about the asexual
reproduction in Typha (Typha orientalis Presl), can mainly draw the following conclusions:(1) The
greater the day-night temperature difference,the higher the growth rate of Typha plants. (2) The growth
rates of the typha plantlets in three given medium which are ranged as follow:in sandin >in garden soil >
in water. (3) The survival rates of Typha plantlets in the three given medium which are ranged as
follow:in sand>in water > in garden soil.In the experiment,rhizomes with adventitious roots are chosen
as the meterials,methods such as hand sectioning,microscopic observation and micro photography are
use for research and analysis aiming to the structure of rhizome and the structure of root parts, the
results show that: (1) Typha rhizome consists of epidermis, ground tissue and vascular bundle.The
ground tissue contains fiber cells layer arranged in concentric circles that is one of the physiological
characteristics in Typha. (2) The adventitious roots of Typha originated in the inner cortex,thus they are
endogenous.

Key words: Typha orientalis ~Asexual reproduction Root occurs Anatomy structure

& E A =MEAREARMNENEDZE ILERR

SRR F oL

CERGIYE R F AR A2, | AR B EY TRE NSRS, | RE S AR S SR
BlEE NS, M, 510631)

WE: WEEF (Gesneriaceae) HA /A WA IES . AIEL S “MIE2528M, R
SR SUL I BAM R . ASCRBCEG S R, [F2h 4 BUAE =Fs B RHEY): 16255
A RK IS E & (Oreocharis auricula), {825 % 1% 45 19 K A % °F 5 & (Raphiocarpus
macrosiphon) , 124 4= 3% 55 1) i 4 1 99 B & (Beccarinda argentea) , SEATA M A4 24 10 LU AT 5T
AIRIUAL IR 5 7 B i) A s Tl e B kA 5 3

KM LR EE B Ih 2~4 K, MERERZY, HkS5KEAALASHAY], HA =210k

(Tristyly) [RFAE: ek AR, fe@% & 2.9042.10pl, S HiE 25.83%%5.19%, fek ek N

11



HAEFH PRI B G 1D

250.61+83.17; . ETALH B UM AEIE (Bobums sp.), VieMURE . HAESer k.
BARAGRMEY, KHRSREERAEHELTINSR, EBEAERAGREETE (51.52%). A
THZ MR & LR AR, KU e KRG SRS

KR & e ok 4~5 K, BAAHEMSEH (protoandry) FIEhZS sCHEME 47 (movement
herkogamy) HIAEHHLH]. ALK AR, fL% 8PN 5.04£1.46pl, PR 26.85%+5.45%, {6k
IRERLE N 53.37+11.19, H A TAEH AUy (Nomia sp.), Vi{EMiRE k. HEEHF RO
it (Amegilla zonata) KUjHE, FPECHRMAAN BHITCHRE (Amegilla sp.) RV, HR
SEAAEA R E B . BH RERNEY], KERFESERAFNATRE, ZEAER L E
HEECHMEE, BBRALT . N TSNS SRR AR E, AHERIREG LR RS

A RO B PR AE AR N 7~9 R, HATMEME S5 24 (protogyny ) FIER Hi UM iE 2437 Capproach
herkogamy) [IAEFBHLEI. Lk Ao, LEEMT 03ul, SHE/DT 5%, HRIRERLL AN
665.39+172.45, H A EALN BN AEIE (Bobums sp.), WEHREAL. BH RGHMMEN], s
MO E ERA L ALIMG, AR, 4550 R BERIK (437%), 7 BEE e 2in sk
HREAWELN . N LHZH A LR A GE, AHERREZ RS .

R R G2 R BRI A Ay B JARBL, FEHRATR G A R G 162570 A1

PR MEMESERT B AN 2 , MEMED)RE I T B, Ay B RIELL V1K, 5 3800 B AL (facilitated selfing)
RIFE RS AE$2 K (geitonogamy ). 4 2 IEHE (RN AR 5 MEMESE A7 B (A5, AR — 5 (177 2 ) e
e e A T ME T S 2, R CAT )38 S I ATy, JEA AR B e UK o AR B D ARy B A5 T
PE2EAG A MR RV ORy A7 B TS A0 P M 5 2

KB wEERE fRZNEE AR MEHERAL MR BE RS

MM EEESRNENFENRR

mmte, Evenm

(HERITYE K2 e Bl 220, | REMHORE Y TRE SR =, | REEEERESER
WERLE N SEIGE, M 510631)

WE: BHEMHTE S (Chirita pumila) fEPEL, fLebiRE @, PSR, @dlis=Fk, &
ENREEES, AR, BAMRREEIRIE. 2 e 6-9 F, Hieieid 2-3
K (37.45+12.86h, N=33), feEh T I 4:00 AT AL AN W V% . XS TP el FE v
ARSI BRI, BE S AT B B Ak BB AR AL FERITT IR, FT Sk 5 64T % 90°
RE, M THkiiE b, i AR O, PIEARZTHTI, I AR AL T D Re R R B
B RMSKRAE R E RS, HOaFESLFIIERE K 180K A, FESK A2 1 B e & BE, LI B28)
WIESTIF, HEATHREVEMETERY B o L =AM IR, Vil B VI EMHRARAC, 24
JfiEIg Bobums sp.. REWS{EVIIENS, THEMEDIRERTBL, REMEE SRl ) AT Sk IR 200, Ak
AeACky, AR N RERE B AE SL AR RS20, ATEE SR 1 B AE ks THEVEDIRER By, fEign]
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LA ANAE e LT, KA i PIAE221], HETTHR G IIAEZY, T IR IR AE 22 10 L (A6 24 L T ik
W, AEERRS T BRI T R AERY IR TRR A A K SN TR 5250 v B e
JEREEE N ASRAR, HAFAEE SRR . EaE RN AR T B, HEMEER K
LR RPN REA S, YW AFETCR & 20 . fE /e R I A TT R, ek B Bmis 1k,
HAA ARSI AR, HE— 8 HO: Sk A 4l GeRe AEREAT 1 H L g I,
T I Gt DM a] 32 i AR BAT KR BIRTGE, ALKk vl UER # A, HAL
FEH MK I #% FAE ek (0 45 SR AN TAERE K nl 32 Bk s 2257 . BEM A 1 & I IXM T
ATAEXAAYERG D HITE, Pt BT IR

Regwa: WMISHEE S, hEYY, Bk REGEs), WA, MR T, SRR

Protogyny Combined with Elongating Style Promoting Mal
e and Female Fitness in Opithandra acaulis (Gesneriace

ae)

Yanfeng Guo, Yingqiang Wang

Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, College of Life
Sciences, South China Normal University, Guangzhou 510631, China

Abstract: In the angiosperms as a whole, protandry is considerably more prevalent than protogyny,
and protogyny is supposed to be ancestral condition in angiosperms and uncommon outside the
Magnolidiae in animal-pollinated angiosperms. However, during our fieldwork in subtropical China, we
found a new pollination mechanism of protogyny with elongating style presenting receptive stigma
before anthesis in Opithandra acaulis, and all other species from Opithandra are protandrous. Our
results showed that the species was self-compatible, incapable of apomixis or autonomous selfing, and
its successful pollination depended on pollinators (bumblebees). The visiting frequency of visitors on
the hermaphroditic phase flowers was significantly higher than that in female-only phase flowers, and
flowers produced less nectar during the female-only than hermaphroditic phase. The out-crossed flower
buds opened significantly earlier, and their style’s growth rate was significantly faster than that in open
pollination and selfed flowers. Pollen deposition and pollen removed increased significantly with
progressing anthesis and style elongating. The amount of pollen removed on the flowers that had their
styles cut off was significantly less than that of intact flowers. The study suggests protogyny in O.
acaulis may be a morphological floral mechanism to improve out-crossing, but incomplete protogyny
often allows self-pollination to occur. Anthers, pistil, and corolla in O. acaulis form an integrative
functional unit ‘an ingenious key-lock pair mechanism of pollen-dispensing and pollen-deposition’, and

protogyny combined with elongating style promotes both male and female function. During the process

13
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of pollination, the strongly elongating style plays a key role both in pollen-dispensing and
pollen-deposition.
Keywords: Opithandra acaulis . protogyny . elongating style .  pollen-dispensing -

pollen-deposition - pollination mechanism

BE=t (FR) BHRIEMHRIREH

I, e, IOCTE, XISRAT, £

(PERMITTE R A E R, | AREHEPR A TRE SRS, | A RS AEESHT
BERlEH fSEE %, )M 510631)

T AARRY) 0 BT, B A o RE AR SRR AR R 5 M 5, g Ak & S ik 4
B ek WS HAE, SRITTE 33 Bl 146 J& R TR P AR AF AE A AN S AT AT A i 0 s B2 e ok B
AR B G o 3l 3 T i A b 4SS 2 B B o S AR I B 2R A AR R B 22 R
(Orchidaceae)fHA) o ASCHIE T 7EZRHEY 1 DRI B IR PEIR IR AL R B 022D 45 R
(Kaempferia)ifi i =t (Kaempferia rotunda)ifA734E 2 “ERIAE R AW 2 WA FIIT 5T BN, WP =
LR | 5: 30~6: 00 Z[AIFFHL, 75 18: 00 i 47 M 2585, FR4K&) 12 he FFEFEPIek
TEVE S AT 2R R K (590%) . AEHn/IREREEAS (PIO) A 82.20 + 47.89 (n=20). A%
(Xylocopa sp.)seH FE WU fe Ak By, Uitk H R2Wfe 3 . g = L HEAA MK EITE R,
R IEAN G WALE BEAE Sy A1 H B LU AR AR, A R B e 0 11 7 U B A ik oA By . BEH R4
(AT 5 W V8 S Ak 3 = o A 0 B T o AR 25 AT e 3

R R =hs BURTEIN; CREEIE: RN BE RS

B IAVEA . E-mail: wangyq@scnu.edu.cn;

FEEWMHE: FXRARRBYIES30770376) | ARAE HARBIARE T ATH (7117864) 55244
P 75 1 2 7 10 SR 2 T < 9 B 30T H (2007B26) FIAUH B AF A HERIE I s H (207084).
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FHEELT1IZX (Camellia azalea) E¥MEYHIFHR

FERREE, G WARE Y, R

1 gl TR Fd 2 S RmRER, M 510225, 2 dr EMOWRFERIFST BT S o9 T,
WL EFH 311400

WE: WA RREN . NTIRAZEN . ANLMEERE S KEAE ARV T 750 A RS 2L 111 7% 4552
%ﬁﬁwﬁ, 2 RRW, fE%%*T G, NTHRIRZ . [, SHEERS AR L AR i
TEATIGE , RWIANR F 43 AR S JIAE e 2252, AR 11 A AERnG )1 fcds, ik 80.35%.

REEW: MRSLLILZE BB AERNE

Pollination Biology of Camellia azalea

Abstract: Four different pollination methods, natural pollination. artificial cross pollination.
non- emasculation with bagging and emasculation with non-bagging, for Camellia azalea were tested.
The results showed that the fruit-setting rate of Camellia azalea was the highest in natural pollination
and then was in artificial pollination. Also, the pollen vigor of Camellia azalea was determined and the
results showed that the pollen vigor was different in different months. The best vigor was 80.35% in
november.

Key words: Camellia azalea; Pollination; Pollen vigor

ik B AEE AT AL TRE S e P AR A S LB 2 10 Sk o

15



HAEFH PRI B G 1D

\

Kia=REYHRER

BOI L, IR, g
AR RO, 1M 510642: 2 EEREBRAERRIEE, )M 5106505

FE: KJE2% (Renanthera) A&} (Ochidaceae) LA AEFANIY), 1eB7Hs, 1oy,
HAR m e 20 A B MAME . SCREEEE T KA 2w R [ N AT TTRE g, I Rk
RIEFE TARSR I TR, DI S A BT e P it 22 FIAE

KIGZ BV 15 B, FE AT TR W Sl = S et ), FeE™ 3 fr. KIE =8
P48 B A E s EOAIFE, Hur (EURE{e24Fi45%) (Sander’s List of Orchid Hybrids) I
KRG 2R SR 700 24, ERNCH 4 A KA 225288 P8 sg o [ B K b Ziphas
(Royal Horticultural Society). A2 H BT T VL2040, HEH AL, HirENIFRE T
EZL D CEENP W E L RIN W= AR E S N S0 73 S 90'00I FIRU R D @ E NN 1P G E N ) A )
R AR T AR BRI AR RN T, AN A R K A 2R R
FRIABRZENZFE, EANBAERH KRG =T S HRREENRS . EES, KIEE
JeE A A D A B AR B R T IR AT T SR A A AT

HAp, e A4 e 55 & ol A < BUBE K 4% 2% (R. Tom Thumb ‘QiLin’ ) Jf 45 7 H
AR S B A KA AR g M X — A Y =3y ] R, AR N 2 MR B B T I
AL THAE, A8 AR S SE A TT T R AT AR GF B AT 5t A A A AR IR KA 22 0 0 4 4 K AR
BT A K2

[l P A0 3 A0 0 ke =2 SR AR O IF 9 LA — e HE RS, (RN T B0 =2 S50 9 EE A 4 TR AN 1)
ZRMETIN S, A2 TAEREITE, Wnl 258 RH 2R 8 MEORAT KA 221546 5 APk
AT FORUET al AR & AR, I A2 A0 MRAE AR S AE by AR A 37 i 250 B AR P AR AR 2RO
AT AL HACIIE I AR, BEAT KA 2 AR AR A ST 42 BRI FT LA e A hE =2 500 9% 1) 7

.
2,

xR OE: KIEE AAE WPk

((ER S VEW:
O 2, AR MREEBE SR AL 2010 AT 5T

E-mail: moonlakel23@126. com

TR hE: HEm MR A 3 MR 210 510642
FHLSH: 13760605545

EHE G0 BRI G, R CEID, Sk 2D
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Maternal origin of finger millet based on nuclear Wax
y gene and GISH evidence and morphological character ev

olution of Eleusine (Poaceae)

e
h R B R R ) 0 1 R

Premise of the study: Eleusine coracana is a natural and well-established allotetraploid (AABB)
with 2n = 36. However, researchers disagree on the maternal origin and on whether finger millet originated
from a single or two maternal parent species. The species of Eleusine are morphologically diverse and not
easily characterized, nor are any potential morphological synapomorphies known at the interspecific level.

Methods: The phylogeny analyses of nuclear Waxy gene using parsimony, likelihood, and Bayesian
approaches were used to examine maternal origin of finger millet, which was also investigated using
genomic in situ hybridization (GISH). The homology evaluation of morphological characters was analyzed
in the context of a molecular phylogeny inferred from a combined data set of six plastid DNA markers of
Eleusine.

Key Results: The monophyly of Eleusine was strongly supported by the Waxy sequence data. Two
homeologous loci were isolated from three tetraploid species, consistent with an allopolyploid origin.
Three allotetraploids share two diploid ancestors, E. indica and E tristachya, which yielded the similar
GISH hybridization signals when tested against the AA chromosome subsets of E. coracana. The
optimization of morphological characters onto the cpDNA phylogeny indicated that five characters
including the culm base, spikelet embedment, lower glume length, palea nerve, and polyploidy level may
be homologous in Eleusine.

Conclusions: The Waxy phylogeny supported two separate allopolyploidization origins for E.
kigeziensis and for the E. africana—E. coracana clade. Eleusine indica and E. tristachya may have been
involved as maternal parents for finger millet. GISH evidence confirmed the genome homology between
finger millet and potential maternal parents at the repetitive DNA level. Marked homoplasy among
morphological characters may reflect the influence of past interspecific hybridization events in Eleusine.

Key words: Eleusine; finger millet; GISH; maternal orgin; morphology; Waxy; Poaceae.
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Caspase 3-|ike ATERHBSSWBOIRL/WER

fifg
MERREFIETET

XEE P R L33 g 4 5L gy 123

(LABFGAN R E R0, TN 510642; 2. T 4448 ARARKE A S 018 S5 R T 5 st s, 4
FARME R, TN 5106425 3R AN A BHIRR Y SR B K E S =, Bl KAE, T
M 510642; 44 FEYEHIS SIEAH E K E AL, Pk, 7N 510006)

FEL: HeRBZ WUESE$5 H caspase-like 8 T-ER AMES 5 T HYI AN MR P HEZE T 1045, SR AH
R RLHRITAE T 70 R o FRAT I AT T8 735 o R 24 SR S 70 Wb 1 40 JH 5 At o — gt
R P PR At Tl R, D U A A T ORI L D T RE R A R R AR T
FES I HETE B R vh BV IR, FRATTVEAIRIT ST 1 o R 24 [R) J A A £ R S 03 Wb ST 1o A o
FITEA R AR A fEMSEAl I, 12 LM-,EM-TUNEL #lE AR . s 2 2UL 24 R G 2 40 A 2% Ty
2 R B AEIR T b B Kk B i R caspase 3-like I 17728 FH B35 ST AR 55 Yo 8 5 28 A DNA
W24 F B 2 AR A A o FRATTANAZE 4 Bt 5 b, 1y ELISZE 4N o AZ TR A 3 T caspase 3-like #7245 il 5
Caspase 3-like 757 W HEAN JUFE PR AL T R Hh 5 G U ) 6D AT DNA W ROC R ) ik N
R, TATERZA AR T caspase 3-like FHWTEL ) DNA. X SLHF5T 45 R B caspase 3-like
FE53 W BE A ML R P AL T R b JE LR A S 0 e S . U %A, DNA Wi, 40tz A Lo iy
A BRI e T R A .

RBIE: WAL, e, MR FPESET, Caspase 3-like 8 T 8% [

Caspase—-3 |like involved in Programmed cell death of the
Secretory Cavity Cells in fruit of Citrus grandis var.

tomentosa

Peiwei Liu | Shejian Liang 12,3 Nan Yao 4 Hong Wu 1,2,3

(1.College of Life Sciences, South China Agricultural University, Guangzhou 510642, China; 2.
Guangdong Key Laboratory for Innovative Development and Utilization of Forest Plant Germplasm,
Guangzhou 510642, China; 3.State Key Laboratory for Conservation and Utilization of Subtropical
Agro-bioresources, Guangzhou 510642, China; 4.State Key Laboratory of Biocontrol, Sun Yat-Sen
University, Guangzhou 510006,China)

Abstract: More and more evidences show that the caspase-like involved in plant programmed cell
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death (PCD), however, the relevant regulatory mechanism is unclear. Previously we found that secretory
cell degradation was a kind of typical process of PCD during the secretory cavity development of Citrus
sinensis L. (Osbeck). It provided the possibility of utilizing secretory cavities as a new cell biology model
for investigating the regulatory mechanism of plant PCD.

In order to further study the mechanism of PCD during the secretory cavity development in Citrus
fruit, we studied in detail morphogenesis characteristics during the development of the secretory cavity in
Citrus grandis var. Tomentosa which is the same genus as the material we previously studied. Using LM-
and EM-TUNEL analysis, immunohistochemistry and immunocytochemistry, we accurately described the
spatial and temporal changing regularity of caspase 3-like distribution, chromatin condensation and DNA
fragmentation in PCD of secretory cavity cells. Caspase 3-like was found not only to be localized in the
cytoplasm, but also in the nucleus. Caspase 3-like is closely related to chromatin condensation and DNA
fragmentation. Interestingly, both caspase 3-like and DNA fragmentation were detected in the nucleolus.
Our findings suggested that caspase 3-like play a critical regulatory role in PCD of secretory cavity cells,
especially in chromatin condensation, DNA fragmentation, nuclear degardation and some organelles
degradation.

Keywords: Programmed cell death (PCD) , Caspase 3-like, Secretory cavity, Citrus
grandis var. tomentosa

Corresponding author: Tel:+86(0)20 85285280; E-mail: wh@scau.edu.cn

HHIH: EXR B AREER4E (30670119, 31100240)

0sPTROEL [ A9 #8 3= 14 BE i 18 T 1 hn F AR F1) BB S Z (R gEE #R 4 1 F0
REKkErEE

Jr] 2, dE ', B!, Doris Rentsch®, KHIK |

1 FRERF2E SRR, ERF 2R SR B IR YT S AT R AR T TSRS =, TN 5106505 2
E RF2E BT A B, dEE 100049; 3 HHyA/RYE K2, 1A/R)E 3013

HE: HEIE — R R RIS R UL 3 PR RS R AR A W R R
FRIVEDFT G, AR AAE R B MBI R o R 308 R 2 L SR ek R X
JB CPTR S5O IR RIFER AT B CRL R SR R ARSI S5 ) V- RM Y g ke 2 s 2 A

AHEFER AT /Ny Iz R K OsPTRY IIIREREAT T /0 M5 % 5E, WIFTRW]: OsPTRY &
—> PTR FIEMFEPEEEDN, S e b, JFHAT 8 MESHE4Ai ). OsPTRY ZE/KREMIAR . -
MNFE BB, IR EERRAE R . IR RIEZ AR RBE T, SEERONHE, BEgRR
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BFi55. OSPTRO MRS EIEA E MM EL . DA 2 BERG N, Bl e o3 om, Bl I s AR 1R
AT PEET A AT ERE SR e, AR S ERSOE A DS LR Gln SR . H IR TR
FNGASARKE AL GE R B 0, A8 M EL (AR 25 v/, (AR 5 I & S iAoy J B 4 i v o J2
BELAS T AR B BE TR S8, e ma AR & & FOREE TR, 3 BURMAR 18R ie J) k9, Gln &
J R B IR . AH TR AR AR LR B &9 Glny Asny Glu. Trp S5%UJEMR, M
TEFRYIRIAAENE DR, SERMEKAE KRS ERC, A KE DN KR, T
PORIGE AR PRFE R B 2B R OB TS A, ATV e RS 3 A 0 FH 52 80 P F ), 4558
Fg-2b, i S R HLE il Sia ki, BB ZIANE, MRS ERES,
LG .

BE— PR, fEENEALE N, BRIAMRI A TER. Mm. A, LA LN 5%
P, oA RS N L RS g R oK, AR AT e N d o RIS AR b L I
IEEAR AR CRLFE IS IR REORE 2R . A 8RO RO TR S R it o 7= B AR ANt IR AL B P g e s K
L F] 18.6%, HALA R T HERIAFMIRF R = =5 TSR ARG 2, B, SRk,
TR H AR 0 REAR L B AR, 45 SR LU BRI T 50%LA b, S5 SRieR D, SARRLE SR
B 575 K AEME OsPTRO H.#h. fEMH% hiE# ik OsPTRY [AIFERE MU EY R IR . — RIIFFTSE R
KW, OsPTRO W /KAEA K B AR A FE 7211 In) L3z i M 38 40 i 11580 DL IR AR FH 454 H 2
WIVEFT, BE B e W . %I PR o ) Ty IR P B IR R T % (e K FE AR, I
B4R EKRE - & LA EE N AN

AWFFAAR] T ES “863” 11K (2006AA10Z168). H KIS (30871583). | 44 HARELF H AL
4 (8251065005000005) (M5iH), Fptbi&i. 5 E#&: M/, zmfang88@163.com; MIHAEL

R, 185, zhangmy@scbg.ac.cn.

ROSTE/S BBk = R IMEFR R EE LT FRIMIR

wHEs L, B, RRR Y A, R
(1 RIS R ARl 2 A0, | AEEY R EED TR SRS, &, | M 510631
2 MR WA ST, AR, JEIT 361006)
W W= (Phalaenopsis) A “VESEJ5E” MEE, (HILA MY B A ICkR L s T
K, T LURE S A AR ) R IS TG B IR . A, RN RIRE RN (PAL).
ZWEALEE( PPO) « ALY POD)EZ 5. B FT R, POD Ml PPO 3 /)£ H;
Fh G # AT B2 , Fr R B AR % 3d J5, 1T PAL BEyEBEE @A IR I, RIkiEw T 2 5
WARRS, o3 SRR IC . SREMEA R B DI FE S i AME A AL K, T 5 24128
ROS /K2, H R RALMAT, Him& LEAMMLT,
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AHFFE LA 2 I P AEAR AR I OLZRIAR R Ryl (PR AL KBRS SR, Mo
ARG A ROS KP4 59 EIR, 0.3g/L ) LAY AL HR Mgt >= i Fr AME AR SRR % 3d, #8
SIS AT W AT R OB o Akl o S S i s T R 0. 1/ A 1 Ak 22
W= iy AR AR B AR R 3d, HAEITES FACHIR T IR, A S S R R . MR
T EORG R E M A2 2 AR S AN R A ME AR A S0 Ak, A ROS K, AT %R
WA =% I P SR R M AR A A I O o B2 I ARG I 3d, R IRAL L T A AR BRI B U A R 14
S AH 96.3%. 100%F1 86.67%: 1R AREFEINIET 3d N, POD IMgIE 73 mlfE 1.5d. 1d Fl 2d i&
BB KA, PPO RIS i B KA BILE B4R 8S 9% 0d, 0.5h JR[RIP%, SFHRAIAE 1d X BIRIE(E, TG
A% N, R A BN S AN AL E AR 1.5d IR BRI, 76 3d FLTE, AUE R RS H K.
P M AR T P S M e 2= - AMEAR ROS 53, PIUE ROS 7P 5 4648 TF 4R B 1) 52 EAH G

ML I 20 IR AL A AL T, AV FRAT T BRI B, wr i
WIS 2= i P AT AR ZH R, AT “8” P RUI R YL AN “0” (R /N R O, L SRR T
AR AN EFEMMRMTER R, FEED) N 1 07 040 i R B 7R IR FUER Y, 4
BRI 2050 DAPL Je s, m] WLAH A% 4500 SR8, A ] WBORR ). SRS R85 9% 3d AT 6d 11
WPy AMRELAAS, A0 B R BURT 48 55 SR P9 IR SR R SR B M 2, WS A S R B 25, gk T A4 e
MMAZAR K, (HYE R, AR EAZ 2N, 6d NS FIRZIEARAIIN], FEEZ R, A
PITHNGR o PSR B ARG I A I [R] R i Py AR A4, IR AMRELAA TR D) Y AR AR ZR K 1 BUR AR .49 o
AR, ] LG A 7 I SR S 1, RN SR AT, BTN, A T R
S FRAE , AR A SRS 2 A M PR £ TR A FRLEE PN A K S AR AT S A BRI AR 2 DNA HLIK,
R DNA A B SR BRI . WD HEN, #7034

BRI EEESBEEEUMRER

YR, BRBHARE 2, AT Y, sEEM T, BREW, gEeh

1 WG 2 B A Rl SRR 22 BE, BT, 524048; 2 IR RN K22 AR S EAR B, K7D,
410128
B AR TR O A R, BRI AMEARI L BRI DUl MR
VYRR R C P LS AR S I SR A IR A 3 AL R 5 A SRR AR R A R, R0 T 5
R IR AR R S I IR 3, X ARG IR AR A A L DA ST E REIEAT T A4
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N
/.

T4 ANNAC2 B Th BERFF 5T

Ao, PR W, KA, R
JARAMY R E Y TR RS R, e RS AR A2 BE, AR, 510631

E: NAC (NAM, ATAF1/2, CUC) & 25 AP e TR AT 2 R ALY Dy Re ) — 285 1A
o ASZEGET 2008 4E MR EAEA MR (Bl 7) e 3128 NAC JE[K AADNAC2 ( GenBank 5%
5 BU755023 ), W50 T P AU FIG SRAFRAE . AEURSERE 1, FATFIFH DNA Walking $5 AR 3 #7
AhNAC2 [12E K21 DNA J7FI KL, ARNAC2 EERIFELSHE A 7 98 bp #1196 bp MI/NA & F, Hid

R T ATG i 891 bp JA 8 T /74 A77E 3 A~ ABRE (ABA Mo MAEH i Ccis-act
element); Northern bloting fl RT-PCR &5 R 7R, 7 ABA. JB/KFI S4BT, ARNAC2 7Efb/Ent
F P ERIE B, A R IR RIA R . AR S A TR 40 5 A R B IF 52, ARNAC2-GFP il
WAL T AR R AR A0 %, ARNAC2 #2047 XA T8 11 N 3 (1~190aa) P s BERERE PRS0 16
7N AANAC2 5 [ C 3 (191~349aa ) A7 /1 e 05 1 , 7R RE o A A0S i o 00 7 7 Y I8 Cectopic
expression) BFFTEE R IR, ERIE ARNAC2 HeIEPU g I+ 5 B A PR I LU AR, b2 SR vk e i
IKALER, KR, (EEZE: 76 0.2 uM AT 0.5 uM ) ABA KB 78 K A% 7E 5 uM.
10 uM F1 15 uM HEEI) ABA AEFRFPF-, AN, IR ABA BUSE W BEFEAG: 2300
£ 300 mM A1 500 mM NaCl b B4, M43 S E AR 3Em: FYE I AMEE 7R, ARNAC2
Ik 5 BB AL UL R I+ AR AA rd26-1 FRIAH DGR AL,

AhNAC2 5 AhNCED1 AR RIATEMHa AL BN, B —@ A erE: EMSA SE56 45 JAEse, Ji
Al AhNAC2 i H A 454 AhNCEDI1 Ja3) 174 H i) NACRE Joff; 7+ AhNAC2 HRIA
A LA pARNCED1::GUS ## FERE 1, HR#E AhNAC2 £5 1 1] g & AhNCED1 5% s b —A
HELAT.

DA g5 R E, ARNAC2 ML) NAC Hes R Rk N, m N & maE R yihia, miEiik W
EREEAEMRPURE, AEMNa 4T AhNAC2 AIREHH:2 5 7 AhNCEDI #3504, 77 ABA 117
P ile IREEEE B IRARTT NAC JEAAE ABA 256 BT R 0 SN - ) Sh BE B A3

RERIE: NAC #x KT Priett; RERIE;, Xy

HEHEW. WHEARRIAIES (30771297) | ARE BAREIAEESTH (06025049) FlJ™ A4 HIR
R4 E STH (10251063101000010) % 1)
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HEAREEBEPIVGTsHERRER RIS SHh

A, WM, e, 3%
JUREEYAKE Y TRE RS, RIS, TR

T WL AR D, R T VR R B, 0 PRI N A R - 2 B
(UDP - Glucose)¥# 2| — R 5MY) /N o3 TACE D SR LIRS W), Joe P ERETE . B8
FEARAE Ay b B Gerh 2 CAT A S K P s, SRR A 2 oy E 2 R k&9 i
TR AT R E R, C8 il C-C N4 W T B C- B 55 1 K v R4k, 65 1
5 Wi AT B i 3 8 vl R K G RCCTE ML M E R T, C8 fridiid C-C s — M % i
BRI S

AU AR B B B L L PIUGTs (PIUGTL. PIUGT2. PIUGT3) [H3ERl 1, #ET
pPROEXHTa-PIUGTs #4&, # AFIKHATH BL21 HRkAT R &k . RIE M E B His br2sit
ITEE A2, 337 PIUGT2 # PIUGT3 HIWE . K MR (i R e 10 s AR R 530 5 S e
FAKGHRICHATIE ) Vo SEEG 45 R W] it HPLC 43#7, PIUGT2 & M15 KT RIGEREE
A ZR e LS B AR SR AR S N T AR [ (30, T PIUGT2 s B 5 e H S R AR 8 IO AR &R P g
HILZ RIAREI S, PIUGT3 IR € 1 S MR R P iR oo B, A2 RN
ARHNE I HEN PIUGT2. PIUGT3 BEMS AL S H 5 = MR G OT AL AN R 74, Herp PIUGT2
U2 WNGRIWIR AT B Y 5§

¥ H P& PIUGT2 F1 PIUGT3 fE4b 5 H B2 R 52 i Ie AR =4 43 ol 5o it it s 440 L. H520
FFLIREE A0 MCF-7 BEAT 2535006 . SO S5 BRI, H R E 1 AR A i) 7= A 0t i Jl e 48 i H520
TEPIEIELIE T (I ROR, (R FLIREE AN MCF-7 A 3 UF I8 i 1) 2 R . PIUGT2. PIUGT3
AL H HEZR AT 2 0 4] MCF-7 1 IC50 W73 ) & 30.5442.17 u g/ml 1 30.45£1.58 1 g/ml;
PIUGT2. PIUGT3 b K &R IcA3 2 1=l MCF-7 [#] 1C50 %73l 33.70+1.39 u g/ml Al
31.5042.23 1 g/ml.
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AtMMS21 Regulates Stem Cell Niche Maintenance through t

he Reduction of DNA Damage in Arabidopsis

Panglian Xu, Dongke Yuan, Chengwei Yang
Guangdong Key Lab of Biotechnology for Plant Development, College of Life Sciences,
South China Normal University, Guangzhou 510631, China

Abstract: Stem cells function as a source of new cells to sustain growth and replace tissues, thus stem
cells must possess effective DNA damage responses that prevent the propagation of mutations to large
parts of plant body, yet the molecular links between these processes remains largely unexplored. Here, we
show that AtMMS21 acts to maintain root stem cell niche and act in the DNA damage response. Mutation
of MMS21 leads to altered pattern of cell division and differentiation in the root meristem, which are
caused by stem cell malfunctioning and defective cellular organization in the root stem cell niche.
Abnormal embryos with numerous abnormal cell divisions and unusual cell expansions were observed in
the basal embryo of mms21l mutants, indicated that MMS21 maintain root stem cell niche during
embryogenesis. Additionally, MMS21 with mutation of SP-RING fails to complement the mms21
phenotypes, suggesting that the SUMO ligase activity of MMS21 is required for the maintenance of
meristem and stem cell niche. Gene expression studies indicate that MMS21 is required for proper
expression of stem cell niche-defining transcription factors: WOXS5, SHR, SCR, PLT1 and PLT2.
Interestingly, mms21-1 exhibits cell death in the stem cell niches, and shows increased sensitivity of root
growth to DNA damaging agents, suggested that the defective stem cell niche of mms21-1 mutants are
connected to DNA damages responses. Furthermore, we found that MMS21 interacts with SMCS5. In
analogy to the yeasty and mammalian scenario, MMS21 may targeted to chromatin through its interaction
with the SMC5/6 complex, which is an evolutionarily conserved chromosomal ATPase required for cell
growth and DNA repair. Together, our results reveal that MMS21-dependent sumoylation defines a novel
pathway for stem cell niche maintenance, and provides a novel link between chromatin/genome integrity
and stem cell niche maintenance.

Keywords: Arabidopsis, AtMMS21, Sumoylation, Root meristem, Stem cell niche, DNA damage

E-mail: Yangchw@scnu.edu.cn
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HERKABEHERHPIPIHEEREETEFEFH

I FRIRIE 4T

TR, MRAER, LM, fER
(gl TFE2=0E, T 510225)

WE: %1t (Hedychium coronarium Koenig) &3 [ B AL S AETRIYIIE, Kisz i 2 2 0

H G0 R /INEAER S 1 )3 56 4 TR BE DR IR, TR 2 TS0 AR 5 1 H 4 P 1) J2
JEAMAEE IR OC,  H A 2l gn W SOK 23 5E B /K FLEE I (aquaporins) 2 — AT &
Bas /K o RN AR A MIP),  HARK R Badiy . A KRR fLis 8) 45 7 At
REERIVEIT o WEFTUESE 248 /NI A1 R I A 5 5 MK AL a3 B K 20 PR
s, AR L) MR A 2 e R Ak R RT-PCR & RACE J7i%, MIAEMEh 73 243
B —AN Ui A 7E 2 H (plasma membrane intrinsic protein, PIP)2E/K L85 H &K, 7 ] Real-Time PCR
TIEAIA 3B Tz AR B 246/ R TT TR0 R v () a8 s i S L 5 /AR R B I R K 3 Wi ok
o FEERWT:

(1) RAF—AHZAE PIP [¥] cDNA KP4, iR 4K 1085 bp, JFELISHE (ORF) K&
4 858 bp, #EF IR ILIRIT 1 T 286 NREIEMR o 1% IE N HE T IR IER T4 5 £ K (Zea mays ) ZmPIP1;4
MIEEE A (Lilium longiflorum) LIPIP1 45 PIPs [ & LML 751 [HYEPEIL 89%, J&T PIP1 ZRIWEK K
JEIH, Jfdr 44 HePIP1 (GenBank 3% 5 : IN085949 ).

00
stage 1 stage2 stage3 staged stage5 stage6 stage1 stage2 stage3 staged stage5 stage6

1A A METF G RE P A 4, B 1B AERAE AN [l A 0 A e o %+ T AR Ak
Kl 1C HePIPI AEANR TR YON MARX 5
(2) HePIP1 BEPRIFE A ZAE VMG Gy AeRl. JE=S RE b # A AR R R IS, (HEL
FEHE T B RIE Kt e ME— 2B 0 AT 8 E 2206 /NMETT IO R (IR AE S TE AR R Er Ty 1~6 2%
Lo MrB, ZIE 1A) i E AT H A AR DL AEE HePIP1 SRR RIA IGO0, ATan: e/t
W1 (1~3 20 FRHEE R hn=lE 5 0, T E AR ZE AN S, GRS I I S04 I EE R 5
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TG AL A ML KoK . S by, fEF HePIP1 JE DN 7RI — I i) 08 B B ifiads (76 3
P HAIR RIE LN 1 9 3 4%, S HE 10 A, ENMEVITFEIERTFR (4~6 40 B,
FEMp b FEARARAR /N, T LA, AL HePIPT FEPRI/EX — I J A a4t 5 R a3

R AL KALEA BUBNAERN: BTG BERERE

7k #50smiR3934BF 1A HNHI0sTIR1 FN0sAFB2HYFix S B EEHH
1 in B3 EEIR Ay

E?jmn g‘Klﬁi‘K’ lzﬁ%f—éjj9 E‘H%%*
Hh FEREAE e S r AR A D A P SIS R 5 AT RF AR R RIS TR )TN 510650

HE: MicroRNA 2 KN JEAEG A I AR N 73§ RNA (21~24nt), LUF SR R 7 XA
S, FESE G AR ACT LRI R A BT R, AR R R RIS AR M E T B
MicroRNA FEARA) 1A R B S A N 030 55 Joip 1 75 T EA 322 () 1 A

FERL R T, miR393 A 15 g A A K 3 2 AR AR SE R (R ik, S MR 7 FHORE 0I5 114 Ji
I o FATTN KRG OsmiR393 (WA FTR B . AHXET-0F RO D AR PR, BRIA OsmiR393 (14 HE K]
FEFE OsmiR393 3L W& VEN =, AR R 2RI OsTIR1 F1 OsAFB2, K FE WA ALK
OsAUX1 BNy BEFIHIIEE R OsTB1 I3k (5 PERRAIG . 1E— PSR I I8 OsmiR393 )% 5
PRK IR 23 BEA H 2 250, HAhARER T2 7-10 %, [RIEI06F SRR S ma i pu ik TR, xR
BBURR AR BRAIG o AT AN 9 OsTIR1 T OsAFB2 (1234 1] BE PRI 3 DR A0 AR 32 IR 15 5 Uk 5
B REDRIK AR AR K R N BE ) OsAUX RIS 7T T B AT fie 3 BUR MO B K R s e ) B B, A
RSB A AR R, (R BEsE K, SEUER SRR

XEIA: OsmiR393; OsTIR1; OsAFB2; 7rBE; $ifk

HEAEWWH: K AREEEES (31071829 F130771519). |44 AR IE4 (10151022501000035
F18251022501000002) A b TR BEfF 58 A G Br AL 4 (H140010) %5 B * IR,
E-mail: lihongmei0000@163.com

HETH: AU HASEE ARBETHERES (30900116), [ A4 HARRIEILS (Y131051001)
wEh

*: JHHAE# . Email: xiakuaifei@scbg.ac.cn
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EE R AEKALEOEEGTIPIFIGhT IP2BY S R TIEDHT

MK, TR, FEE, AR, ZaM
(Pt TRE2ABE, 0 510225)

E: HENH (Gladiolus hybridus) A REAEH B8 K 2 A RANY), BB, LE+

B, BENHAE AN CDURDIME” 2 —, FEIRE S AR 9% . (ARG 5k A2k o AR
JMir, P LANED T RKFEE . JFIRERAG, TR P E R G A A E . KL A —
KM K BAT S8 18K 531 RHA— 25N PRI AR S 1, AEREI 7K o AR A vk
YER o AR SCRIRkIE A2 FA1T. BE5UKALE AR T feid & e TR G 7K 4R
WP, R DGR B K AL AR 1 R DR S HE 7K AR (R O R MR WL SCRARGE . ik, AHETT LU &
Siti ‘Berde’ iR UIAE ud4 kL, KA RT-PCR J7¥:MI RACE 1R, MIHAEME T v Befa 21 2 MBI K AL
#H M (tonoplast intrinsic protein, TIP) JEK, JFHIA T ERT T 2 )P FURFIE B HAE % ZH 2 1)
et Ra oL, EEA R

(1) A3 2 A E BB K LA (3£ R TIPT A1 TIP2 () cDNA 4K P41, o, TIP1 3K
cDNA 4=K 1132 bp, ¥ —4> 780 bp [ FF I 15AE CORF), 4wt 259 M= IER, 7> T 5N 26.9 kD,
FER 44 GhTIP1, Z%%5K: JQ070616, TIP2 FE[K cDNA 4 1040 bp, &H 4> 744 bp HIFF
JPEEHE CORF), 4iht 248 N IERR, 7> 78k 25.1 kD, FE[H 4y 4 4 GhTIP2, & 585 4 : JQ070617.
2 N BEPRHE T 1) 2 BRI 7 21 AT MIP KR KR AE /741l SGGHVNPAVTFG 1 2 A i B2 AR ~F 1 /K FL 3R
1 NPA(Asn-Pro-Ala)F&)¥ . 42 NCBI LLXT, GhTIP1 fil GhTIP2 4 £ K (Zea mays) fUl 4 7+ ( Arabidopsis
thaliana). #H¥. (Nicotiana glauca) FI'KZ (Hordeum vulgare) ZFAHYIIN) TIP 2L ER 751 14 [R] Y51
Bk 80%LA L.

(2) M4 ORF ¥t AN JERIR: 75 149, LU Bl LRI 41 DNA (gDNAD A AT PCR 474,
W F73k1% GhTIP1 A1 GhTIP2 )RR gDNA K741, 4371124 912 bp A1 1309 bp. 73 #r & W], GhTIP1
A1 GhTIP2 [#) gDNA KPR EAH DN G FRMHAFM T

(3) KHI2f5E | RT-PCR 720150 M1 W], GhTIP1 Al GhTIP2 753 B vt fe e S, hEds.
RN 4 AN 2 AT 263k . Ho, GhTIPT JEIRI7E &AL 2 (1) 223k 22 R W] &, 177 GhTIP2
FEPRI IR W) I B A R ek, HARR B R b By, LU RESEFIRESS, 7222, & F
Iy e (kS MR A

REAE: A KILES: MRBENEE D, SRR RIESHT

EE£WB.: FxERBIERES (31071829 A1 30771519) FIJ A4 HAREHFE RS (10151022501000035
A1 8251022501000002) % B H .

WIRE®, E-mail: lihongmei0000@163.com
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LU HEE R MEERTEREIGES

e ¥ U
ERINE R BBl 2E BE, T, 510631

FE: OEHFRUAEWE LTSGR, LRGPk, PR, LR
PRI ARSE 2 P E 22 BT RE . S0 H SR RO RZ T I TR RMEY), RIS S e B = 1 13
PRGN PR T BAT o RR R IR, AR R 5 AR 807 5 HARA ) 2 15 A7 A0 2
{HA9T . B /R M A8 (chalcone isomerase, CHI) 1E MAEM)AE (0 2 & A H K 2R 2
—, HAPROHE O ET A AR T A R ASCRIH RACE BRSO HZ Al “1l
JNEE” Py B3R CHI ZE 4K cDNA J¥41, #ir4k IbCHI, genebank 3% 54 EU 402467,
IbCHI 4K 844 bp, f7 732bp ¥ ORF J¥41, %t 243 ANZAJEMR: P4 &k 25.5 kDa; TGl
SN 5.09; HES LRI 41.98 % 1 o- BREE. 32.1 % MIEHE . 18.52 % IMLEMEE, L
K741 % 10 B- FEAPTALG R HT 3R B SE R g i 1) 2 518 7 71 B A CHI G SR R {R < F
WOV E SRR IE (TS50, Y108, N115 Al S192), F5H /G RN CHI 41 FLAT 5 & 1 [
Wtk . #T Tbchi HEBR ) FLAZ M £ IA 3044 pCambial300-221-myc + Ibchi, 3t A& AT #/5, ¥4 Ibchi
FESABIBIEEIT chi LR w5 o WL Z Pk & PCR 1 RT-PCR %5, 3K
73 7 %% Tochi FERIRHUR 2GR R . KAWL ARIN, e B DRURE AR B PR 00 A S AR AR () 1
ST B B AE T R AR (. FLEGUE T A SC e BESRAF1) Tbchi HERE A DIRE P41, HARTE (5
TP RS R . SN E R PCR TR W], 7RG (URFIEANRI 2 b A (D) HE % 4141
(ML 25, HUREFISAR D 1 Tbehi JERIA KD, HERAREESHAPILOE T ENLNE
AH B O RERTT S ER AL Toehi FERFIEBE R, W “AS” Al “1l IR KA
REFER ., “A6” HIROYAMRER, DU “IE” F1 K22 HE” REMZFGn: mifEAE
Tt FZ AT LR Ibchi JERIFGAREAC, 0 R Ao HEam “«Bdea” e aEn,
“AS” R “A6” MiZktghnt. FIRZERERW], Tbchi FERMFRIE S HE PR ORISR
[, Ibchi st H B G0 F G AR 1 S Mg AL 1A

KRR RO, fHERTY, AR TR, SRR, e

PECEINE Sy | SO (B s | /I I B e = LT i
IR

28



HAEFH PR AR B G

The Complete Chloroplast Genome of Zamia furfuracea and
Stangeria eriopus and their Evolutionary implications

LuLu Wang Xiaoling WuHong Zhang Shouzhou”

Shenzhen Fairylake Botanical Garden. Xianhu Road 160, Liantang, Shenzhen 518004, South China
Agricultural University China (whitealeaf123@163.com)

Abstract: Comparison of complete chloroplast DNA of Zamia furfuracea and Stangeria eriopus to
published Cycas taitungensis reveal that 1) The chloroplast genomes sizes of Z. furfuracea and S. eriopus
are 164421bp and 164819bp respectively. The gene order and transcription direction are the same as that
of sequenced C. taitungensis. This two new chloroplast genomes consist of the typical quadripartite
structure: large single cope (LSC). two inverted repeats (IRs). small single cope (SSC), a pair of IRs (IRa
and IRDb) separated by LSC and SSC, respectively. The sizes of LSC of Z. furfuracea and S. eriopus are
90,156bp and 91,246bp respectively, IR are 25,640bp and 25,231bp, SSC are 22,985bp and 23,109bp,
respectively. The Z. furfuracea cpDNA encodes 134 genes, including 87 protein genes, 39 tRNA genes
and 8 rRNA genes. S. eriopus chloroplast genomes contains 131 genes including 84 protein genes, 37
tRNA genes and 8 rRNA genes. It was inferred that S.eriopus lost rpl23 ,chIN and trnT-GGU genes i. 2)
Direct and Inverted repeat analyses identifed 10 pair repeats shared among the three chloroplast genomes
examined .A total of 216 and 227 SSRs were obtained from Z. furfuracea and S. eriopus chloroplast
genomes respectively. SSRs with A/T rich repeats represented the most abundant type, whereas G/C rich
motifs were the rarest type. The result showed SSRs distributed mainly in intergenic region and were less
frequent in coding region. 3) The RNA editing involves C to U type conversion of Z. furfuracea. S.eriopus
chloroplast genomes are 44 and 40 respectively. There are few predicted RNA editing differences between
those two chloroplast genomes. 4) The GC contents of Z. furfuracea and S.eriopus are 39.73% and 39.54%
respectively. All rRNA genes exist in IR region and GC conten of rRNA gene is higher, which leads to GC
conten in IR region above the average. 5) By calculating P distance of corresponding coding regions,
introns and intergenic regions of Z. furfuracea, S. eriopus and C. taitungensis plastome and combining
with other requirements of DNA barcoding, some candidate DNA barcoding were detected. Top 8 coding
region candiadates loci were matK, chIN, ndhG, rpll6, chlB, ndhl, chlL, rpl2, 11 IGS candiadates
barcode region were atpF-atpH, trnH-GUG-psbA, 1pl32-trnP-GGG, psbA--trnK-UUU, ycf4-cemA,
trnL-UAA-trnF-GAA, ndhF-rpl32, psbK-psbl, trnD-GUC-trnY-GUA, trnC-GCA-petN, atpH-atpl. These
candidate loci might be usful in cycads DNA barcoding as well as in other plant groups. 6)Parsimony
analyses resulted in a single tree combined 56 cpDNA matrix had aligned sequences (L= 65901, CI= 0.448,
RI=0.620), which was congruent with the majority rule consensus Bayesian tree in the topology. And it is
suggested the treatment that inclusion of S.eriopus into Zamiazeae correct. The divergence times of

Cycadales are estimated.
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#5755k (Cycas elongata (Leandri)D.Y.Wang)

MR RAFHR

EW 12 B 12 FH2 k1 KA 2
(1 PRHGER I, 2 Her A R A a B Be, M 510642) (yangqingnicole@qq.com)

FE: RS 0 F BT, IR 2R TR AARE, R EENER
PiferaY), e EARHIE R aE, HRRRIIN PR IS TRERSR R A ERRE SR, AR T
RIS TEASFFAEARAMEG HH ) 22 5, DRI D2 o LA P R S ) Ml B A S T ) o R FH A s x)
R 9] B FC o A AT 5 58 CRCBT AT T B, ARG 8 HT B R B A Jn gk MERR s Rk
KT, AN OB R, BT — A Rl Solexa Xl 7 vE 0T PUROAS LA T 7,
e DU R Fr B 75bp BRI E,  JRRAF 2 ) S b Bls dAT SR R 41 e . WFoT 4 R LW

ARG AT BIMERRH R IE 741 106891 (41802 cluster , 65089 Singletons) 4%; HERKIM A
KIEFH1:110826(41794  cluster , 69032 Singletons )4 ; KM FIE/F41: 110261(956  cluster ,
109305 Singletons) 4%; /M1 F#Kik 4. 87762 (515 cluster , 87247 Singletons) k.

2. KGRERRM B MERRI rBE 4L, RIS N Sy 4, TSRO Dk ME R A
M, RN I R S AL AT B BRI 22 5 0 M, K3 T R AN [RIRE A 2 ) 308 22 S IR R TR
RIRAE T3 R LR b AN ME R A 5 2 R R BRI AR 22 57 Coly K/ 7 TA R TR 45% 1) & T
RIRZEF LD, T HMEMER R P R AT R R R R R AT B =R (Y R IR R A
25% [ AE MEMERT AR IR B 2 TR) A 3R IE B8 22 570 ) IX B3Rk 7 S IR L DR 22 350 43 2 () — ik R AE A [R) )
(IR — ¥ P RIE AL AR 2, [ AR B fEERR ) (1020 4%, RPKM=0), HERRA
(1337 %, RPKM=0), K7} (17449 4, RPKM=0), /NiFIJ (3081 4, RPKM=0) '
ESENIHE PN

3. il BLASTX 5 KEGG, COG #u#i e b HoAT 1) A7 s AT Eoox, il 5 2 ARABLR AT 1)
IR PR A BUF A, R 1S 201 e Bl e T DhRe i Re, FIDResr2K.

4, NMHRIBEFI AT BRI S DNA FEAL, BEE, #ERTEMCHERLER. N
TBLASTX X 75 Bk MERRERR 8] (1) 238 e A BEAT U XS, AHABUEE E-value /N T 1e-10 I, 733 7 MERK 73R8 5
AIRFE T 37 MRIEFH, HERIBERFEA TS 69 X RIEFFH]. FERIX 741 1) Dh R T R,
IAFB T HELE P 51 (1) AH AL KR DT () F 0 T %
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FOIEFEFRICHIPTAR REYIRIZHFRIME KA HNAIREFEEH

XUkt OMRER T A R, ey RER T E A REa
(LI R REHRHR SIS, |4 M
2 ME R A A AR ) AR R B A TR, AR D

FE: N (Cucumis sativus L.) J&#f o B —4FA4E & SAKEY), 76t 5% 1) o0 Pk,
(E2 B IR AR A AR 2SRk A%, PUdivh 22, 9 U R A ™ o, R4 el S S B 4 R UG T
B Pt s I S A e AR e L A A . RITARGE PO B PR AR, AR K,
ARG, VR DG R SR I TR AR, A SRR R DR TR SR s, AR 2 A 5 T
BERIBR, BRI T — g,

T AEAHD IS AE AL, AR IR BEARICTRGE e i . SRAFIE IE MR 5, U Pebric JE
DR 2k ZS AP AT, SLAEAE D AR Ak SRR I PV i R — oA RS R ek Bbric sibr i A
I 1) 7 32 2 AR e b 7 12 4 0 40 e DR R R, 88 I R P G AR A B AR e b i S5 H 2 DR 4y
5, B FH AV s R e P R i 2 DR D) B3R T 5% 7 G b i 1 % SR DRI R A

ARSEIGERENL T 8T C-8 i NP AR AR R ISR b, TP Tt Ak R IR TAE. %
PRBHERIEN (PTA) MR (a4 pWMBO014 I, 5% PFriC FE Y bar A7 F P4 T-DNA [X 45,
AR ARS8, ARERERF T T ARKFT B ( LBA4404) N T B AR RIIIEA, R
WSRO A A A AR . RIS A R R, R R R R
0.5mg/L6-BA+2mg/L+IAA+PPT0.6 mg/L+Cef450mg/L +1EME 25g/L+3fIF 7e/L At . AEFRE LR+ 5
HH AR T RS2 R R O DRI AR % de 2 v R > PRI P ¥ OD AEURIMR G Ik ], Bl i A 28R
A CBET B IAE R 100Um/L B A R (2 di 1 o RS-0 0.5mg/L 6-BA + 2mg/L 1AA
+PPT0.6 mg/L+Cef400mg/L +FEWE 25g/L+IE /i 7g/L, EMRKFFRIEA 1/2MS+ PPT 0.6mg/L+
Cef400mg/L.

FIH R RN C-8 AT IR AL 4 AL I D3RG T To BV SE R AL, 28 PCR,RT-PCR 1k
MR, PEBHEERIER (PTA) TSI NBIRRAAN, I HAE RNA JKFRIE, SR H
A8 43 5 SR B 10356 R 1 2 55 DR 8 ST ARL AR

WeTH: | HEE ARBIEEEEREINH (10151064001000001) | 448 £l RS Boc1mi H
(2006A20101005)
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T AIKFE OsPACRN OsRCORTHI TRIZSH T AR I HEKIE TR E

JH 7K
W EREBE AR AR E ,  HPRSEAR Y TR O S R R A R S

TE: Mo EAUE N EICR R, i B A R et B, /eI — b A vp ekt
SRR AL (Pheophorbide a oxygenase, PAO ) FIZL (6 -4 2 [ 7= )18 )i i (red chlorophyll catabolite
reductase, RCCR)L A5 8 I1E H o AN 90l i 37 41 L RN 3R 28 0 B A I /KRG 6 PR 4 Hh A7 AE— > PAO

(OsPAO)JE K 12 4~ RCCR(OsRCCR1,OsRCCR2)#E [, H:Ht OSRCCR1 (1) ik &1zt 7T OSRCCR2,
i g 25 7 PCR Al Realtime PCR {77 vAUEW] 11X JLANBEPR Sk Zr (a5 ] (stay green, SGR) —FF#E
TEREEM i m ik, g B . MU 3 DA AR E 115 S . i RNAi (RNA interference )
FAR Tt OsPAO Fil OSRCCR1 [J&1A, F3 T OsPAO RNAi RIFEL) 1 ESE IR FI OSRCCR1 RNAi
REARE I H IS BEFRIREAR o 713X oY 2 e DRI REL AR Pt v S R ) 381 P A QA o )~ A2 (R R SR A
TR AR . TR TR SR AR S BT AT B AN F SR AET R AL . OsPAO RNAI FEBR
pheide a IR SRANM T LG ESG RV PR AU R & A2 M IR R 4 e a8 T, 1y ELAE I A 3 i mT
REI L5 5 7 S IR B R AMKBOE AN HAET . 1Ak, OsRCCRL F K IA 1) LA B R R A 5L m
FEX} PEG Al NaCl rif (i 32 ¥ . ASHF7T 3 W] OsPAO Fll OSRCCR1 7E /K i 43 2% [ it ok R Pt 5 %
SEIAER o

RIS B - R Bt E-ACP S S (KAS) B se b2 R INRE S 4R

Bt
R Bt I, RS SR R 5 R S A e S

FE: REVEAIRRIR (Jatropha curcas L. ) Ky KRR &% M HEAR//NRAR, LY
ZH, B, S HAC S R AE 40-60%, TN B EYIREHG IF R b, R R ARG A
R 56 o AN 5T 5 B 43 21 R IROR I 17 198 ok % S At OC B i DR B- M IR W6 2% -ACP &8 1, 10,
II(KASLKASILKASII), H-/E4U w7+ i ik Lo Hr AR 2 D g . il i€ & PCRAEW] T KASI,
1L, UL AE RIS AN R A LA B R ak . AER RS T B R IE JCKASL,  JeKASIE Az JCKASIHT 125 5% 3
W FR TR TR 4L 5) . EBFRIA JCKASI FUF SRR R PP C16:0, C18:1, C18:2 34h1, C18:3,
C20:1 kb BRI ICKASIH ARG IR R v S Fhrh C16 JIg i S s /b, C18 IR i =36 s
I JCKASHIT UG TR R I S5 rh Cle IR g i, C18 JIRIR i i iiib . 4 R A
WEFT e B 3 1) KAS BEDSLE IR I R B B A A el B b HAT AR A, i A w] LLS Cl6 A C18
NI, g SEAE BRI b B (R S R TR T R 1) B 1R A I FH kA o
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EEEROEKILEOQRBEGHT/IPIFIGATIPARI S [E B FIE DR

MK, TR, FEE, AR, ZaM
(Pt TRE2ABE, 0 510225)

HE: HEH (Gladiolus hybridus) 45 RRHH B & (1 2 - REAKEY), 1RBnE, e

B, ENHAE AN CDURDIME” 22—, FEIRIE S AR 9% . (AR S 5k A7k o AR
JMlif, feIp LANED T RKFEE . JFIRERAG, TR P E R G Ay A E . KL A —
RPN D BAT S8 18K 531 R HA— 25Ny P R R AR 2 1, AR 7K o AR A v ke
YER o AR LA SCRIRkIE A2 A1 BG5S UKILE AR T feid & e ARG 7K 4R
WP, R DGR EHZK AL AR R DR S HE 7Kk R O R MR W SCRARGE . ik, BT LU &
Wit ‘Berde’ iR UIAE d4 kL, KA RT-PCR J7¥:RI RACE 1R, MIAEMEh v B3 2 MBI K AL
#H M (tonoplast intrinsic protein, TIP) JEK, JFAIA /T8RS T 2 ()P FURFIE B A % ZH 2 1)
FrtERa oL, EEA RN

(1) AT 2 A E BB K L AR TIPL A1 TIP2 () cDNA 4K J41l. o, TIPL 3K
cDNA 4=K 1132 bp, ¥ —4> 780 bp [ FF I 15AE CORF), 4wt 259 M= IERR, 7> T 5N 26.9 kD,
R4 GhTIPL, &35 K: JQ070616. TIP2 JL[K] ¢cDNA 42K 1040 bp, &4 A 744 bp KT
L EHE CORF), 4t 248 N FEMR, 4> T4 25.1 kD, FEH A4k GhTIP2, &35 Jy: JQ070617.
2 N EEPRHE T 1) 2 BRI 7 21 AT MIP KR KR AE /741l SGGHVNPAVTFG 1 2 A i B R~ 1 /K FL iR
1 NPA(Asn-Pro-Ala)3&)T . 248 NCBI L%, GhTIP1 Fl GhTIP2 5 £ K (Zea mays) fUl 4 7~ (Arabidopsis
thaliana). #H%E (Nicotiana glauca) FIKZ (Hordeum vulgare) Z5AHY) TIP & F1. 7 51 1 [R) 5k
Bk 80%LA L.

(2) M4 ORF ¥t AN JEPRIR: 75 14, LA Bl 2L R 41 DNA (gDNAD ARG AT PCR 474,
M7 3k1% GhTIPL Al GhTIP2 2L R 4] gDNA 4K 741, 735024 912 bp F1 1309 bp. 73 W], GhTIP1
M1 GhTIP2 1) gDNA KPS EH —NHNE TSI 1.

(3) SRH 2 & RT-PCR J7iHIE 44138 M, GhTIPL Al GhTIP2 76 /i Evilife e . MESE . MESs.
I ZERIA 45 AN AP A 2Rk o, GhTIPL JE RIE &N E b Rk 22 AN 58, 17 GhTIP2
FEPRI IR W) I B A R ek, HARR B R b By, JLUCONRESERIRESS, 7E22. & F
o (kS MR A

RERAE: A KLED: WRBENEE D, SRR RIESHT

EE£WB.: FxERBIERES (31071829 A1 30771519) FIJ A4 HAREHFE RS (10151022501000035
A1 8251022501000002) % B H .

WIRE®, E-mail: lihongmei0000@163.com
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.

>SS

L,
F

G

TRt X =M E RS R REFRKFF TR I

DR o A BRY IRHs 0T RS2
R AR R SR Bt 510642

FAEL: SR Li-6400 Yt R G0N 58 7 1R KR 1 ACRR T 12 40 Sl 0] A A A e b DR R (AT
) LR BR A S AR EE R R CHBEAR . B S 2500) S A MR 2 I FE KRR HEA T EL
B BRI HATGAHE, A BEACKIBR I 52 28 50 AT AHIT B2 2 5 AR KD A 2R K RE RIS K it
AR, IR AT MR AR H AR I3y B RERL”, —Hrh et
WHRAPEAR S, 153 (11.70940.392) pmol CO2'm-2-s-1, R ZAEW IR, (FoH%. J60
I i AR AE S HUE Won A A A AR KR Dy B, AT SRR SR ST . FEKRRME T, AR
BRRE/K R 2 T A PR RO S8, (A KRR R A RFEK R 90%. — Pl A 5 KHE
AGEFR AR, AT 2.91~4.28%10-4 mol-m-2-s-1 Z i, i S22 88 ) e AR K A T
o, A BEARRS ST, I H =R AR S KK R 5 A PR 1 ¥ LU 0 1.6,
ARG TE A B A A b D MRt i i e A S At s 2 2% R B i Sy

TEEEN DR 5, mi-Ewrsed, FEas 7 RS HA A, Hif: 13427525124 E-mail:
qiuquan89@163.com  Hudik: 510642 | i R IA] X A FE AL KRR A B

* BITEE NIk, A%, WA, FER . RN E SR RS, Hik:
13535111309 Email: 1jyymy@vip. sina. com Hulik: 510642 J NI X 1o il % 483 S ARG A b K

FIRFEB
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TEBE T EEE X =HEKSEFTIRMNSEN

W, s, IR, TV, DERLARE
g A K2 MR2BE, 510642

PE: WETUE R A ICE DR WAREAT 5, DL lofy g b DX A B AR ol S 2
ABEARLET A TR iR & 5. rIva RS, It A TS AR . N A A
MEE R PR KRR R B SR S ARG . WlI0 g5 R W, T 50 B 5, = A
RERIPE T BE R AR I 2R & S s, A RhE 24 d CGERETR) B BIEE,
3N ATBEAR 490.86 ug/g/Fw > {E5. 320.76 ug/g/Fw > FRIH 24881 278.33 ug/g/Fw. HiAM A
(R AT B AR A I T S R A, FE RN (24 ) IAFIEAE, KB/
PRI R s ABEAR 38.18 %, 1152 30.89 %, BRIFRICH 27.74 %o  WIVPEER BT SR I Je
KIGW/NERA, T RMHEEE 9 d CRETR) B 20 R T T i deik B0y, bl 5
Zemt B e E AR RN 5.97 meg/g, /TN 6.84 mg/g, TMATBEARLETRIHESE 12d (Fh
FET5) ATERNEALE 744 mg/g, 16T HMHA 24 d N, B SR ZESRUE S0 WK T 1EH K2 04
51.2 %K1 16.95 %, ATBEARHILLIEH K3 4T 51 T 53.64 %o Zoil5t = Ta bR 256 /0 M 3145 6 fl
YIRPTRIER I, A3 H =AM P A BER IR SRR, PUSERRELE, HUORTEE, B RR
BMPLR R % .

R TEPhE: BIEWYI MR, AR Y

WAEEM WU, Lo WEPUE, tREUKREN, SRR, BT AR RIS 5
A, HIE: 13631464829, HiF{54fi: xiaowandoujiajia@126.com Hihik 510642 | T K] X HE 5
RV R A7 el IXAIFFE A7 5 3 AR 218

x WIESE 28k, B, #%, WA, T M AT SOREAEIAS. dBif:
13535111309 HL7{E46: 1jyymy@vip. sina. com Hbuhik: 510642 | M X F 111 #% 483 SHERG R

REEREEBE
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MEEFRERMNEEEENEEREASERNRE

FEN] S SR WG R
(HERGRN R MREERE T 510642)

FE: A (Dalbergia odorifera) &K [EEFA A St AN, FILOLME T A
W B 2 BT 32 302 007 I 2 AR, 2R AM BB RN R B 0 B Ay
PORANE,  LEARIT P S A D TR A0S B ORI ) et A RO S AR S . 25 R0, Hedh AM
TR [ BROIREK#E S (Glomus margarita, GM ). 2 EK#E % (Glomus etunicatum, GE) [FIHR & 1R
(Rhizobium,RH) )R8 1 % B SR 1 B 2 fAE K . BUAREER! GM. GE F1 RH AR B [ AR
TG A iy T AL, (Rl S8 20l v T TR 59.09% . 46.00% A1 24.18%,  Hi=575)
il TR A 29.41%+23.95%F1 7.98%; b b B F 43 Il iy 1% R 4H 376.74%..282.35%F1 217.64,
Hb TR 0 TR R AL 260.00% 200.00%F1 160.00%. X [ B A8 %) 11 6 B 4 b A &5
R, ANFACERALS) e AR . AL TR G ORI oo AL, (2 R IA B K
o HERN 110 KRG, ACERALTEARM R 4EEE ay AR b AR SGER S BN m TR, HErat
# a/b MLLAE/ N TR AL

REAE: PEAEN AM I HURE s OLAIEN

BB 3K AL B A KT A EE A S0

rE el , FEN, 3E)IE, A5k, S
(Em A R ZEMREERBE T 510642)

2. /K (Glyptostrobus pensilis (Staunton ex D.Don) K.Koch) 43 E4RFA 1 wtkeidy, ¥
A D, SRS IRIE T RART R o KA R = AP UK X 7 AP R AR AR F B4 Ak
PERBERE, 76 ZRERIE T A BRI AR, AH F AR BERTAN R o A SO F 7R AR AR AR B
K 7%, PEREST T NaCl e s K AA S e AR s mi . 45 53R B0 BiAG NaCl ik 1 7w A
TERF A IRE R, KRN B A7 3E BT B, 0.25%NaCl i, KIAEKSZBIH0E], SR B
B MRPER T 0.25% 8 7K AR A7 175 PRI o 6 JBIERE 702 P %) 1 v AR 23 A AR A e B PR s 4 H
W75 NaCl W< FE (3G AEa i R e, kAR K TR ShEha a5 3 BUKE B S B
A AR S KR R, (HAGE LG . SPhia 2 35 K, shPria ab B4 4t i fr e 5
i, MDA &M SOD Mvd Ve m 70 4L,  HBEAE NaCl W2 (1) G5 3 g, (G

EF I tREwEh (1987-) 5, HEY2Em L6504, Email: xuruijingl @163.com

&

WWAEE: JEER (1961-) %, 1L, #d%, Email: xyzhuang@scau.edu.cn
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SOD B VAR AN 7] Adb BEZH [ 1) 2 S8 B W £ 7KF (P<0.05), T 8 F B &/l MDA 3 & (1)
A ) 22 S AR B R 2 7K (P>0.05) s JIT AT AR BRZH WK I Jr POD Mg PE3) /N T-5 IR 4L, HLBEE NaCl
WRPEI3E i 2 R Bea e, AN AL BRAL ] 1) 22 508 B 25K (P<0.05). BA L5 SRR B /KAA S
REM 6L (AR I, (H6) NaCl 3RBE KT 0.25% LA L SRt o, sl S0 1 I 32 ik 1 7 £
FEAARI X 3

REEW: JKELY #hirie AR AER

P LI AR S A T 5

wIE e AR EEE
(HER ANV 2R BE, )M 510642)

FE: U244k (Loropetalum subcordatum) PYZy | J46 A B KL 57 0 1T 9k A5 R A4
S G SR AR R (BB 1 ) (1999) o iRl F AR T A0S T 2 T PE A G Mo W Li-6400
A 485 2O B e FR G ol TiT T Ll A DY 24 1) 4 S I e AV R 3Tl DA K 5 1 R e 1) DY 24
AT G —okomma N th 2 /DG HASE LR 9T . 45 R0, 70 BARBEIE T, U2 ) ek bk
I m Y ith 2 55 (R EVE % 5.7 (Acronychia pedunculata). Zk#i (Sinosideroxy lonwightianum)
FAAL, HH AR A M e 2 52 e Y, e LR IRAE R /1 12 55, (EDU 25T IHR I RO G % (5.540
pmol * m-2 * S-1) M WAL T A —HEIE L AMFF A (9.503 1w mol » m-2 +S-1), AL TEM
(6.606 L mol * m-2 +S-1), TR PUL T IIEHGE R X m TR P2 116 (4.414 v
mol *m-2 *S-1) . YEAME SRS I R DL (0.093 1 mol »m-2 +S-1 1 0.006 1 mol *m-2 *S-1)
B, TR R LU A B DU 245 T e MR (0.069 1 mol » m-2 + S-1) il AN
SRR AR ANAN R ACUE PR B A IR D' H ARSI 45 AR, o i 2 il ARG o 2 A &)y i i A
H AR B Y, AR h R R AR B S A P (R A IR R /1 12 I, TR AR T AR
B AR L BLAE 14 B, KARARIARAT 10-14 B 2 (R AR AR /N

KA PUZI4E: Semap g Sed HARk: B EReE

BVEEWA WG, B, EEEO N, M54, email: huangchuanteng@126.com.

THIRE#: xyzhuang@scau.edu.cn
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I"HFEEARE WL ARR LR L IEAWE F R EFRAR

W2 JEEY
(HER ANV 2R BE, )M 510642)

WE: | AREICAAERIARIARE X . BRI A TGS T80 2 4 K5 1L
FBORAL, AESTEEEA . FFRATICE LU DX R R PSR gE 22 4 2 28 D AN AR A PR (1) T KR4k
R HAT T B R S B Mo ARSCLA AR I T BT S AT A L DR AR A R R
VERHB R AR R 7% 0 2R TN 5, LUBCIEIE T AN R 2R A AR 055 b AML fl7 (185 B R =
FE R HARAHEY) AM AR e 85K A IR PR RS, BER, LIRS
JEATCHE R B AL AE . AFABI AM BT AAE B E MR ek, B EWAATER A 25,
TEPTRA ) 3 AN, KUK SR E, H I AM 71045 B S % R dm, o
Sk 51 RPFT 12255 ANMEF/100 g 1, TIREYIRISETT Z I A RN A B 1) g 8
WIRAR T A, P8 R0l 30 Bl 7470 MEF/100 g 1A 16 #6218 AMU-1/100 g T+
do BTRLIU 26 BRI KHS AT AM BRAR S5, X0 B AR R ARRE 1 A5 ot AF JFL R ARk e 2 K AR B
T AM 7R AFAEZE S DI, ARSETT RE B AR B 1 HEORAEAEBEAT A L XA P A2 )
JHRFFCEAT T2

KL AUCH LM VA W RS RARAEY: JR

WAEE R SAE, &, R

JATE# . xyzhuang@scau.edu.cn

YT AL 3 IR A B AR FE AR B R A B AR W) % At M S 41

FE AL ER
R

PR ST AF AR A A b B R A )RR S, SR 4 BRIk T A 3 B A A A
AR B . ASCESE T APy I A ) M T3k 2 B E L AIRIX 2 LR B, IR
DX b DA S Z S DR L A TS ehe e L T A R, I KA B M, 2R G0
ey Aoy Sk (PR DR 3 AR S R R R AR, A3 B 2 45 R AT

Il T o DA 30 4 DX SR A AR (1 DL FA0 22 DA B LS00 BH A P SN S 0 (R, R
JERA 2 FEVE AR TSR A ARARBEA WL K SR, AP AEAR S — B s BRI B R, PR
JR R 2R

TP S AN A 5 G i oA AR AN A T HE SO ST R e A I M X TR A AR AR 2 2K
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AR 3 T <5 e v Qe 32 R . 1 R R BN S A AL A5 3 1l SRR A AN TR 1) ot
W, AR N ST AR AL .

RO LL S ARSI - BB AL W B DA 2 Mg 2 ek, JEHGR BRI AR AR FEA
Ao SR AR HOE TR SE S URIAN ], SR AR AR A0 PR 0T S R PR iy IS ATL o) 3 2 4
BLA BB AN N ST R i SR PR SR S5 O i K

TEEREH TR E KA

Koly R EHH
(R RN ERAERE TR M 510642)

HE: BMMHEY (Rhododendron moulmainense J. D. Hooker), MAHESAERME SR/ NEA, fEK
O MRS, DU, MR ERWSE, (T ERCRA . AN HER RS T7 %,
ECARIETE T 18 F i A B A0 I AE 400 1 AR B AN B M A A A5 P R G ORI A KA . S5 K
Wi, 18 R PR S BARAE RS AL W, AR 5 B IR R Re A e & % . Hoy,
B2 AR 23 B RPN B R (YST, YS2) B &Hm iR geae )y, HUCk A~ Ry, |
ARAERS R BERERS () AR (YT1, GD3, SB), HARWHRMRIHE I EBIR. BRE 40 d AL
KRS K], MR (YSD) RSB RS4RI A K AL E - IR A, X AR A
KALBEAE FH B i B R 2 YS2, Hh YI1. SB. GD1, mHilbnl WL: kM2 ge 5 HAE KA
AR IEFKK R [\ BEAEARE TR R 5 ) L AR A KSR AW B2 TR’
B AR (YI2) AP MMN B3R 50500 MR R A iR 4k %, 4lil 77 SB Al GD1
TEVRA IR IR AT MR Y RE i Beft . (HFR YS2 FNR A5 FRIE (M1, M4) AbHglsh, Hpakhz
AR A WPM B SR BRS04 i A KA kA F e £

R BARALHY ARSI WA RE KB

40



HAEFH PRI B G 1D

AAFNLXERBEARRIPEDREEFRR

BEE, EE2 M, Bz, WEEs Y, By ', David E. Boufford’

(1. R ARz e, A FH ARG E K SR, )M 510275; 20 EERITTE K v

VISR BE, JEAt 100048; 3.8 B K% Bt St il TR, #E, 3300315 4. I

PEE I #E R, JFXI1 343600; 5. Harvard University Herbaria; 22 Divinity Avenue, Cambridge,
MA 02138, U.S.A))

B WPAMAAE K OSCEREI et 2 0, I X)Ll DX 23 A ) B AR 4 A AR ) S R LG IR
TP : 44 FF 102 J& 179 F, Jorr: 4 (TUCN £ 44 5% (20110 Bk it 45 Fi, i fafh (CRO
2, BI—=fAH0 (Acer buergerianum) Fl{5 V5 IM (Paulownia kawakamii); #ifafl (EN) 4 Fi,
BI4R A (Ginkgo biloba). Lh/£#) (Pinus massoniana). [15.4% (Pseudotaxus chienii) FIH 5

(Bretschneidera sinensis); Zf@fft (VU) 15 Ff; Irfast (NTY 13 FFISGERN (LC) 11 #.

i IR AT 5 4% 55 (20040 ) SR G 146 B, A SEFE 5 Bl RIBEEIA A2 (Abies beshanzuensis var.
ziyuanensis) YLPHE 558 (Pedicularis kiangsiensis) H.JF G > (Aphyllorchis simplex). k% f1
fifl( Dendrobium officinale )AL I % ¥ % ( Gastrochilus nanus); #ifaFh 11 F, BRI (Ginkgo Biloba) .
AR Y (Reevesia pycnantha). 4458k (Hydrangea gracilis). 1115242 (Euchresta japonica).
KR (Lithocarpus quercifolius)+ #AE 14 (Bletilla ochracea). #{£>% (Changnienia amoena)-
%A% (Cymbidium dayanum). #2547/} (Dendrobium moniliforme). A (Dendrobium
hercoglossum). FAEA1ff} (Dendrobium loddigesii); Z f&Fh 69 Fh LT faFh 61 Fo i (EZKH AT
DRI AR AL SR (T99DO MK IK L 36 Fir, €04 : T LT kR R 4 Ftr, BT (Ginkgo Biloba).
YRV 2 (Abies beshanzuensis var. ziyuanensis)« Fd /74 542 (Taxus chinensis var. mairei) FI1 4k
B (Bretschneidera sinensis); [T 2 H fi RGN 32 Bl o 10 30 B2 WG IR R D) R A U4 7 R AT
SAEAFRGAB AT T &R

KW : Sl TUCN R Y EXRERBCORYT Y PR

H LR AT RAREFEREESHEBEFENX

BEE, LR, iR, Bkt Al
(1. Al R m Rz b, A5 EYPG S IR E X E AL, T 5102752 ; Filik
LRI RS, TN 510275.)

FEEL: I XLl e DA 1 B AR R s X, R BRI X, B A ARG (1 R
Z, Bl THMPEA ERR, MIEEL, BTS2, WMBR T SRS RV TR Tk
TR AR R 2141, AT &M B R A DS A, JHG vl kg IR P Ay v A6 e DX 18 TP R4ty 2=
e EFE 5 ANIB I XA A KRR, W KR ST (Exbucklandia tonkinensis) #Ev& . Fil T
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L CAltingia chinensis) #E7% - Ji 1 /£ ( Castanopsis lamontii +Michelia odora) #£7% « & 111 & 5 (Michelia
maudiae) #f¥& . A (Manglietia fordiana) #ESE, AT RV A A D BEAZ R AR, 45 3
T (D AT EEE IR I, Hods NIRRT 1400-1600 m?, KT ML 2 (R F A
A SRR AR EORE IR (1000-1200 m°) 5 (2) S REVA IR AT 5, RARHB 4L B
BOAFERRGEERE: (3 o & & PR SR E B R R AR X LG
AR ARG — 5 1o 38, BT v Bk 64.71%-77.94%, — LA 70%LA I, 1 R4 b
X, BT WA 28 KU SRR AR (4) XNV Ay AR 41 2 1% Shannon-Wiener
TREh 4.44-539 2 [0), —AE 5 ida, BEE TP IM ZAEVER B S R AR i, o0 dos e i [ 26
BAHAT 245 5 v MV AT 1 DOBR ST LA IR 5 e AR, ARG X B[R Ze b XD AHARL, B
REFE, RIS A AR R V& T 22 5 Ay b DX 1) S ] I AR AR AL,
FLA% T R B [ P R BRI I R . (5) BEE hIE B AT HoAh— S 5 B ) B M R AR
fiE, lan: KEFRBARBUEA, BURIS, ZORMS, WKMR, KA. MEmY, =/
Wi, BB BRI Gymnosphaera metteniana. k4454 Cymnosphaera hancockil 2% .
R L PRGBS RIS

ER S L K X A S B S T SR 5

PR P S o | P B R 2 B T VP | L

A F DTS TEEAT E X LI %, AR Bl AR A B S AR T S SR L A
REpdn bz iz e, I, M, 510275

: IAEE, Issxgr@mail.sysu.edu.cn

WE. & mE Y (Cordyceps sinensis (Berkeley) Saccardo) 2758 i i bF (044 S rh 244 2 —,
1% H Lepidoptera Wil £} Hepialidae U5k J& Hepialus %)) Hi# 4 HU S B0 25 A8 5 T R 1) — b e
T RETLR, HAREEMAMMETMIE. B T4 RE SRR, Rtz
T LA [ A Ao P Akt B 3 A R = A bt B e A e A 5 o R R A R L RRRAE, AR
I B A& o B A P AR A A e SRR R A

SERRI, AEACT 4000m WG H N A R ILA ME R, {HAE 4000~4200m HI 4200~4700m
MR R AN A R A R R, R E L& B P X & dU B A TR
4000~4700m o FEXTETEROLAERR AT UR I (1D ARE R SRR, SRR
TR E B MY DI OG: (2) MW+ s BEFFEY) Z FEPEOC, W] REEAE ATk sk ) s g it 72
SR, O REIEA) H R B R AR O, (R E R MY 2 R R A S A
SR LR R, WA R B (3) A AR S A RE R REY), B
REAKEY) L E AP v] Re s i & R BT, i/ N i i A s v Re AR T A& R
TR IR . AN R L E IR T R A TR I (1) B 6 R v BEAR) A
BB RG (2D B I 3O R A R n] R o IR et R A M R G (3) i+
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e 2 AT g2 B AR 4)) e e VAR
R AMER, AR, M Ol

B T2 R AR RO 38 43 15 R E A X T

BRI, M, X2, B
Ot Aok TREZBE e ZFa bk e, T4 ) 510225)

WE. A {eiKEE (Mucuna birdwoodiana Tutch) & 5. F}(Leguminosae) # &7 J& (Mucuna) K 7!
RIEARY) . ASCia [ Diva-Gis BAT, GG iFikom B AR R R 2] 1 F A i RR e (1 s 21
AL AT T AR TRRIEE 1) 20 AT R AR SR s B Maxent REASAE W) od A= PEFIOIASEAY
U BE N KA S PN PR PR B TR, F00 T e R A (R AR DX . S SRR W] ARl BRI A
TR 27.5°N BLRE IR 10~1200m A7 7045, Wil #8554 R R NHEN; Himbk
BRI S, AR AT RR IR 2 A e R B A I o AR BRI V) 20 A S AR SR R R R A A
IIORER, 73 AT DX IR A 2 1R DAy MV Rty st il AR AN s 2= AR, B A 20 A1 %35 11 B I R i
PRI T8 E A TR P 3 A1 0 TR 23 A 2 S 8 i 4 /N R 38 1 At JRR TR £ v [ PR £ 20 A X
B REL ML R R VEL BEL BRI BRSO TSR IX AT S AL, MR ) DR A
SR N 2% [ HVEAE AT X

KB : Diva-Gis BfF; ATEMBREE; HOPLA0: AR 10 Maxent B3

ek 493 (AGIISEF

FETH: T HREREGTRITE (2010B020305013) [Supported by the Scientific Program of
Guangdong Province (2010B020305013) ]

YEZ e 5K (1986-), 2, PUNIAAY MY 8N, RGN, st Lorsid:, WF5eds m by
Bicd AN B MO R B . E-mail:  lybluemoon@163.com

SR WK, 5, )RR NN, RIED IR, BRI, IR A
% . E-mail:iyxb_128@163.com
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Research on geographic distribution and potential dist

ribution of Mucuna birdwoodiana Tutch

Zhang Lan-yue, Ye Xiang-bin, Liu Nian, Zhao Hua

(College of Horticulture and Landscape Architecture, Zhongkai University of Agriculture and
Engineering, Guangzhou 510225, China)

Abstract: Mucuna birdwoodiana in the genus mucuna, is large woody vine. In this paper, the
geographic distribution maps of Mucuna birdwoodiana are drawn, and its distribution regularities and
habitat characteristics are also analyzed by virtue of Diva-Gis software on altitude layer and vegetation
layer. The natural potential distribution regions of Mucuna birdwoodiana in China are estimated based
on the Maxent model as prediction model, temperature and precipitation as environment variables. The
results show that Mucuna birdwoodiana is distributed from low to medium altitude of south China
below 27.5°N, such as mountain slope, wayside, cleugh, stream and underbrush. Mucuna birdwoodiana,
preferring to warmth humid climate, is enriched in Guangdong Province. The geographical distribution
of Mucuna birdwoodiana is closely related to vegetation type and altitude. The vegetation types of
distribution region are mainly subtropical evergreen broadleaved forest and tropical seasonal rain forest.
The distribution region and the distribution density tend to decrease with the reducing vegetation
distribution density and the increasing altitude. Potential distribution estimation indicates that
Mucuna birdwoodiana may distribute in Guangdong, Guangxi, Fujian, Hongkong, Macao, Yunnan,
Hainan, Jiangxi, Sichuan, Guizhou, Xinjiang, Zhejiang province, and its junction . It suggests that the
preserve and utilization of germplasm resource should be considered to the potential distribution region.

Key words: Diva-Gis; Mucuna birdwoodiana; geographic distribution; potential distribution;

Maxent model

EMZ R =T

FEW  Gao chunli
(el K2 MREBE, M 510642)

WE: Tl Dok, iR po kel 7 ASRMATEJ7 30, HBEE T30S TR 208
IRV S W B, ARSI R R AT ARG R, EVZ IR REE . MRS A
TEAFIREL, SRR R TSR Z B AL . M2 RV B AL BN A MY R
SRR AL G T B, AE B BRSSO I A R 22 5 . AR L R B
HMRERELE ;s A2 FEPER YA 2 FEVE LA o AR SO BB 3R 22—, RS g (R A
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T AL PR SOMAT S o AT ZRG T AR R OGS LA O S S LD b 45
WA RIS 7Y 2 FEPERT SORBEAL . SO AEE . SOMRRE PERTSOUAR SR I 520 o

HE R 53 AR IR P LS T AR P R LM B G T

BT, FETR Y, VR, AR, IR NEE

1 HERRME R 2E, MR, T 510642; 2 1 B MR Bt By ML EF 5T, M 510520; 3
BN T ML RFZE BT, | AREM 516001

THEL: LU R By QUG0S [ R 2 AR ORGP X A Ll AR B 00 5, MRETE Th AR A e, o0
THE 2. M AR mUSE T BRI 2 1 AR G R R 0 A0 AEAERUR S ST
SERRW, 76 1.2 hm2 WEEAT, 0T 9261 £ DBH > 1 cm LLEITFHEAR, "eA15 )k
JE&T 71 BE, 149 J&, 247 Bl (FRREAR 211 B, JBEAS 36 Mo, Hodr, R TRREARM 21 4, g
T 15 B 18 J&; ARRr A EARR RN 190 A, SRJET 56 119 J@: 7547 36 FiRBUREA, 43 4
FEE TR 33 ANEREARD 33 Fho R PR 1 o W T AR BRI R Y 10.3%, W0FNE Y B )
8.7%: REHURFAPAMAZ LMD, AR B AR A PR =& B NR 2 B0 0l 2
TR RN, CHES ARSI H R o R HIRAERR RS2 BIBREE A 90.5%, A i T AERE A Fils
{RFEARGE 2 BRI AN 47.6%, AR T-ARRFA RIS 60.0%. MFMBFLEMRE, AERFAREE
% RARE LN, TEREVE A AR RAHAL . R R 2 AR BRI, RSB, (HAERF
T G5 R R e REE AL o AR AT L b R R AT R R R SRR A AR b T o I L AN
TR E AT PR FF SRS | L b fARAE ) 2 PR b B IR, UL BB R SR
18,

KRB M FIVERL, ZREPERRPR, (LHLRAR, FEAMr, PEEZNES

EF I BERT, B, Ml L4z, TR, E-mail: dayong97500@126.com

HIE#H: xyzhuang@scau.edu.com
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The bioremediation role of seaweed Gracilaria lemaneif

ormis cultivation in eutrophic coastal waters in China

¥y g
B KRR YEBE 510632 TN

Abstract: Gracilaria is very important industry material for making agar-agar, good feed growing
marine animals, and good bioremediation tool seaweed for reducing eutrophication of coastal waters.
The culture of Gracilaria has also rapidly expanded in China over the past 10 years. Nanao, Guangdong
Province is an area in southern China which is seeing a rapid increase in production of cultivated
Gracilaria. Farmed areas rose from 0.13 ha in 2000 to 1500 ha in 2010. The cultivation area in 2010
was 11500 folds of 2000. Now, Gracilaria cultivation has also spread to areas of Guangdong, Fujian,
Shandong, Zhejiang and other provinces along the coastal waters of China. Production of Gracilaria
reached 99,451 t in 2007 and for seaweeds only ranked only behind the kelps, Laminaria and Undaria
in China. The principal species being cultured throughout China is G. lemaneiformis. This seaweed
grows very well in many Chinese coastal waters. The specific growth rates (SPG) are up to 13.9% d”' in
Jiaozhou Bay, Shandong Province. In laboratory experiments, the removal of NH4-N decreased 85.53 %
and 69.45%, and the concentrations of PO4-P decreased 65.97 % and 26.74% with Gracilaria after 23
days and 40 days, respectively. G. lemaneiformis is very effective in decreasing N and P loadings. G.
lemaneiformis is able to inhibit the growth of some microalgae, damage the cell membrane, chloroplast,
mitochondria and nucleolus of the microalgae. Large-scale Gracilaria cultivation can be an effective
means of improving water quality conditions, controlling harmful algae bloom, and decreasing
eutrophication in Chinese coastal waters.

Keywords: Gracilaria, bioremediation, eutrophication, Chinese coastal waters

46



T BRI A B

BB ENE RS SRS EEIT

SRR e

(1 Rl TR SRR SRk B, 1M 510225 2 AVKZEE bl e, 1
510275)

B A SCERG R 2 fk 2 R 1 AR 27 55 T VAR T A48 Photinia LindL FHZL S &
Stranvaesia Lindl. [ 5REE K R, B & SCRPR L0 R & I N AR o 8 i 26 e S LA 2 IR 52,
ANEEEY) R R MM 2, RO BEOIR, (HENARZL M AAE Photinia nussia
(D.Don) Kalkman F15% M 47 4# Photinia bodinieri LeévL[f_1 2 i 21 i 3 J5 B b Sl IR 32 IR IR 5
NFHDE ZZ 0 RO, BR 5 N A A 2R T T PRI PR BE S 4 A8 YR A, A 8 FH 21 S e 1 L e
TR RFAE AR T AR, R BRI 2B (A AER A7 AL — € RV ARPEAZ A nrI TS St
PRBEDA trnL-trnF 1 psbA-trnH ¥ 73 7 RGEFUR ] . LLRW B Y SCRE S5 A8 & 0 SR
A1) Photinia microcarpa Standl. i 7 5 4 WE.73 41 1] Photinia JE B 2k 258, 1 Photinia oblongifolia
Standl. [RIFEAAT TS8P0 HF, 70145 RE WA 5 AR50 A0 AR B A AN Y RS, s 2R 57
A A JEAEY), Ph. davidsoniae F1 Ph. nussia, 5[ Photinia [ R 48 Kk R A AR IR vk,
H. Ph. davidsoniae 25 FHM, 45 G HACMFHE SR EE XM ] REEAAT YR BBen, MRAEE
o R R RN T R G A LSO AH R AR A FIRE AR, AR TR T WP
SR, ERKY: (D RELRW B S AMES I, RSN RN 8 2L
W RN &I (1) Pourthiaea Decaisne; (2 18 ok £ 55 P4 B 70 A3 1 A7 A S AELADI A A RAH DG B8
AT A S VG B A AR R RN R 5y 9 8 APl (3D ST AR I — LB AT THEAT,
WX 47 4% Photinia serrulata Lindl fDGH 4748 Photinia glabra(Thunb.) Maxim. [ &4t % 24T T
FEA T 73 A1 - AT N AN Bb . oM 444 Photinia beckii (Franch.) Schneid. #1547 4
Photinia crassifolia Levl Ui [FIFAEA), Sk J5E - e Ak B DAy A [58] f-  ) S 44 B0k i

KW phiE, LARARE: KRG, I
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KM A Tig
R KK AT, T4 510632;

KR EE TG ARG KA AT AR, )R 510632

FEEL: 2010 FAFTFIRKTE T BFISLIARE 4 ANSANF T RS X K AR 1VF R S8 35 3l AT T
WA, SCRBLRWEREY) 5 1] 71 @ 152 F, HhiEse] 46 J& 97 Fi, FIEET] 13 J& 34 B, SR¥E] 7
J& 9 Bh, WEEENT 2 J® 2 Bh, REELRZIGBUTFHRBFER AR RARRL BR: AEER
(Chaetoceros) . "5 4<% (Skeletonema costatum) . fLI3% 17 J& (Pseudonitzschia) 4k i
J& (Thalassiosira) 5. YA AR, 7R A0 S (3 A0 X R 2, SR IR AE
RIRIHIX AV 2 b, B2 TR W R A0 M 25 B i3S 6.44 X107 cells/L, A% 4 2.32X10% cells/L;
RS U R 40 035 18 ot s 600.91 X107 cells/L, %0 7.26 X 10% cells/L. {2545 B Bow, %
THER A0 S5 1) 2% ) 3 A AN AEFRIE XK TR X (P<0.05), SIS AM A iy 3 g (1 3 iy
)3 AR FAB ) IV IR A R v TS (P<0.05) o HIRTH X 2 RETETR BOM A S SR 5N
T 1~3 #10.3~0.5 2 [i] . $%M# Shannon-Wiener 5 2RI 5] BEFRETAY, FRAEIX & T rhE FRIOKAE,
X IR X AT 308 SR AR R A 0] WA oR, BFREMMCHLE (DIND FLRE (TN) &
S TR, TS PERRR S ASRE (TP S ENMK T, DIN A IHASZE (NOs-N) A E,
A A NHS-N) o EFKIhREX DIN 5 & P30 17.74£5.78 w mol/L, A V30 11.96£2.41
wmol/L, MHEEZ CGlKKFAME) (GB3097-1997), #E DIN &EXIY, HFERINEEX KR
R T 28KhRHE, FRTRNIIE T 27K bRt

REAE: VS Y R

TEH A IRME(1986-), Lo, WIERESNAE, WESUU5 I I iR
BWEE: BT, 5, 2%, L4200, Emai: tyyf @ jnu. edu. cn

48



HAEFH PRI B G 1D

e L R bt

EE T
B K2 KA, T4 M 510632;
K EEFA S IRWIPNG)] REHE T E AR, )R 510632

PR AWM EAAR S B AT 25 ¥k, JERE IR I s VR, T R L R R
W PSRRI . SRR S RIE . EEAN A AN T A W S S R bR A 2 B A TR AR
BENW AN, Ik 2-3 Pl EATHH IR AR B A v s 0B AR AT TS 22 5 0 TR
SUE, PN ILR LB BT ST, B T

MICIRSARZE 73 B A BS 25 BRANBE, 23005 Ak T A KA 5 00 i A= P e i 1 e
HER BT ICHE LR %, MR SRR, bt = A B8 W s E 4l G4, G-5. G-10.
S EE R, AR W BoR O A IR, B TR, G4 M 2 A TR, G-10 4156
WONRADIRB A S . SRR EROR G-4) G-10)  G-5. WHRAEK M, ATHEEAT EAr s
R G-4 AR, BRI 25 (0 VA AR e £ B8 FH MR 0 FC e

FIH T DM EOW A R BERAE IR ESAN LTED o S9REN], AR HER
W AN A SRR AR, v S ECEA a R R ) s R se T W IE, 4ipEK =
AL MM AR AER T, AN MR SE AR A I B R R, R R R e AN

W] A
~Tr o =3 L
I"-': ; - ‘- : 3
: ﬁ g ,’}!7 P T
: '* ."'.’;"‘-i-m' ¢ . o8

PRI A8 AR A AT YT A~ 508 30 A A SO0 A T 3 s T AR S8 PR 8 240 - e 1 =6 348 1 40 1
OB, RO AT e R A, Hoh = Hrh LA G-4 3T e -

JEBEMBEAE/AN, AR, BRE AR, HEEARBIEK, G4 itk
AT e A B B A SRR, (R e B A b ST A e A B i B AR I

HEPRIT B AMMABOR, A KBGAL, JLF P (s A ATV HER I R B A

KRB NIRRT

SEHA: BIHA987-), &, BLBIFUE, BIROT: 0 S R
WER: Mg, B, #0%, AT, Emai: tyyf @ jnu. edu. cn
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LRI B ML BETTRT 1M 510520

PE: W I AL 5 S 305 ZE 5 A 2 B 2 KA B SN . AXG T
1920-2007 ¥ 1) i 1L H 5 H AR ORI IX N 5258 Il THREMIbR A GRIE T 166 F} 943 J& 2059 Fi
(R FFAEIT TSR, R ISR T e H IS 5 59 X3 AT (BT G Wi 2 3500 3 (AN B ) .
TR HEAHIEE S5 A 1) A A S8k B o3 A, EAR R XU 3 A (6 ] Wi AN an 1 5 4
WA ). 38 M KR 21 BHEYIENAT, 15 BEARUEN AT, 5 2 RHERIREE G . 5l
L1 55 Al 2 Bk 2 A A 28 B W A Vi (R AR 0 A 1 XA SR A AT IR PRV & o AR SCIE 1B IR
1975-1995 4E[A] A X A H RIS 2. P8R H P K B AE S 2%, R Pearson Kyt K HLAE
PITF e 5 B /KRR G B R R B2, by H TR #5025 58K

R e, HTER: SR S R AR

TAFRLURFENXANX R EFFHEREXEEX

éﬂﬂﬁly ﬂJgE\I’ %ﬁj 27 I% 17 gi?ﬂi 17 Iz/?%%?” AleSFarj0n4

(I PR mRbr 2B, AHEMPNGE R E QSR =, M 510275 2. iRt B R
HRRIEGE, M 510275 3. YEVEEIE XA R, XL 343600; 4. TUCN Conifer Specialist
Group, Herbarium, Library, Art & Archives, Royal Botanic Gardens, Kew)

FE: S Ab b R B 5 2 Lk b B, BRI B 113°59'~114°18'E, 26°13'~
26°52'N; AT R WA B AT 8 BE 17 )8 22 B, HFh 2 RErE A BT A Dy 5w It
DURAY . ARdh . BEAZ. M. MTA G, AT R, MY BIRA SN E R G,
ol b [ KBl Z5 B M X 10 2228 r AR 3B AT AR L - R AS AR, B B S R bR s (EX
FMBLAEREAE b, SRR GAZRMG A Tty , /NSRRI MR o0 A (K B L IL 5, R S A
A HAEAZ . TR AL BT BRAZ SRR AT MR A AL S AR 3 A (1 KR AR
SRS AR AR DI Ak b, X2 A 2R KU R FAE A X R 45

XKW IRl ST HEYIX R BREER; AR
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> HYFIRS EMEAR

R FERT R 18 & i L B9 BYGC-MSFAFT IRS 47 51 M4t

FHERFa X 8 abc

* Center for Medicinal plants Research, College of Life Sciences, South China Agricultrual University
Guangzhou, 510642, China, b Guangdong Key Laboratory for Innovative Development and Utilization
of Forest Plant Germplasm, Guangzhou, 510642, China, © State Key Laboratory for Conservation and
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TEEL: AW ORI GC-MS HT FTIR HAR 73 0 AN [l Foft S A ] b 21 3 A7 DX PR 24 448 iz
RS AT R AN 58, 256 0BT, R T, POd. HERHL S IR DE O £ A SR
WS ZE . W 2 M OINELEG R, T LSRN AN AR A, A BV
B B2 FE M T . GC-MS AT iR, 9 ANREERE SR IS Y 37 Rhdl sy, S85@ s b i
ORI IR A 88.45%-98.15% 2 0], v, JaX-IARERE N E 20y, AHXT AL 66.28%-81.97%
Z 1A R REFE A (3.08%) FI AT LS (81.97%) ot fe iy, | PH 7~ M PR YT RE PRI RE RS 5 S LG 27
WG BT R TR (7.29%), BEAEFIPEVLRE S S B Z s 1T PEVLEE - BRI
I (4.27%-7.62%) S m T (3.36%) M85 (1.51%), HTHESE A w2
FERBREFFEI RAG IS . LLAMFIEFR LIS TR B, &R RIS A 16 4>, b 1679cm-1
A1 1626cm-1 WERM G, RAMEHRIE C=0 M4E4Rz), 5 GC-MS 4045 1k & & AR A5 2R )
JFHAIWD £ o TR M4 B R T AR VG = ) 9 ANBE 20 18— A 5 B AR 2 R Bk
2, TTRRT I ML TR B A2 TR R S T e s ) PRV R AR KA
i, MBI SRRSO AL, A b B — e ARALE, DT R VG P M P YR
RN—H MR RM, BRE SRS, L w SR IAR S & T 0.926, ULHAANA]
P I PEVLRE T A0 2 Aoy LU ISR BURI RS S, (RRI ) 28 e K. B oM As th, [R)— AR P
TE I PR I A 27 1 73 22 S LU AR BRI (R A 27 oy 22 5 Ko S, R 3R Rl 20 M 4t s AN )
Tl AN [R] P M A 27 oy 2 S R AR IRAEE S L R Bk, WKL RN T A ST
W E R AT . L, R GC-MS F FTIR 4564k 24 i vk bt I EE 2 i Fe 80l i%, i fi
i WERG. ATEE, 1A R P ML S 0 AT R PN I 2T B

BRI WAE; BRIk FRQUEEE; GC-MS; FTIR; PN
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L RFEHEMARIRES I FE NS

VR ik
(AErg AN R 2E MR2EBE, )M 510642)

WE: [HM]) 77 1910 4, ST LJEIREL (Proteaceae) HIEPNIEIL (Macadamia
ternifolia), HATIREEIREHEYIE 4 &, P RME (Grevillea) AU IR )E (Macadamia)
s, (LEIRE (Helicia) AR ILERIE (Heliciopsis) At JE. BT 1L RIREHEY 4 Ak
R AR ORI SORCRIN RN, & H AT LA T OB Y m R AR AR DIAE, & 35 WL )& (Protea)
BB JE  (Leucadendron). %F#¢JE (Leucospermum) %%, 1M HlLJEIREHEYIA G /R H TR
e R e MR B R, W2 FIAE ARG RE, SeABFREE, WM (G. robusta) FIZLAEIRAE (G.
banksii) o 73 FME TR E T 5 X — LB PR KPR BE2E 1) e Ll et , 35870 52 L i S0 16 Ll R )
ML ARJE (Banksia) F12, AIEMAFEKIE . DRIF/K by MBS 45 AR Al e g BB I FH
(735 S0 F2 A0 A ) SCHR ) At A 1 e IR 0 i B e o CELFE ORI .
AT R BEUEREDL ), LA SHTI A B OB R SEREFEIAR, AR5 3 23 B R A S
() E ARG PR B BA AR B BEROR RN IR B T 37 75 3K, B4 H 3 5 Lk L e IR B )
A ettt L85 Mg R BoR: (1D R4 L mIRRHR ™ s i) SR A« AEBEPR1- op Afrids”
R, TR TV W o R AR EAT IS G L MR AR AR K i i R AR H R, T
DAL 7 B A R s T st s, SRS RIS AT DA 3658 78 /2 K 73 06 7K 23 BESRAS ™ (RN, iR i e
P AR AT A g« S350, AT AR R I RIS S RS, B R R T LR HRRHE )
AR B EEAS . HEZK REFITIRYE 3%, (20 [ ERIRBHEDIZ T 100 2451518 JIEFD 5L RhEs
B, AR E R A A TR, WK, e, dcEpiva. BesE. (3 1
JEMRBHE T I RARZ , WTUUH TARAREY VI E . EAWE UKL R a . (4581 K
FAWAR BT I 7 R B SR . AR IRATTME e h 5 Rk 55 1 R R HE )
WZLACHAME, BPNIR, BHESE, BMHR N BRI BRI RoR . REAK, 45
T IO LR RR R ) 5 1 3E, FRIE LK AEAS A 23147 58 2 w] R AR A A o B8 U

VEBWAR I R L, 7R, HEpa AR R 2R Bt I MR ) 5 58 [l 2%, E-mail:
chenhuaping.20@163.com, i iHMIE: A ANV FFFT A TE & 3 #k 415, FHLS19: 13560346364

FIRE (1969-), Lo, Wilt:, FESAEA) L, SRR AL IR MR A e Kt el AR kT R 2R 2
B2, LR MY 02 SR TAE, E-mail: wengshufei@163.com
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IFRELXFEENERSEHRF LA

RS, Eom

(HERGITYE K2 AE B2 0, | REMEOR B TRE SR =, | REEEERESER
WERLE N SEIG A, M 510631)

THEL 5 A A AR B A A SR T RS I B il (0 R 35 A R0 B A R IR SR, Sl 25 F R
VIR B IAT B PR AR, R o) 05 Bt e M o A A R 7 o T RS A 2
Hop BA RN AR R AR G5 EMY RS, 2R asgst, G 87 B 209
J& 366 Flo b, BERMIYAT LRL LE, 1R Ry TR, 12)8, 19 8 B Ry
MrHREA 73 B 181 Fi 315 By ST RHYIA 6 B 14 JE, 31 B ZRAERRNE, 4
FEHTEAR 131 Fly HEAK 103 Tty HEAC 134 by A 48 Fift.

X RBI AT g R e AR D5 A R AR g 3 At AARGHT B0 AR 4 A (77 4T
AT S 7 0 A (P By AT ) G0 2 325 3 AT 27 A1 30 B o BT 31.03% 34.48%:
BHA AT TR R, fkh, Bkt GR IERN Z8/FL KEBRL BIERL 2R
Fite SR AR, DA AL, A 124 Mg, T EREN 59.62%; MR TR
AT Y, 93 ANE, EBEUN 44.71%; P EEFE A IAE S A&, BRI 2.40%.
PSR I3 AT, I ATRONT 2 R R0 43 B 19 B30 J&, A RPN 11.75%:
HERA O AR 12 80, 8 B 12 )8, A 3.28%: ARG Y BAEYIA 27 . 19
BE26 J&, 5 EFEIR) 7.38%.

IR X D5 F RO 7 AT RAFE R E D RE, eI, A&, A rHEd
ZI 2R AHIEAIR 2 BAT A R BT A2 07 B MR BTT A R AT,  bT B8 BRI AR IS .
WA ORI : B TR S & MY 46 Fl, 20 L 36 J&, HAFrA 19 B, kA%
(Manglietia pachyphylla). ¥&111%% (Michelia mauadiae). ¥{7K#% (Cinnamomum micranthum)
SE, WER 10, WAL E % (Michelia crassipes) #x M #4 (Lindera communis). 43 %X (Acacia
farnesiana) %%, HA 8 B, WIZEFF (Ruta graveolens). R A K. (Lysimachia foenum-graecum).
i —t (Kaempferia rotunda) 55, JEA 9 B, WHEEHA W (Acacia sinuata). JE#HE (Jasminum
lanceolarium). #K# (Telosma cordata) % .

T MRS . A EA =T AR T — 5, RN EAT 7 & BRI R A =
KEBF G AEZ RO AR B ik 2 204k, D7 R K0, Mg s, A
bel, GARMEL, IR, A e tilins, BB EMREETE A AR A 07 T AT
Dol AR i eIy, A S E R B AR, AR B R ORI SE—, IR E UK Rk
IR, LRSI R SR IFE, BIEEIEMTIM, b B R, DI R AR

TERM BT BRI, B I7 A MR et b Z MBI N, 6 24 B Akl |
AT P N IR AT TR S A S X, WHsE 5 MY R 2 HAT W
R HEE I 55

REEW: AR, HEMY, XRBS, RN
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MR RN FERIRE S

pUpss

e AR TR A BE el 20T AR S e
PR SETE SR AT A, PRV B R 2R A AR L PR SO LA 1) — S i
S, I HT TG X SR R SR, A SR AR G M T B A
R LA YR SRR MR, S0

Analyses Defects of Existing Landscape of Road Greening in

Guangzhou

Abstract: By investigating some landscape of road greening in Guangzhou, the defects and
reasons are discussed and analyzed in configuration mode, planting form and culture. The improvement
of landscape of road greening are anticipated.

Key words: Road greening; Configuration mode; The arrangement of structure; The density of
planting; Culture

JUMTAL T ARAE RS, ) AREA S, MR X, EEE. &, 20, &

B T W, &I RGO ERAE R A . A LR SR R, AT 2R
ERMRE VAR BRI P ZERAE, B IR R R R U, . AR, M
B AR SOE . DhREME RIS TEIER IS, s R 2R, BN &R, K%
WA A, ATIEM KB, DUZREAA ST, HATI R A7 A )

1. fr A E SR Z 2 AT AREART RS SR RASE N, AR ES
Wiy, dnAh s, L AILR ORE, R ATEARE . AL A R R T AR Z,  dniy L
S FE IR T ARG A 9 J2 1) 5 B S5 4 o e it S VLV R A PR AT T iy e, A P AR A 2 A 4 b
FERE ) 00 B P9 P 0 e, AT I T — N RER 2, SO, e A AR T R 2 AR
SN AENH LA T ARBEAR R SRR LS5, AR Beh & e m 2K
ERAZINL, TR RERM AR m LRI, B LR —A AR . s
HiKIE, MBS, &85 NERE, SORZAE MBI, HEAT FISCRR A 0] 2 RN
2, PR F e FIg s v FREARRMAR Wi la)— AN e KR e N B R, SR
o AT o b K B2 RV S K AT B TR e a5 M REUE RV AR PR ST
TR S IR RERTE R B ZERER S AN S 25 7, T ARk a B A
BERNZER. BRGHEPAERRTKIR . S R TR AR AT A ST HE
BRI, I HOR R AEWOTK SR . FR i B AR OR . RAFI R R G5 I i s
REfe KPR SE IR ] 0 Je 2 ), A e e 0 AU DG A, UK IBSE AARBEUR, 7 i KT 2
T AR LR LT RN B R SHIRER RETE AR NESE, hah). st R
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WA AT, BCE MRS NAZIA T B A R AL SRANEE, TR B E e, IRk
SRS REER BV TR R SRE K. [1]

TR SR R AR T U S5 T = AN, — o R, A R T O AT PR 1
ity SURPAEL, RIFENATIE 44T T8 2 1) sl 30 MO B HE — AR S A 96 AN A 2 (R ke oy
SRR Ry 28 TR AR, AR TR I T a5 . SRR AU %, AEA) Rl
FEAS ALK AR IC 7 2 A 24 o2 Dy it xR AL, BIE T8 6 RN AT TE 5 7218 2 [1) ] B 4.0-8.0m,
TR 1.0-1.5m W5 (B IRAlAe . BEAl s B G TR, B AR TR RIS 08 1 T8, Pl
TR B, DR R R QB 5 R o [21H )M i ot ve SRR AN 2R, 3 Kt
SRATHIRR 17 P I ML 20, AR 2 s BUASR ARt ORI 2 1 b T AP UOR 1 on i i 58
JEo ZRMTHIS BT E XS DA T, TS AT, WS EEA R AT L, X
AR A ST PRI FA IO T SR ANGS TR ARREACRI M PRI DR i E B 17 g B R AT B A FL AR,
TEAR LR i THEAR, MO REAR R ERAT W R =i T AR SO g8, 8 03 i efis
AT DA AT S, B AR Z MU AT 1T R4 00 (a3, T B A SR R, G
TR AT, SRR R L, B R R ML AT 0 s BOSL B AR A TIE R

2. MRS, BA TR LW A K], AEKINEL, BRIl MYAERKTEREA
B RV, AR (105 0 5 530 AR R AR D RE M A% . KI5 18, AR A A AR
gk RN R BRI G, LSRR AR ) b o 0 2Kl S 5 3 s ORI, TR S AR [ TR AN ]
TIRE TR WEAR SRR R A, LR e S K H i R g . H T L8 Bl ]
N T IESRFNERAUBOR, B M T iR R A, KA AR 8 o BRI P s R R T B
58, ML, F R EL 2 HR, S SR A, B A,
MAAEWIE MAGHE By gxtl, Pl 7RYTHE. WHEAfe. MR e, A, BOlmaEs, myi
FOSCAL, AEKHERE, FORAEN AR, MRERTEARRE LR, e Res AT L. 4
B NERPTIN > 2Rl TRARJZPRRI R, REARZ PRI IR AL . ACHT. MOIIAR,  RGELEAE:
A e FRARTE KB, BEARNMIBILSE, A SO e, AR TR, 4y
NSRS, M H R . — BOE, FRRFHERE A AL, B CE TR 3m, 48
FFRTE AU B U APEAE R S 4-5m. JERTIE, WU IIERRED AN 1.5 0K, AT 7R AR
AN 1-5 0K, FEHEAGE 4 th AR BT J LIRTe AR BT HEAR AL S R iy e A iR T . [3]

3. I AT REF S5 5 M) SRR Ik

JTINAD DU i 44 (A, EROR AR o TS DA SRR BB B L SRR B
FEds HEXABEEE . MR B2 AR IR AR AR BRI #1
Ao Ao . SmeE: ZRKAEER. BT . SMoTes. Rimixes UY) iy
AR B AL 2 R B AT ARG (0 5 Hear A 4 Bkt ok . 21 Han, BRI B SR ARIRAN
N, AEAHE - ARTERIEMN R, A NAZOE N SCERAL N2, T2 (15 AR
TR NI 7 IR VOB DL TN I i N LR S ST S Pl - 5 R A A B Y
LRSS (U ok o Rl T R AR S TE B S IR A IR G, TCBERERZ ) Mt K
Fit, BERATSCERIR, AR RE RS A ——E 2k o BN T B (KA A 40 A S A7 FLR
JERISCAR P S T3E,  SEHR IR AS B - 233 o) M A

Zi LA, JTINTIE SR BAR R, B E AL, EOMRA i, f74E
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HZ W JER AT I, R R IR SR BRSO ) R EARGE TR . A
B I () (KIHERS , ) N T B B Sk AU RERS R, B MU g SCAR IR i, AR CRAEAE A U
B3R, SRTHLERMES 2R, B — A 7a ik ) 5 AL e () .

SEIH: TARAERBETRIIH (2009B020301003) AR H H AR AL H (No.04010377)

ZRHHET MAEPERMASTH

BRAKE Sk
(RERG RN KRBT, T4 T M 510642)

WE: ZHMYE R M ARPRIAR X, O Sy el pk rp o BURE (B ) — 28k, 2
B HHT [ ARRE R SOM B R B o ASGE IR MAE YL E A w1 8 AT [ 2 H Ak
FERNE RN FPRGE A, 6P N A ST TER e g5 R o, M A Y H 22 H 46T L
7R 21 B, Horp, [ER S Bl SRR 16 B AKAKY) 2 Bl HUBFITEIAAEYI RS 15 B
TN U R AIARE . A6 K 22 Alpinia zerumbet ‘Variegata’ £I.{t.#£ Musa uranoscopus %5
WS RCANCE, K A Ravenala madagascariensis. AN#YEE >~ Strelitzia nicolai F1T% 4 Musa basjoo
S SN E, 2 AfE Canna indica. FJJ{t Thalia dealbata. ZI#17K77-% Thalia geniculata
‘Red-Stemmed’ 55 57K SACE . NHIHRTE 80% L EMFISEA LM R, 2T Stromanthe
sanguinea. 18 {6 TF Ctenathe oppenheimiuna. 9% Strelitzia reginae 55 4 Ff, ITHHTIA
TN T 2 R 2L A P 8522 Costus barbatus. B 1 %5 £ Heliconia subulata MIZLE/KAT 4540 M 2
AR R AT, RN AT S AR . AR H AR 22 H OB 2 Ak B,
SEAS 22 H R BRI TT AR PRI B 28 A B MIF o0 e ik 2 H W8 0 N H AT S22 i) i e

R ZHAT HEWNY MYEs M AR

EAEFE T B, 2, A H ARG FE AR LA 54 . E-mail:guilinmifen@163.com
WIWAEE: S, o, Kot RS 3T R R B #0%. E-mail:wengshufei@163.com
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K=t XFUHED TR

MRIE
e gk TR e

TR PR P E =R b bR —, T IR AR SR SR ANZ WL e el
FERT X R 3 BRI S 5 WL MR A 9 S D2 S o TR, AR SCIR TR T BR = XA 10
SR M) S BT B o ASSCIEI T -HANFERR = A SE M BOR K5 WA T St i
il B MR GBI AR Ay RIREH . (R AR T T B o R AR
e Mirides Sl B il G P AL T e T S B gl KB T AEZB DS W AR BAT AR LS
IS R RBHME AR MR A R 2, ML S EOa e DA AN
PeFs AR A P R RAEY 5 98 LUK A R MR ) oM AL IE S W 5l A
BB R b, 05 B R R EOR LS, WO L, PSSR0 3, Yt
WL RN TS, RERIN A ORI O R,

PRGN REMRIANR R EE KRR E

(HERGRNE KRR AR, T 2%, TN 510642)

W OB A AR MEL, I HIRZH AR RSB, A8 AR S e,
FEMNMEAE KT8, AR 20 T 245 HIAE A R AR P A ST X ) —245 FH . JEBE AR
N TS, F7 S BOR A TR B Y, ORHHE A 25 HIANE R U RT DS 52 24 FH R A7) £ Bl bk o g 12
Jiike SR FEIEEX L P NS BARCRIIAIR, AR A RIS, AR ERE . 5>
Fr a7 xR 25 I A R ZE 5, DMEA J5 ok 25 IR A el Ak B S g R A B0 2 2%, JF
Ja R GRS 2 A e AR AR B S v . AEld ks 2 I EE hig oo, I
AR 25 O, IXAF ] LA el bk i) i SCAN U B T sl e ORI AT BT R fid
EWHE AL . WS R R, AR IR AT BRSO R 24 FHANE R AR IR R AR,
VT AEIARE 27 5 i R 0 R A 25 AN AE I RO N I, P T2 TR A AR = 2 Tonf N B g
FRIGFRB S A HERf A, Rx e & g IRk, s fs 2y A, wr i
RO IR L2 . R AEI ke, (el “O5 ARk, “l 2Tk SRR, ik
FREALE AR b BEA HLALA N, SN AR I E e Qe TR g e S AR, ko AR
BER U (1 2R VR B

R IS Ve AHMME AR

AR, Lo, 2011 G4 H X R G ML A58 2E . E-mail: easyleescau@qg.com

FIRE, L, MUK ) AR B #09%. E-mail: wengshufei@163.com

57



HAEFH PRI B G 1D

T i (X B R AR R MR A E B H s SRR 534

S vt Bl ATRTET R D

(e ANV E 1 MR2ERE, 2 A SRR SIS 20270y, T4 T 5106425 3 EIIH O A T
PRAL, TR VY 518026)

T BT AT R AR S, JF 5 MR SO A AR A, B G 1 3h 2
PESOW. S5amyie. TR ATETOR,  AATAT EUAZE AL AT — AN M DX A 4 5O 2= A AR
PR RATI S, IX A7 BT 55 DRI A S50 i

SEAE TR LR 2 [ s R A A e v, ) = 250 s AT g4l sx, K
WIARIIIR X 32 2SO HA LU R i (1) H PRk, K2 ERP L LA 400, IRk,
WSJEHEY). 4L 5 Ormosia pinnata 555 (2) feli, FEAAHD L. 3 HE 8 H AR LT
e, F20h 2% Michelia alba. KUK Delonix regias ANA{E%5% Lagerstroemia speciosa FI B
1t Ixora chinensis %; (3) fetiFE, 40, 3. HMEZRORNAERSEENEZSM; (4 FH
P B i 1 s 2= A0 AR Ak, FEFR 2, P M Ficus virens var. sublanceolata FFJ5BT 2 Wi & F1 AR b
Cinnamomum bodinieri f H TS, WERIEHT = . 7R, P12 Taxodium distichum. KAEE A
SPIHZERE Koelreuteria bipinnata “5EIIANFER; (5) RSLHIHA 3, & TF AL
HHKZ, WA Litchi chinensis. JEHE Dimocarpus longan A1 [ Clausena lansium & 2% 3 52
Bk, AR

X EOMAEPI MR AE I A AR A0 0, ATRUE e (1) 12 H2E4E 2 . G aah sk (21
BB 254 . 985 4{E Plumeria rubra A AH Gossampinus malabarica 7% M, 7 Bk Sk 2L €6 i ik
FIKZL1E Hibiscus rosa-sinensis. ##45FLHY Rhododendron pulchrum S&HEHM)IT4048; (2) 3~5 H:
R ER AT L1 0N B (O i A o BT (R el £0, JeR e AIAE 14 Gardenia jasminoides JF4€; (3)
6~9 H: ZRa. P, MR, BAEERECk, RERZEHR; (4) 10~11 H: %
Ak, AR A B TFEM . 25 Radermachera sinica LR IR S FFAE W, &
RS, KL . WEAERIN F1E Bougainvillea spectabilis 1 # F4EHL T IE .

X RE A U R s DA S B A R e R 3t T 80, DA AT DA N 2 SRR R R, 388 i
FRETECH], IR ZEAHAR AR, ARSI 5 DR ) L 3 AN AT I I8 OB R, 2% RE A 10 B
Yegr e il o

R HYIEX  SOUMY UMREFIE 0

YEZ T Ak (1988-) 2o, Wb/ ON, FEiEdpRm sy 505 b 2t Lorsed: . e . 4
K77 cuidf@scau.edu.cn
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BEFRAFESREMRRNBUEM TR

BoOEE S
(R ANV R EMREZBE, T4 T 510642)

TR AT A TGS, SR AR RSO A i, WAE T A5
SRS EHARIITH0 PEFAIR . AR, EARRENE T AL TS BOA FE I FR 20 22, (R IR LR
AvJE FTast B R ORISR AN AR R (A8, DARBEAE RT I RR AT, X AR AR EE3E Be 1 AR R
o Inssxt RFERA 2 IAESRANIKE HEE, CadoyTTEZEKPTRE . SRR
SRR 1L, DA AR A B A, ARSI SOGE 5 T A, R TR A A4
SWE R RSB AR SRR P L R ESIERR . KR4
WA AW RORE DR 55 ) FREAT T 2538, I LI Ik A B8 A g e 23 el . 0 = KA & ks A
bel . TR AR AR L A Bl i LR BE A el DU AN IR TR A S 1 e SR K e s 3
X RFFRA AT RSB RS BOER IS . B b E AR 59k AR, UK
SSH LA BEIRUSEm,  FE MR PR MELEARBTY R, BT O ML RER . Al 2
et IR BRSO AN BT SRUE IR AT RS WE S BOE ) Tk, Ja Tk
BSOS BB o TR FER AT K AR AR 5O BSOS ANME BE S G PR . A=) 2 FEE
AR PRFFR AN IR Ay, i LA R AP 25 R At 2 2 at o IR 78 70 H 7t
PRI, AL S A A AT S 5 M PERL KR s BRI e Inide SR % 5 AR A PRV i i 25
(RIBIE 9 BAT EEEEE X

REEW: KR A Y AR S

B 2 G A H KGR ARG A F 5T, E-mail:yuanzhe 29@163.com
PEAHLIE: 15918730363

HIRER: SR, L&, KRR ST R R & 20%. E-mail:wengshufei@163.com

W ST T E M A B B IR A 5 51T

biE 1 FikE
(Mg RN KA RE, T 2%, T I 510642)

W OB BEAVRE, ot Rmte, ARSI E H AR W, Wit B E
B, ME SR EAR, SRR SR L R At AESRTT R, R IR AR TR
HENE, QG TAIISM . SCRAER R R SCHRG M FE MR & B A 08 5
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AT, RS e AR R A BC 7 1 1) — L R T 45 A PRk . I XM R B USRS
FREE . MW RS ENR CLAAEYI P28 B i S L AR 5 T ) B A bl MRAR G B P I Y
MBATWIS . AEX YN E R BT S, TR MRS, B B 1 )7V LA Bl MR A 0k
ZR B BAR TR AT LR G VT . SCE A T OO BB R 2 A I MOV, Rl R
SEVENTE (Scenic Beauty Estimation Procedure, {#j#K SBE %), 5 —Fj& LbEAIWTE (Law of
Comparative Judgment, fijFR LCJ %), LLAZ HERZES VEN 1)ZE X 53 H1i% (Analytic Hierarchy
Process, fiiFRk AHP){EFEMAYIEC B SOWTEOT b )52 bR, AL IR A B0 R A7) oA R gk A7
FAVEGT, TR e AR C B T AR e I . AEA A, B AR ST E
PAZMINRBEAE R REE 7 A, 7/ RBE b, B R R 7B EAL Gl AR 14 20, ANk S )
Brs RN L, BRSSP ARR, ES. RENHE, #7205, RYETEH.
ATRREE R ARSI, G SRk . SR DhReME . ST MRS AE AR S AR st 15
HER5eE .
REE: HYME KY¥ RS WEE SOWVEM UL

BAEERAN: BUE T, Lo, 2011 24 BRI S b - iF 57 A4
E-mail: hangxiazi89@163.com, HtZHIL: 13560318448

HIER: S, &, XEEARST R ZEI#0%.,  E-mail: wengshufei@163.com

I3 KR K R Y EL B 55

B
(P8 TRE2ABE, T 510225)

WEE: AR T AR FR SN2 BEE, Tl PHHL X K R v, e A
TR REV& ) K R AR o B SRR R AR 4 S L A T Y 7 Ui e
FEPIVURPEAT SE MY, S, EBUIRRREEAE FOAT e & BT, B MR
IKWEREHAE P A BOERDL . SRR DL RSO SOMBCR A IR R . WAKIEZRAL, [
IR NSO b CROM. UFRE. AR =KIIAE) G074 JEIES ) N T K i i
R C B, BRI R ) SO Bt BRSOk R iE A

REEF: WK, UM, KAEMY), MPIE

* MIH/E: zhouhougao@163.com
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A2, G2, B 12, R 12

(L BT FBE AR S EoREB, TR HHT 524048: 2. WIFAR RS AEWRFHR
Fht, W K 410128)

THE: ASCRHME T 23NN S 2R W ie i, 3 B REURE AT T
AN FEZWER 73 T80 A o G5 R 73 G IR FEE T IV PR 2 ol I R 188 %) s iy 5 38 I 3
B AR RER, BEIREER 10% I i3 205 5 R LIS, RS 40% 1 80% I T
1M B P IRUTIIBER ) 20% INYTE R R 2RI 5 LdlERoR, Bk IR E] 90%
IR Z M AT ADCEE TR M2 RE& R 90% BEkEREEAN, HAMZERK; #IEEAl
NEZPERER> 3 AE 10kDa LLR (72.3%); 100 kDa LA L#a %, & 24.5%, HLAKE
SRR ANNEZREAEYNSTELL 100 kDa LA Es, X« OH (SRR 55.56%,
5 kDa LR 10.23 f%. 5 kDa LA R &S EYNG AR, HREHMINFEZPEREY)
TR, AEARRE S TE IEINA PT

R ANNEZHE: RHG P REDl; HIE.

Extraction of Opuntia dillen/i Haw polysaccharise and

molecular weight distribution

CHENG Jie'?, YANG Xiao-zhou'?, ZHAO Long-yan'?, ZENG Fu-hua'~

(1. College of Life Science and Technology, Zhanjiang Normal University, Zhanjiang, Guangdong,
China; 2. College of Biological Science and Technology, Hunan Agricultural University, Changsha,
Hunan, China)

Abstract: In this study, the enzyme extracted process was applied to extract Opuntia dillenii
Haw.Molecular mass distribution of OPS was investigated by ethanol precipitation (step and stepwise)
and ultrafiltration. The results indicated that for step ethanol precipitation, yields of OPS were increased
with the ethanol concentration. There was high difference in the saccharides content of samples. The
low content was observed when using 10 % ethanol, and high contents were obtained using 40 % and
80 % respectively. For stepwise ethanol precipitation, when the ethanol concentration was 20 % , the
yield of OPS got the highest percentage, while most OPS might be precipitated when ethanol
concentration was up to 90 %. OPS content was very low when using 90% ethanol, and the rest contents
were not apparently different. After ultrafiltration, most OPS (72.3%) were distributed of less than 10
kDa fraction. There was 24.5 % distributed of more than 100 kDa fractions in OPS. The saccharide
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content of more than 100 kDa OPS got the highest anti-oxidative effect, the scavenging effect of *OH
was 55.56 %, which was as 10.23 times as the fraction of less than 5 kDa. The effects of molecular
correlated positively with the biological activities.

Key words: Opuntia dillenii Haw. Polysaccharide; extract; ethanol precipitation; ultrafiltration

WAZZEEERS ST REI R ETF R AR E

REE Y, OB, BKRE P, R R, WE e s
(1. WHLINYE B ARl SEORY B, AR WHL 524048;
2. MR AR AR EROR B, WiE KD 410128)

WE: HM SHEAEMANE L (ODPs) 415 bl l, #F ODPs X %414 ODP-I
e Redib e, 4 ODPs MRS R M Ak $2 b 2% . Jrid RINEIZMT 5k, 4y B alifhss 2084
LN ZHE (ODPs) #4143, FHOULI 2R - % € ODPs 21i)%; F HPLC-ELSD Hifi fR-H:
eyt oMt ODPs Hpl2H 1 JHlllsE ODPs H R I BT . 45 5 ODPs #2043 4l [ 1 343k 90% LA L,
JUFAEEA, FEH 4 MO, PR & R 5 ODP-I Al B il 22 M A g /) Bl ok T2 4
M A ARIAE: fEHE T R B RS i sE, H R FIEAOOC R (e Emgn e shae. 1%
WM S i NO 168 ). 451 ODPs A& A 2/b 4 Pl )2k £ 0%, ODP-1 REMN i RS %
AT RS SRR S ), HAT RAF I S e s

KRB WPAEANNE: ZHE BT )

Composition analysis of the main components of Opuntia dillenii
Haw. polysaccharides and effects of ODP-I on immune cell in vitro
YUAN Qingxial’z, ZHAO Longyanl’z, ZHANG Songlianl’z, CHENG Jie'?, ZENG Fuhua'?

(1. College of Life Science and Technology, Zhanjiang Normal University, Zhanjiang, Guangdong
524048, China; 2.College of Biological Science and Technology, Hunan Agricultural University,
Changsha, Hunan 410128, China)

Abstract: Objective To analyse the monosaccharide composition of Opuntia dillenii Haw.

EETH: A4 AARBHER4 (No. 8152404801000011); Wy T i RHE %155 H (No. 2011D032)
TEERIA: BIEE (1986-), L MUK, | HKBITN, WiH7rie, FEMNERRYIT R S5FH.

TEWEE A E R (19529, B U, WIRKW A, BuR, W, BEAFHRRM
Yot RS FIHL.
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polysaccharides (ODPs) components, to determine effects of their main component on the immune
function of mice and to provide the reference for the structure-activity relationship and industrialization
of ODPs. Methods The components of ODPs were isolated by Gel chromatography and the contents
of ODPs were determined by the phenol-sulfuric acid method optimized; The monosaccharide
composition of ODPs were analysed by HPLC-ELSD and sulfuric acid-carbazole method; The contents
of protein in ODPs were determined by Coomassie brilliant blue method. Results the average
polysaccharide content of the main components of ODPs was above 90%, and they did not contain
protein nearly. They were composed of 4 kinds of monosaccharides and their contents of uronic acid
were high. ODP-I significantly stimulated the proliferation of spenocytes, T and B lymphocytes, which
all presented dose-effect relationship. ODP-I also significantly enhanced the function of macrophage,
the metabolic activity and NO production of macrophage in mice. Conclusion ODPs are
heteropolysaccharides which contain at least 4 kinds of monosaccharides. ODP-I has good immune
activity and it can enhance immunity through many aspects.

Key words: Opuntia dillenii Haw.; polysaccharide; composition analysis; immunity

WIEREDLFHR

FHEDE X
(&R Zi%EBE, 510006)

WE:  HK: S ERRIEAT A0, N BIHER B R AT A B b i . Trid: R
FHPEREE S S i AN B S 0 ik AR BRORAEMEIR . B, BLSE 51 AT T Jm
RIRFIE . 518 BFIT0 BIHAR 25 M1 IR ABIE TEAUT A S T B e

REEE: WM PRI B BE; TLC
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(R ANV R AR EZBE, T4 T 510642)

HE: FEAYZ01LZ% (Camellia changii Ye) & 3 B RFA R FIRA M. HIAEE A RARASURBR T
HRAG B LR L AR AR X, P AE R UEAR D>, O (P ER ) TR ERl . 1%
PUZEFFAe, ey, HAMRS R EANE . AR SN H A0 A AR BEAS I A LU 5T T LR
LN Z AL T AEAN DA T (100% H ARG 50% H ARG 35% H AR 10% HARIEA 5% H 4k
06 ERRISOCE R AR BEAEMEPTREEEEN, ALRS L0 R 2R B R AR
KRR ETHES, Mg, K RS E. SOD Wik, POD iFtE. HHFUEE. I
RS CA 50% 608 FIA B i, I EERT LIRSS P AR KIS, R RIstr:, #n Tk
AL LS A T iR A S5 IR BT RO BURK, S/ E TG . Z5E DL BTSSR, BRI T AR AL
L 235 E AR B (R B0 s ]

R FERYLLILTE: DGR AKARER: AERER

i

BARE AR, L Y S E 2T

\J

JATE# . xyzhuang@scau.edu.cn

RN AEYTES M 2 X RO AR 2 K2 i F 43 4T

BRE, FEw

RNy TRE 2= Be b Z k2= Be, T, 510225

WE. BHHEYAAFE 2RO RS BRI R S MBI, BT el Ak 2 it
g SN I AL Sy, A BT A R RRE R RE R I AT 22 R R S ) H A e T A
WX A, B B AU A (™98, B2, H IR TR, FERT R
Pl ARG R BRI o A PR SR R B )2 N R R IR R T R R oW X
JUIMT T AR AT AR X AR AR AR RS SN I BLEEAT TR A T
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SRR TN T WL AR ISR 3 g B2 XU BRI JEM e RS
B KR IEAR I A 22, Ferp i WL FLe 22 (A AR R Sty Bl
CLACMEARSE ;2P FE AR SR BT IE HY R R R A SR A ], 2 B DL R R B R R N T 11
AR, BB, DI T80 B RSO IR SO 8 . A a2 il F TR AR 1 AR
WA Z s RO S SRR MR AR N T SR N D, Rt & R R IR A
i S AN Ty (b bR, GRS E R AR R BATIRE R it N
MRS, N2 28 LR R, JFE DU R RO, ISR A B
R )M R RS N b

MH = i B KR - HRE YRR R FiE

FChE 2, B!, 242
L. T RRMERHE BT, M 510640, 2. HERgIHTE K2EAEmRE2ERE, T 510631)

WE: wiE#E % (Aflatoxins, AFT) & WM —FIWE#HE, | Zom T8, sy,
Rl e TREEALGRAED) T . A 4 D ELR TR By, By, G M Gy (AFBy, AFGy, AFB,
HAFG, ), Hrpiihaieis By dpfkmam, M EiE NI A @R . st ok BosEn)
70kb DNA P04 25 AFER, AR 31 i 2 75 31 & g AR L BN, 73 i) 22 aflA, aflB, aflC, aflD, aflE,
aflF, aflG, aflH, afll, aflJ, aflK, aflL, aflM, afIN, aflO, aflP, aflQ, afIR, aflS, aflT, aflU, aflV, aflw, aflX,
afly,

ARSI SR KR B RN L RESEH ) T E0T 156 Rl AR SE AT BRI, #1432 /KR A YY)
PRI TSR B R 5256, BN A v 1K SRS VA W WA s BOR , XS AL O
FREU 10 59 AR 30pl $I B EARIA ) 1.896em. AR R 7E £ 37K I 34 25 25 25 A S JE R 4
EMRRE, A RlEH EE (HS) AlmEmbt (HR) 3 INEZ e BB ERLL (HS), i 9
5 (HR) TERREFRIE, Koo 8 53 25 4 BUS A G 25 MEFITE 24, 34, 44, 54, 6d, 7d KA
TEUL, realtime PCR 453G R, mEM A IS ERA B R 3b i v ih s, 3 & R 5 g mit N
aflL, aflO, 7E 2d, 3d, 4d, 5d, 6d, 7d FIRIEWAL, aflG 7E 4d-7d MIRIEMAR, aflX 1E 4d, 6d IFRIE
AR, aflY 7E 4d,5d,7d FLIEMAK, T34 21 Dl ERE R G BORIEEERIAE 6d RIA A m;  mhiih
P 9 SRy FRAEE RN hE, WS RGOSR aflg, afll, aflL, afIN, aflO, aflP, aflv,
aflw, aflX 7t 2d, 3d, 4d, 5d, 6d, 7d FIRIEWAL, 1M aflG 7t 2d, 3d, 4d KAWL, aflH 71 7d KL
fiX, afld 7& 4d KIAKAL, aflQ 7E 3d, 4d, 7d KIAKAL, aflY 7% 2d RIEAK. 5wl FrS Bk 55
FERI R EEAR L, Ui A e A H SR T aflE, afll, afIN, aflP, aflv, aflw, aflX &K ik .

TEH BE 8 BUCARNE P SRR R B L IBE e H  (nycytal9)
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Hypolipidemic effects and mechanisms of the main compo
nent of Opuntia dillenii Haw. polysaccharides in high—

fat emulsion—induced hyperlipidemic rats

L.Y. Zhao *°, W. Huang *°, Q.X. Yuan *°, J. Cheng **, Z.C. Huang®, L.J. Ouyang *°, F.H. Zeng **

a. College of Life Science and Technology, Zhanjiang Normal University, Zhanjiang, Guangdong
524048, China

b. College of Biological Science and Technology, Hunan Agricultural University, Changsha, Hunan

410128, China

Abstract: Opuntia dillenii Haw. polysaccharides (ODPs) have been reported to display
antiinflammatory, antidiabetic and anti-oxidative effects. We performed a follow up study to investigate
the antihyperlipidemic effects of ODP-la, one of the main components of ODPs, using high-fat
emulsion-induced hyperlipidemic rats. Gavage administration of ODP-la for 28 d was observed to
significantly decrease serum TC, TG, LDL-C, VLDL-C levels and Al in hyperlipidemic rats, whereas
serum HDL-C concentrations were observed to increase. Similar suppressive patterns were also seen in
hepatic lipid parameters (TC and TG levels) under the same conditions. Moreover, the ODP-Ila
administration significantly increased serum LCAT activities and the production of serum NO, inhibited
hepatic HMG-CoA reductase activities, augmented serum and hepatic SOD activities and decreased the
serum and hepatic MDA contents in hyperlipidemic rats. In addition, a histopathological examination of
blood vessels and livers revealed that ODP-Ia administration significantly suppressed increases in lipid
accumulation and inflammatory cell infiltration and the expression of VCAM-1. Together, these results

indicate that ODP-Ia is a natural product that can potentially be used for the treatment of cardiovascular

Abbreviations: ODPs, Opuntia dillenii Haw. polysaccharides; ODP-Ia, Opuntia dillenii Haw.
polysaccharide-la; TC, Total cholesterol; TG, Triglyceride; LDL-C, Low-density lipoprotein cholesterol;
VLDL-C, Very low-density lipoprotein cholesterol; Al, Atherosclerosis index; HDL-C,
High-density lipoprotein cholesterol; LCAT, Lecithin: cholesterol acyltransferase; NO, Nitric oxide;
HMG-CoA, 3-hudroxy-3-methylglutaryl-coenzyme A; SOD, Superoxide dismutase; MDA,
Malondialdehyde; VCAM-1, Vascular cell adhesion molecule-1; NAFLD, nonalcoholic fatty liver

disease.

" Corresponding author at the College of Life Science and Technology, Zhanjiang Normal University,
Cunjin Road No. 29, Zhanjiang 524048, Guangdong Province, China. Tel.: +86 13828288702; fax: +86
07593183271; E-mail address: zengfuhua@gmail.com
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disease, atherosclerosis and NAFLD by improving antioxidant levels, modulating enzymatic activities
of cholesterol metabolism, promoting the production of NO and suppressing the expression of VCAM-1,
thereby suppressing lipid accumulation and inflammatory cell infiltration.

Key words: Opuntia dillenii Haw.; polysaccharide; hyperlipidemia; artherosclerosis
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fRnm, HEMSIRRARTE . AR BRI S EY) e ) 1 K AR RS, s D)4k
(D ZEOR 0 (1 28 BEPESS FERK RS2 B, H & BRI G 3 i AL BE i 0. 2 5 4B TLHL
TR AH DG T 2 A Ll (PODD . Z Y LEE (PPO) RIRNZ RN (PAL) %5, AR
55 LB Y25 B AH L (Acacia holosericea) DI A#EL, 235 POD $IIF] (B2 =y, XA
Ty IR PPO I (ZFEMR T IRPE IR . ST SRR S B A FER
It R AR VAR B« POD H1 PPO FL R KA HEEL IR ) A PAL 4] (7 i)
ST S h S, PR T TR, BRI ISR S A B A . OB A R
IKELEFRPR AR DL, WP PR AH GG 6 R0 25 B AR D) A 77 i K 23 0 R 58 . 25
BRW, S CRAMTATEIRITAREL FHEL, #54> POD $HI5IF1 PPO 4 Ak BiE s 77 i Ak 2
A RS2 BAH DI K o RSOR e R LB, S S K O A . L, LS AL
(J&T PPO) L —Jikl5 LFEA 2K =8y (5 F1 10 mmol/L) FIIRPE =J5myEd (2.5 F1 5 mmol/L) LA
J POD #IHIFIAE A /(2.5 mmol/L)TRALHE 5 h R F e A i 3, v LU FRSE KL H 75 Aiv ik 3~4 ds
ik, PR RS BN E] (0.32 A1 0.64 mmol/L) JUINH£E B B iR HE A di . ff
FARAFI K 3 RIS TG Y 25 5%

BIE: QN BRI A DI S ARy
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EEA: HE AR IE4 (31071829 F130771519F1) A4 HREFF R 4:(10151022501000035
11 8251022501000002) % B35 H

HIAE#H (E-mail: howtoroot@163.com)

ARAFREDHIB (Broussonetia papyrifera (L.) Vent.)
KIS FERIERARTR
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ENEFRAEFF S REEERE KA RIIR

CFpE ek TRE2Z B e AR 224858, 4% T4 510225)

WE: L8 Curcuma £HEF 90 ZFh, FE ARG TG, JUTPRE—FHEYHAAE
DERIME, Ry 27, A4 R IR Bk AAY, [E P AMR B A S A 1)
9T, FHFKZ 3 (Curcuma attenuata Wall.) &R0 8 ZF BB AL, £ 4—10 H,
FeE G, YEREDIE, RS dr ik 20d Zoda s Hahde vl H, Ra s R ST
—AKZ @B e . B Apavatjrut Al Jana W18 C. attenuata YAl 4n=84 Z 4k, %M
LA 75 TR AT 0L A A ok WARGE . DG T2 SRS R 5 2 s S IR AR AR, AN 1964 EIX
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H 52 B HEA . B2 B SR BOR 5 AT B A &, v LUK e R B, dhost
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15 33.1% Fs I SR th AR AT R A 2R
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JTRABEREISE (2010B020305013) FlJ ZRAEWFEUT RNV HE LI (B (2009) 433) #H)
TH .

WiE#, E-mail: liunian678@163.com
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RBIEMTFHEAFIR

BRE L SEWN Sk HREr
(AErg AN R 2E MR2EBE, )M 510642)

2. K%L (Calliandra haematocephala) X4 3EEAE LUK, A& %5 AL (Mimosaceae)
(A R IR R SRAEHEAR o 7= T g S, Ry 5O I B DT kB, PP BB L 2 B 7 o
2o AT I GA3 (JF# ). KNO3 (HYREH). KMNO4 (FERIRHT) b2kt AR 2 e b
IR DL R SR LAY o6 M e A 5, R AR FE 1) GA3(0.1g/L. 0.2g/L. 0.3g/L)
KNO3 (50mmol/L. 100mmol/L+ 200mmol/L). KMNO4 (3.125mmol/L+ 6.25mmol/L. 12.5mmol/L)
X ARZEAEA T IEAT IR B AL, FEANIRI IR S IR TP AT R A6 R 3 LU R s (R 0] iR 4
S K R EXCEL ST 0463, ] SPSS #4722 55 B MM (LSD 720, 4533k
H: 50mmol/L ] KNO3 F10.1g/L ) GA3, i AP b B (1) 27 2 R 2F 3 550 U LU A 2 & 3
100mmol/L (] KNO3 H1 0.3g/L ] GA3 Xf RZEAe Tl 1WA ZFAT W M dIE ] BLRE R IN K 2F
IRIRh TR ZFR R, S, AP m b B rh %, B I il Wie. i o,
DAVPAE R RF IR IR ¥ R 808, R F AU, B P2 B HAE ORI RAFAF . ZREK
> 50mmol/L [f] KNO3 F10.1g/L ] GA3, REE MR TR LR, IR EITT
AbPE, EEFRNLEE G AR BAERN T W, TR ROE A AT I A . DRI SR A G P R R I T
AR IR T LR AR T I e 3R LR ZF I R A AR .

72



