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A cleysasia_1 clomel
A ciepsptiv 3 cloned
A clrpsatia 3 clone
A. chrwsartia_4_clone C l ade I
A clrysasin 1 clonel
A clryaaraia_§_cknel
A chrysartho 2 clonel
A clrypsnfa 4 clore 1
Adeliciosa 4_cloned
A fulvicomanwar, lawaa_ 1
A fulvicomawar Imaa 4 clae s Clade II
A fulvicomawr, kpyaa 5 clone 1
A fulvicomawar. lowysa 5 clone 3
[ A clryscoeha 5 _cbrel
A eripaia 1
A eriadhn_ 2 clone2
A erimttia_4_cloned
4 emzntia 3 clone ] Clade III
A eviatha 4 _cbned
Adelimasa_4_clomed
A fulviremg avar. krxata 4 clore 2
AP sis_4_clone
A deliviosa_ 2 _cknel
[~ A.deliciosa 2_cloned
{[A. Jubvicom avar . ewsha_2_clove 1

A.clinersis_5_clored
A cfornensis_3_cloned
Achiess_2_clones
A eparntha 3 _cknel
Adeliciosa 3_clones
A fubicomawar. nata 2 cloned
A ¢ Foresis_3_clone2
- A cPoremsis 2 cloned
o chinend 1 clowld
A deliciora 4 _chyes
I d.deliciosg 3_cloned
M Adeldesa_2_cloned
m A fulvicom a var, Josata 3 clome 1
— e Erensis _1_clone 3
— dcinmss 5 clomel
A clrpsatha 3 chnes
F oA deliciosa 2 _chned
A chrpsanthn 4 _cloned
Adeliciosa_5_clome3
— A fulvicomavar, larnaa 3 _clonel
A ckamensis_5_cloned
A fulviomawar. oata 4 clone s
| A deliciosa 5_cloned
LT A deliciosa ]l _chned clade IV
A clinensis_2_cloned
— . chrpsantf 3 clonel
— I A eriargtia 4 _clomel
A erimgia 5_cbned
A ety 3o lome 3
A eviargtia 2_clomel
Adeliciosa_1_chnel
Adelicosa_1_cloved
A fubvicomavar . yda 3 cbhred
A.cfonersis_1_clonel
A.clonersis_2_clones
ddeliciosa 4 _clomel
A fulvicamawar . koyda 3 clone?
L] A fulvicow awr, Ioara_ 4 cloned
A fulvicomawar. lawata 5_clones
] A eripnia 3 _chrel
Achment_4 chnel
A erimgha 3_cloed
A deliriosa 3 _cloned
A ckomensis_2_conel
A chmersts_3_chnes
A el tosa_ 4 _clones
Adelidasa_5_clove 1
A fulvicom awar. vt 4 _clone 1
Achmens_3_clonel
A chamensis_5_clomed
A eripaia 3 cloe2
— ddeliviosa_1_cloned
— A.delicipsa_3_clonel
L i chivemsis 4 _clome3
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HEVEART IR AR LT

AT1G63300 AT1G64580 AT1G63230 AT1G63310 AT1G63420
Predicted genes (accession nos. from Arabidopsis ) il l l e 2> S -
Molecular markers N1 N2 N3 N4 N5 Né6
| | | | | |
Distance between markers (kb) | 5.3 | 1.7 | 0.9 | 1.6 | 0.6 | 7.7 |
Recombinants 3 3 1 0 0 2 4
1kb
A gy itz
Fear b B Yy B

3. BT =RIEK M- E R 4 #HE5T
MTrHEME ¥ =RERE =REF (Cephalotaxaceae ) — R 12 J&
(Cephalotaxus), AIEFRASHBEHY . 8L E 81 =542 1) SR AR IE ]
HA Py, AT TP RGP A 22 i (R =R E S =
RIZM SRR HIK, FEEEHFH] A GR (Indel) FIBRIE 4 — 35 2 [H]
WA HICR, RIL=3 Z AR BB A, FLE S P H1RH LAt 9 57 (R R OC B B
fer, W7 H P H1 ] BE RN/ O R e 1R i AR G BEAE s AR TR A
M L AR T DR 2 1) 25 DR HE B P T Js it RN, R BIEH T- 254 DNA A745 e A I
%, Fr UL H NS JCIEA E M RPREERA BHE D) 25 2k T AR S in R X s fift ke
THEEFIEE T =RIZED aceD FRY WP HEZEEH . Edwrsgs R ot
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DI REE T =R R SRR A R AR T BN I T IE N
IRE WIS E LA

Cephalotaxus oliveri

chloroplast genome o 7

B =R M-Sk 5 PR 4 B
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OK5161.49% BHF21291% OKF3848% O+ 46.49%
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T SCRIEE T R P 448 FL AR, R RAD-seq 73 FARICEIA, T —
5K T SRR S (1) B e 5 B 1AL R . R S AT Se B A4S S SNP 70 T
02 4400 4>, A0 19 MMEBRER LI 2520 2000 JH B, 1Z it L K FH T4
EIRBER 2R QTL w47, IR SRR BB EB 1 7 Fhnid, BT 5
Oy AR B & .

150 150

Chrile Chr17
100 100 -

. ' ..ﬁ
50 s B 50 -
e mg Y
gt
0 —* 0 8 T T
0 10 20 30 0 10 20 30

AR P A Y B AR AR B R L
2. RPN

FIZEE B R PEIR, E SRR /460 Fr 2 AR 1SR SRR
AEBRAL EE, ME 770 B RSE S TR, SRR . A AR
FERHSE AL O i, AR50 8 S RO AR B 1 A5 3 R RS A QTL, % QTL
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A AR R AR 10 13%, 7R3 5 S IEBUE AR I T AN 79128 1) R B RN RERE 75 &
1) QTLs, DIEAZ 13-14%.

HR, M TRA 14 DER MG 272 714 ESTs J#41, KT 37807 4
SNPs 7 i1, HeH1, 12299 4~ SNPs Pl 7> #1HC BE KT 60 bp, H TG 185 1536
AN SNPs #5ic [ Illumina GoldenGate > F o FIF1% SNP .G % ‘B4 X 38
i Fy oy BRI T BRI AU, A T AR T SNP Anid st B, R, 58
BT ARREARIRE . R4 S5 A s mile, FRSEi IR QTL s it 7t IEAE
iﬂ:;ﬂtqj o LG04

MASNPUIO4778
MASNPLi05013

274 [H MdSNPUi02259 MdSNPui02286
9540  fir MASNPuI01585
LGO1 11590 lfr MaSNPui04613
11.9 MdSNPui04614
125 MASNPLI01003
MISNPUI04339 138 MASNPUI09574

GDsnp01194 155 MASNPLI01005
MdSHPuI07510 MASNPuiDaas2 157 MASNPLI01109
- MoSNPuio4g46 20.3 MASNPUI01586
jI- MdSNPui00737 226 GDsnp00324

MdSNPui04824 MASNPui11874 243 MASNPUI11840
MASNPUiD4700 202 MdSNPui11898
MJSNPui12282 313
MdSNPuiD1149 318
\ 1/ MosNPuiosas4 322
/- MdsNPuio2a4z 33.4

MdSNPUI0BO10
MdSNPui0s011
Wr MdSNPUIOT 149
MdASNPUI07 147
MdSNPUI07 106
MdSNPLI02526
MdSNPLI0B536
MdSNPuI07 398

MdSNPuiDB345 415 MASNPUi11991
\—}/- MdSNPui10822 418 MASNPLi02750
4 U MosnPui10820 429 MASNPUI02528

¥ MISNPUI0B039 45.9- A=\ MdSNPui11622

MdSNPuiD0916 50.2 MdSNPui00307

MdSNPui11709 50.9 MdSNPLI0D318

MASNPui1 1811 518 MdSNPUI00308

MdSNPui11867 519 MdSNPUi05277 MASNPUI05278

b - MOSNPui11812 521 I MASNPUi05276

MdSNPui1 1803 52.2 il MASNPuI05273

MASNPui11805 5284 - masnPuiooa10

MASNPui05996 53.1 MASNPUi00314

L - MOSNPUi03974 541 MdSNPLI0D306

MASNPuiD4242 MASNPUI04630 55.0 [ MaSNPuI06275

MdSNPui04241 55741 MASNPUi05274

MJSNPui§926 MASNPui05925 59.0 [ MdSNPuio4E62

MdSNPui05259 59.5 MASNPUIOBE51

MdSNPuiD0703 59.8 MASNPUi07634

603 MASNPUIDD311
606 MdSNPUi0B836
617 MdSNPUI0B303
678 MdSNPUI01025

MdSNPUI00313

HF SNP Hric I3 Rt A5 E B R

E, MR TESGE 16 TQ O FEERERR S & Ma FEKIA7 5K BAC B
S, 1% contig Y P E S K~ 428 kb, {7 T- Hi0hO8 A1 Hi22f6 P41~ SSR 4> 1 #5
), PEFRICZ R R AEFE B 4 4.7 cM, Ma F2DIA T “hot” Yefa ik X B,
£E “hot” XBHFR T 15 ANHTII SSR Arid, 454 389 433 Sl it w3 YRR H X 7] 5¢
BRI 3BT 7163813 T 5 Ma JEDRDR %8l bR 1 -

IR FEAOR T AR F R SR R AU R L R AT B R S, T
HAb R 3 SRS S BRI s o R R T 2 1 LR

Chr16 Hi02ho2 Hi22606
[}
C5534 00 Cho5a09
HCI 755114 ) GBO63G20 GB162A9
CH02a03 - \'3-0 GB241K5~ GB223819= GBOAI4
CHO05a09 N 55 GBO81P16 GB171)13 GBOSBCA
Hio2h08 6.1 GBOS8LY GB235015~ GBOGEMS
Hi22i06 /_Q 10.8 GBOIIT~ GBOSTB19= GB04105 GB099G22
CHO5¢06 126 GB008)15~ GB08SCE® GB03387 438
GB236123* GB107A4~ GB243P13= 3
GBO94KS ) GB227)3* ) GB08282 OB1SMI0 EiE
GB204811 GB243k8 GBOO4P20
C9334 ——24.2 7821 GBOGEC1 GB20181*
GBO3SH22 GBO7217 GE241610
GB065)14 GB21803 GBOOIH10~ 08197723
Hi0d4e04 ——— 329 - SBO%F1I CAOTPL GB194As
GBO38F19 GBOTBAS® et
6816383 GB196014
C4909 —— 430 FER

EHE

BEFR Ma ZEFEXBH BAC Y K
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3. REEEEHLHTIT

AT & SE 2 SONRFIE T %, SN BRI 2 T A FEIRNIR I T e e
M ER AL o A0 EL I8 e PR PP . A 28 I HOR FIn 2R 2 o i, #emilis
AT, AR R R I A B2 Na™, 1 PR K/Na 'L,
DUJe Mg> F P I 5. (EMT R SE 2 Hrp, CAT WS MEAE Bh A FI b3 v 14
T AE SR UL R B JE S By, CAT B& I — B T, HIL MDA & &, EL.
H,0, %Z#Wria FAtiREs K. thah, TEm kB s, Hratbit g isK
SPRRN A e % BH PR A TR R T R UL R R AL s SRR IA
FKeo R SSH AN G T A7 AR A 2204228 cDNA L, Rl 7 —Htnlfg
L RS B R AT DG e AR R, IR S DRI P gm S (0 B T DO RE T Ak 11 AR
Sl SRS A T 11 DNRBEILIN 4K cDNA J741, KB A 3L R (i PrP5CS
55 T RE M O A A R R . IR N DA IR TR B A
REZZ B iR SRR LA A RO A R 2 R e R DR B T AR, I A A
PRE7IBUINS R Lk A e PR

OF THE AMERICAN SOCIETY FOR
HORTICULTURAL SCIENCE
Vo1. 137, No. 1 @ JaNuary 2012

Journal of the American Society for Horticultural Science (2012, 137(1)) Z%&

SR B SR 2 BB B U 2 S R AR T ) T
4. BLRRTH ERBRAIHLHIBT 5
X AR s S 1) A A LRI EA T I T A, Bl ik B mp o B R (5
SR, PAARANTR] ) #h e i P EN LA i@ A2 B R 22 53 FERAE R
BN, AHLR CRIRAN TCA WRIa™ 9D SETbw, maeaTEEha T, B TCA
TEFA ] P Y0 B AR R R (R RIR TR BB F O W& =T . 18
EAEER A T, REARY LD pH R0 B H I A HUR & S A e, ifoAE
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AT, AN LG SGSIE R AT TO T H AR G SRR N5 . i
AR Eh A P P e Bl I EAT AN TR] R A Wi S AL 4 e8] P Xk 5 7 BT e b
HATEEHME .

l

Threonate ¢ Ascorbate Gulonate < Galactose

Mannose ¢ Sucrose

Trehalose__,Glucosé Fructose

Tartrate

Gulonate < Glucuronate <_Mi—inositol<— G-6-P +—F-6-P Cisteine

'

: . Tyrosine
Glucarate Galactinol ~ Maltose S'I;GA_’ Serine . Glycine
Aelipiose PEP ——, Shikimic acid—[ Tryptophan
@ - Raffinose n X
Isoleucine
@ Alanine¢— Pyruvate . Phﬂanice
4 Leucine
Galaﬁse B —alanine- Acetyl-CoA - v
- 1 Valine. Cinnamic acid
Asparagine ¢— As grate‘_ Oxaloacetate™>(j - 1 -
i , Norvaline
Lysine . -
- Malate Aconitate
MS MA Hol rine |
VS VA Isocitrate Proline
[ up-regulated Fumarate _
Threonine
[ down-regulated 2-Oxoglutaratee—, Glutamate
no change .
| 3 Isoleucine Succinate Arginine

. putrescine
«— Glutamine

Histidine

Ethylenc M-ethioni:ne* - Spelrmidine

Eh s E T R AR R R 2%
MS: RPOREF 1 AR MA: FRORG T 1 b2
VS: FLBORAFR 2 ERARPE; VA: LRGP 2 Blsk B

5. FIFIRGIEHLEBT 5T

PO T 9 AT RS AR i FOR T 5 DL R KM B IR, S T Pk
B ‘Tifgreen” AHIVERISH) Yukon” FFARATEL. B T M F MRPT S
555 H AR NGRS AR IE R T B R B AOG . HUiEaRi ‘Tifgreen” #4
TR AL TEoi W TSRS AR R AR, @ s s B i,
MR T 55N BG4 iy o IR HIET 0 4875 B B SO S AR (R LA LB AN
PP 7 S it 1 BB
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SER8an—o
—oog
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3

6

0
Survival rate

@
2
k=)
-
8
&
=

=
_

1-Wrangler
3-Yukon
2-SR9554
4-Laprima
6-Veracruz

5-La Paloma

7-Riviera

g w07
: = Moderately tolerant

2=
8-Tifgreen 2w
° . . .
iy o 0w w m w wm @ om wm W W
I:I 9-Tifway Ekcuolie kakag (%)

9 MR R R AL R ARFT R T R i KT tE =57
A: FUERPPRHITE ZE 5 MR B: JUFARMBLT R AL B LU A6 s C: fF
AR FAR B LUS i B K2 54 D S RARH 2R KA
6. AN[AITE A 8] 147 5 1% S IE B AT X

TR S A2 () 00 H s RIAN [R]85 Joie 2 TR A AR A S A Sl A X
TEXT B ia A S A (RS, FRAT R BRI FE [ Eh i A ], nT LB S dS
B PP 2 AR DL A ASE SR A A 1 22 PR A0 S 3 R o ARGAC B %) R Jilpae Ak
MU, YRS A IR R RL K1) i (4435 DREB, COR, LTI
SGIEDD, AR A B DL R AE AR P R AE AR NV (R AR CRLFRE PR A DL 2%
WHTYRIGARA) o X LERF T EE FEA E A2 = b ) A2 A 10 80 B ol A SR8 i AL A2 11
Prike gt R AR LA SEBR AR ) T REE .

(=) FtR ML BRI BBl ST &1 A m] 82 A

1. B%
J Ty DY 55 R PP 0 0 1 S T IR S (O B R B L N KT, %SRRI
T2 5 E RN S B ARG AT S YRR T I A

HO (@]
O | Glu-O O (0] |

. . H
daidzein daidzin
HO o Glu-0 0
98 KGT1 9@
HEQL, — )
) ) OH OH O OH
genistein genisin

B KGT1 RS 5HEREH SLRAT K ED S
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2. KFE

ZE A KA EST EMISHT 5 RACE-PCR HAR N, M2 A KA 4L
FOE T 25 =i A B IAMUBESEN (cras) 5 P450 JEH (cra0), U
B P B 1) PASO FEK v H TP &Y “ AMIRIR Y 1& e,  FRiEsT
h EIMERRIR I AR W) G e it 1 0 75 R R DR B U

— Exist in C. roseus

01;1533852 guo, ui;j531§53 s, G;;ifii%gg a2, 0;;if¥£gg
HHHHH

| g-amyrin Uvaol Ursolic aldehyde Ursolic acid
~ CrAS
(T m— Crao
| CH,OH oH]
Ox1dosqualene p-amyrin Erythrodiol Oleanolic aldehyde Oleanolic acid
P
AtLUP Cr A0 Cer
CrAO

Lupeol Betulin Betulinic aldehyde Betulinic acid

ST E K CrAS 5 CrAO £F S 5 A=W KW RN EY B R

3. ©H

KH LC-MS 3 M1 45 B HEFARFA, 3 E 10 24400 10 HR A R 1k
AT T A2 SRR 30, RN 4 Rl 22 A8, g — P 2 R b g = G
YIAT T oy B aifh, JERI AR E AR LM AT T % e, it — DT
Hor 1A et 79 S1EH .

b RISE ERAFRALHBH
[ 554 : ﬂjh-ﬁ.?, )ﬁih-iﬂ, )ﬁ OH oH
: do-5-Be i d-AR K Hb -
g R A

i . . ; 4 el niy; )ﬁ'ﬁ

i g W -k 3 i
i *‘!'ﬁ Wl W ‘- -
e 5 (o wm : 2 o
O - )\At%;
awmsRRREay kﬁ%l

KL 4 LA RIS HAEY)

4. Gk

A5y 0Ar A 24 6 PR R £ 45 O R FHIAIT 5 T 5 6 AR Ly A7 B A i 2 1
WREAT T AR AL 20T 9T, I GC-MS Z3 k2 T 30 2 R R M i)
AR O B N TR) R BB s P AR LS, 280t 2270 20 BB AR Ry, AL
Z/DI 10 Fh bR SR S RN, S5 S RIS LC-MS 73 A
PG A R R B 2 60 FlRT RERIARANE oy, AL T RS 2 Bl R
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KIZhBEA 5, _EIRHIF AN DO Ly tAr A 7 i (80 5 42 1 5 R S AR RAT
R AE 107 HL O 531 07 00 i BRE S A 15 0 10 P 255 5 Rl BB 530
T RAF A

CoXcaliburt_Wu20130114201301141T

RT 000 - 8995 Su 7B =
W e

- ’
.~ (A)
g —
T & =
= £ 1w 28 - .‘i“
- : i " - g .
CKealburl.. Bu20 s
i

calbur. Bu20130114'20130114-2T 2013-1-14 13:4045

PR 514 B B SR ER A 1 EE B AR AT 40 20T 5% [ it
(A) B U5 SR LC-MS B, (B) 7 =% 5 ik v BRI ) LC-MS K3

5. %

K e PR % - — AR B A A - H E 55 S5t % (HPLC-PAD-ESI-MS)$0K,
S3HT T 108 AN AT ELG I AR T 31 L DO A o I I ) o) S R, TR X e,
R HEORAHRMERAT T 7081, 31X 108 A& AP EL G 32 ML fh. 46 MRr4L
. 6 DB EE AT 14 A E AT S 10 AL/ E 2T

IR E] 5 AL R 14 Pom B AR, 5 R T o SO A2 DY K
F: Myr gt AT AY) . Qe (MR AT A Tso CRERBFRATAEY) M
Kae CLLIZEMATAEYD . KILT HERBERM P ASIET R, PIRh e i od & iy
FRLL/E A DR My CHERRRZATAEY) M Dp (RO RZATAEYD
PIRITET 2, OGP S A RmEIEER, SR Taa, b
Mv M Dp & itfrmr, LE el Bm 8 E M) 70%. Fra il il S A e i £ o i
mE, Hrr it S, HOORA ML/ Az, meaMmEamfih S f
B R R IR, A, A, AR/ ARREXIYREAT,
Kae>Iso>Qc>Myr , st A, Iso>Qc > Kae>Myr. [A] I X 1X H6 68 25 il 7 M
EESIMEEIAT T E008 (PCA), ARHE PCL A PC2 FRATTE K75 158
a3 4 (AB M C), A AT RS ER SN, & K8 ALt i &
JURIA 2L 0 Ay B2 25 A B v R B T A S I, A E X DXl R AR 20 )
(AENITIT L A i EAN GRS P AW = KRR T P N O 4 St AT L el e 1 5l S B
BRI I bRl L. UL RS IR RIS, 2t 58 #EAH
TR, el RO B, ZLOBRYR, T tn] Re S e S R AR
JEHE Tso & EA R A S HE

15



R BRI R AR S R R SR 2012 SRR

(A)

20
15 200
10 4

5 3

o+ 0
0 2 4 6 8 10 12 14 min 12 14 16 18 20 22 24 min

B 1. (A) 1 (B) ZFf HPLC 4+3I7F 520nm 1 350nm M BN F E. BN EREE
FIeaikEl, 2EBR285MIEFREM 14 FhIT RN

SETEI RS B 76 7 2R OO L T A R B

Peak No* RT® (min) NI-ms MS? Identity*
1 6.068 463 [M—-H]- 300 [A-2 H]- Dp-3-glu
2 9.673 447 [M—H]- 284 [A-2 H]- Cy-3-glu
3 10.255 477 [M-H]-  314[A—2 H]- Pt-3-glu
4 11.097 461 [M-H- 298 [A—2 H]- Pn-3-glu
5 11.365 491 [M—H]- 328 [A—2 H]- Mv-3-glu

S (A) PGS P RT, {55 ]
‘Dp-3-glu=KMEF (0 23 H R Cy-3-glu="R 75 %-3- M Wi Pt-3-glu=HE A2 - {e (0 % -3-

B Pn-3-glu=i 2 (0 38-3- M s Mv-3-glu="—"FR{E 3R 303
A FP AL U 38 1 I 1 B R I ) RO € TR R i
Peak No*  RT"(min) NI-ms MS? Identity
1 14.455 479 [M—H]- 316 [A—2H]— Myricetin 3-o-galatoside (Myr-3-Gal)
2 14.614 479 [M—H]- 316 [A—2H]— Myricetin 3-o-glucoside (Myr-3-Glu)
3 14.884 595 [M—-H]- 300 [A-2H]—- Quercetin 3-o0-arabinopyanosyl-(1—2)-
galactop-yranoside (Qc-3-Ara-Gal)

4 15.099 493 [M—H]- 317[A-H]—  Myricetin 3-0-glucuronide (Myr-3-Gln)

16.192 609 [M—H]- 301[A-H]- Quercetin 3-o-rhamopyranosyl-((1—06)-
> galactopyranoside (rutin)
6 16.669 463 [M—H]— 300 [A—2H]— Quercetin 3-0-galacoside (hyperoside)
7 16.878 463 [M—H]— 300 [A—2H]- Quercetin 3-o-glucoside (isoquercitrin)
8 17.400 477 [M—H]— 301 [A—H]—  Quercetin 3-o-glucuronide (Qc-3-Gln)
9 17.825 623 [M—H]— 315[A-H]- Isorhamnetin 3-o-rutinoside (Iso-3-Rut)
10 18.276 447 [M—H]—  284[A—2H]- Kaempferol 3-o-galactoside (Kae-3-Gal)
11 18.993 447 [M—H]—  284[A—2H]- Kaempferol 3-o-glucoside (astragalin)
12 19.264 477 [M—H]-  314[A—2H]- Isorhamnetin 3-o-glucoside (Iso-3-Glu)
3 19.637 461 [M—H]— 285 [A-H]- Kaempferol 3-o-glucuronide

(Kae-3-Gln)
14 20.130 491 [M—H]- 491[M—-H]-  Isorhamnetin 3-o-glucuronide
315[A-H]-  (Iso-3-Gln)

TR (B RS, PRT, {REINE
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FEXE T IR S D A AL A E 7 1], QRSN AN R i Bl 1 I DRt 54
BEAT T RGRERARINEGE, MR FUR A (GC-MS) s il 21 T2 90 Rl A 1 i
gy, HPPROEMILH 14 BLEY), CREIENIR, PHE R s, A
Yo7 2R GE B O 45 B UTOI ] (LC-MS) 73 Mt M7~ R G I 112 180 Fifml REIR 2E
AR, R85 3 A ILEG bl BE55 A7 2 Fh LA AR WL SCRRAR BB o), X L8
BVl R IR A AN A S B IR R 1 — 0 255 TR R M IR AL T 3 2 (0 Al 58, 1)
IS th0.K 3 it o 68 S AT 5 @B 1B (R M4l

RT: 0.00-74.99 ™
185 NL:
100 6 58ET
TIC MS
o 2012123012
B

64.95
1892 00

7157

20 404 6382
P 3859
4520 60.40
4414 ° 48 62 58.92
10 259 217 8% 4 ik b

72,07

ETF LRI LC-MS R B

kB T E AR HX I 93 ANME (15 NSRRI AL/ FREE) 17
(Miscanthus sinensis)~ 3k (M. sacchariflorus) FFg3k (M. lutarioriparius) 73 5
FPRE A H A AT L, T8 ] 3K 26 R A A A KR () T A AR e PR AR 0 Y
VAT, BRI BITRRE H 22 D REACGR TR 2RI ML IR (4 HEDIRY
FREE), EPTHLHEATYGEAE T . COy M Y {2 At e N i 4 (R E , A e FkAE
BN E R THRORFF R GG, JF HAE 15°C IR NI PR B (R0 65 2%
2y WM PO R RS T I TEHAEAE KR, HOR R ReR 42 il
UK 2~3 1% o AE T J] 2007, Bk B KL AR I 808 (U inax ) PEP BRALCE (Vomax )
Rubisco FRIHE (Vemax) BIARRILHEIN S HREZ GHAEKS, X5 C
SE AR (R S S g ) R It v T LR I A K DI 3 o TR I 45 SR AR WY W k() A )
KIE LR HO A A w, OCHBEER, Sei OV AR mrs K5 A H
R e P SR BE S AT H I A R A (R SRR R 3R 22— o ANWIF9 B 37 T AR 17
B, U R AR A N SR e SR R o Sy A AL TP R R AR B
vy J b DXCHE T TR T BE A o
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TEPMREHLI 78 D6 B BT Y (1 R s
O=MA: e BEITHRO: £ HoREE
O: M3k, tFhOFR=AFHEH. QG,
HIRPRPH; TH, WL E .

0O M sacchariflorus B M. sinensis B M hmavioriparus

(2) TH ]
30 4 1 “ @ TH 7
25 b 12 1
T 20 4 B 10 b
.g 15 - a E i ® ] £y
— ah a i
5 61w By
;i 10 J = bbb ah ab ab ah .
4 4 4
5 4 3 K i
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— Iy - = W - Bu — b B - 2 ] -
2 2 2 5 Z i £ B s ¥ F % 3 2§ 3
= - <+ -+ o Q & & =] < - = & a] o]

2011 FFEANMERKFZAMIF I (a) 6 G R EF(b)K 7RI HRE
M 2010 45 HJEE] 10 Hdg,  F3omds 3R 5 26 s OO HOl &0 — 2O G E
7. KB
FE R G PRI T, I 43 BT R S RN K G ol A 2 REPEAR A,
FE T B R A BN ] 1 2R B S 2R 3 vl ok ) B P DBt 4 3 R R AR
B, A IIARES K T R RIS, S T AR R K S T R T
[ o 8 s DX O 0

a. population samples from China
E NC SC NE NC SC

|
E

C. representative individuals from East Asia
b. representative individuals from East Asia except the Huang-Huai Valley (NC) in China
R NE NC SC KJ R NE SC

1=
|—

S
|
i

BRI KBRS o1
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a: B RS [E 73 A B N 1K 40 ANEFAEREAARTR 20 A SSR 23 #T: b: A5 T 56 A~ SSR [ZR K
We£E 231 47 7 K LRI AL G544 73 A5 co BRPOMEIRARUM AR 56 4> SSR [R5 A% 45 K 73 #r
NE: ZRACEF RS NC: B R, SC: BB RE:  Re AT RO AR H X (1)
BPRE Ko SIS RS, 1 HAE KRG,
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*s o oY *
®FRs 8 fa) [ C“* *
A landrace soybean Ga o 60 *
o
M outgroup 90000005000

E-T 56 4~ SSR Fric f 2L (1 EF K S AR5 K E (¥ Neighbor-Joining RZEH
FEH T AR KR, I HLH AR5 ] 1) B X & 5 FeA TRg 77 Hiu X ) Y OK & B AR [
KGR R

8. T

M ZLBR AR T 2R MR AR R AE (96 JD b A A & A2 Ak, BEE
T Sl UGN ORI T 2L B R AR UM T SR PR ARUE PRI . WESE 4T R K
WY, el A AR PN SR RRUE I, DU (EZE s B, DURIIIRD AN
FRMAA BAT RN R e bR A R D IR, i e gt 1875 32 (1 B
fifte FAR TS SRR R S IR IRAF IO R . ARS SRR A7 80%
AN HbR, B2 BEESEIEN, WEART 4 °C, AL 96 ;=i st
s DRAFEIIRAT 30 Ao B TR F AR AI SR MR, AR FO0ER A
X BTt N FOOUR/ RS FE AR T DS RS S R A SR A, R L
EHr T 0.2, RUIGAAL RS RER B R O 20%. AL 725 Mk
DRAF- LU BRBERIRE BB A 5 28R i 0 205 % AN IMERI T, Bt
B, MG R (<4°0) fRff. X IRAATNVECHE TSk A EY TR A Rl 205K
BERURLAL A T
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100 -
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0 18 4 22
100 B [ Jalgal meal

Il algal meal+corn germ oil

e T

Astaxanthin preservation rate (%)

30 - 4 22
|1C — [ Jalgal meal
KX meal+V.E.
15|
0 . R
4 22
Temperature (°C)

B FRMAMGTEMFIRTERT KR E 2w
(A) RSEREM; (B) TOKMAIEEm; (C) FUE AR

PR R MBI RAE R FE 2 PREK#E (Scenedesmus sp. 200716 and
Chlorella sp. XQ-20044), Yiﬂf%%ﬁéb‘tﬁﬁﬁﬁ VOGBS RS 5 R pH H
%H?ﬁéiﬁﬁﬁﬁ@%&#? PR T A T EASIRE®MEI&EL . R 12

Ko DERBEERNREEIXT] 55%, MHELES IR 32%. KL 2 PRegsfr it
LI, M B R TODVERE: BB, AU S, 40
HRERMRERK, X —Fr B, AR R R sl S Fr B, 40k
I, WS BTG RIERE ETb . SR o PR R I, N TR IR 4
fF, s R A 2R S .

1.0 T T 05 T T T T T T
10 1
Chlorella sp. XQ 20044 " /5 Scenedesmus sp 200716 / L 20
0.8 = 0.4 x =
< 8 © ~ o]
k=) . O s 16 O
Q 0.6 a 5 \8; :; 0.34 _/ g
= 04 2 E Loz 2 g
'-§ & w2 L = .“C_.’
5 s € = I
2 02 e 8 3 o 8 8
[OXRe / T O / 9
& 2 2 S/‘ L4 &
0.04 — — 0.04 n/g ] —
i@ﬁ%ﬁ e e
T T —+0 T T T T T T —+0
0 6 8 10 12 0 2 4 6 8 10 12
Culture time (d) Culture time (d)

/NEREE (Chlorella) FMEE(Scenedesmus) 73 L FFE P AEKER,. DIEEESH
9. B>

ARAERE S LR REMIFE SC 75 Fi LB =), b SCT it 62 f&, LA
SISO B — A /AR R S — R BOETHAEE 1 SCL i 3 50 & (5% Top 30%
21 5, Top 10% 6 F%): 4oz H9mS He 1 il B KB4 5 H E 1)
B & 1A BACER] 7 1, gL R 2 10
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. ARER
1. BAMEE

S EIA EEAN G 56 N LR =), i 16 A (9o A
NGB EEEB T AR D, BTG 16 A, BIEIREGTG 21 N, FRif 45
AL NE T e N 53 B2 87.5%.

NA 5|k

RS “ B TR Nk #RIA

HEM L W% BOCR. AR VA, MilgE. EhaA

2. WHFUAERFRIBN

WA LA T 12 A, WA S0 21 A, RS 91 N CULBf SR DY),
Fopid = 37 N G5 1 BAMER 24D, Wit 54 N AFERENIIGUE 26 A, 3
it 12 A, i 14 N, HErfERE LR 2 N, AR AERR ISV S

3 AWIIUERR S R G

3 AWFIUE IR K K

15 WAk “RFF AR T “ =l B T AR RIS

2 ZWFG AR O T e AT R SRR .

N BESACR

RDTHT Z B E B SR SRIE, 3Tk H TS % 5 56 B A R0
o REPRITE RS SEE TR RGO VARBUR S K.
B S RN B AT MORRIE B 2 R8s HARSI R 2% 45 [ Ah R 3R}
WRBEITEE ST T KIS AE IR R . AT EIAT R BT 16 A UGE E A2 0 [ Fr 21X
T SRS . 31 8 NUCHIEK S g AT S AR AL 3808 [ N A SR =
9 NIR, HerpeR B IEAMALLN L 5 7 NIK, ok B EN AL 5K 2 AR LT %
e

1. AP ED 2 FEME SRR FUEE IR

B EBr SRR AW RS SCRF, s YIEE AR B 2 BRI T Lo AR
AR TRt . 1 5 H-20 H, ®PUED AL IEATEYOT . B
RGBS (L) el 55 BT 6 A RMIT G, XFHJEIE L CIEUHEE
W) HiDHEAT T ik, 4 H 5 H-18 H, slida Wil 3 ZRHIFA G
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JENVZEZ ANV 02 5 080 25 X T ety e DX R =3 K B R £, SRR T
KEYUK SERFTFRAEDEA. 8 720 H-9 A 20 H, Uy lEm st
SRR ARSIt pr . BV RISt D0 e
WS RiE R LY . AL I S P 8 SN 12 A RIEN B L e
WFRHE « R WEAN HHAR K 6 LAMERIEN i1, AU M sh W) A&
FEIN, R BN LR . BRoTil GREA 4000 KD X A By F% Hfy 5 it
WX HAT A Z AR A, SRS T REZM MR el S A ) SR
JEAEYIFRAS, [RINHBERAT T K ) B SR A i R4S, RO = AN 78 1
FHF BE S PTAR AT AR P DRI bR AT oL, (Rt ot AR R B 3EAT T HR 3

¥
2. AL EITEHBEETR SR ERMEWIZ

6 130-7 H 1 H, b R R GO P el e 3 700 [ Br S PPt ot 5
R SRR A AE D) A4 T

AU H E BR AN 44 HEPR s AR B Az B 50 KV U iz . 56 [ 46 M0
RE BTN AR N, sQOUE P el (8 6 BT 7T AR R 15, A0 [ B
A EPEE P22 5K Dr. William Meyer.  H.EF & Fh AR £ 2% 5K Dr. Paul Raymer.
5 [ USGA =i /R K HHEL 5K Dr. Michael P. Kenna 76 P4 [1] 70 £ 44 [ 4 Zh )\ F b
PRI T XM E SN T AR,

AU IR 5 N AP A b o R S R 21 A4S, W SR bPigiA%
B RIS AR REPP A ROR SR R AT 5 AN T TR v P
EHER . R G ST eI B, 5o 5O FRIE [ R ERHIT DR BT TR A
THIBT 5 A T 35 I B P25 (1) R R il s i HH 1/ 22 8 A Pk T WL o AR ER IR e D 4 T
W B OR b AR 1 B[R B P S22 2 A R R S G AR, T a3k [ 55 (5 bR B PP 22t 5T
N5 645,

3. LA TF U R L 2B R AL T i 4

11 H9 H-11 H, BWEHRAFMANE A RAHZ (AOAPO) 76, HEFR}
ot s IR A el 7K 70 ) 55 DU i 6L o A L 2 11 B2 2 W Ve B A o T e & 49 T
kA EL EE, EE. HAR% 9 ANEXN 150 ZARES T Rikikls,

SUR, 5aRRET 25 MR RUEEARIR S MR E R, X H A Epr AR
MV E A 2 TR O 1) Bt e LR i 1 A 2 AR AR AR () N 4
RBEF BT TIRANASIRAT S . BT, & 50183 & A A A0
AR AR PRI R 37 B 1 U A B0 P T S S R L 7 A i 54 e 1 2
G A IO/ & A JE WU TR s RIS, B8 B AL 24
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P MM EY) L o TR IR EOR S &, BEEW IS A
FENLVERAE DA 7 ) L, R A AR ML A2 v [ S BRE i) 7L

4. FFHURR
H BTS2 3 S AEWF I TR G 11 35, A0 3 3 J7 0.
+H. A E

LR A B I B AP B R B I EOK, 9 5w LA B 1 4E
P RN, SER PG @ WA R T REE BN A B KK SR, Bl
FEJESCFF I SR SN 9 6 B PCR AR EE AR dh FOCHURIAL . AL 70 i
S ZUIREAM M R GE BB AR B 1 S L SR AR S R R e . P b
15 SSCBAT EE T S5 i 52 7 R N A, 30K 41 87 e T AE It ) 2 K DAy S 6 S A
RABHIF A R T R B 5 A (1 D

HHT, SC80 5 Jicbh RS &dE 71 & (), B4 RME 1900 42570 (I
(AP

J\. 2012 FFEKZFHD

315 H, FHI@NUMERL PR b AT HIvrssE.

4 J1, BhPERIFIT G A TSR 2012 4R FEIRF A B S8 A B U R
FIH ——F LR LI Bl .

4 127 H, HERSEREAAT 2012 FEDEARL S, HRERLI L T 4E
PRI T T AR, RSP %

5311 H, RO EAT 25 HPITH 2012 SEREMHY &, T H 2L 5 [
ge “ IR R A S YA . S TR AT T
PERERER T, & 500 RGBS W CARSR T SO, IR H ) At
J& KR BT R AT TR .

5027 H, ERSEEEAITE JEEARER RSB =R, Ml 2011 4%
TARRE, Ze 0Tt B R S R R R . RPN BT e
[ B B AR AU A 5 TPt T

6 /130 H-7 3 1 H, dyalQBURA el A I 32 7010 [ e s B2k 5 5 e e s
WA AT, 70 R4 E AP FEFEWI IR AN T X MEE SN T AR
wiz.

7016 H, sBUaYIEE S K R RN SEARG R A /I FEGIER) “HF Rl
7 B N |4 £ P N e 5 AT SR W - b1 Bl K < D I/ N

24



R BRI R AR S R R SR 2012 SRR

9 117 H, FERISEEERAT 2012 5 e RAC Sy, AR A LB
FAEET 12 GRS, 60 RAFHI A RFIFFFAESINT &1

10 26 H, LR S G ERMIE D7 AR GG SR b B 2817 .

1138 H, Bt RNRGE PR “ A AN vhl” WIvEEHE.

11 H9H-11 H, HEHRFEMANEEFHALR (AOAPO) F 75, sliAd
W el 7 016 26 DY Jim 1] o A b A 1 B 2H S BT IR AR AR s A T, SR AL L
M, HAZE 9 MNEZKA 150 RAARES I T AR IZ,

11 H 13 H, W RBOEZBE A AR O RN EE—1T 5 NF
S NI

12 7 H, RS E28T 2012 5 = RS es, 4 (7 R KR 2
PRI UE T 2R A, BHIEA S AE L 90 S A2 1 25l

25



R B R T BT SR AR T T SEIG . 2012 SR
Ju. B
fiz— EFFIE (L. o)
1. Eir&1EmE
F BE | RESE
I I R i 2 B st il
B RIR 0 H 2R # | 5zm FFREER ) | G5 a] Ui
1| EAH ij””*mﬂ&ﬂﬁ 1000 | 873 | 2005-8-1 | 2028-12-1 | 3
. _ MR AR BRI L A 7Y
2 mf j;.j’ﬂﬁ ZESI > TRAENL | 18 0 2009-5-1 | 2013-12-31 |  Z=4E
W R I o
FRBIF Y
ES K Bl 2% | Inactivating rust
Fe 4 2 F1 3£ U | resistance
Jt 4 4 R 3 A& | suppressors to
3 WL % JE 10 3 | unlock multiple 40 0 2010-5-31 | 2013-5-31 | {4
it 9% 11 %I | defense responses in
(NSF-Gates) wheat
HAS “Ragdl | H R g s S AL -
- - - - /\i
4 b 2k R 140 80 2010-12-1 | 2014-12-31 | [HR@E%E
&
n - 1198 | 167.3 -
2. BEREHEZMHE
7 BE& | KESE . N -
= K51 T H & #R # o T3 st (8] 25 Bt 8] RN
JE R 48 i BE YR AE W)
1| EEERLI | SHCHMAED IR | 42 7 2008-12-1 | 2013-12-30 | fH4 [
FE A RS IR AT
2| EFEILI | A kA 105 21 2012-5-1 2017-4-30 | ZEROG
T P SRR Ik AR 5
3| EEEANED | FE MM | 60 0 2008-1-1 2013-12-31 | Z=gtim
PR & 5 R A
B0 T o A
P T - -5- -12- /
4 | EFEHEKEL KL 3 5 5 125 0 2010-5-1 2012-12-31 | fH&R
YU~ VT JE DR /)N
EPN Tt X -11- -12- /
5 | EXEKED S Y 38 0 2011-11-1 | 2012-12-31 | fH&R
/N Z2 A T
6 973 BV FIE F 1N H 50 0 2009-1-1 2013-12-30 | {4
LRI
7 973 EEESEW RS | 123 59 2011-1-1 2015-12-31 | Z=gftg

26




Hh R BRI R B BDET S R C ARl R R SR

2012 FE4R

i I AL 2
£

863

ZHEERE R
M AR 5 BT
IOHT R 1

56

56

2012-1-1

2015-12-31

R

B St DN

P 1 A R T
1 B P38 A 27 43
Hr

30

15

2012-1-1

2015-12-31

2t

10

By RN B
T3 T 395 355 6% [A] (1)
AT

220

2011-1-1

2014-12-31

11

] 2 B B IR L
FEPE i e L P 2
ESEraE R

300

120

2012-1-1

2016-12-31

12

EEP NP

SEEEE TR

FEEA

19

2010-1-1

2012-12-31

13

ESPREE/S =

S90S e L) ME AL Y
PEAE [ PR 1 38 .
WS

19

2011-1-1

2013-12-31

14

ESPREE/S =

v T B AR AR T A
PN ISR DN
A% = 1) S A dit A A2
S 15 R AR 250 B
PEREATI R

19

2011-1-1

2013-12-31

H 4

15

ESPNEEIS =

AR AN A A 2
RURL W) B A 1 3% 5k
DR 5 I 1) 3 1 1k
ST

22

2011-1-1

2013-12-31

16

ESPNEEIS =

BRI 1 1L A
2 LI WA 5T

18

2011-1-1

2013-12-31

17

EPREE/S =

W OE W AE %
MADS-box FE[H 5
TETHAL I G R

21

2011-1-1

2013-12-31

18

ESPREE/S =

£ WL YIAD A (1 3E
LR B 5T

30

2010-1-1

2012-12-31

19

ESP NP

LT SSR AL A
[ 39 S H 1R A
IR L DR 5 A

21

2010-1-1

2012-12-31

LIEE

20

EEP NP

MAERL kF LR
A RE R
B IRIWT ST

38

2010-1-1

2012-12-31

n
N
1w

21

ESPNEES =

WY b 56 15 W7 i L
R A 73 1 A
(4™ BRI 2 AT

34

2011-1-1

2013-12-31

H
[l
Im

27




Hh R BRI R B BDET S R C ARl R R SR

2012 FE4R

22

ESP NP

H) 2 BEAE ) i L Ak
A K
TETERIOC R

32

2011-1-1

2013-12-31

23

ESP NP

o e S S R R B
VR T A A B S K
7 A SRR TS

33

2011-1-1

2013-12-31

24

ESPNEES =

B = RAZ PR
e 73 A b ) A AN
HEE TS

32

2011-1-1

2013-12-31

25

EPREE/S =

IR R Y&
Ao K R e g
DA v B 55 ) fiE
#r

55

49.5

2012-1-1

2015-12-31

26

EPREE/S =

TR e B A2 5
B Sl

55

49.5

2012-1-1

2015-12-31

27

ESPREE/S =

e e R R AL 1
T 010 7 A RS A
PR QTL JEAL

60

54

2012-1-1

2015-12-31

28

ESPREE/S =

i A TEANAR ¥ s
RGN R N
BT

60

54

2012-1-1

2015-12-31

29

ESPREE/S =

AR RSk 5 7E K
BB i1 2% 1R AL
FIL

28

21.1

2012-1-1

2014-12-31

30

EPREE/S =

% MY Ogura 40 /i
JTIE T AN B WK S
S DR A S ik A 35 TR
Rfo2 1 f% K Ihiik
AT

22

15.4

2012-1-1

2014-12-31

31

ESPNEEIS =

TK T £ R A e A
K OsB12D1 7E#h1
W KR i T RE R A
FHHLERR 5

23

16.1

2012-1-1

2014-12-31

iy 4

32

EPREE/S =

PRk e C dt
TR Ve AR
BREIE DY A

25

17.5

2012-1-1

2014-12-31

33

ESPREE/S =

Bk CHI ZEPH )7
XMl B S
LM s R
o I LHIBET

32

26.5

2012-1-1

2014-12-31

34

EEP NP

LE RS TANE Y S
(¥ B2/ ek S 3 7E K
PRI ST

23

16.1

2012-1-1

2014-12-31

35

EENEERS S

NtGNL1 5 M AR 2k

20

17.7

2011-1-1

2013-12-31

28




Hh E R B A TR SR AL S E 2012 4EHR
K 4 T R 41
HLH
pu— LR G DR R
36 ”%ﬁfk KA SR H 0k | 100 16 2011-1-1 2015-12-31 | #H#2
T R AERTR
v ya] b i R A AR
AP PE R | b A b s OR)
37 20 5 2009-1-1 2013-12-31
Lh | HARBABI S e
BeA
AN PEEE R | A b B A B0 Ak R
38 68 13.2 2009-1-1 2013-12-31 A=
N EER s L2
AT R | 1 BR Bk Fh s Bt s
39 270 19.8 2010-10-1 | 2012-10-31 | %
L | v ’ X
TR A Wk R0 7 25 4 (0
40 | BEERINH | S AEH | 50 0 2009-6-1 2012-12-30 | #PRdl
AREE I H 7R
AORR W Bk 3
41 | BEEKRIH i\/X“ & zf%ﬁfﬁ“”ﬁ 5 0 2011-1-1 2012-12-31 | ffil
TR X RTE
SR W il A 75 T
42 | Bt T 2 2011-1-1 2013-12-31 /Nt
v N E| e 80 0 011-1 013-12-3 kN
AR REYRE Y T
43 | B T o . 40 20 2012-1-1 2014-12-31 | = 4
e H
2t 15 A L R A A
44 | BRI AN ‘ 14 2 2011-1-1 | 2015-12-31 i
Bt H K H 5 R 0 7 0 015-12-3 i H
45 | B T i 120 36 2011-1-1 2015-12-31 /
L frrk
SRR =R = )
46 | HZEIH | ARLAETREZ | 40 40 2012-6-1 | 2012-12-31 | FPRUL
#
4 ek i BIT 2%
47 T2z H iTH R S 9.9 9.9 2012-5-1 2012-12-30 | #iH#
4 ek i BIT 2%
48 2RI H iTH AL 30.5 30.5 2012-7-1 2013-12-30 | &P
W 4 e e AR
49 HZRIH PR E 58 | 40 2.8 2011-1-1 2013-12-31 | ZedEos
BeA
56 S BRI BR A Bk R
% FTT Ju 1. _Q_ 7"<;
50 I 2515 DNA 4 6.75 0 2009-1-1 2012-8-30 | ZSHifH
fiE Y5 AE W0 i A Bh BT
51 HRZ T H % YR v R $E B A D 2 2 2012-1-1 2012-12-30 | % &
o
52 HEDH | M AE T 40 10 2012-1-1 2014-12-31 | HFi&fh
Y2 ik &6
eI . -1- -12- TR
53 20 H i 7 Th i 2 R 1 260 75 2011-1-1 2013-12-31 | E=4A4

29




b E R E B A R SR ANV T TSI E 2012 F4R
29
¥ ) % A ok R o Rh
54 T H FHREH R4 | 260 80 2011-1-1 2013-12-31 | #°FA4hi
FHLEE
SR B Sz R
55 T H M AL HLE S | 200 0 2011-1-1 2013-12-31 | #H®%
TR
FHY) IR R 5 AT
HRZ= I -1- -12- A1
56 =i H 48 6125 A 50 0 2009-1-1 2013-12-31 | Z=efidg
- - 37222 | 1022.6 - -
W L5829 T R S RIS R4 P rh OB S ISR SR A R A E BR 2 UR) 5 T IT.
2. B 48 IR AR AISL RN e rh VB & R RS SRR R A 4l 2= [ Br 2 U1 4 T3 7T
3. B AfERICETH
F BE | AL
i R SN ZE B il
5 i H 2R 25 # o TR bt 8] & L I i) Ui iPN
I HE S D) RE . N
H _Q_ _Q_ =([45)
1 foi 1 EE=RE 70 0 2012-8-1 | 2015-8-30 | ZFHI4
2 FAE W o W R A&
2 | AR AYE . e HEHE 140 20.5 2011-1-1 | 2013-12-31| F B
AT A
S T B BT 5 AT fE Ak . ¥ VA5
3 I SR 135 34.2 2011-1-1 | 2013-12-31 5
JIZR-SR VG KE ) 2 R . .
4 TR AL H B 120 33.7 2011-9-1 | 2014-8-31 At o
5 | BWTEFR W Hik 100 0 2008-11-1 | 2014-12-30 | % H¥
FRER T YRS L VF
YT A -1- -12-
6 G 5RO T Hik 77 0 2009-1-1 | 2012-12-30 | fH4 R
7 | Y5 g B PP W ik 20 10 2010-9-1 | 2013-12-31 | Zsgtog
2N lJ_:f:\:‘—r’M r N
8 ii‘“*%gﬁmﬁ WL E ik 10 0 2010-6-1 | 2012-5-31 | £ f&
2010
9 | WY B A AT Hik 77 0 2010-1-1 | 2013-12-31 | #5°FA)
10 | RERAWHEY) A TR Hik 77 0 2010-1-1 | 2013-12-31 | =444
PR 2F R OK 43 X
WY A -11- -12- e
11 WL 2 KL IR Hik 77 0 2011-11-1 | 2014-12-31 | ;=file
MYB  J .45 e 3e 56t 44
12 | T £ A AN | HOyBURRSE 6 0 2010-1-1 | 2012-12-31 | ZEge
Wt
SUREX AL AS |
13 A HWHBUNEFE | 30 0 2009-7-1 | 2020-12-30 | T &=
14 | FESNSRNZ DS | OTBURE | 12 1.2 2010-6-1 | 2013-12-31 | 4% T
TR Ak e €8, % YR 4R X o
15 [ —— WHBINZEFG | 60 0 2011-11-1 | 2014-12-31 | TEE&

30




R B R T BT SR AR T T SEIG . 2012 SR
¥ B T = K J2E T
16 | & DX ARSI AR & | HOTBUNZHE | 30 0 2012-1-1 | 2014-12-31| # WL
[ R AT
Bl U B = 0k /K 3 T X
17 - WHBUNZESFE | 2214 | 325 | 2012-3-1 |2014-12-31 | # W
S FH R S A L TR ¢
18 f%iﬁw R Z A4 HWOTBUNZAE | 3 0 2009-1-1 | 2012-12-30 | F fiE
SIS
% NJE OguraCMS B
19 | PREHEK Rfo2 Ml | MO BUNEFT 4 0 2011-1-1 | 2012-12-31 | ¥Fi&Efh
NI RESENT
GIREEOMSE oy Sty
20 | TR IR T O Ok A L | M BURRAT 4 0 2011-1-1 | 2012-12-31 | & &
DyReUAE
S YL HE R A Ak 7 M . _
21 - H 8 2 2011-10-1 | 2013-12-31 Z
b RA S 15 2 BN T 0 9 011-10 013-12-3 AL
Mol B A A A X
22 H 8 2 4 2012-8-2 | 2015-12-31
bRl — I b BN 2T 0 012-8 015-12-31 | £ 5
] B A X
R = % -0- -J- s K
23 0 C Artemisia) K& 1T RSN ESE 10 6 2012-6-1 | 2014-5-31 2RI R
=R EREYE BIERE
24 | POCEENE L L LN L | AR KT 3 3 2012-8-1 | 2013-8-30 | =444
A5 2
I EST-SSR ridfrt:
25 | ESEEHAR R R | AR SR PR 3 3 2012-8-1 | 2013-8-30 | &A%
PERFST
e ‘3 Q A-/\—E
26 i?fﬁpﬁ%ﬂ:ﬁ% hi A K 5k 10 0 2008-12-1 | 2013-12-30 | F Bt
Y S LT RA L N
27 oAt 5 %% 18 18 2012-1-1 | 2012-12-31 ¥
GiH . S fbEx B
U FEIX =R A
28 | FEHA R HE VY. HABFEZK P 125 40 2008-4-1 | 2012-12-30 | £ 5
SRVG AR TRE
29 | BRAEMEH AT HoAh 4T 260 100 2005-7-1 | 2012-12-31 | %L
30 | T ER A T ik HABZHT 12.5 11.1 2011-11-1 | 2013-12-31 | {H4 R
31 | MR EE AL NV ZHE 300 0 2004-12-28 | 2019-12-28 | Z=#ig
T TR Tk T
32 ;g*qﬂﬁ&ﬂﬁ% ML ZRHE 58 0 2006-11-15 | 2016-11-14 | 2=
i S B EG S
33 ;’if/ﬁi%*@m@ﬁ( NV ZHE 420 123.3 | 2010-1-1 |2013-12-31 | Z=#%
HEE (L HE) S
34 L a4 105 17 2008-1-1 | 2014-12-30 | T
SR S | LRI S
RMEZPAMIET |,
2008-11-13 | 2012-12- IN
35 R T NV ZRHE 30 0 008 3120 30| £ K
36 | S AF RN ES R ERE | LRI 120 533 | 2009-8-20 | 2014-8-20 | “BhiT

31




R B R T BT SR AR T T SEIG . 2012 SR
BT R] 2
Hoe S wn | s
. - - - - H ZIN
37 T — 2L 5.8 0 2009-12-18 | 2012-12-31 | Z=We 4
H B 3R AL
38 Al Z% 70 20 2010-9-1 |2012-12-31| F
F T A il 22t 7
J7 M XA s R b bl
39 o Al Z% 20 0 2010-8-1 2013-8-1 B
S k223t 7
40 Eﬂ]yjﬁbﬁﬁé%rﬁ NV ZFE 35 10.6 | 2010-10-1 | 2013-9-30 | + Ik
= X B AR |
41 Py — NV ZHE 810 0 2010-9-1 | 2015-12-31| F 5
42 ﬁifﬂk%ﬁ””ﬁqjﬁ& MV ZAT: 60 454 | 2011-1-1 | 2016-12-31 | bl
ZWREX AR |
43 e e e N ZHE 27 0 2011-1-1 | 2013-12-31| F &=
44 T%ﬁ&ﬁj@%ﬁ R s 40 22 | 2011-7-28 | 2015-530 | £ K
TNVEHE) ST
WBERIIET K-t | =
45 LA NV ZHG 490 50 2011-11-10 | 2021-11-10 | %P@iT
46 | FEFIhREER AL NV ZE 35 333 | 2011-12-1 | 2012-12-31 | T Bt
47 | LLIRBRIERRHT S AR 2L N ZHE 950 150.3 | 2012-2-24 | 2032-2-24 | @il
YU AR o] b e
48 a4 10 10 2012-1-1 | 2012-12-31 | =44
e, | LR e
49 | DLl AE AR TR N ZHE 55.5 8 2012-1-1 | 2014-12-31
=g R X i TR AR
50 N Al Z% 100 20 2012-3-1 |2014-12-31| F
Al — S M A 7
B REW R T -
51 RS 5 M ZHE 50 30 2012-5-1 | 2013-5-30 &
52 ;{;%ﬁ“%mm&?ﬁr AL 30 10 | 2012-10-1 | 2015-1030 | T J%
Y B R N VE S _
53 o a4 128 384 | 2012-11-27 | 2015-11-27 | %pEur
A N ZHE o
L\b4§—‘%4 S PNy =
54 P BE B AR &5 MV ZAT: 50 20 | 2012-4-26 | 2014-12-31 | E &
(oL
- - 5554.9 | 968 - - -
4.2012 FER ARBEESFATE
= HenE N N -
FE K5 i H 25 2 Froagma] | Z5@ntE | AR A
MR A LR
1 1 _EIiH 16T 2 o I AR 4 | 82 2013-1-1 | 2016-12-31 | T B
SCHI TR EE

32




Hh R BRI R B BDET S R C ARl R R SR

2012 FE4R

T35 H

25 R )t B B 2 o 5=
R IE AT A £ i A [N I g
2Nl

15

2013-1-1

2013-12-31

i35 H

F LKA ) 98 2k O3 A Vi R
TR LIBIE 5T

75

2013-1-1

2016-12-31

We N

i L35 H

SR R A7 X A KR M A
VRS AR P T S P i

83

2013-1-1

2016-12-31

L7

FRFE T R R 2 R
S SERK ISP 23S
TS DhRE

84

2013-1-1

2016-12-31

LZR ]

B A F IR PTIE B SE D K
AN REMF AT

80

2013-1-1

2016-12-31

(LEHEN

BRI (B BB B
L

80

2013-1-1

2016-12-31

AR P AEDIR T
B LA S

25

2013-1-1

2015-12-31

2 TR 7 3 2 T
S I e RS M DA 1) e e
TyREn 5t

23

2013-1-1

2015-12-31

10

T2 G U5 % PR AC il A X 7
AR A B 7 A0 SRS
A

23

2013-1-1

2015-12-31

il
&

11

Bk endoPG ik P 425 i SR P v
JRA B IR 5 A% 1) 23 L
T

25

2013-1-1

2015-12-31

e
[

[HEERAICE PN B S s
¥ -5 D RE AR AT

25

2013-1-1

2015-12-31

ot
ot
ez

620

33




R BRI R AR S R R SR 2012 SRR

ffsx = BT
1 RRWIEI GEE—EE R RHFEHF)

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

Chan ZL. Expression profiling of ABA pathway transcripts indicates crosstalk between abiotic and
biotic stress responses in Arabidopsis. Genomics 2012, 100: 110-115 (SCI, IF:3.019)

Chen JJ, Li LJ, Wang Y. Diversity of genome size and Tyl-copia in Epimedium species used for
traditional Chinese medicines. HortScience 2012, 47(8): 979-984 (SCI, IF:0.778)

Chen L, Ren F, Zhou L, Wang QQ, Zhong H, Li XB. The Brassica napus Calcineurin B-Like
1/CBL-interacting protein kinase 6 (CBL1/CIPK6) component is involved in the plant response to
abiotic stress and ABA signaling. Journal of Experimental Botany 2012, 63(17): 6211-6222 (SCI,
IF:5.364)

Chen S, Fang LC, Xi HF, Guan L, Fang JB, Liu YL, Wu BH, Li SH. Simultaneous
qualitative assessment and quantitative analysis of flavonoids in various tissues of lotus (Nelumbo
nucifera) using high performance liquid chromatography coupled with triple quad mass spectrometry.
Analytica Chimica Acta 2012, 724:127-135 (SCI, IF:4.555)

Chen S, Wu BH, Fang JB, Liu YL, Zhang HH, Fang LC, Guan L, Li SH. Analysis of
flavonoids from lotus (Nelumbo nucifera) leaves wusing high performance liquid
chromatography/photodiode array detector tandem electrospray ionization mass spectrometry and an
extraction method optimized by orthogonal design. Journal of Chromatography A 2012, 1227:
145-153 (SCI, IF:4.531)

Cheng J, Khan MA, Qiu WM, Li J, Zhou H, Zhang Q, Guo WW, Zhu TT, Peng JH, Sun FJ, Li SH,
Korban SS, Han YP. Diversification of genes encoding granule-bound starch synthase in monocots
and dicots Is marked by multiple genome-wide duplication events. PLoS ONE 2012, 7(1):e30088
(SCI, IF:4.092)

Dong JZ, Lei C, Ai XR, Wang Y. Selenium enrichment on Cordyceps militaris link and analysis on its
main active components. Applied Biochemistry and Biotechnology 2012, 166, 1215-1224 (SCI,
1F:1.943)

Dong JZ, Liu MR, Lei C, Zheng XJ, Wang Y. Effects of selenium and light wavelengths on liquid
culture of Cordyceps militaris link. Applied biochemistry and biotechnology 2012, 166: 2030-2036
(SCI, 1F:1.943)

Dong JZ, Wang SH, Zhu LY, Wang Y. Analysis on the main active components of Lycium barbarum
fruits and related environmental factors. Journal of Medicinal Plants Research 2012, 6(12),
2276-2283 (AR x 1)

Fu JM, Dernoeden PH. Rooting in a creeping bentgrass putting green in response to spring and

summer coring. Agronomy Journal 2012, 104(5): 1408-1412 (SCI, 1F:1.794)

34



R BRI R AR S R R SR 2012 SRR

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

Gu C, Wu J, Zhang SJ, Yang YN, Wu HQ, Tao ST, Zhang SL. Characterization of the S-RNase
genomic DNA allele sequence in  Prunus speciosa and P. pseudocerasus. Scientia
Horticulturae 2012, 144: 93-101 (SCI, IF:1.527)

Guan L, Li JH, Fan PG, Chen S, Fang JB, Li SH, Wu BH. Anthocyanin accumulation in various
organs of a teinturier cultivar (Vitis vinifera L.) during the growing season. American Journal of
Enology and Viticulture 2012, 63(2): 177-184 (SCI, IF:1.826)

Guo J, Liu YF, Wang YS, Chen JJ, Li YH, Huang HW, Qiu LJ, Wang Y. Population structure of the
wild soybean (Glycine soja) in China: implications from microsatellite analyses. Annals of Botany
2012, 110, 777-785 (SCI, IF:4.03)

Han YP, Vimolmangkang S, Soria-Guerra RE, Korban SS. Introduction of apple ANR genes into
tobacco inhibits expression of both CHI and DFR genes in flowers, leading to loss of anthocyanin.
Journal of Experimental Botany 2012, 63(7): 2437-2447 (SCI, 1F:5.364)

Hu LX, Hu T, Zhang XZ, Pang HC, Fu JM. Exogenous glycine betaine ameliorates the adverse effect
of salt stress on perennial ryegrass. Journal of the American Society for Horticultural Science
2012, 137(1):38-46 (SCI, IF:0.938)

Hu LX, Huang ZH, Liu SQ, Fu JM. Growth response and gene expression in antioxidant-related
enzymes in two bermudagrass genotypes differing in salt tolerance. Journal of the American Society
for Horticultural Science 2012, 137(3): 134-143 (SCI, IF:0.938)

Hu LX, Li HY, Pang HC, Fu JM. Responses of antioxidant gene, protein and enzymes to salinity
stress in two genotypes of perennial ryegrass (Lolium perenne) differing in salt tolerance. Journal of
Plant Physiology 2012,169: 146-156 (SCI, IF:2.791)

Huang LL, Li J, Ye HC, Li CF, Wang H, Liu BY, Zhang YS. Molecular characterization of the
pentacyclic triterpenoid biosynthetic pathway in Catharanthus roseus. Planta 2012, 236: 1571-1581
(SCI, IF:3.000)

Huang LL, Wang H, Ye HC, Du ZG, Zhang YS, Beerhues L, Liu BY. Differential expression of
benzophenone synthase and chalcone synthase in Hypericum sampsonii. Natural Product
Communications 2012, 7(12): 1615-1618 (SCI, IF:1.242)

Huang WJ, Sun W, Wang Y. Isolation and molecular characterisation of flavonoid 3'-hydroxylase and
flavonoid 3', 5'-hydroxylase genes from a traditional Chinese medicinal plant, Epimedium sagittatum.
Gene 2012, 497, 125-130 (SCI, IF:2.341)

Khan MA, Han YP, Zhao YF, Korban SS. A high-throughput apple SNP genotyping platform using
the GoldenGate™ assay. Gene 2012, 494:196-201 (SCI, IF:2.341)

Khan MA, Han YP, Zhao YF, Troggio M, Korban SS. A multi-population consensus genetic map
reveals inconsistent marker order among maps likely attributed to structural variations in the apple

genome. PLoS ONE 2012, 7(11): e47864 (SCI, 1F:4.092)

35



R BRI R AR S R R SR 2012 SRR

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Li HY, Hu T, Fu JM. Identification of genes associated with adaptation to NaCl toxicity in perennial
ryegrass (Lolium perenne L.). Ecotoxicology and Environmental Safety 2012, 79: 153-162 (SCI,
1F:2.294)

Li HY, Luo HJ, Li DY, Hu T, Fu JM. Antioxidant enzyme activity and gene expression in response to
Lead stress in perennial ryegrass. Journal of the American Society for Horticultural Science 2012,
137 (2): 80-85 (SCI, 1F:0.938)

Li M, Sha AH, Zhou XA, Yang PF. Comparative proteomic analyses reveal the changes of metabolic
features in soybean (Glycine max) pistils upon pollination. Sex Plant Reprod 2012, 25: 281-291 (SCI,
IF:1.869)

Li YG, Miao FP, Geng YH, Lu DY, Zhang CW, Zeng MT. Accurate quantification of astaxanthin from
Haematococcus crude extract spectrophotometrically. Chinese Journal of Oceanology and
Limnology 2012, 30(4): 627-637 (SCI, 1F:0.498)

Li ZZ, Han QX, Chen YY, Li W. Microsatellite primers in the endangered quillwort Isoetes
hypsophila (Isoetaceae) and cross-amplification in /sinensis. American Journal of Botany 2012,
e184-e186 (SCI, IF:2.664)

Li Z7Z, Wang CH, Liu YH, Li JQ. Microsatellite primers in the Chinese dove tree, Davidia involucrate
(Cornaceae), a relic species of the Tertiary. American Journal of Botany 2012, ¢78-e80 (SCI,
IF:2.664)

Liang Q, Wei GY, Chen JJ, Wang Y, Huang HW. Variation of medicinal components in a unique
geographical accession of horny goat weed Epimedium sagittatum Maxim.(Berberidaceae).
Molecules 2012, 17, 13345-13356 (SCI, IF:2.386)

Liang ZC, Sang M, Wu BH, Ma AH, Zhao SJ, Zhong GY, Li SH. Inheritance of anthocyanin content
in the ripe berries of a tetraploid X diploid grape cross population. Euphytica 2012, 186:343-356 (SCI,
IF:1.554)

Liu GT, Wang JF, Cramer G, Dai ZW, Duan W, Xu HG, Wu BH, Fan PG, Wang LJ, Li SH.
Transcriptomic analysis of grape (Vitis vinifera L.) leaves during and after recovery from heat stress.
BMC Plant Biology 2012, 12:174 (SCI, 1F:3.447)

Liu QZ, Gu C, Zong XJ,Wang JW. Frequency and distribution of S-alleles in a native population of
Chinese cherry (Prunus pseudocerasus Lindl.). Journal of Horticultural Science & Biotechnology
2012, 87(2): 144-148 (SCI, 1F:0.637)

Liu W, Yan J, Li JQ, Sang T. Yield potential of Miscanthus energy crops in the Loess Plateau of China.
Global Change Biology Bioenergy 2012, 4, 545-554 (SCI, IF:3.617)

Lu Y, Luo YB, Huang SQ. Effects of soil moisture and floral herbivory on sexual expression in a
gynodioecious orchid. Journalof Systematics and Evolution 2012, 50(5): 454-459 (SCI, IF:1.596)
Meng AP, Zhang ZG, Li JQ, Craene LRD, Wang HC. Floral development of Stephania

36



R BRI R AR S R R SR 2012 SRR

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

(Menispermaceae): impact of organ reduction on symmetry. International Journal of Plant Sciences
2012, 173(8): 861-874 (SCI, IF:1.643)

Potts SM, Han YP, Khan MA, Kushad MM, Rayburn AL, Korban SS. Genetic diversity and
characterization of a core collection of Malus germplasm using simple sequence repeats (SSRs).
Plant Molecular Biology Reporter 2012, 30:827-837 (SCI, 1F:2.453)

Sen L, Fares MA, Su YJ, Wang T. Molecular evolution of psbA gene in ferns: unraveling selective
pressure and co-evolutionary pattern. BMC Evolutionary Biology 2012, 12:145 (SCI, IF:3.521)

Shi HT, Wang YP, Cheng ZM, Ye TT, Chan ZL. Analysis of natural variation in bermudagrass
(Cynodon dactylon) reveals physiological responses underlying drought tolerance. PLoS ONE 2012,
7(12): e53422 (SCI, IF:4.092)

Shi HY, Zhang YX, Sun W, Chen L, Su YN, Zhang DS. Molecular characterization of pear
1-aminocyclopropane-1-carboxylate synthase gene preferentially expressed in leaves. Journal of
Agricultural Science 2012 4(6):72-79 (SCI, IF:2.041)

Song C, Guo J, Sun W, Wang Y. Whole genome duplication of intra- and inter-chromosomes in the
tomato genome. Journal of Genetics and Genomics 2012, 39, 361-368 (SCI, IF:1.883)

Tian H, Kang M, Liu YF, Ye QG, Yao XH. High genetic diversity in remnant natural populations of
Mpyricaria laxiflora, a species once considered to be extinct in the wild. Aquatic Botany 2012, 103:
48-53 (SCI, IF:1.516)

Wang K, Li M, Gao F, Li SQ, Zhu YG, Yang PF. Identification of conserved and novel microRNAs
from Liriodendron chinense floral tissues. PLoS ONE 2012, 7(9): €44696 (SCI, 1F:4.092)

Wang N, Fang LC, Xin HP, Wang LJ, Li SH. Construction of a high-density genetic map for grape
using next generation restriction-site associated DNA sequencing. BMC Plant Biology 2012, 12: 148
(SCI, 1F:3.447)

Wang T, Chen GP, Zan QJ, Wang CB, Su YJ. AFLP genome scan to detect genetic structure and
candidate loci under selection for local adaptation of the invasive weed Mikania micrantha. 2012,
PLoS ONE 7(7): 41310 (SCI, IF:4.092)

Wang T, Su YJ, Li Y. Population genetic variation in the tree fern Alsophila spinulosa (Cyatheaceae):
effects of reproductive strategy. PLoS ONE 2012, 7(7): e41780 (SCI, 1F:4.092)

Wang XQ, Liu YL, Yang PF. Proteomic studies of the abiotic stresses response in model moss -
Physcomitrella patens. Frontiers in Plant Science 2012, 3: 258 (% %4101 11)

Wang YC, Zhang L, Man YP, Li ZZ, Qin R. Phenotypic characterization and simple sequence repeat
identification of red-fleshed kiwifruit germplasm accessions. Hortscience 2012, 47(8): 992-999 (SCI,
IF:0.778)

Wang ZW, Gao L, Liu HZ, Mei SY, Zhou Y, Xiang CP, Wang T. Genetic and cytological analysis of a

new spontaneous male sterility in radish (Raphanus sativus L.). Euphytica 2012,186:313-320 (SCI,

37



R BRI R AR S R R SR 2012 SRR

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

IF:1.554)

Wu BH, Zhao JB, Chen J, Xi HF, Jiang Q, Li SH. Maternal inheritance of sugars and acids in peach (P,
persica (L.) Batsch) fruit. Euphytica 2012, 188: 333-345 (SCI, IF:1.554)

Wu JJ, Peng XB, Li WW, He R, Xin HP, Sun MX. Mitochondrial GCD1 dysfunction reveals
reciprocal cell-to-cell signaling during the maturation of Arabidopsis female gametes. Developmental
Cell 2012, 23: 1043-1058 (SCIL, IF:14.03)

Xie Y, Liu L, Fu JM, Li HY. Genetic diversity in Chinese natural zoysiagrass based on inter-simple
sequence repeat (ISSR) analysis. African Journal of Biotechnology 2012, 11 (30): 7659-7669 (I
At 1 B 393 1))

Xin HP, Zhao J, Sun MX. The maternal-to-zygotic transition in higher plants. Journal of Integrative
Plant Biology 2012, 54 (9): 610-615 (SCI, IF:2.534)

Yan J, Chen WL, Luo F, Ma HZ, Meng AP, Li XW, Zhu M, Li SS, Zhou HF, Zhu WX, Han B, Ge S,
Li JQ, Sang T. Variability and adaptability of Miscanthus species evaluated for energy crop
domestication. Global Change Biology Bioenergy 2012, 4: 49-60 (SCI, IF:3.617)

Yang AH, Zhang JJ, Tian Hua, Yao XH. Characterization of 39 novel EST-SSR markers for
Liriodendron tulipifera and cross-species amplification in L. chinense (Magnoliaceae). American
Journal of Botany 2012, e460-e464 (SCI, IF:2.664)

Yang M, Han YN, VanBuren R, Ming R, Xu LM, Han YP, Liu YL. Genetic linkage maps for Asian
and American lotus constructed using novel SSR markers derived from the genome of sequenced
cultivar. BMC Genomics 2012, 13: 653 (SCI, 1F:4.073)

Yao XH, Deng JY, Huang HW. Genetic diversity in Eucommia ulmoides (Eucommiaceae), an
endangered traditional Chinese medicinal plant. Conservation Genetics 2012, 13:1499-1507 (SCI,
IF:1.61)

Ye QG, Bunn E, Dixon KW. A ballistic pollen dispersal system influences pollination success and
fruit-set pattern in pollinator-excluded environments for the endangered species Synaphea stenoloba
(Proteaceae). Botanical Journal of the Linnean Society 2012, 170: 59-68 (SCI, IF:2.821)

Zhang JJ, Ye QG, Gao PX, Yao XH. Genetic footprints of habitat fragmentation in the extant
populations of Sinojackia (Styracaceae): implications for conservation. Botanical Journal of the
Linnean Society 2012, 170, 232-242 (SCI, 1F:2.821)

Zhang LL, Pan Y, Fu JM, Peng JH. Season, environment stress and refrigerated storage affect
genomic DNA isolation of tung Tree. American Journal of Plant Sciences 2012, 3, 1562-1567 (}&
At [ B 391 )

Zhang PP, Fu JM, Hu LX. Effects of alkali stress on growth, free amino acids and carbohydrates
metabolism in Kentucky bluegrass (Poa pratensis). Ecotoxicology 2012, 21: 1911-1918 (SCI,
IF:2.355)

38



R BRI R AR S R R SR 2012 SRR

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)
73)

74)

75)

Zhang Q, Li J, Zhao YB, Korban SS, Han YP. Evaluation of genetic diversity in Chinese wild apple
species along with apple cultivars using SSR markers. Plant Molecular Biology Reporter 2012, 30:
539-546 (SCI, IF:2.453)

Zhang Q, Ma BQ, Li H, Chang YS, Han YY, Li J, Wei GC, Zhao S, Khan MA, Zhou Y, Gu C, Zhang
XZ, Han ZH, Korban SS, Li SH, Han YP. Identification, characterization, and utilization of
genome-wide simple sequence repeats to identify a QTL for acidity in apple. BMC Genomics 2012,
13:537 (SCI, 1F:4.073)

Zhang ZG, Meng AP, Li JQ, Ye QG, Wang HC, Endress PK. Floral development of Phyllanthus
chekiangensis (Phyllanthaceae), with special reference to androecium and gynoecium. Plant
Systematics and Evolution 2012, 298: 1229-1238 (SCI, 1F:1.335)

Zhong CH, Wang SM, Jiang ZW, Huang HW. ‘Jinyan’, an interspecific hybrid kiwifruit with brilliant
yellow flesh and good storage quality. Hortscience 2012, 47 (8) : 1-4 (SCI, IF:0.778)

Zhou'Y, Yau YY, Ow DW, Wang Y. Site-specific deletions in the tomato genome by the CinH-RS2 and
ParA-MRS recombination systems. Plant Biotechnology Reports 2012, 6, 225-232 (SCI, IF:1.187)
Zhu TT, Nevo E, Sun DF, Peng JH. Phylogenetic analyses unravel the evolutionary history of NAC
proteins in plants. Evolution 2012, 66-6:1833-1848 (SCI, IF:5.146)

TR, WG, AR JRATIRENE X 2 AR R A R AR B R . b AR, 2012(1): 118-125
(CSCD)

B, Pk, IMERL, P, 2ol JE TR rpsle JEANZIE A ITS J7 BOWt o8 K% s &
GihiE. PR ZEIR, 2012, 30(5): 431-436 (CSCD)

HF, IV, R, o i X IR A A 2 e A BRI A i R PR VY. LR, 2012
(8): 1250-1255 (CSCD)

DUk, kg, @it NI SR HERE AR ICST SR R A AR 22 R R LN RURE 27 ) i A &5
f. EYIZFERE, 2012, 20(4): 460-469 (CSCD)

F, G RNAR, ERE. BT A R 2 42 R 4 O A B R S AR RE TR R E M AL e
k224 (BRBIEAR), 2012, 51(3): 108-113 (CSCD)

WO, EE, B wiHMEAS IR EOR. JET5EZ, 2012(17): 126 (FLE)

BRIEGE, MReRZE, BANAL, TBE OGRS LR TE RN W& B . YRR, 2012,
30 (4) ,415-422 (CSCD)

I, Er, Ak, RS ARG AAOR WG R A A G5 RS BT S AR
2222, 2012, 30(4): 358-365 (CSCD)

SRPESE, WIS, I WETTRENR GO A T R BRI SR, B RNE, 2012,
29(7): 1094-1099 (CSCD)

39



R BRI R AR S R R SR 2012 SRR

2. LE

PRI, BORAL, ZIERE, Hth, S K, TN B, SRRA, XK, 0,
KA, SIWEG, FRME. BRIRR R o R BRI IR, Rl AL, 2013

3. Himn
RFh &R ki FE—HA RAEHLR o 18] RFIEH S
Epﬂfjml FAc TR %ggzgzﬁﬁ 2011.12.30 | (2011) 25 22 %5
ﬁi% & %%fg ESN ?ﬁﬂ%ﬁiﬁiﬁﬁﬁ% 2012.6.8 | 76201155015 %5

4. EF

FBER) 7 1

1D — R o B 2R R o I 70 (LR ZL 201110164992.8, 3EHE. ZE3H)

2) BRI RAR A RO i (B RS ZL 200910062371.1, RNz #2530, BRI, F26HME)
3) PRI PO B VL (LGRS ZL 201110029788.5, KA. #IEAED

4) MWRBRZE - HGS 2lCE  7vE (CBAS: ZL200910272509.0, 3 B, 3&Z3%)

5) R A R R Bk CEA S Z1200910272508.6, 3% e, M)

6) WHSH-ERIZ4] DNA 15057 (GRS ZL201110453531.2, @M. 5K

70 A e R i FE R 4L DNA 85077 (BRI ZL201110454394.4, 24218 5KIZBE)
I LA 2 T

1) Rl 2530 S L% 0775 (PGS 201210056944.1, FPS. T 5

2) PGP R R IR R ) s (A 201210378866.7, AR, )

40




Hh R BRI R B BDET S R C ARl R R SR

2012 FE4R

= ANRfER

L B BEARRRE

u & B TAERALL HEHHRE
HEERR HFz. bk Herpflr Koy YETATE
375 B ¥z, kit Herpflr Koy TAE
YRA . KIL#HE | Rl A
= DU . KL | Rl A
W Hx Blgny /SN A
LI Hx e E PN A
RASKI W9 5 H R B R e A
e HIx R RR 7 e Ko A Rk o B A
FRPE W9 B Hh R e LA A A B AP A
ESEME W 5 Hh R B e F R Dl A
ML W9 i R A B L 5 K/ AU A
LEZSS W9 B Hh R RR 7 e K A2 R ik 5 i A
AL W9 B Hh R g DU A
kA ke W9 B Hh R g DU Dl A
LR W9 B LR 2 7] A
OB W9 i Hh R g DU Dl A
T W9 i Hh R g e DU D A
(LN W9 B Hh R g DU Dl A
7N W9 B Hh R g DU Dl ISH

2. EREREBEARLE (GHFEBRRZERPEEHR)

F A BJE
peg | e e |- B % | BE | HEA
=1 ‘EH =27
1 FERLIE 5 1975.9 | KM {4 57 i i
N ) GISRM
2 4R L 1961.12 | [l &% fit o W5 5 WY
] AT
3 2R 4 Ci 1975.10 | th2% fii+- 57 i
4 i Hi B 1968.11 | fEMHtEE R | A 5% i 5%
5 L 5 1957.1 | [l &2 {1 W 5 W
6 2Rt LE] 1954.11 | #i¥y2# - WL Wt
TN S .
7| F@t | B | 19579 | HZ bk it ) 9T i W5
= AT
8 BN 5 1962.5 | KM fini+- 57 i

41




Hh R BRI R B BDET S R C ARl R R SR

2012 FE4R

9 | EMHE 5 1967.3 | fHA) f#t HIF9T 5 W5
100 | £ K | 195510 | % i 5T 5 W
11| £ #E % 1969.3 | =ML f# L 9T 01 W
12 | £ B % | 1973.10 | AL -t IF9T 5 W5
13| £ 5 W] 1968.10 | ki TS 5T 5 W
14 | RET % 1963.6 | fHA# i1 IS W
15 | i % 1975.7 | FEEECURAS: | WL W
16 | #HELE 5o 197212 | Mt [ WFFL i W5
17 | g3 % 1982.7 | W& it RIBIEFT D W5
18 | ZEIEHE 5 1965.6 | A2 ol RIBIFE 1 W5
19 | A= % 1977.3 | {H9*¥ VR RIBIFIT 1 W
20 | FEAR W 196611 | ki [ RIS G2 W5
21 | & Bl 1974.10 | AEEE -t I 5 W5
22 | AR 5 1967.5 | fHA) [V RIBIFIT 1 W
23 | & 9% 1982.1 | KEEW¥ f# L RIBIFIT b W
24 | TEREAE W] 1978.12 | RlEBifE -t RIS 2 W
25 | EEA 5 1973.9 | f2% it IR 5 W
26 | EfEE 5% 19802 | K& [ RIS W5
27 | A & | 1982.10 | HHs it I 5 W5
28 | B M 5% 1979.6 | fHA)¥ VR IR 5 W
29 | Wkt W 197511 | M [ RIS W5
30 | 3 BE 5 1962.7 | [WZ% it -+ RIBIFT 1 W5
31 | sRaeH 1@ 1980.9 | 4% [ R G W5
32 | EPRaL 7 1968.2 | fHA)# it RIBIFIT b W
33 | Bi % 19822 | fEWIAEDIECR | it B HAIFAT O W5
34 | HE#E 5o 1979.12 | Kie# TS B FAF T R W5
35 | Bk oW | | 198210 | fEWF S B BRAI 5T 0 W
36 | B R by 1981.2 | f#sFisuts: | it BhBEAFF 5T DA W
37 | w % L2l 1981.5 | tH)*¥ [V BRI ST 51 W
38 | & 9% 1985.8 | K& S B BRAF 5T 0 W
39 | fA[AmN % | 1977.11 RIS 1 B FER T A W
L/ ES N
40 | W % 5| 1981.10 | 1 B FER T A W
41 | IR % 1981.5 | fHA)% -t BhBEAFF 5T DA W

42




H E R BRI TR BRr R T SRS 2012 R
42 | Bt % 19822 | TEW -t B HAIFT O W5
43 | HFKRD % 1983.5 | fHA - B FEAF T R W
44 | F K 7| 1985.12 | ke S B BRAI 5T D W
45 | F 9% 1984.1 sy 1 B FER T A W
T
46 | e Py 1980.2 AR 3 it BRI 5T 51 W%
B
47 | i % 1981.7 | Hi## TS B FEAF T R W
48 | JtiEE %o 1984.12 | KEEWF 1 B FER T A W
49 | F Hp 5| 1981.12 | Btk f# L B EER A W
50 | £ & %] 1976.12 "4 [V B FEAF T R W
51 | Ly % | 1983.01 | REEYF 1 B BS54 W
52 | EA % 1984.8 | /KB f# L B EER A W
53 | W % 1 1981.6 | 73 T/EW) Y VR BT ST 51 W
54 | Kt £ 1962.6 | &UFEHAE AT} T LI T BR
55 | FKAE 7| 197112 | B it 1 TR SN
56 | BB £y 1975.5 | 4 VR JUSIS HH
3. EEANA
5 N3 A FERT REFEG
1 SRS T ERRE R CE AR 2003 4
2 Bt o ERRERE AR 2004 4
3 g o ERRERE CE AR 2005 4
4 % T ERREE T AR 2008 4F
5 AR T ERREE T AR 2008 4F
6 Rl hERFERE “ | AR 2010 4
7 I T ERRE R CE AR 2010 4F
8 PR e T ERRERE CE AR 2011 4E
9 FRH4 T EREEBE CH AR 2012 4
4. ENIMEARBLGHEERIE
FF5 w4 FARALLIR R GER: AN
1 FHE | WAL HH 2009-
2 FUHE | FHERE R R R R R % 5 2010-2014
T E BB 2 R R D12 % b 2010-2014




Hh [ B2 B A AR S0 BT S R AR T USRI E 2012 R
WAL Do T SELEIRS 2008-
rb [ R A A itk 2008-2013
W E Y AR I e RIEZE S 2008-2013
b [ ] &2 4 g gt 2005-
I b &% 2Bk gy & o 2005-
Hh R A 22 S R 2 s i i 2006-
[ ] 252 A 4 FIEEEERIS 2001-
11TH International Conference on .
B 2010-2014
Grapevine Breeding and Genetics
B B AR PR B -
; B [ pr RSB (TUCN) WP PR 2006
LA
4 RO | PRI PEH 2008-2012
,_L,/K\/r/« #
s T o E )2 5 14 JE 25 R AR ) £h 2009-2013
R AR
‘ HHE Y R S RS R T .
6 + ! 2008-2013
N &
HHETE S B2 BRISAE A 25 26 DU Jm B
Pk ) 2010-2014
e
o | TR A s 2 R R AR 25 Tl .
7 OBt ) AT 2009-
%J\ Py
WAL B MY PR 2007-
WAEE A A PR 2009-
g o Asia Oceania Agricultural Proteomics Council 2011
Organization (AOAPO) Member
W E AW S S A S R AR .
2 2011-
N4
5 AN 324 B N
W E Y SRR SRR T 2R .. 011
DA
N s U ﬁ i_sz
9 gk R 2R B K2R 2 2 Tl - B R &5 2010
&S
10 B Hh [ e & 2 Sk o & HH 2010
[ ] 22 SR RELFLP5 K 2012-

44




[ RE A AR SR Bk (AP SR S 2012 FER
5. [ A S EARBIFIERURE B

5 w4 FEARIIT R M % IR TH]
1 FEUH4: | Current Analytical Chemistry AR G i 2011-2012

The Scientific World Journal TS 2011-

Asian Journal of Chemistry TR 2008-

2 4[| Ecotoxicology TR 2010-

3 i H#Z | Plant Molecular Biology Reporter Foll v 4 2008-

Canadian Journal of Plant Science i 2010-

4 Zigdt5® | Journal of Systematics and Evolution ] 2 G 2009-

5 5 414 Journal- International des Sciences de la Vigne R 2011.

et du Vin

(a2 240 fill 19 2006-

CRIEN) fil 3 i 2006-

CHII R A 22400 St 2010-

- puka RS 2011-

6 + PLoS ONE RS 2012-
(CEMZ FEED TR 2006-2013

45




R BRI R AR S R R SR 2012 SRR

MR NA B
1. 2012 “FEENVAF ST AE A7 R0 SCIB

z 14, ;Lfﬁ s | gty | S B
. R 2B ST A QT IR 1 A e R DR A e B
1 et |8 s - B IR AR
w5 ) + Bt e
. Fe T MR R 41 3L 21 Je 4 L DR 41 52 56 i )
KoOoho| 5| 2 e/ .
I e I B e,
. HECX e fh R I 4 AB R & Ak
5] = ;ﬁr 2 Ao Ak
30| mImE | | Ht ) AR AR [ B
. JIN ol I Y o 2 A A e B R MR TR H v
edy | 5| 1 2% Bt | 7
4 | FgHE | B EdE ) PRI S
. B AR RN DT IE R R I L AL AR
e 2, = /540
5 | B | | HL T PRI I LA ST
. FEY)H NAC FE R G i 5 874 Wi/ A2
o fs » Ny
6 | KEgEE | | HL T2 PRI NAM-B1 52 45 O
. | SRR R R R ERE AL R K
o ‘ e e i RS R R R ¥
7% OB L | WYY | BEX S 2 T
- i - s HrAERERE (Actinidia chinensis Planch) %1k
8 | PRl | & | it LS L D e
9 | 1 | 5| WL W2 W | BRI RNE 2 A5 S R R KL
10 | 5REWI | 5 | it W2 Zegdng | P ET SRR RFRA ISR AR
11| % | B Et )2 # e | 29 BTN $h % 5w M PEAL BT
4:—},4 \"El'% g \% A 3| i LQ E] \‘ NED s
ol wme || e . 1 2 ;iuﬂﬁll o el e BE R b o MR Y QTLs
13 | F | 5| it LS AR | BEUR AR IR AN A P b T IR A YA
=z AN 3 S L‘E\‘/\ HENS
| s | w | mie - s | T SSHI: I3 FhRic X BEVR A A I T B R
FEVEWFY
JR E| AN A 1 ~J_inli SURs
15 | e | m | mi —"— e ﬁf*fﬂi I 1) 40 A AR i R A B R st AL
Z RS
16 | YLONRN | & | it /IS RO | RIKFIHGEE ) 4 TR
ey HE SRR I L 2 B
7| wes | 4| B — T ?;ﬁl_]]\:;ﬁ P fE ) EE 120 @ 1 1t 4k 2 #
X R AR AEREAS [F) 435 P 1) 2% A8 S AR A 1 4 25 A
5% fiji 2 B
18| Bela | ) B R S s
19 | Hif@sE | 5| it W) R | BRI A Y A X R S RS
[i) el ok 5 o 2 2 2 B MR e e I FE R A
5| THE Il = i
20 | BRI | 4o | Wit T~ T DNA FEAL R
A 0Pl A o R 41 £ 2 03
o | o= | | wi —"— sy %'J?S*Jlsf PR VR A5 o R 5 DR 2 dot A B 3 WL v
AR ST
22 | & O | | Wi )2 FHEE | RRA 2 a R0 W e s A 2




R BRI R AR S R R SR 2012 SRR

W
23 | BB | | mk | RWRE | AR | RS Bk, FRINARR B DR A T
on | winktts | 0| mit | Eae | ek i*ﬂﬂ@ﬁﬁ&i)ﬁﬁﬁ@ﬁl*ﬂw%%’]‘@%ﬂ%
25 | GKVERE | 2o | Wk | MR | SR | REHLRLBORO B A 1 A B
6 | ki | 4| B | dwer | o |t EEIRGRATRAESA
2. FEEH LR
BRoEw] (RSN ZR%E)
WA (RSB0 HERD
3.2012 SEAERE WAL
FIH M
B w4 e £\l FH % 4 s L4
2008 H oot OBt Ly 2011 £ 5t il R LERY/ g
2008 VR T A e 2011 PG 4R K2
2009 e &Sk LEbY e 2011 YA il R w7
2009 A PR LERy/ES 2011 PNIEER 2o ey
2009 x| ot LEEY/E 2011 B WA LERY/E
2009 TR OBt M) 2011 LI it R M)
2009 27 RO ey 2011 4 I LEEy/ES
2010 W AR LEY/E 2012 NN Tyt ek
2010 [z B ET M) 2012 RSy i#h M)
2010 A ] ot LEy/ES 2012 o2 RO ey
2010 MR C5/8'e K2 2012 XK 5% F OB K2
MG : ABM. ‘
2010 TKIL S LERY/E 2012 T oBR ey
AR Khaldun
2010 o i H K2 2012 % fE T A K2
2010 + + LEk7/ES 2012 B Rl LEE7/ES
2010 TN RO K 2012 o il R K2
2010 %) AR K2 2012 - PR K2
2011 Jitk B RRS kS 2012 TP N HIGE K2
2011 % 2% ot ey 2012 K& FRE 4 A
2011 f whH% LERY/E

47




R BRI R AR S R R SR 2012 SRR

4. 2012 FAEEM LR A

M UM
G s a4 B H & s 24
2009 | VF oA EOBE LERY/ B 2011 | £ k| P A TR
‘ RN N \
2010 | #% % Btk K2 2011 | kAR | EIAE A T
2010 | ARVLHE el ey 2011 | EAL4E | VEEM YT
PR

2010 | X 9 | AEgum ey 2011 | EFIGE | M | AKEY) S
2010 | B4 | £ OBt K2 2011 | LK | E O BE | RS S
2010 | X A | FESL M) 2011 | BORZE | MR | AR SRR
2010 | FHhg | WP K 2011 | BEEE | #H2Z | S SRR
2010 | sk ROt K2 2011 | BN | E O BE | RS E
2010 | JRWRHE | R0 M) 2011 | XEAs | oAUE | AR ST
2010 | & Ah | ®ElEE LERy/ES 2012 | # H% | #EWIA ey

2010 | PhiERE | FHAA kS 2012 | Y | EIEE ELY/

2010 | 0 i | A4 | AR EIERE | 2012 | FFT | BP0 LERY/ e

2010 | S0EGE | MR | R ERERE | 2012 | B B | £ OB ey

2010 | SE4A | #HE | ARSI | 2012 | BEeEsA | OB ELY/

2010 | #L b | B4t A TR 2012 | FEIHIRE | Bkt LERY/ e

2010 | BAE | ER TR 2012 | B | ALK ey

2010 | EhHagE | W A TR 2012 | AEESE | AR ELY/

2010 | XJWR | R4EE A TR 2012 | SENME | AE4fE | AKEY) SR b
2011 | XA | BESC ey 2012 | #ESF | £ OB | RAREY SR
2011 | JuERR | EAER kS 2012 | MLLR | #HE | EAREYIS TR E
2011 | % WK | E M ey 2012 | RERL | SRR AW TR
2011 | 5k BB | BROG LERY/ B 2012 | WEWEW] | R4 A TR
2011 | i V| A Ly 2012 | Rkt | 200 A TR
2011 | 5k B | BP0 ek 2012 | AR EIEE ) TR
2011 | HE5H | ®mIEE LEk7/ES 2012 | {4 | WP Ay TR
2011 | Ul | IR TR 2012 | S | BHA TR
2011 | B XU | #hHE Y TR 2012 | AULpR | AR YT

48




R BRI R AR S R R SR 2012 SRR

5.2012 FRHRAEFRE —RR

FF5 IREAA TR KENR "IN
1 BRI L Wk 5

2 B A2 AT [ I3

3 BRI G INTE B

4 FPE s W o

5 FIPe s Bk

6 P A FALAE

7 Bt “URFHE T LI |

8 bt “RFHH T HERANY

9 Bt « =hFeEiR” 7p AN

10 Bt “ =ffepr” e

11 Bt “ =hfpr” Bt o

12 Bt “ —hfr” Bk

13 Bt “ ZhfR” W it e

14 Bt “ =hFeEE” TRIL IS R, SR
15 Bt “ ZhprAe” + 1H it
16 Bt “ =l aEE” ik B i
17 Bt “ =g Wk 95 2= 1E
18 Bt “ =ffepr” PMEES SO
19 Bt “ =l eEE” 4 MG LG
20 Bt “ —hfr” XIJ ] VR R
21 Bt “HF5 A [ I3 i R
22 BB St “AR T HEb A ¥R Sy PR
23 A E S “ARF5EEL A Bl 3 OB

49




R BRI R AR S R R SR 2012 SRR

I SESRH
1. 280 B B 22 AR S

=
; seR | awkn | R S LAY | smAK
b B BT FRE R | R BRI -
[ [ TR | RRPRIOCE | eAN - | o
R ROk | feesmaet | 7 A1 H
I
B W AFEM | Setsuko Komatsu
G = B A MY 2 11 H9 H-
2 2ﬁ$§;ﬁ;ﬁ it | Akme | gonmi | 0 150 A
it My | R
R
2. W H

2011 4E 8 H 4 H-2012 4 8 JJ 1 H, AHiflimIiF 5T o1k 52 [H The University of Texas at Austin #1&,
111 b5 2 44 (R B8 7 5K Jeffirey Z. Chen ZUZIMTE ST, FFREFFIT Mirl 72 X HAERE P 3k 1)
W

2011 4F 11 H 18 H-2013 42 H 24 H, VEGBEIIFT SE %E[E John Innes Centre, 7E3[E 55 F
Bt 2 R e B M 36 R B AR BE - Caroline Dean Z03% 45 5 T WS P T AL N 7] 7913
AL R BRI ST

1A 8 H-2013 4 1 H 8 H, fEAFMERAAILERNTEIT, £ZEEBIIENHPE: The
University of Waikato Dr. Michael Clearwater i, HI 14 M S BRI BEUZ 0 S /EWEIT -

1A 27 H-2 727 H, A8 IRATFT 53 kR 5 [ T s b 30 58 28 BEOMURT Aot & 10 S AR 73

3 019 H-23 H, FRWFFT 51k 26 [T AT SSAE 575 KM H AN S DhfefE FHHLEE ) S AERIETT .

3 25 H-29 H, 4050 ROEE 20190 5OBFTVE =2, 2300 “ 26— R A DR E R AS i 7
3 7130 H-4 J1 5 H, RIS GGERE BN, BE7 3 e 5i-1 R WE AL 5 R R Ry el
FEEL

4 7316 H-7 A 13 H, NINERWIFTEE RS BRI, B AT o iR, JF
JEEAT 2= B Ul 7)1 B BSO8R S AR

6 H 17 H-27 H, 4R 01N E 200 2012 HZ T Br 25 1508 Bt 2 i A I 5 S
RN

6 H 18 H-22 H, EBMFTRBESTESN “21 HARBRKEAER W7, IHE TN
“Comparative Genomics of major Euphorbiaceae species” k5 .

8 H 15 H-21 H, EBEWIFE Gk, IT 25 A vT 7 20 TT KA A 10T 9T

8 H 26 H-30 H, EIEWIFT Ok G20 “ S IV OOMBHER A [ bR 27, FFAE T “ A iAo
P R EAEMACHE ST R T AR R

10 H 4 H-10 H, FEIHAHFIT L E S N5 28 i ASILOMAR 28 OFURE/E 6 i % 4 5 U E 45l

50




R BRI R AR S R R SR 2012 SRR

JFHIN D, JF4E T @4 “Studies on plant flavonoid and their non-covalent complexes” [ 75 o

10 24 H-27 H, EBEWISTGGEEEE, ZnekE 2 b2 2012 fE4Es, JHE TR0 “ 25
VIR FRE R A 20 RS

11 311 H-15 H, FRWIFTOENECRNE, S RGN 2 P2 R4 AR R s .

3. RViEz)

4 H 14 H-16 H, N FOMREGT R 8, bR 2 KRR MR 7 A e K R
HAIT KA Tan Max Meller 0% TR UL %, siA ) Rh 1 00 8 B B2 4 00T JE 29 R A Ui
5721 H-28 H, Rk 2090 od 8, 56 [ e R AR K7 Ksenija Gasic 18 ok 5 sk %, At
T E B S g AL 2 U e AR AT«

6 H 25 H, NARITIT R I, SEE bR PR b sl Aok = i s, iy Emes
S FNBE PR A 2T 50T 2 AR AT W

8 H 7 H-10 H, Nk H ST 505 s, Frot = S50 Andrew Allen I 5T 53 K 5 £
S, RS (WU R AEARA R .

8 H 4 H-16 H, NAZ UG R i, Forg2mmsamdl st xX. DARESAEDIIGI. 3
WK Setsuko Komatsu KT iS85, sUAEA) & B BT A H ST RS 1RSI -

9 H 10 H-11 A 10 H, ik HEZW ARSI, PRIBERFISITIT 0 5E E GHRITE JHRF Korban S
Schuyler ZUHR T i SER %, HUF RILK 4 27 57> 1 HMIF R S 1EAS .

10 J 6 FI-11 7 29 H, NAFOmmist s iigas, B e 2 i A il s 5. DA E AR
Bt SRBKF Setsuko Komatsu IR E mi S =, LA R 1 AL AP 00T RE S VR AT AL

12 )25 H-26 H, M= #UEREST O, SEEBFEBR L. s AR T ARl Ak A A
PR 2005, P A AU R R AT AL

4. FARME
F5 iNp [l WwEAN W& N AL w & & H
L/ AEgEa } PYAN
| R L2 iﬁ%%z%ﬁ%%ﬁ%ﬂ?ﬁbnfﬁ&
1 4 H11H W AR N 2 5 T 10 B 41 T BT AR
e ST e
an

2 4 H16 H Ian Max Mgller P17 B K2 FEYFF 710 8 R4 Ao

IKRB AR A B B 7 R A 1

3 | sAun e Sl
S N Db

. . Peach breeding program at clemson
4 5 H21 H Ksenija Gasic | 2 [y SRR K2

university
_ FLEIERZ KK | Gene ontology annotation of the rice
5 6 H25H H DI N
2 blast fungus, Maganaporthe grisea

51




Hh R BRI R B BDET S R C ARl R R SR

2012 FE4R

Setsuk Concept and Technique of Proteomics:
t
6 8 H6 H eeie FIUA SR K2 Application of proteomics to functional
Komatsu
analysis of soybean
Setsuko . Application of Proteomics to
7 8 H7H H ARSI R 2 _ ) _
Komatsu Investigate Stress-induced Proteins
Korban S . Genomic analysis of the flavonoid
8 9H4H 5 AR VAR A . .
Schuyler biosynthesis pathway
Osmotic Stress Sensing and
9 12 H 25 H KA h e R Hp 9 KA o
Signaling in Plants
5. 7ERT TR

P RE&%

L Iz 3B S A2 1R ] __ | ;AFEA WIEZRIA

= Jio
RAFHO L R (1) 255 50 A 1)

1| W MR ARIA R B SR 205 | 2011.1-2012.12 3 WA | R FH i DR 21 2
(R REAL AR (PRI
SEH MAMYBI0 [R5 EE R ) 7

2 2011.1-2012.12 3 AP | o1
IR RS o
GARAE T SRR AW & S AL RIRLGW DG L

3 2011.1-2012.12 3 (RSN
MBS Y
KN S PR 5T 2 S i JE

4 2011.1-2012.12 3 IRIKIE | SeEpf 5T B s o
BT " S
i S EEAN B IS B Rfo (1)

5 2011.1-2012.12 3 XS | R AL
RIS R e

6 | BBk EmAE AR C FUREIHT A E | 2011.1-2012.12 3 XK | AR E L
EERERE D ZAGEERRIA

7 2011.1-2012.12 3 TRAG | LT RESE A 20 2
RG22 A U AR PERT 5 P R
T ol 3 AR S HE PRl PaNAC 1 b,

8 2011.1-2012.12 3 Fese | E EAE Y
e SIS . -
JNZR-SEVEE 1 =IO A2 E et

9 2012.9-2014.8 3 FMGR | FleE AL
P05 PR ALY e

TE R VE R A A S IE DA

o | RIS | osotas | 3 | o | s e
et
AN TR A A A i e I L 2 1 o TR B )

11 2012.9-2014.8 3 &

M 2

52




Hh R B A AT SR AR RS S 2012 AR

AN ER 3 &

FF5 B 7= 2R RSP g (o HE
1 PCR mastercycle5333 9.4 15
2 AN Fastprep220 6.9 1
3 ALK RS Direct 8 7.1 3
4 W Ly INr 11.4 3
5 AN PE-LAMBDA45 18.4 1
6 RSO EAX Ffigik CR-300 6.8 1
7 LR LB AX ALPHA-I1S2200 10.9 3
8 IS REERT € 165-3804 6.6 2
9 B PCR X Mastercycler pro 7.2 3
10 LUK AX 6.1 2
11 L 22.1 1
12 AR DAL 11.1 6
13 0L 5810R 6.4 3
14 Vit KB240 6.2 1
15 VRFF €8 1 T A3 TSQ Quantum Access MAX 151.3 1
16 R (A 25 T4 Delta V Advantage 179.8 1
17 B TAR A X series 141.3 1
18 485 OGS 1E FHAY LI-6400 XTP 31.1 1
19 485 S I 2 229X PAM-2500 29.3 1
20 Al A Cyflow Space 28.3 1
21 & PCR X CFXconnect 19.4 1
22 BNIRYAE R Gt refrigerated centrivap 11.8 1
23 AU LS TS IR A 7890A+5975C 97.9 1
24 FAR L1 Quanta250 104.4 1
25 T AEROE R R LGR908-0011 50.2 1
26 B S IIN R S G2301. ZENO 140.3 1
27 HENHIX AT 55 PICARRO G231 89.3 I

COASTAL ZENO
28 77N 1'e MK3 5.4 1
29 R L R R AT A 5.4 1
30 R J) HL KA PROTEINi12IEF system 12.9 1

53




Hh R B A AT SR AR RS S 2012 AR
31 R XP6 18.3
32 SN Ot 5E B PCR X Stepone Plus 22.0
33 b ST VLT RN LC-20AT 27.1
34 SR 9% 5 1 PCR Al R 4¢ 7500 FAST 39.7
35 KR it J G A A 4 K-BA100R 16.6
36 AL T 3730 164.5
37 Z Uit 4ot R4 CyFlow Cube8 35.7
38 TR T A ETHOS ONE 225
39 RRREFRRABRAEE T PRTOEAN i12 IEF 21.7

LKAl
40 T LT RN 1260 533

54




Genomics 100 (2012) 110-115

Contents lists available at SciVerse ScienceDirect

=
GENOMICS |

Genomics

journal homepage: www.elsevier.com/locate/ygeno =

Expression profiling of ABA pathway transcripts indicates crosstalk between abiotic

and biotic stress responses in Arabidopsis

Zhulong Chan *

Key Laboratory of Plant Germplasm Enhancement and Specialty Agriculture, Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China

ARTICLE INFO ABSTRACT

Article history:

Received 13 April 2012
Accepted 7 June 2012
Available online 16 June 2012

Recent breakthrough on identification and characterization of PYR/PYLs as ABA receptors enables us to better
understand the perception, signaling and transportation of ABA in plant. Based on publicly available microar-
ray data, transcriptional levels of ABA signaling pathway core components were compared after stress and
phytohormone treatments, including these involved in ABA metabolism, signal transduction, and catabolism.
The results showed that both abiotic and biotic stress treatments increased the expression levels of ABA key

f:ebigglrf icid metabolism and catabolism transcripts. The expression levels of PYR/PYLs were down-regulated and these of
Stress response PP2Cs and ABFs were uniformly up-regulated after exogenous ABA application and under stress conditions.
PYR/RCAR The results indicated that the increased ratio of PP2Cs:PYR/PYLs might be required for activation of the
PP2C downstream ABA signal pathway under both abiotic and biotic stress conditions. We concluded that abiotic
SnRK and biotic stress responses shared ABA signal pathway in Arabidopsis.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

The plant hormone ABA regulates many key processes in plants
and serves as an endogenous messenger in biotic and abiotic stress
responses [1-3]. Abiotic stress such as drought and high salinity re-
sults in strong increases of ABA levels accompanied by a major change
in gene expression [4-7]. To date, many ABA signaling components
have been identified. ABA receptors have until recently remained
either elusive or contested. A family of novel START domain proteins,
known as PYR/PYLs (also known as RCARs), were identified as ABA
receptors by separate research groups. The results showed that sever-
al PYR/PYLs interact with and inhibit clade A PP2Cs [8-11]. Seventy-
six Arabidopsis genes were identified as PP2C-type phosphatase can-
didates [12,13] and six of the nine PP2Cs in clade A have been
identified as negative regulators of ABA response [14-19]. In contrast,
SnRK2s act as positive signaling components in ABA signaling
[3,20-23]. The default state of the SnRK2 protein kinases is an
autophosphorylated, active state, and that the SnRK2 kinases are
kept inactive by the PP2Cs through physical interaction and dephos-
phorylation [10]. PYR/PYLs interact with and are able to inactivate
the PP2Cs after binding ABA. The ABA-bound receptors also disrupt
or decrease the interaction between the PP2Cs and the SnRK2s, thus

Abbreviations: ABA, abscisic acid; PP2C, protein phosphatase 2C; SnRK, sucrose
nonfermenting (SNF)-related kinase; ABF, abscisic acid-responsive element binding
factor; PYR/PYL, PYRABACTIN RESISTANCE 1/PYR like; RCAR, regulatory components of
ABA receptor.

* Fax: +86 27 87510251.
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0888-7543/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygeno0.2012.06.004

preventing the PP2C-mediated dephosphorylation and thereby re-
lieving inhibition of the SnRK2s [10]. Accumulation of phosphorylated
SnRK2s leads to subsequent phosphorylation of the basic leucine zip-
per (bZIP) transcription factors called ABFs/AREBs [24,25]. The ABFs
then bind to ABA-responsive promoter elements (ABRE) to induce
the expression of ABA-responsive genes [26].

ABA response eventually leads to changes in gene expression. Ex-
ogenous ABA as well as conditions that increase endogenous ABA re-
direct the expression of part of Arabidopsis genome [4,5,27,28].
However, it is not clear how short-term and long-term stress and
phytohormone treatments affect expression levels of ABA pathway
core components. Recently, two groups found that ABA and abiotic
stress conditions or treatments altered the relative levels of PYR/
PYL/RCAR and PP2C family members and increased the PP2Cs:PYR/
PYLs ratio [11,29]. These results indicated that higher PP2Cs:PYR/
PYLs ratio would lead to a desensitization of the ABA response. How-
ever, these data were obtained from one specific time point and only
three abiotic stress conditions were applied in one study. Further-
more, only several ABA signaling transcripts were included in these
manuscripts. Considering at least 252 different receptor/PP2C/
SnRK2 complexes (14 receptors x 6 PP2Cs x 3 SnRK2s) in Arabidopsis,
it is important to understand how different stresses and ABA treat-
ment change the expression of the whole ABA pathway transcripts
and thus alter the sensitivity and plasticity of the response. In addi-
tion, the high dynamic range of ABA levels intrigues us to check dy-
namic changes of these transcripts under stress conditions.

In this study, we reported transcriptional profiling of Arabidopsis
ABA pathway core components after abiotic stress, biotic stress and
plant hormone treatments based on publicly available microarray
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Abstract. Epimedium species are traditional Chinese medicinal plants as well as potential groundcover and ornamental
plants. In this study, genome size and genome structures of Epimedium species were investigated using flow cytometric and
fluorescence in situ hybridization (FISH). The nuclear DNA content of Epimedium species ranged from 8.42 pg/2C
(8230.7 Mbp) to 9.97 pg/2C (9752.8 Mbp). The pairwise nucleotide diversity () of the fragments of the genes for reverse
transcriptase (r7) of Tyl-copia retrotransposon within a species of ¢ fragments ranged from 0.251 to 0.428 in 10 Epimedium
species. Phylogenetic analysis of the sequences revealed four major clades with the largest subclade containing 72 sequences
of relatively low nucleotide diversity. FISH indicated that Tyl-copia retrotransposons are distributed unevenly along the
pachytene chromosomes of E. wushanense and E. sagittatum, mostly associated with the pericentromeric and terminal
heterochromatin. The relatively low sequence heterogeneity of Tyl-copia rt sequences implies that the Epimedium genomes
have experienced a few relatively large-scale proliferation events of copia elements, which could be one of the major forces

resulting in the large genome size of Epimedium species.

Epimedium L. (2n = 2x = 12), referred to
as yin yang huo in Chinese, belongs to the
basal eudicot plant family, berberidaceae. The
genus of Epimedium is composed of more than
50 species (Stearn, 2002), most of which are
widely distributed in China and commonly
used as traditional Chinese medicinal herbs
(Ying, 2002) and as ornamental plants (Stearn,
2002). In particular, Epimedium species are of
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great interest because of their pharmacological
properties in the treatment of impotence,
spermatorrhea, infertility, amenorrhea, and
in improving menopause symptoms (Wu
et al., 2003). In China, Herba Epimedii is
usually comacerated in wine with other tradi-
tional medicines contributing to prevent dis-
ease and strengthen immunity (Ma et al.,
2011). Four flavonoids, epimedin A, epi-
medin B, epimedin C, and icarrin, were
believed as the major active components in
Epimedium and were regarded as markers
for quality control (Chen et al., 2007; Xie
and Sun, 2006; Xie et al., 2010). Five spe-
cies are officially recorded as medicinal plants
in the Chinese Pharmacopoeia, including
E. brevicornum Maxim, E. sagittatum (Sieb.
et Zucc), E. pubescens Maxim, E. wushanense
T. S. Ying, and E. koreanum Nakai (Chinese
Pharmacopoeia Commission, 2005).

Repetitive DNA is the major components
of plant genomes (Kubis et al., 1998), which
is the primary determinant of genome size
and structure and plays an important role in
genome evolution. Plant genome size differs
as a result of variable amounts of repetitive
DNA (Bennett and Leitch, 2011; Flavell
et al., 1974). Polyploidization, unequal recom-
bination, and illegitimate recombination lead-
ing to plant genome expansion and contraction
may be the major driving forces for plant
genome size variation (Bennetzen, 2002).
Moreover, retrotransposon insertions through
a “copy and paste” mechanism also can in-
crease host genome size rapidly (Hawkins
et al., 2006; Piegu et al., 20006).

Known as the most abundant repetitive
DNA, plant transposable elements (TEs) are
classified as RNA-mediated TEs (Class 1)

and DNA-mediated TEs (Class 2) according
to their transposition intermediate (Feschotte
et al., 2002). Class 1 TEs are divided into
long terminal repeat retrotransposons (LTR)
and non-LTR retrotransposons. LTR etro-
transposons can be further classified as
Tyl-copia and Ty3-gypsy elements based on
the order of their coding domains. Tyl-copia
group retroransposons have been shown to be
present throughout almost all plant genomes
with high copy numbers (Flavell et al.,
1992a). Sequence analyses of polymerase
chain reaction (PCR) fragments of reverse
transcriptase conserved domains have revealed
very high degrees of sequence heterogeneity
in many plants (Flavell et al., 1992b; Kumar
et al.,, 1997). Phylogenetic studies of these
LTR retrotransposon families provide infor-
mation of unknown genomic components and
suggest causes of genome size variation.

Most recent studies on Epimedium have
concentrated on its chemical composition
(Jiang et al., 2009; Wu et al., 2011; Zhao
et al., 2008), pharmacological properties
(Wong et al., 2009), phylogenetic relation-
ship (Sun et al., 2005), karyotype (Sheng
et al., 2010; Zhang et al., 2008), and genetic
diversity (Xu et al., 2007; Zhou et al., 2007).
Despite its great potential value, genomic
characteristics, including genome size and
genome structure of Epimedium, have re-
ceived little attention. Genomic analyses of
Epimedium will provide basic information
on genome duplication, speciation, and its
complex metabolism. In this study, we aimed
to characterize the Epimedium genome in
terms of the nuclear DNA contents, the se-
quence diversity, and genomic distribution of
Tyl-copia retrotransposons.
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Abstract

A CBL-interacting protein kinase (CIPK) gene, BnCIPK6, was isolated in Brassica napus. Through yeast two-hybrid
screening, 27 interaction partners (including BnCBL1) of BnCIPK6 were identified in Brassica napus. Interaction of
BnCIPK6 and BnCBL1 was further confirmed by BiFC (bimolecular fluorescence complementation) in plant cells.
Expressions of BnCIPK6 and BnCBL1 were significantly up-regulated by salt and osmotic stresses, phosphorous
starvation, and abscisic acid (ABA). Furthermore, BnCIPK6 promoter activity was intensively induced in cotyledons
and roots under NaCl, mannitol, and ABA treatments. Transgenic Arabidopsis plants with over-expressing BnCIPK6,
its activated form BnCIPK6M, and BnCBL1 enhanced high salinity and low phosphate tolerance, suggesting that the
functional interaction of BhnCBL1 and BnCIPK6 may be important for the high salinity and phosphorous deficiency sig-
nalling pathways. In addition, activation of BnCIPK6 confers Arabidopsis plants hypersensitive to ABA. On the other
hand, over-expression of BnCIPK®6 in Arabidopsis cipk6é mutant completely rescued the low-phosphate-sensitive and
ABA-insensitive phenotypes of this mutant, further suggesting that BnCIPK®6 is involved in the plant response to high-
salinity, phosphorous deficiency, and ABA signalling.

Key words: Abiotic stress tolerance, abscisic acid (ABA), Brassica napus, BnCBL1, BnCIPK®, interaction, regulation of gene
expression.

Introduction

As an essential second messenger, calcium regulates diverse
cellular processes in plants. Several Ca*'-sensor protein fami-
lies, including calmodulin (CaM), the superfamily of calcium-
dependent protein kinases (CDPK), and calcineurin B-like
(CBL) proteins, have been characterized and implicated in a
variety of physiological functions in plants (Albrecht er al.,
2001; Kim et al., 2003; Pandey et al., 2004). Ca*>" sensors can
be classified into sensor responders and sensor relays (Sanders
et al., 2002). Upon binding of Ca®’, sensor responders change
their conformation and modulate their own enzymatic activity or

function through intramolecular interactions. By contrast, sensor
relays must interact with their target proteins (such as protein
kinases) to regulate their activity after binding Ca®>". CDPKs act
as sensor responders (Sanders et al., 2002; Kim et al., 2003),
while CaM and CBL proteins are sensor relays (Luan et al.,
2002; Sanders et al., 2002). However, unlike CaMs targeting a
large variety of target proteins, CBLs specifically interact with a
family of protein kinases referred to as CBL-interacting protein
kinases (CIPKs) or SnRK3s (Luan et al., 2002). 10 CBLs and 25
CIPKSs in Arabidopsis and 10 CBLs and 30 CIPKSs in rice were

© 2012 The Author(s).
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Flavonoid composition and concentration were investigated in 12 different tissues of ‘Ti-1’ lotus (Nelumbo
nucifera) by high performance liquid chromatography equipped with photodiode array detection tandem
electrospray ionization mass spectrometry (HPLC-DAD-ESI-MS™). A total of 20 flavonoids belonging to
six groups (myricetin, quercetin, kaempferol, isohamnetin, diosmetin derivatives) were separated and
identified. Myricetin 3-O-galactoside, myricetin 3-O-glucuronide, isorhamnetin 3-O-glucuronide and free
aglycone diometin (3',5,7-trihydroxy-4'-methoxyflavone) were first reported in lotus. Flavonoid compo-
sition varied largely with tissue type, and diverse compounds (5-15) were found in leaf and flower stalks,
flower pistils, seed coats and embryos. Flower tissues including flower petals, stamens, pistils, and, espe-
cially, reproductive tissue fruit coats had more flavonoid compounds (15-17) than leaves (12), while no
flavonoids were detectable in seed kernels. The flavonoid content of seed embryos was high, 730.95 mg
100g~' DW (dry weight). As regards the other tissues, mature leaf pulp (771.79 mg 100g~' FW (fresh
weight)) and young leaves (650.67 mg 100g-! FW) had higher total flavonoid amount than flower sta-
mens (359.45mg 100 g~' FW) and flower petals (342.97 mg 100g~! FW), while leaf stalks, flower stalks
and seed coats had much less total flavonoid (less than 40 mg 100 g~! FW).

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Lotus leaves and embryos are rich in flavonoids and other sec-
ondary metabolites, and they have been extensively studied for

Lotus (Nelumbo nucifera Gaertn.), a traditional Chinese medici-
nal herb, is a flavonoid-rich plant. It has been cultivated for more
than 2000 years in China and consumed around the world [1].
Almost all the tissues of lotus, including leaves, leaf stalks, flower
stalks, flower petals, flower stamens, flower pistils, seeds and rhi-
zomes, are used as vegetables or traditional Chinese medicinal
herbs [2]. Lotus seed kernels and rhizomes are usually used as a
healthful cooked food, and they are often considered as human
health immunomodulators [3,4]. Moreover, leaves and embryos
have been evaluated as important Chinese herbal drugs [5]. Petals
and stamens containing natural pigment and flavonols are made
into healthy tea and functional food additions, and they also have
ornamental value [6-8].

* Corresponding author. Tel.: +86 10 62836664; fax: +86 10 62836026.
E-mail addresses: bhwu@ibcas.ac.cn (B. Wu), shhli@wbgcas.cn (S. Li).
1 Tel.: +86 27 87510599; fax: +86 27 87510251

0003-2670/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.aca.2012.02.051

their antioxidant, antibacterial, anti-HIV and anti-obesity func-
tions [9-14]. Eight flavonoids in lotus stamens were isolated and
identified by nuclear magnetic resonance spectroscopy (NMR),
and their antioxidant properties were revealed by some free rad-
ical ion scavenging activity tests [15]. Recently, twelve flavonoids
were identified in lotus petals, and five of these flavonoids were
also found in lotus fruit coats by HPLC-MS" [16,17]. The suc-
cessful identification and quantification of flavonoids has greatly
helped the study of antioxidant and other healthy-protective prop-
erties in lotus. In addition, leaves and stamens of lotus have been
identified as enriched sources of natural flavonoids [12,15]. How-
ever, flavonoid composition and accumulation varies with tissue,
which may be largely modulated by genetic regulation [18]. Tissue-
dependent assessment may not only be essential for quality control
of the medicinal herb, but also effective as traceable markers for
genetic and metabolic research [18-20].

Spectrophotometry, thin-layer chromatography (TLC), and
high-performance liquid chromatography (HPLC) are the methods
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The extraction protocol of flavonoids from lotus (Nelumbo nucifera) leaves was optimized through an
orthogonal design. The solvent was the most important factor comparing solvent, solvent:tissue ratio,
extraction time, and temperature. The highest yield of flavonoids was achieved with 70% methanol-water
and a solvent:tissue ratio of 30:1 at 4°C for 36 h. The optimized analytical method for HPLC was a multi-
step gradient elution using 0.5% formic acid (A) and CH3CN containing 0.1% formic acid (B), at a flow rate of
0.6 mL/min. Using this optimized method, thirteen flavonoids were simultaneously separated and identi-
fied by high performance liquid chromatography coupled with photodiode array detection/electrospray
ionization mass spectrometry (HPLC/DAD/ESI-MS™). Five of the bioactive compounds are reported in
lotus leaves for the first time. The flavonoid content of the leaves of three representative cultivars was
assessed under the optimized extraction and HPLC analytical conditions, and the seed-producing cultivar
‘Baijianlian’ had the highest flavonoid content compared with rhizome-producing ‘Zhimahuoulian’ and
wild floral cultivar ‘Honglian’.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Lotus (Nelumbo nucifera GAERTN.), which is distributed widely
throughout East Asia, Australia and North America, is an aquatic
plant that has been cultivated for thousands of years and holds
particular religious significance [1]. All of the tissues of N. nucifera,
including the leaves, stamens, flowers, rhizomes, seeds and the
embryo of seeds, are commonly used as traditional medicines as
well as being common foods. They are known to contain bioac-
tive components such as flavonoids and alkaloids in addition to
nutritional ingredients like carbohydrates, proteins and fats [2-6].

Flavonoids have been isolated and characterized from various
plants [7], and previous studies have shown that lotus leaves are
rich in flavonoids [8,9]. The antioxidant [9,10], antibacterial [8],
anti-HIV [11],antimalarial and antifungal [12], anti-obesity [13-15]
and potential anti-atherogenic [16] activities of lotus leaves have

* Corresponding author at: Wuhan Botanical Garden, the Chinese Academy of
Sciences, Wuhan 430074, PR China. Tel.: +86 27 87510599; fax: +86 27 87510251.
E-mail address: shhli@wbgcas.cn (S.-H. Li).

0021-9673/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2011.12.098

been evaluated and reported in recent years. The biological activ-
ities of lotus leaves that have led to its use as a traditional
medicine have been identified. However, the physiological impacts
are strongly dependent on the composition of flavonoids and their
contents [17].

Classical separation and identification methods used for
flavonoids are high performance liquid chromatography (HPLC)
coupled with tandem mass spectrometry (MS) and high-speed
counter-current chromatography coupled with nuclear magnetic
resonance spectroscopy (HSCCC)-NMR. The former is a fast and reli-
able method for flavonoid analysis, and it has been widely applied
during recent years due to its low limit detection. Compositional
analysis of flavonoids by HPLC depends on the development of
successful separation protocols. This means that the use of differ-
ent experimental conditions including the mobile solvent system,
elution gradient, column temperature and elution flow rate can
have a significant influence on the separation of often closely-
related compounds. The mobile solvent system is a particularly
important factor in flavonoid separation. Formic acid was added
to the mobile phase to allow the separation of flavonoids from
lotus leaves by Goo et al. [18] and Deng et al. [19], and five
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Abstract

Starch is one of the major components of cereals, tubers, and fruits. Genes encoding granule-bound starch synthase (GBSS),
which is responsible for amylose synthesis, have been extensively studied in cereals but little is known about them in fruits.
Due to their low copy gene number, GBSS genes have been used to study plant phylogenetic and evolutionary
relationships. In this study, GBSS genes have been isolated and characterized in three fruit trees, including apple, peach, and
orange. Moreover, a comprehensive evolutionary study of GBSS genes has also been conducted between both monocots
and eudicots. Results have revealed that genomic structures of GBSS genes in plants are conserved, suggesting they all have
evolved from a common ancestor. In addition, the GBSS gene in an ancestral angiosperm must have undergone genome
duplication ~251 million years ago (MYA) to generate two families, GBSSI and GBSSII. Both GBSSI and GBSSII are found in
monocots; however, GBSS/ is absent in eudicots. The ancestral GBSSII must have undergone further divergence when
monocots and eudicots split ~165 MYA. This is consistent with expression profiles of GBSS genes, wherein these profiles are
more similar to those of GBSS/I in eudicots than to those of GBSSI genes in monocots. In dicots, GBSS/I must have undergone
further divergence when rosids and asterids split from each other ~126 MYA. Taken together, these findings suggest that it
is GBSSII rather than GBSSI of monocots that have orthologous relationships with GBSS genes of eudicots. Moreover,
diversification of GBSS genes is mainly associated with genome-wide duplication events throughout the evolutionary course
of history of monocots and eudicots.
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to non-reducing ends of glucan chains via an a-1,4-glucosidic
linkage.

Genes encoding GBSS have been well characterized in starch
crops as amylose content has a significant impact on physico-
chemical properties of starch [3]. GBSS differs from other SS
isoforms due to its localization in granules and its unique
functional role in starch synthesis. Not only it can transfer glucosyl
residues from ADP-Glu to glucan substrates to produce relatively

Introduction

Plant starch consists of a mixture of two different components,
amylose (20-30%) and amylopectin (70-80%). Amylose is a linear
polymer of glucose (Glc) residues joined together by a-1,4-
glucosidic bonds, while amylopectin is a highly branched glucose
polymer with o-1,6-glucosidic bonds linking linear chains.
Amylose synthesis is relatively simple, and it is mainly catalyzed

by granule-bound starch synthase (GBSS), which is encoded by the
waxy or the GBSS gene. In contrast, the synthesis of amylopectin is
rather complex and involves coordinated activities of different
classes of enzymes, including soluble starch synthases (SSs), starch
branching enzymes (SBEs), and starch debranching enzymes
(DBEs) [1,2]. Of these enzymes, SBEs introduce o-1,6-glucosidic
linkages into polyglucans, while DBEs hydrolyze a-1,6-glucosidic
linkages and play an important role in determining starch
structure and granule characteristics during starch biolsynthesis
[2]. SSs catalyze the transfer of Glc from ADP-Glcose (ADP-Glu)

@ PLoS ONE | www.plosone.org

long-chain amylose molecules, but it also acts on side chains of
amylopectin to form long chains of amylopectin [2]. The latter
activity may have been the original function of GBSS, early in its
evolutionary path. Moreover, amylose synthesis may be respon-
sible for starch density, and ultimately improving the efficiency of
carbon storage, thus justifying the conservation of GBSS in higher
plants [2].

In cereals, GBSS consists of two isoforms, GBSSI (also known as
waxy protein) and GBSSII. The GBSSI gene is exclusively
expressed in storage tissues such as endosperms and embryos of

January 2012 | Volume 7 | Issue 1 | e30088
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Abstract To investigate the effects of selenium on the main active components of Cordy-
ceps militaris fruit bodies, selenium-enriched cultivation of C. militaris and the main active
components of the fruit bodies were studied. Superoxide dismutase (SOD) activity and
contents of cordycepin, cordycepic acid, and organic selenium of fruit bodies were sodium
selenite concentration dependent; contents of adenosine and cordycep polysaccharides were
significantly enhanced by adding sodium selenite in the substrates, but not proportional to
sodium selenite concentrations. In the cultivation of wheat substrate added with 18.0 ppm
sodium selenite, SOD activity and contents of cordycepin, cordycepic acid, adenosine,
cordycep polysaccharides, and total amino acids were enhanced by 121/145%, 124/74%,
325/520%, 130/284%, 121/145%, and 157/554%, respectively, compared to NS (non-
selenium-cultivated) fruit bodies and wild Cordyceps sinensis; organic selenium contents
of fruit bodies reached 6.49 mg/100 g. So selenium-enriched cultivation may be a potential
way to produce more valuable medicinal food as a substitute for wild C. sinensis.

Keywords Cordyceps militaris - Selenium - Active components - Trace minerals - Medicinal
value

Practical applications C. militaris is widely used as a nutraceutical in functional foods or a
phytopharmaceutical for treating some serious illnesses; selenium, a newly discovered anticancer element in
recent years, can significantly enhance the anticancer activity of functional foods. However, most areas of the
earth lack selenium. Selenium-enriching cultivation can significantly enhance contents of organic selenium
and cordycepin in C. militaris fruit bodies. This study showed a potential method to produce selenium-
enriched C. militaris fruit bodies with higher medicinal value than the commonly used wild C. sinensis,
selenium supplementation of food and a primary source of cordycepin which had been reported to have great
potential as an anticancer compound. The results also suggested a potential way for liquid fermentation to
produce selenium-enriched C. militaris products, especially to enhance cordycepin production.
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Abstract To investigate the effects of selenium and light wavelengths on the growth of liquid-
cultured Cordyceps militaris and the main active components’ accumulation, culture conditions
as selenium selenite concentrations and light of different wavelengths were studied. The results
are: adenosine accumulation proved to be significantly selenium dependent (R*=0.9403) and
cordycepin contents were determined to be not significantly selenium dependent (R*=0.3845)
but significantly enhanced by selenium except for 20 ppm; there were significant differences in
cordycepin contents, adenosine contents, and mycelium growth caused by light wavelengths:
cordycepin, blue light > pink light > daylight, darkness, red light; adenosine, red light > pink
light, darkness, daylight, blue light; and mycelium growth, red light>pink light, darkness,
daylight > blue light. In conclusion, light wavelength had a significant influence on production
of mycelia, adenosine, and cordycepin, so lightening wavelength should be changed according
to target products in the liquid culture of C. militaris.

Keywords Cordyceps militaris - Cordycepin - Adenosine - Light
wavelength - Selenium - Mycelium growth

Introduction

Cordyceps sinensis Sacc. and Cordyceps militaris Link, a kind of caterpillar-shaped Chinese
traditional mushrooms, named Dong Chong Xia Cao in Chinese herbs, are entomopatho-
genic fungi in the class of Ascomycetes. C. militaris has been extensively used as a folk
medicine in East Asia as Korea, China, and Japan for revitalization of various systems of the
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Rooting in a Creeping Bentgrass Putting Green in Response
to Spring and Summer Coring

Jinmin Fu and Peter H. Dernoeden*

ABSTRACT

Understanding root growth response of creeping bentgrass (Agrostis stoloniferaL.) to coring will help golf course superintendents
maintain high quality putting green turf. The objective of this field study was to examine the effects of coring on summer rooting
in young creeping bentgrass grown on a sand-based root zone and maintained as a putting green. The study was initiated on
7-mo-old ‘Providence’ creeping bentgrass in 2006 and compared spring (SP) only coring, spring plus three summer (SU) corings
(SP + SU) and a noncored control through 2007. The minirhizotron imagining technique was used to measure total root count
(TRC) and total root length (TRL) from late spring to late summer. The percentage of the TRC in the surface 0- to 6-cm root
zone depth averaged over measurement dates was 48 to 53% and 33 to 44% among all treatments in 2006 and 2007, respectively.
Greater TRC were observed in 2006 with 28, 51, and 50% lower TRC’s found in SP + SU, SP only, and noncored plots in 2007,
respectively. Spring + SU coring generally reduced TRC and TRL at various root zone depths and dates during the first year of
establishment. In 2007, greater TRC and TRL were observed throughout the 0- to 24-cm root zone in SP + SU cored compared
to SP only and noncored plots. Thus, SP + SU coring in the second study year promoted creeping bentgrass root growth and/or

longevity, but coring during the first summer of establishment reduced rooting.

CREEPING BENTGRASS IS the most widely used cool-season
turfgrass on golf greens. Creeping bentgrass is aggressively
stoloniferous and produces a well-defined surface organic layer,
which hereafter will be referred to as the thatch-mat layer (McCarty
etal., 2007). Excessive thatch-mat layers commonly are associated
with negative effects on biological and soil properties as summa-
rized by McCarty et al. (2005). Managing thatch-mat layers on
putting greens is difficult and involves numerous cultural practices,
including core cultivation (McCarty et al., 2007). In turfgrass
management the term cultivation refers to working the soil and/
or thatch-mat layer without destroying the turf (Turgeon, 2008).
Coring (i.c., hollow or solid tines are used) is a cultivation technique
(Beard, 1973) and the term coring will be used hereafter. Coringis
used to manage thatch-mat layers and improve turf quality by pro-
moting water infiltration, reducing soil surface wetness, and improv-
ing acration and rooting (Beard, 1973; Fry and Huang, 2004).
Some research efforts involving coring have examined rooting
by destructive sampling methods (Harper, 1953; Murphy et al.,
1993; Wiecko et al., 1993). Reports on turf rooting in response
to coring, however, have not been consistent. In a fairway coring
study, Harper (1953) reported that a single spring coring did not
affect bentgrass root mass compared to noncored bentgrass. In
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a Georgia study, Tifway bermudagrass [Cynodon transvaalensis
Burtt-Davy x C. dactylon (L.) Pers] was cored to a 7.6-cm soil
depth using hollow tines between late April and early August
(Wiecko et al., 1993). Data from 1 yr of that study indicated that
coring resulted in an increase in root length, but had no effect

on root length in the second year (Wiecko et al., 1993). Murphy
ctal. (1993) sampled roots in a Penneagle creeping bentgrass
green grown on a modified loamy sand. In compacted and
noncompacted soil, coring reduced both total root weight and root
density (Murphy et al., 1993). Furthermore, summer coring did
not enhance surface root development of creeping bentgrass.

Root production, growth, longevity, and mortality are critical
components contributing to plant adaptation to environmental
stresses. Most turfgrass root studies were conducted using destructive
soil sampling techniques, which typically quantify living and dead
root biomass at a singular time of the growing season. Destructive
sampling techniques are not able to detect root initiation or root
death. The minirhizotron imaging technique, however, allows for
nondestructive monitoring of root production and growth (Murphy
etal,, 1994; Liu and Huang 2002). The minirhizotron allows for
the quantification of various living root parameters throughout a
0 to 24-cm deep root zone. Its greatest advantage is that it provides
information on seasonal changes of the same roots, which eliminates
confounding spatial variation and permits a high frequency of visual
root observations (Murphy et al., 1994).

Coring generally is performed in the springand autumn. Little
information is available on summer coring effects on seasonal
and vertical changes in a creeping bentgrass root system grown
on a sand-based root zone. Previous studies were conducted on
modified or native soil research putting greens. Most putting
greens today are constructed with a high sand content to reduce

Abbreviations: SP, spring only coring; SP + SU, spring plus summer coring;
TRC, total root count; TRL, total root length.
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In this study, eight S-RNase alleles were isolated from two Prunus pseudocerasus and two Prunus speciosa
accessions by PCR amplification from genomic DNA. Analysis of the amino acid sequences revealed five
novel and three published S-alleles. These S-RNases share typical structural features with S-RNases from

Accepted 29 June 2012 other Prunus species exhibiting gametophytic self-incompatibility. The deduced amino acid identities

ranged from 60.8 to 75.6% among four S-RNase alleles in Prunus speciosa and ranged from 73 to 81.4%

ﬁfyword' . among four S-RNase alleles in Prunus pseudocerasus. The size of the first introns ranged from 197 to

unus speciosa 341 bp, and the size of second introns ranged from 81 to 1182 bp. Sequence analysis demonstrated that
Prunus pseudocerasus . . L. . . . .

Self-incompatibility the deduced amino acid identities, by comparison with other Prunus species, were often higher than

S_RNase those of intraspecific identities. Moreover, exceptionally high identities were found between Pspe-S; and

Pd-S,s; between Pspe-S3; and Pm-Sg; among Pspe-Ss;, Pa-Sz9 and Pweb-S7; and among Pps-Si3, Psim-Sy
and Ps-Sp, indicating that the S-RNase alleles evolved before Prunus species divergence. Interestingly,
the similarities of the first and second introns were also high between the two S-RNase alleles, which
range from 83.63 to 100% among the first introns and from 46.13 to 100% among the second introns.
These information could not increase our knowledge on the S-alleles of Prunus species, but is available

S-allele evolution
Molecular breeding

for molecular breeding of fruit trees, to avoid cross-incompatibility.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Self-incompatibility (SI) is a widespread mechanism in flow-
ering plants that prevents self-fertilization and the deleterious
effects of inbreeding (De Nettancourt, 2001). Gametophytic self-
incompatibility (GSI) is one such system that is controlled by
a single multi-allelic locus, termed the S-locus (De Nettancourt,
1977). The S-locus is thought to contain at least two linked genes:
one for the pistil determinant, and the other for the pollen deter-
minant (Kao and Tsukamoto, 2004). Pollen-tube growth is arrested
in the style when the haploid pollen S-allele matches either of the
two S-alleles of the diploid pistil (Roalson and McCubbin, 2003).

Abbreviations: Pspe, Prunus speciosa; Pps, Prunus pseudocerasus; Par, Prunus
armeniaca; Pa, Prunus avium; Pd, Prunus dulcis; Pm, Prunus mume; Ps, Prunus salicina;
Pten, Prunus tenella; Pweb, Prunus webbii; Psim, Prunus simonii; Pspi, Prunus spinosa;
Pdom, Prunus domestica; Pbre, Pyrusxbretschneideri; Pcom, Pyrus communis; Ppy,
Pyrus pyrifolia; Md, Malus xdomestica; Ms, Malus spectabilis.

* Plant species from which each sequence is derived are represented by their
initials in ‘Abbreviations’ section.
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S-RNase alleles have been determined as the stylar component
of GSI in Rosaceae (Boskovic and Tobutt, 1996; Sassa et al., 1996)
and have been identified in many Prunus species including almond
(P. dulcis; Ushijima et al., 1998; Tamura et al., 2000; Ortega et al.,
2006), apricot (P. armeniaca; Romero et al., 2004; Vilanova et al.,
2006; Wu et al., 2009), Japanese plum (P. salicina; Sapir et al.,
2004; Zhang et al., 2008), Japanese apricot (P. mume; Yaegaki et al.,
2001; Heng et al., 2008) and sweet cherry (P. avium; Tao et al.,
1999; Sonneveld et al., 2001; Wiinsh and Hormaza, 2004). The S-
RNases are expressed in the pistil but not in the leaves and pollen
and specifically degrade incompatible pollen RNAs (McClure et al.,
1990). Recently, S-RNase alleles with exceptionally high identity
had been found between different Rosaceae species, for example,
PtenSg-RNase have 99% identity with PaS;-RNase, and PtenS;-RNase
have 99% identity with ParS;-RNase (Surbanovski et al., 2007).
PpySg-RNase have 96.9% identity and the same recognition speci-
ficity with MsS3-RNase (Heng et al., 2011). The phenomenon maybe
makes against for molecular breeding of fruit trees.

The flowering cherry (Prunus speciosa) is self-incompatible and
grows on Japanese islands, its S-RNase alleles have been surveyed
and the distribution of S-alleles have been characterized among
the populations on the Izu Peninsula and Izu Islands of Japan (Kato
et al., 2007). The flowers of Chinese cherry (P. pseudocerasus) are



Anthocyanin Accumulation in Various Organs of a Teinturier
Cultivar (Vitis vinifera L.) during the Growing Season
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Abstract: The anthocyanin composition and concentration of various organs of teinturier grape Yan-73 were studied
throughout the growing season. Nineteen anthocyanins were identified by HPLC-MS as monoglucosides and their
derivatives. Anthocyanin composition and concentration varied among grape organs and by developmental stage.
Skin anthocyanins were mainly composed of malvidin derivatives, while peonidin derivatives were the most domi-
nant anthocyanins in the pulp. Both malvidin and peonidin derivatives were predominant components in carpopodia
(swollen pedicel at point of berry attachment), berry pedicels, leaf lamina, vein and petioles, and living bark at the
base of the shoot. Anthocyanins were very low before veraison, and then increased sharply at veraison in berry skin
and pulp. Anthocyanins in carpopodia and berry pedicels also increased sharply, although occurring later than in
berry skin and pulp. Anthocyanins were high in young and senescing leaf lamina and low in expanding and mature
lamina. Anthocyanins did not vary much in leaf vein and petiole tissue, or in bark, throughout the growing season.

Key words: teinturier grape, Yan-73, anthocyanin, organ specificity, accumulation

Anthocyanins of grape berries are synthesized and accu-
mulated in berry skin of most grape cultivars, and therefore
wine color essentially relies on the composition and concen-
tration of anthocyanins in the skin. However, some grape
germplasm have anthocyanins in both skin and pulp, and
these are called teinturier cultivars. Teinturier cultivars have
in general much higher anthocyanin concentration per unit
juice volume or fresh mass than nonteinturier cultivars and
are commonly used for blending to give a very dense color to
red wine (Ageorges et al. 2006, Balik and Kumsta 2008, Ko-
bayashi et al. 2005). Because the profile and concentration of
anthocyanins in teinturier berries may have significant effects
on the color parameters of the red wines produced from them,
studies on their anthocyanin composition and concentration
are valuable for winemaking and quality assessment.

Teinturier cultivars, such as Lacryma (Ageorges et al.
2006) and Neronet (Balik and Kumsta 2008) contain a higher
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level of anthocyanins in the skin than nonteinturier cultivars.
Anthocyanin composition in the pulp of teinturier cultivars,
such as Lacryma (Ageorges et al. 2006), Alicante Bouschet
(Castillo-Munoz et al. 2009), and Yan-73 (He et al. 2010), was
similar to that in the skin, with malvidin (Mv) dominating in
the skin and peonidin (Pn) in the pulp. In addition to berry
skin and pulp, teinturier cultivars accumulate anthocyanins
in other organs such as leaves, tendrils, and shoots. Color
determination of various organs of teinturier grape cultivars
might result from tissue-specific expression of VvmybAl, a
Myb-like transcriptional activator gene for anthocyanin syn-
thesis (Jeong et al. 2006). Pigmented berry skin and pulp
color might be related to the expression of structure genes of
the anthocyanin synthesis pathway, such as genes encoding
UDP-glucose—flavonoid 3-O-glucosyltransferase (UFGT),
chalcone synthase (isogene CHS3), glutathione S-transferase
(GST), and caffeoyl methyl transferase (CaOMT) (Ageorges et
al. 2006)—based on the association between gene expression
and color evaluation of teinturier cultivars.

However, there have been few studies on the composi-
tion and developmental changes of anthocyanins in various
organs of teinturier cultivars. Therefore, it is unclear whether
other organs share the same anthocyanin composition and
developmental changes in profile as berry skin. The variety
Yan-73 (Vitis vinifera, Muscat Hamburg x Alicante Bouschet)
has been cultivated in China for over 50 years and has been
commonly used for wine blending. This teinturier cultivar
can accumulate anthocyanins in different organs, including
leaves, stems, tendrils, flower bracts, and berry pulp as well
as berry skin.

In this study, the composition and concentration of an-
thocyanins in various organs of Yan-73 during development
were investigated through HPLC-MS. The purpose was to
investigate possible developmental and organ-specific char-
acteristics of anthocyanin accumulation during the growing

Am. J. Enol. Vitic. 63:2 (2012)
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e Background and Aims Wild soybean (Glycine soja), a native species of East Asia, is the closest wild relative of
the cultivated soybean (G. max) and supplies valuable genetic resources for cultivar breeding. Analyses of the
genetic variation and population structure of wild soybean are fundamental for effective conservation studies

and utilization of this valuable genetic resource.

e Methods In this study, 40 wild soybean populations from China were genotyped with 20 microsatellites to in-
vestigate the natural population structure and genetic diversity. These results were integrated with previous micro-
satellite analyses for 231 representative individuals from East Asia to investigate the genetic relationships of wild

soybeans from China.

o Key Results Analysis of molecular variance (AMOVA) revealed that 43-92 % of the molecular variance oc-
curred within populations, although relatively low genetic diversity was detected for natural wild soybean popula-
tions. Most of the populations exhibited significant effects of a genetic bottleneck. Principal co-ordinate analysis,
construction of a Neighbor—Joining tree and Bayesian clustering indicated two main genotypic clusters of wild
soybean from China. The wild soybean populations, which are distributed in north-east and south China, sepa-
rated by the Huang-Huai Valley, displayed similar genotypes, whereas those populations from the Huang-Huai

Valley were different.

e Conclusions The previously unknown population structure of the natural populations of wild soybean distrib-
uted throughout China was determined. Two evolutionarily significant units were defined and further analysed by
combining genetic diversity and structure analyses from Chinese populations with representative samples from
Eastern Asia. The study suggests that during the glacial period there may have been an expansion route
between south-east and north-east China, via the temperate forests in the East China Sea Land Bridge, which
resulted in similar genotypes of wild soybean populations from these regions. Genetic diversity and bottleneck
analysis supports that both extensive collection of germplasm resources and habitat management strategies should
be undertaken for effective conservation studies of these important wild soybean resources.

Key words: Wild soybean, Glycine soja, microsatellites, genetic diversity, population structure.

INTRODUCTION

Crop wild relatives (CWRs) have been recognized as valuable
genetic resources for crop improvement (Prescott-Allen and
Prescott-Allen, 1986, 1988; Feuillet er al., 2008). They are
also important for both applied and basic research as a
means of understanding the biology of crop plants (Tanksley
and McCouch, 1997; Damania, 2008; Feuillet et al., 2008).
However, global climate change and the destruction of the eco-
logical balance have sped up the extinction rate of these
species (Saunders et al., 1991; Thomas et al., 2004). More at-
tention should be paid to the effective conservation of plant
biodiversity, especially for wild relatives that have potential
for the genetic improvement of cultivars (Myers et al., 2000;
Rao and Hodgkin, 2002). Therefore, comprehensive and exten-
sive investigation of the population genetic structure and
the phylogenetic relationship of CWRs is a requisite for

identifying conservation units and developing in situ/ex situ
conservation priorities for CWRs (Heywood et al., 2007).

Wild soybean (Glycine soja) is well known as the closest
wild relative of the cultivated soybean (G. max). It is
endemic over a wide range of areas of East Asia including
China, the Russian Far East, the Korean Peninsula and
Japan. A long history of domestication, cultivation and breed-
ing has narrowed the genetic basis of cultivated soybean, limit-
ing further improvement of crop yield and quality. In contrast,
wild soybeans, which inhabit a wide range of eco-geographic
regions in East Asia, have diverse genetic variability in pest
and disease resistance genes and other useful agricultural
and ecological characteristics (Hajjar and Hodgkin, 2007;
Chung and Singh, 2008). Thus wild soybeans have been
explored as a very important genetic resource for cultivated
soybean improvement in response to global climate change
(Chung and Singh, 2008).

© The Author 2012. Published by Oxford University Press on behalf of the Annals of Botany Company. All rights reserved.
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Abstract

Three genes encoding anthocyanidin reductase (ANR) in apple (Malusxdomestica Borkh.), designated MdANR1,
MdJANR2a, and MdANR2b, have been cloned and characterized. MdANR1 shows 91% identity in coding DNA
sequences with MdANR2a and MdANR2b, while MdANR2a and MdANR2b are allelic and share 99% nucleotide
sequence identity in the coding region. MdANR1 and MdANR2 genes are located on linkage groups 10 and 5,
respectively. Expression levels of both MdANR1 and MdANR2 genes are generally higher in yellow-skinned cv.
Golden Delicious than in red-skinned cv. Red Delicious. Transcript accumulation of MJANR1 and MdANR2 genes in
fruits gradually decreased throughout fruit development. Ectopic expression of apple MdANR genes in tobacco
positively and negatively regulates the biosynthesis of proanthocyanidins (PAs) and anthocyanin, respectively,
resulting in white, pale pink-coloured, and white/red variegated flowers. The accumulation of anthocyanin is
significantly reduced in all tobacco transgenic flowers, while catechin and epicatechin contents in transgenic
flowers are significantly higher than those in flowers of wild-type plants. The inhibition of anthocyanin synthesis in
tobacco transgenic flowers overexpressing MdANR genes is probably attributed to down-regulation of CHALCONE
ISOMERASE (CHI) and DIHYDROFLAVONOL-4-REDUCTASE (DFR) genes involved in the anthocyanin pathway.
Interestingly, several transgenic lines show no detectable transcripts of the gene encoding leucoanthocyanidin
reductase (LAR) in flowers, but accumulate higher levels of catechin in flowers of transgenic plants than those of
wild-type plants. This finding suggests that the ANR gene may be capable of generating catechin via an alternative
route, although this mechanism is yet to be further elucidated.

Key words: Anthocyanin, anthocyanidin reductase, flavonoid, Malus, proanthocyanidin.

Introduction

Proanthocyanidins (PAs), also known as condensed tannins,
are phenolic polymers of condensed flavan-3-ols and are
among the major flavonoid compounds found in higher
plants (Winkel-Shirley, 2001). PAs are powerful antioxi-
dants, and thus provide multiple health benefits to humans,
including anti-inflammatory effects, immunity enhance-
ment, as well as lowering risks of cardiovascular diseases

and certain cancers (Santos-Buelga and Scalbert, 2000). PAs
can also protect ruminants against pasture bloat disease and
enhance ruminant nutrition (McMahon et al, 2000).
Moreover, PAs can interact with proteins, particularly
saliva proteins such as o-amylase, resulting in the astringent
and bitter sensations in many fruits and fruit juices (Vidal
et al., 2003; Obreque-Slier et al, 2010; Renard ez al., 2011).

© 2012 The Author(s).
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ADDITIONAL INDEX WORDs. antioxidant enzymes, glycine betaine, ion homeostasis, perennial ryegrass, salt stress

ABSTRACT. Salinity stress may involve the accumulation of glycine betaine (GB). The objective of this study was to
examine whether exogenous GB would ameliorate the detrimental effect of salinity stress on perennial ryegrass
(Lolium perenne). The grass was subjected to two salinity levels (0 and 250 mm NaCl) and three GB levels (0, 20, and 50
mM). Salinity resulted in a remarkable decrease in vertical shoot growth rate (VSGR), shoot and root fresh weight,
relative water content (RWC), relative transpiration rate (Tr), and chlorophyll (Chl) content, superoxide dismutase
(SOD), catalase (CAT), and ascorbate peroxidase (APX) activities. Plants subjected to salt exhibited an increase in leaf
electrolyte leakage (EL), lipid peroxidation (MDA), and proline content. Application of GB reduced EL, MDA, and
proline content in salt-stressed plants. Perennial ryegrass subjected to salt stress plus GB had a greater level of VSGR,
RWOC, relative Tr, Chl content, and activities of SOD, CAT, and APX when compared with salt-stressed without GB.
Salt stress increased Na' and decreased K' content, which resulted in a higher Na'/K" ratio in perennial ryegrass.
Application of 20 mm GB suppressed Na" accumulation, whereas the K" content was significantly increased in shoot,
which led to a higher K'/Na" ratio under saline conditions. These results suggested that GB-enhanced salt tolerance in
perennial ryegrass was mainly related to the elevated SOD, CAT, and APX activity and alleviation of cell membrane

damage by reducing oxidation of membrane lipid and improving the ion homeostasis under salt stress.

Salinity stress is one of the common abiotic stresses that can
directly or indirectly affect the physiological status of plants by
disturbing their metabolism and inhibiting root and shoot
growth (Zhu, 2001). Previous studies have shown that salt
stress may induce osmotic and oxidative stress in plants, which
leads to cellular adaptive responses such as the accumulation of
compatible organic solutes and detoxification of reactive
oxygen species (ROS) (Zhu, 2001).

Salt stress inhibited the growth of most plants as a result of
the overproduction of ROS such as superoxide radical (O;),
hydrogen peroxide (H>0,), singlet oxygen ('0O,), and hydroxyl
radical (OH") (Mittler, 2002). ROS are formed as byproducts of
normal cellular metabolism and necessary for enzymatic re-
actions of inter- and intracellular signaling when plants are
exposed to a low level of salinity stress (Foyer and Noctor,
2000). However, severe salinity stress could lead to an over-
production of ROS, which resulted in cellular damage through
oxidation of membrane lipids, protein, and nucleic acids (Apel
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and Hirt, 2004). To alleviate detrimental effects of salt-induced
oxidative stress, plant cells have evolved a complex antioxidant
system (e.g., enzymatic and nonenzymatic detoxification mech-
anisms). Antioxidant enzymes consisted of superoxide dismu-
tase, catalase, peroxidase (POD), ascorbate peroxidase, etc. (Apel
and Hirt, 2004). SOD catalyzes the dismutation of O, to
molecular O, and H,O, (Meloni et al., 2003). However, H,O, is
also toxic to cells and has to be further detoxified by CAT and/or
POD or detoxified in the ascorbate—glutathione cycle, which
involves the oxidation and re-reduction of ascorbate and glutathi-
one through the APX (Mittler, 2002). Hoque et al. (2007) reported
that exogenous glycine betaine mitigated the detrimental effects of
salt stress on tobacco (Nicotiana tabacum ‘Bight Yellow-2")
suspension-cultured cells by maintaining or increasing the activity
of antioxidant enzymes involved in NaCl-induced oxidative stress.

Environmental stresses including salinity can induce a sig-
nificant accumulation of compatible solutes (Bohnert et al., 1995).
Glycine betaine is one of several such compatible solutes that
has an osmoprotective function and is known to improve salt
stress tolerance in most crop plants (Demiral and Tiirkan, 2006;
Hossain and Fujita, 2010; Yang and Lu, 2005). The mecha-
nisms of GB-improved salt tolerance in plants have been
attributed to the acceleration of ROS scavenging systems,
protection of membrane integrity, activation of enzymes, and
reduction in oxidation of membrane lipid under salt stress

J. AMER. Soc. Hort. Sci. 137(1):38-46. 2012.
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ABSTRACT. Plant adaptation to salt stress may be associated with morphological, physiological, and gene expression
alterations. The objective of this study was to investigate the effect of salt stress on morphological and antioxidant
enzyme changes and its gene expressions in bermudagrass (Cynodon dactylon). Salt-tolerant ‘C43’ and salt-sensitive
‘C198’, previously determined in our preliminary study, were subjected to four salinity levels: 0 mm (control), 100 mm
(low), 200 mm (moderate), and 400 mm (high) NaCl for 21 days. Salt stress decreased turf quality and canopy height,
especially in ‘C198’. Salt stress increased root length, root number, root fresh weight, and root/shoot length ratio, to
a greater extent in salt-tolerant genotype. Salt stress increased Na* and decreased K™ content, which resulted in
a higher Na*/K" ratio in bermudagrass, to a great extent in shoot and root of ‘C198°. Moderate (200 mm) and high (400
mM) salt concentration increased malondialdehyde and hydrogen peroxide content in old leaves of ‘C198°. ‘C43’
exhibited a greater activity of superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), and
dehydro-ascorbate reductase (DHAR) than ‘C198’ in old leaves subjected to 200 and 400 mm NaCl. Antioxidant gene
expressions were upregulated in new leaves and downregulated in old leaves with increasing salinity levels for both
genotypes. Salt-tolerant genotypes exhibited a relatively greater antioxidant gene expression than salt-sensitive ones
when exposed to the same level of salt stress. These results suggested that SOD, CAT, APX, and DHAR might be
involved in scavenging salt stress-induced reactive oxygen species in bermudagrass at the level of gene expression. Salt
tolerance might be attributed to the development and maintenance of a more extensive root system under saline
conditions and induced antioxidant gene expressions, leading to more efficient enzyme stimulation and protection in

bermudagrass.

Salt stress is one of the major abiotic factors that affects plant
growth. Shoot and root growth reduction is a common response
to salt stress because plant growth is one of the most important
agricultural indicators of salt stress tolerance (Hulusi et al.,
2007). Plant adaptation to salt is a complex phenomenon that
may involve growth changes as well as physiological and
biochemical processes (Hare et al., 1997). Salinity injury to
plants was attributed to lower osmotic potential (yg) and ion
effect (Munns, 2002). Lower s reduces the ability of the plant
to absorb water and induces physiological drought (Munns and
Tester, 2008). The excessive uptake of Na* or CI™ can limit the
uptake of other nutritional ions such as K*, Ca*', and Mg*";
cause adverse effects on ion homeostasis, which lead to
premature leaf aging; less cell division and elongation; and
reduces leaf and root growth (Munns, 2002; Zhu, 2001).

In addition, salinity also results in oxidative stress in plants
as a result of the overproduction of reactive oxygen species
(ROS) such as the super oxide radical (O;"), hydrogen peroxide
(H,0,), and hydroxyl radical (*OH). The oxygen species are
detrimental to membrane lipids, proteins, and nucleic acids
(Murillo-Amador et al., 2006). To minimize the adverse effects
of ROS, plants have evolved an efficient enzymatic and non-
enzymatic antioxidant system (Abdul-Jaleel et al., 2006). In the
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enzymatic system, superoxide dismutase catalyzes the dismu-
tation of O, into H,O, and O, (Sigaud-Kutner et al., 2002).
Catalase, AOX, and DHAR decompose H,O, to H,O at
different cellular locations (Edreva, 2005). The mechanisms
regulating the activity and gene expression of different antiox-
idant enzymes are complex because the genes respond to
environmental stress differentially (Sen Gupta et al., 1993). A
higher level of these antioxidant enzyme activities is considered
as one of the salt tolerance mechanisms in most plants (Ashraf,
2009). Previous studies demonstrated that salt-tolerant geno-
types generally have a higher constitutive or an enhanced
antioxidant enzyme activity under salt stress than the sensitive
ones (Amor et al., 2006; Hu et al., 2012a; Mhadhbi et al., 2011).
However, the response of plant antioxidant systems to salt varied
for different plant species and the tissues (Mittova et al., 2003).

Bermudagrass is one of the most widely used warm-season
turfgrass species in temperate and tropical regions, which has
shown good tolerance to salinity and can survive in saline soil
(Mancino and Pepper, 1994). To our knowledge, most previous
studies examined in bermudagrass under salinity conditions
were at either morphological or physiological levels (Adavi
et al., 2006; Akram et al., 2006; Alshammary et al., 2008;
Hameed et al., 2010; Lu et al., 2007; Marcum et al., 2005;
Marcum and Pessarakli, 2006; Shahba, 2010). Little research
has investigated antioxidant response to salinity at the level of
gene expression and enzyme activity. The objective of this
study was to investigate the effects of different salinity levels on
the growth as well as the antioxidant defense system at the
enzyme and gene expression levels in two genotypes of
bermudagrass differing in salt tolerance.

J. AMER. Soc. Horr. Sci. 137(3):134-143. 2012.
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Salinity could damage cellular membranes through overproduction of reactive oxygen species (ROS),
while antioxidant capacities play a vital role in protecting plants from salinity caused oxidative damages.
The objective of this study was to investigate the toxic effect of salt on the antioxidant enzyme activities,
isoforms and gene expressions in perennial ryegrass (Lolium perenne L.). Salt-tolerant ‘Quickstart II' and
salt-sensitive ‘DP1’ were subjected to 0 and 250 mM NaCl for 12 d. Salt stress increased the content of
lipid peroxidation (MDA), electrolyte leakage (EL) and hydrogen peroxide (H,0), to a greater extent in
salt-sensitive genotype. Salt-stressed plant leaves exhibited a greater activity of superoxide dismutase
(SOD, EC 1.15.1.1), peroxidase (POD, EC 1.11.1.7), ascorbate peroxidase (APX, EC 1.11.1.11) at 4d after
treatment (DAT), but a lower level of enzyme activity at 8 and 12d, when compared to the control.
Catalase (CAT,EC 1.11.1.6) activity was greater at 4 DAT and thereafter decreased in salt tolerant genotype
relative to the control, whereas lower than the control during whole experiment period for salt-sensitive
genotype. There were different patterns of five isoforms of SOD, POD and two isoforms of APX between
two genotypes. Antioxidant gene expression was positively related to isoenzymatic and total enzymatic
activities during 12-d salt-treated leaves of two genotypes, with a relatively higher level in salt-tolerant
genotype. Thus, salt tolerance could be related to the constitutive/induced antioxidant gene, leading to
more efficient enzyme stimulation and protection in perennial ryegrass.

© 2011 Elsevier GmbH. All rights reserved.

Introduction

Salt stress can cause osmotic stress, ionic toxicity and nutritional
imbalances in plants (Turkan and Demiral, 2009). In addition, salin-
ity causes oxidative stress via over-production of reactive oxygen
species (ROS), such as superoxide radical (O,*—), hydrogen perox-
ide (H,0,)and hydroxyl radicals (*OH) (Gémez et al.,2004). ROS are
the byproduct of normal cellular metabolism and have important
roles in cell signaling and transduction (Foyer and Noctor, 2000).
However, the excessive accumulation of ROS caused by salinity
stress could lead to cytotoxic oxidative damages to membrane
lipids, proteins and nucleic acids, and ultimately to cellular struc-
ture (Mittler, 2002).

Abbreviations: ~ APX, ascorbate peroxidase; CAT, catalase; EDTA, ethylene
diaminetetraacetic acid; EL, electrolyte leakage; H,0,, hydrogen peroxide; MDA,
malondialdehyde; NBT, nitro blue tetrazolium; PAGE, polyacrylamide gel elec-
trophoresis; ROS, reactive oxygen species; SOD, superoxide dismutase; PCR,
polymerase chain reaction; O,*—, superoxide radical; *OH, hydroxyl radical; TBA,
thiobarbituric acid; TEMED, N,N,N,N-tetramethylethylenediamine.

* Corresponding author. Tel.: +86 027 87510525; fax: +86 027 87510525.

E-mail address: jinminfu@gmail.com (J. Fu).
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To scavenge ROS, plants have a well-developed complex antiox-
idant defense system including enzymatic and non-enzymatic
antioxidant processes (Abdul-Jaleel et al., 2006). The antioxidant
enzymes include superoxide dismutase (SOD), catalase (CAT), per-
oxidase (POD), ascorbate peroxidase (APX) (Apel and Hirt, 2004).
Superoxide dismutase is usually considered as the first line of
the antioxidant defense systems as it catalyses the dismutation
of 0,°— into H,0, and O, in the cytosol, chloroplasts and mito-
chondria (Sigaud-Kutner et al., 2002). H,0, is another important
ROS, which can cause damages to cellular plasma membrane lipids
and other biomolecules (Mittler, 2002). Therefore, rapid detoxifi-
cation of H, 0, is essential for preventing oxidative damage. H,O,
is mainly detoxified by CAT in glyoxysomes and peroxisomes and
by APX in chloroplasts, mitochondria, peroxisomes and apoplas-
tic space (Shigeoka et al., 2002). Peroxidase is mainly located in
the apoplastic space and vacuole and plays an important role in
catalyzing H,0, to H,O and O, (Gratao et al., 2005). Generally,
these enzymes have multiple molecular forms (isoenzymes), which
may be expressed by distinct regulatory mechanisms in response
to various environmental stresses and play cooperative role in
protecting each organelle and minimizing tissue injury (Mittler,
2002). Four kinds of SOD have been found in plants depend-
ing on their metal cofactor: the copper zinc type (Cu/Zn SOD),
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Abstract Catharanthus roseus is an important medicinal
plant and the sole commercial source of monoterpenoid
indole alkaloids (MIA), anticancer compounds. Recently,
triterpenoids like ursolic acid and oleanolic acid have
also been found in considerable amounts in C. roseus leaf
cuticular wax layer. These simple pentacyclic triterpenoids
exhibit various pharmacological activities such as anti-
inflammatory, anti-tumor and anti-microbial properties.
Using the EST collection from C. roseus leaf epidermome
(http://www.ncbi.nlm.nih.gov/dbEST), we have success-
fully isolated a cDNA (CrAS) encoding 2,3-oxidosqualene
cyclase (OSC) and a cDNA (CrAO) encoding amyrin C-28
oxidase from the leaves of C. roseus. The functions of CrAS
and CrAO were analyzed in yeast (Saccharomyces cerevi-
siae) systems. CrAS was characterized as a novel multi-
functional OSC producing a- and f-amyrin in a ratio of
2.5:1, whereas CrAO was a multifunctional C-28 oxidase
converting o-amyrin, f-amyrin and lupeol to ursolic-,
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article (doi:10.1007/s00425-012-1712-0) contains supplementary
material, which is available to authorized users.
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oleanolic- and betulinic acids, respectively, via a successive
oxidation at the C-28 position of the substrates. In yeast
co-expressing CrAO and CrAS, ursolic- and oleanolic acids
were detected in the yeast cell extracts, while the yeast cells
co-expressing CrAO and AtLUP1 from Arabidopsis thali-
ana produced betulinic acid. Both CrAS and CrAO genes
show a high expression level in the leaf, which was con-
sistent with the accumulation patterns of ursolic- and ole-
anolic acids in C. roseus. These results suggest that CrAS
and CrAO are involved in the pentacyclic triterpene bio-
synthesis in C. roseus.

Keywords CYP716AL1 - C-28 Oxidase - Oleanolic
acid - Triterpene synthase - Ursolic acid

Abbreviations

CrAS Catharanthus roseus mixed amyrin synthase

CrAO Catharanthus roseus amyrin oxidase

EST Expressed sequence tag

ORF Open reading frame

LC-MS Liquid chromatogram mass spectrum

P450 Cytochrome P450 monoxygenase

QRT-PCR  Quantitative reverse transcription
polymerase chain reaction

RACE Rapid amplification of cDNA ends

TAIL-PCR  Thermal asymmetric interlaced polymerase
chain reaction

Introduction

Catharanthus roseus (L.) G. Don has been one of the most
extensively investigated medicinal plants in the past two
decades, because it is the sole commercial source of the

@ Springer
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cDNAs encoding Hypericum sampsonii benzophenone synthase (HsBPS) and chalcone synthase (HsCHS) were isolated and functionally characterized.
Differential expressions of HsBPS and HsCHS were monitored using quantitative polymerase chain reaction (PCR). In the vegetative stage, HsBPS was highly
expressed in the roots; its transcript level was approx. 100 times higher than that of HsCHS. Relatively high transcript amounts of HsBPS were also detected in
older leaves, whereas the youngest leaves contained higher transcript amounts of HsCHS. In the reproductive stage, maximum HsCHS expression was detected
in flowers, the transcript level being approx. 5 times higher than that of HsBPS. The inversed situation with a 10-fold difference in the expression levels was
observed with fruits. High transcript amounts for both proteins were found in roots.

Keywords: Benzophenone synthase, Chalcone synthase, Gene expression, Hypericum sampsonii, Quantitative PCR, Sampsoniones.

Hypericum sampsonii Hance is used as a traditional Chinese herbal
medicine in the treatment of numerous disorders such as
hematemesis, epistaxis, menstrual irregularity, external traumatic
injury, snakebite and swellings [1]. In recent years, the plant has
aroused further scientific interest for its anticancer activity [2].
Extensive phytochemical studies demonstrated that H. sampsonii
contains an array of sampsoniones (A-Q), which are polyprenylated
benzophenones characterized by complex caged tetracyclic
skeletons (Figure 1). These compounds possess profound cytotoxic
activity [3]. Despite their pharmaceutical importance, biosynthesis
of these benzophenone derivatives remains poorly understood. The
nucleus of sampsoniones is benzophenone, which is biosynthesized
by benzophenone synthase (BPS; EC 2.3.1.151), a new member of
the type III polyketide synthase (PKS) [4]. The first published BPS
(HaBPS) cDNA was from elicitor-treated Hypericum androsaemum
cell cultures, which served as a model system for studying
benzophenone metabolism [5]. Recently, the second BPS cDNA
was cloned and characterized from Garcinia mangostana [6).
However, no information about expression of BPS in planta is so
far available. Here we have cloned and functionally characterized a
cDNA encoding H. sampsonii benzophenone synthase (HsBPS).
The organ-specific expression pattern of HsBPS was analyzed by
quantitative polymerase chain reaction (PCR). For comparison, the
same studies were carried out for chalcone synthase (HsCHS),
which is a well studied ubiquitous type III PKS in all higher plants.

The cDNAs for HsBPS and HsCHS were cloned by the homology-
based cloning strategy. The ORF of the HsBPS cDNA was 1188 bp
long and encoded a 42.7 kDa protein (395 amino acids) with a
calculated p/ of 5.91. The HsCHS cDNA contained a 1173 bp ORF
encoding a 42.7 kDa protein (390 amino acids) with a calculated p/
of 6.55. HsBPS and HsCHS shared around 57.0% identity at the

nucleotide as well as at the amino acid sequence level. HsBPS and
HsCHS were expressed as N-terminally Hise-tagged proteins in
Escherichia coli and purified by affinity chromatography. Protein
bands of approximately 43 kDa each were observed after SDS-
PAGE (Figure 2).

Table 1: Substrate specificities of recombinant HsBPS and HsCHS *

—
Substrate Enzyme activity (% of max)

HaBPS HaCHS
Benzoyl-CoA 100 11
2-Hydroxybenzoyl-CoA 5 0
3-Hydroxybenzoyl-CoA 66 0
4-Hydroxybenzoyl-CoA 0 0
Cinnamoyl-CoA 0 65
2-Coumaroyl-CoA 0 0
3-Coumaroyl-CoA 0 0
4-Coumaroyl-CoA 0 100
Acetyl-CoA 0 0

“ Data are means of two independent experiments.

HsBPS preferred benzoyl-CoA as a starter substrate (Table 1). The
enzymatic product was identified as 2,4,6-trihydroxybenzophenone
by liquid chromatography-UV spectroscopy (LC-UV) and liquid
chromatography-mass spectrometry (LC-MS) in comparison with a
sample of authentic reference compound. The pH and temperature
optima were 6.5-7.0 and 40°C, respectively. There were also traces
of a side product, 6-phenyl-4-hydroxy-2-pyrone. Beside benzoyl-
CoA, HsBPS also accepted 3-hydroxybenzoyl-CoA as starter
substrate to form 2,3’,4,6-tetrahydroxybenzophenone and a small
amount of 6-(3’-hydroxyphenyl)-4-hydroxy-2-pyrone as a
derailment product. 4-Hydroxybenzoyl-CoA, acetyl-CoA, and CoA
esters of cinnamic acids were not accepted by HsBPS as starter
molecules (Table 1).
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The epimedii herb, a traditional Chinese medicinal plant, has significant pharmacological effects on human
health. The bioactive components in the herb (Epimedium sagittatum (Sieb. et Zucc.) Maxim) are mainly
prenylated flavonol glycosides, which are end-products of the flavonoid biosynthetic pathway. This has not
been clearly elucidated until recently. The genes encoding flavonoid 3’-hydroxylase (F3'H) and flavonoid

Keywords: . 3’, 5’-hydroxylase (F3’'5'H) involved in the flavonoid biosynthetic pathway, designated as EsF3'H and EsF3’
Anthocyanin , . . . . . .

CYP75 5'H, were isolated from E. sagittatum using a homology-based cloning method and deposited in the GenBank
Epimedium databases (GenBank ID: HM011054 and HM011055), respectively. EsF3'H and EsF3’5’H proteins shared high

homology with other plant-specific flavonoid hydroxylases and were clustered into the CYP75B and CYP75A
group, respectively. In addition, four conserved cytochrome P450-featured motifs were found in the amino
acid sequences of both genes. Transcription levels of both genes were detected in all tissues tested and
were high in most of the pigmented tissues. Moreover, the expression levels of both EsF3’H and EsF3'5'H cor-
related positively with the anthocyanin accumulation pattern in leaves from E. sagittatum. The cloning and
molecular characterisation of EsF3’H and EsF3’5’H genes will accelerate progress in the study of the flavonoid
biosynthetic pathway to elucidate the molecular mechanisms of the biosynthesis of the bioactive compo-

Flavonoid biosynthesis

nents in E. sagittatum.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Flavonoids represent a large class of secondary metabolites in plants
that are best known as the characteristic red, blue, and purple anthocy-
anin pigments of plant tissues (Winkel-Shirley, 2001, 2002). They have
a wide range of biological functions as they provide pigmentation to
flowers, fruits, and seeds in order to attract pollinators and seed dis-
persers, protect plants from UV radiation, defend against phytopatho-
gens, act as signal molecules in plant-microbe interactions, and are
involved in auxin transport and pollen germination (Dixon and Paiva,
1995; Koes et al., 2005; Peer and Murphy, 2007). Flavonoids receive
substantial public attention because of their significant effects on
human health. The antioxidant activity of flavonoids plays a vital role
in the prevention of neuronal and cardiovascular illnesses, cancer and
diabetes (Harborne and Williams, 2000; Havsteen, 2002).

Abbreviations: CTAB, cetyl trimethyl ammonium bromide; CYP, cytochrome P450;
RACE, rapid amplification of cDNA ends; qRT-PCR, quantitative reverse transcription-
polymerase chain reaction; F3'H, flavonoid 3’-hydroxylase; F3’5’H, flavonoid 3’,5’-
hydroxylase; FLS, flavonol synthase; DFR, dihydroflavonol 4-reductase.

* Corresponding author. Tel.: +86 27 87510675; fax: +86 27 87510331.

E-mail address: yingwang@wbgcas.cn (Y. Wang).
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The genetics and biochemistry of the flavonoid pathway have been
characterised in several model plant species such as Arabidopsis,
maize, petunia, and snapdragon, and the main structural and regulatory
genes have been cloned (Holton and Cornish, 1995; Mol et al.,, 1998;
Winkel-Shirley, 2001). The F3'H and F3’5’H genes, both of which belong
to the cytochrome P450 superfamily, catalyse hydroxylation at the 3’
and 3/, 5’ positions of the B-ring of the flavonoids. This leads to the
production of the red cyanidin-based pigments and the blue/violet
delphinidin-based pigments, respectively (Ayabe and Akashi, 2006;
Tanaka, 2006). In addition to the hydroxylation of anthocyanidins, both
genes also catalyse the hydroxylation of flavanones, flavones and flavo-
nols. Since both the F3’'H and F3'5’H genes were first isolated from petu-
nia (Brugliera et al., 1999; Holton et al.,, 1993), their homologues have
been subsequently isolated from many plants such as the apple (Han
et al., 2010), Arabidopsis (Schoenbohm et al.,, 2000), gentian (Tanaka et
al,, 1996), grape (Bogs et al., 2006) and tomato (Olsen et al.,, 2010). Of
these two genes, F3'5'H has evoked more interest from scientists and
industries, because some important ornamental plants, such as roses,
carnations and chrysanthemums lack F3’5’H enzyme activity and cannot
produce blue or violet flowers (Tanaka, 2006).

Both F3’H and F3’5’H play important roles in flavonoid biosynthesis
and regulation. They are two of the main structural genes encoding
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EST data generated from 14 apple genotypes were downloaded from NCBI and mapped against a reference
EST assembly to identify Single Nucleotide Polymorphisms (SNPs). Mapping of these SNPs was undertaken
using 90% of sequence similarity and minimum coverage of four reads at each SNP position. In total, 37,807
SNPs were identified with an average of one SNP every 187 bp from a total of 6888 unique EST contigs.
Identified SNPs were checked for flanking sequences of >60 bp along both sides of SNP alleles for reliable de-
sign of a custom high-throughput genotyping assay. A total of 12,299 SNPs, representing 6525 contigs, fit the
selected criterion of >60 bp sequences flanking a SNP position. Of these, 1411 SNPs were validated using four
apple genotypes. Based on genotyping assays, it was estimated that 60% of SNPs were valid SNPs, while 26% of

SNPs might be derived from paralogous regions.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, crop improvement efforts by capitalizing on iden-
tification and utilization of genetic diversity have made major strides
with the aid of molecular marker technology. Molecular markers are
highly reliable in identifying and selecting parents carrying traits of in-
terest, advancing breeding schemes, and ultimate crop improvement
via either marker-assisted selection/breeding and/or map-based
cloning (Han and Korban, 2010). Molecular markers are routinely
used to detect and link variations in traits of interest through
Quantitative Trait Loci (QTL) mapping. Once DNA markers linked to
a trait of interest are identified, and the linkage is close, these markers
can be used to select for seedlings possessing the desirable charac-
ter(s) in a breeding population using a particular breeding scheme,
such as backcrossing (Collard and Mackill, 2008; Moose and Mumm,
2008).

Unlike phenotypic evaluation, selection based on DNA markers is
not influenced by environmental factors. Moreover, marker-assisted
selection can be carried out at the seedling stage, and therefore
would alleviate requirements for land space, field evaluations, plant
maintenance, along with associated costs, when compared to

Abbreviations: ESTs, Expressed sequence tags; SNPs, Single Nucleotide Polymor-
phisms; QTL, Quantitative Trait Loci; RAPDs, Random Amplified Polymorphic DNAs;
RFLPs, Restriction Fragment Length Polymorphisms; AFLPs, Amplified Fragment Length
Polymorphisms; SSRs, Microsatellites or Simple Sequence Repeats; HRM, High-
resolution Melting; ADT, Assay Design Tool; GC, GenCall; LD, Linkage Disequilibrium.
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phenotypic selection (Collard and Mackill, 2008). Among various
available molecular marker systems, Microsatellites or Simple Se-
quence Repeats (SSRs) have become the marker of choice as these
are characterized by 1 to 5 bp repeat motifs, and are highly polymor-
phic between and among species (Korban and Tartarini, 2009). More-
over, they are multi-allelicc co-dominant, reproducible, and
transferable across different species. SSR markers are preferred for
QTL mapping studies, marker-assisted selection, and comparative ge-
netic analysis (Liebhard et al., 2003). Initial costs for development of
SSR markers from genomic regions are usually very high compared
to other marker systems. However, for crops wherein expressed se-
quence tags (ESTs) are available, SSR development based on EST
sequences is easy and cheap. Therefore, EST-SSRs have been recently
developed in a wide range of plant species, and are being used for
constructing genetic maps and for pursuing phylogenetic studies.
Moreover, molecular markers developed from ESTs represent gene-
coding regions, and thus are useful tools for bridging functional and
structural genomics (Chagné et al., 2008; Korban and Tartarini,
2009; Varshney et al., 2005). To date, DNA sequences for many
plant species, particularly those of ESTs, are publically available in
large numbers in the NCBI database. Apple genetic maps have been
generally constructed using a backbone of genomic SSR markers and
populated with RAPDs, RFLPs, and AFLPs for QTL identification
(Liebhard et al., 2003; Silfverberg-Dilworth et al., 2006). With avail-
ability of apple EST sequences, EST-SSRs have been identified in silico
and used for constructing new genetic maps (Han et al., 2011; Naik et
al., 2006). Although both genomic SSRs and EST-SSRs offer advan-
tages over other marker systems, there are some concerns over
their throughput efficacy, identification, genotyping costs, as well as
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Abstract

Genetic maps serve as frameworks for determining the genetic architecture of quantitative traits, assessing structure of a
genome, as well as aid in pursuing association mapping and comparative genetic studies. In this study, a dense genetic map
was constructed using a high-throughput 1,536 EST-derived SNP GoldenGate genotyping platform and a global consensus
map established by combining the new genetic map with four existing reliable genetic maps of apple. The consensus map
identified markers with both major and minor conflicts in positioning across all five maps. These major inconsistencies
among marker positions were attributed either to structural variations within the apple genome, or among mapping
populations, or genotyping technical errors. These also highlighted problems in assembly and anchorage of the reference
draft apple genome sequence in regions with known segmental duplications. Markers common across all five apple genetic
maps resulted in successful positioning of 2875 markers, consisting of 2033 SNPs and 843 SSRs as well as other specific
markers, on the global consensus map. These markers were distributed across all 17 linkage groups, with an average of
16933 marker per linkage group and with an average distance of 0.70£0.14 cM between markers. The total length of the
consensus map was 1991.38 cM with an average length of 117.14+24.43 cM per linkage group. A total of 569 SNPs were
mapped onto the genetic map, consisting of 140 recombinant individuals, from our recently developed apple
Oligonucleotide pool assays (OPA). The new functional SNPs, along with the dense consensus genetic map, will be
useful for high resolution QTL mapping of important traits in apple and for pursuing comparative genetic studies in
Rosaceae.
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Introduction identify genes underlying a QTL, a well-saturated map is highly
recommended [6]. Additionally, to run a quick QTL scan, a dense
genetic map offers a choice of polymorphic markers for developing
a genetic map in a new population with well-distributed markers.
A saturated and accurate map with co-dominant, reproducible,
and high-throughput markers not only properly localizes a QTL,
but it can also yield an accurate estimate of the power of the QTL
[6] and contributes to enhanced map resolution, transferability
across laboratories and mapping populations, and to efficient
genotyping.

Multiple genetic and physical maps have become available for
many species, but these are of limited use for pursuing
comparative studies as they are often developed based on a single
specific population with novel molecular markers and segregation
of novel phenotypes [7]. Often, these individual maps have a
common set of co-dominant markers, used as anchor points, that

Genetic maps are routinely constructed and exploited for
identifying marker-trait associations through quantitative trait loci
(QTL) mapping. These maps play a critical role in contributing to
our understanding of the genetic architecture of quantitative traits
by providing information on number, strength, and mode of
interaction of QTLs. Such knowledge provides insights into
designing strategies for potential improvement of traits of interest
via marker-assisted breeding (MAB) or map-based cloning of genes
[1-3]. Availability of an accurate and high-resolution genetic map,
densely populated with high-throughput co-dominant and repro-
ducible molecular markers, enhances efficiency and likelihood of
success of a QTL mapping effort. Earlier, it has been suggested
that QTLs with moderate effects can be identified even with maps
having fairly wide marker intervals (~10 cM) [4,5]. However, to
avoid linkage drag while performing marker-assisted introgression

. . - . ! aid in the process of integration to establish a consensus map for
or to side-step pursuing an additional step of fine-mapping to Y

the target species [8,9,10]. Such bridging or intercross markers
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Perennial ryegrass (Lolium perenne L.) is a popular turfgrass species. To understand the molecular
mechanisms of salinity tolerance, a suppression subtractive cDNA library was constructed for a salinity-
tolerant ryegrass accession, with NaCl-treated (255 mM) plants as the tester. Differentially expressed
cDNA fragments were cloned and screened. BLAST search revealed that 268 clones exhibited significant
homologies to known genes. These genes could be categorized into 11 different functional groups,
including metabolism, energy transfer, detoxification, compatible solute, cellular transport, transcrip-
tion, signal transduction, etc. The salinity-regulated expression of selected genes was confirmed by
RT-PCR analysis. The results suggested that these putatively salinity up-regulated genes may play a
vital role in the salinity tolerance of perennial ryegrass. They can be used as candidate genes for
creating stress-tolerant grasses and for understanding molecular mechanisms of plant adaptation to

salinity stress.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Soil salinization is an abiotic factor that adversely affects
growth and development of plant. The saline soil area covers
about 1 billion ha all over the world (Cheong and Yun, 2007).
In China, soils affected by salinity reach approximately a total of
99 million ha, accounting for nearly 10% of the total saline soil in
the world. Salinity toxicity has been a major constraint for crop
production and sprigging operation in cities along the coast
in China.

The toxicity effects of NaCl can have a severe impact on plants.
NaCl stress can alter plant metabolism, reduce the endogenous
water potential and lead to ionic imbalance, which together
results in growth inhibition of plant (Hasegawa et al., 2000). NaCl
stress affects plants primarily through both the creation of
osmotic stress and the direct action of excess Na* and Cl~ ions
(Hasegawa et al., 2000; Munns, 2005). In order to adapt to
osmotic and Na* stress, plants have developed a set of complex
adaptation mechanism from the whole plant to molecular levels.

When exposed to salt stress, plants can quickly regulate the
expression of genes involved in the production of compatible
osmolites (osmoprotectants) to keep osmotic potential normal,
and to ensure continued positive turgor pressure within cells.

* Corresponding author. Fax: 4+86 27 87510525.
E-mail address: jfu@wbgcas.cn (J. Fu).

0147-6513/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.ecoenv.2011.12.011

These osmoprotectants can improve water and nutrient uptake
from the soil solution and ensure the continuation of vital plant
processes (Hasegawa et al., 2000; Munns, 2005). Furthermore,
plants could stabilize ion concentrations within and outside plant
cells through generation of various ion transporters, including
Na* efflux transporters (Munns, 2005). Another consequence of
exposure to salinity stress is the generation of reactive oxygen
species (ROS), which can promote lipid peroxidation, membrane
damage and enzyme inactivation. To reduce the toxic effects of
ROS, plants usually initiates ROS scavenging system by increasing
the gene expression of some detoxification enzymes (Hasegawa
et al,, 2000). In addition, transcription factors, signaling proteins
and many other compounds are also observed to be regulated in
plant under salt stress (Puranik et al., 2011). The identification
and manipulation of such genes has been suggested as a promis-
ing approach towards the improvement of salinity tolerance in
crop plant (Munns, 2005).

Perennial ryegrass is a self-incompatible diploid (2n=2x=14)
cool-season forage and turfgrass species. It is one of the most widely
used perennial grasses in temperate regions around the world
(Kubik et al., 2001; Xing et al., 2007). Salt stress can adversely affect
turf quality of ryegrass or restrain its use in more extent areas.
Perennial ryegrass shows a potentially high degree of genetic
diversity within the population. Under salt stress, perennial rye-
grasses also exhibit a large variation in morphological and growth
characteristics (our unpublished results). In addition, compared
with other perennial grass species, more genetic and genomic
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ABSTRACT. Lead pollution is an important issue in the world. Perennial ryegrass (Lolium perenne), as one of the widely
used turfgrass and forage species, has a potential for bioremediation. The objective of this study was to investigate
how antioxidant enzymes and their gene transcripts respond to Pb stress in perennial ryegrass. Ryegrass seedlings
were subjected to 0, 0.5, and 3.2 mm of Pb(NO;), for 7 days in a hydroponic system maintained in a greenhouse. Both
root and shoot growths were inhibited by Pb compared with the control. However, contents of chlorophyll (Chl) « and
total Chl were unaffected by Pb treatment. Results from this study showed a substantial increase of malondialdehyde
(MDA) content in leaf tissues when perennial ryegrass was exposed to Pb at 3.2 mm. The MDA content from plants in
the 0.5 mm Pb treatment was lower than the control, indicating that an effective defense mechanism existed.
Circumstantial evidence came also from the content of soluble protein in 0.5 mm Pb treatment, which was not different
from the control. Furthermore, the activity of catalase (CAT) increased at 0.5 mm Pb compared with the control,
indicating that CAT might play an important role in scavenging reactive oxygen species (ROS). The expression
profiles of eight genes encoding antioxidative enzymes were upregulated within 24 hours of Pb treatment. In
conclusion, antioxidant enzymes responded to Pb at an early stage of exposure and their gene expression profiles

provided more details in time courses of the activation of those systems.

Heavy metal pollution is a worldwide ecological problem
because of its impact on plants and animals and ultimately on
the health of human beings via the food chain. Lead is one of the
most abundant and widely distributed heavy metals because of
its various human activities, such as mining and smelting of
lead ores, paint manufacturing, gasoline production, lead linings,
and so on. As a result, Pb is readily enriched into ecosystems. As
a nonessential element for plants, Pb impedes plant growth by
affecting physiological process and metabolic pathways such as
photosynthesis and nutrient acquisition (Godbold and Kettner,
1991; Kastori et al., 1992; Rashid and Popovic, 1990; Verma and
Dubey, 2003).

Like many other toxic metals, Pb induces production and
accumulation of free radicals and ROS in plant tissues and causes
oxidative stress in plants. Excessive ROS can result in irrevers-
ible oxidization of lipids, proteins, chloroplastic pigments, and
nucleic acids (Foyer et al., 1994; Malecka et al., 2001; Reddy
et al., 2005; Schutzendubel and Polle, 2002; Verma and Dubey,
2003). Plants have developed both enzymatic and nonenzymatic
defense systems to scavenge and detoxify ROS (Mittler, 2002).

Received for publication 27 Oct. 2011. Accepted for publication 30 Dec. 2011.
This research was supported by Rural Areas of National Science Research for the
12th Five-Year Plan (Project No. 2011AA100209-2), Innovative Program of The
Chinese Academy of Sciences (Project No. KSCX2-YW-N-068), and Academy—
Locality Cooperation Programme (Project No. 2B201131161101616).
!Corresponding author. E-mail: jinminfu@gmail.com.

80

For example, enhanced activities of superoxide dismutase
(SOD), peroxidase (POD), glutathione reductase (GR), and
other antioxidative enzymes were detected in both horse gram
(Macrotyloma uniflorum) and bengal gram (Cicer arietinum)
subjected to Pb, and the levels of enzymes were dependent on
the concentration of Pb (Reddy et al., 2005). Increased levels
of POD and GR, in response to Pb, were also reported in
Arabidopsis thaliana and maize (Zea mays) calli (Verma and
Dubey, 2003; Zacchini et al., 2003). Elevated levels of
antioxidant enzymes including SOD, glutathione peroxidase
(GPX), ascorbate peroxidase (APX), GR, and CAT were found
in coontail (Ceratophyllum demersum) when exposed to Pb
(Mishra et al., 2006). On the contrary, there were also reports
indicating decreased or unchanged activities of SOD and POD
in plants subjected to Pb or other heavy metals (Islam et al., 2008;
Liu et al., 2008; Sun et al., 2009). The discrepancies regarding
the responses of SOD and POD to Pb stress may attribute to the
different metal concentrations and/or plant developmental stages
at which the investigations were conducted.

Plant responses to Pb have been studied at gene levels using
DNA microarray technique, which overcame some of the dis-
advantages related to enzyme analysis (Magrini et al., 2008).
Upregulated expressions were observed for type-2 metallothio-
nein, aminocyclopropane carboxylic acid synthase/oxidase,
and other genes induced by abiotic stress in rattlebox (Sesbania
drummondii) subjected to Pb treatment (Srivastava et al., 2007).
Using quantitative real-time polymerase chain reaction (Q-PCR)

J. AMER. Soc. Hort. Sci. 137(2):80-85. 2012.
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Abstract Siphonogamy is a critical process in plant
reproductive growth, during which numerous cell-cell
interaction events occur between pistil and pollen. Previous
studies in Solanaceae, Papaveraceae, and Brassicaceae
focusing on pollen—stigma recognition in self-incompatible
systems have provided many important views. In this
study, we profiled the proteome in soybean mature pistils
before and after pollination. Comparative analyses of two-
dimensional gel electrophoresis maps from un-pollinated
and pollinated pistils were conducted. The results showed
that 22 proteins were increased and 36 proteins decreased
after pollination. Functional categorization showed that
most of them were metabolism- and redox-related proteins.
The enhancement of primary metabolism, biosynthesis of
pollen tube guidance compounds, and adjustment of redox
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homeostasis system might be helpful for a successful pol-
lination. Quantitative reverse transcript-polymerase chain
reaction analysis implied that the regulation of gene
expression might happen at both transcriptional and post-
transcriptional levels during pollination. This study will
enhance our understanding of pollen—stigma interaction in
plant sexual reproductive growth.

Keywords Pistil - Two-dimensional gel electrophoresis -
Proteomics - Soybean - Pollination
Introduction

Siphonogamy, as a key event in reproductive process of
plants, has been extensively studied in past years. This
process begins with a pollen grain alighting on and
adhering to the stigma of pistil. Once the pollen grains
adhere to the stigma, the interaction between pollen and
stigma will start. If they are compatible and surrounding
conditions are suitable, the pollen grain will germinate and
start pollen tube growth. To the contrary, if they are
incompatible, either the grain germination or the pollen
tube growth will be inhibited.

Two participants of pollen—pistil interactions are equally
important for the fertilization. In recent years, great pro-
gresses have been made in understanding the pollen—stigma
interaction through self-incompatible and self-compatible
pollination systems (Hiscock and Allen 2008). Some studies
focusing on pollens revealed that pollen coat structure, lipids,
and the pollen coat proteins play crucial roles during pollen—
stigma recognition (Fiebig et al. 2000; Mayfield et al. 2001;
Suen et al. 2003; Swanson et al. 2004; Zinkl and Preuss 2000;
Zinkl etal. 1999). Other studies showed that the stigma is also
critical for a successful pollination. The proteinaceous of the

@ Springer
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Abstract
of astaxanthin from Haematococcus crude extract were investigated, and a spectrophotometric method for
precise quantification of the astaxanthin based on the method of Boussiba et al. was established. According
to Boussiba’s method, alkali treatment destroys chlorophyll. However, we found that: 1) carotenoid content
declined for about 25% in Haematococcus fresh cysts and up to 30% in dry powder of Haematococcus
broken cysts after alkali treatment; and 2) dimethyl sulfoxide (DMSO)-extracted chlorophyll of green
Haematococcus bares little absorption at 520-550 nm. Interestingly, a good linear relationship existed
between absorbance at 530 nm and astaxanthin content, while an unknown interference at 540-550 nm
was detected in our study. Therefore, with 530 nm as working wavelength, the alkali treatment to destroy
chlorophyll was not necessary and the influence of chlorophyll, other carotenoids, and the unknown
interference could be avoided. The astaxanthin contents of two samples were measured at 492 nm and
530 nm; the measured values at 530 nm were 2.617 g/100 g and 1.811 g/100 g. When compared with the
measured values at 492 nm, the measured values at 530 nm decreased by 6.93% and 11.96%, respectively.
The measured values at 530 nm are closer to the true astaxanthin contents in the samples. The data show
that 530 nm is the most suitable wave length for spectrophotometric determination to the astaxanthin in

The influence of alkali on astaxanthin and the optimal working wave length for measurement

Haematococcus crude extract.

Keyword: Haematococcus pluvialis; astaxanthin quantification; spectrophotometry

1 INTRODUCTION

Haematococcus pluvialis is a unicellular green
alga belonging to the Class Chlorophyceae, Order
Volvocales, Family Haematococcaceae. When the
environment is unsuitable, vegetative cells convert to
cysts, which accumulate large quantities of carotenoids
and display a red color (Hu, 2006). Haematococcus
cysts contain 1.5%-3.0% astaxanthin (DW), making
them the most astaxanthin-enriched cells in nature.
Generally, astaxanthin accounts for 60%—80% of total
carotenoids in a cyst (Johnson et al., 1991), but the
value can be as high as 90%-95% (Boussiba et al.,
1997; Aflalo et al.,, 2007). The mass culture of

Haematococcus to produce natural astaxanthin is a
rapidly growing field in microalgal biotechnology
due to the wide range of potential uses of astaxanthin
in aquatic culture and human health foods (Droop et
al., 1955; Boussiba and Vonshak, 1991; Borowitzka
et al., 1994; Cysewski and Lorenz, 2004).
Quantification of astaxanthin is an essential step in

* Supported by the Yunnan Provincial Sciences and Technology Department,
China (No. 2007AD009), the National Natural Science Foundation of
China (No. CNSF30570183), and the Knowledge Innovation Program of
Chinese Academy of Sciences (No. KSCX2-YW-G-060)
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MICROSATELLITE PRIMERS IN THE ENDANGERED QUILLWORT
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e Premise of the study: The first microsatellite primers were developed for Isoetes hypsophila, an endangered quillwort species
endemic to the Qinghai-Tibetan Plateau in China, to further describe its genetic variability and population structure. We also
examined their cross-amplification in a congeneric species, 1. sinensis.

e Methods and Results: Using the Fast Isolation by AFLP of Sequences COntaining Repeats (FIASCO) protocol, nine microsat-
ellite loci were isolated and characterized in 32 samples from four natural populations of 1. hypsophila. The primers amplified
di- and hexanucleotide repeats with three to 11 alleles per locus. Seven of nine primers were cross-amplified in 1. sinensis with

two to seven alleles per locus.

e Conclusion: The microsatellite loci primers will be useful for studies of genetic diversity and gene flow in natural populations

of Isoetes species.

Key words:

Isoetes L., the single remaining genus of the family Isoeta-
ceae, is a cosmopolitan genus of heterosporous lycopods com-
prising 200 or more species. Isoetes hypsophila Hand.-Mazz., an
alpine quillwort endemic to the southeastern Qinghai-Tibetan
(Q-T) Plateau, is a diploid species (2n = 22) distributed in shal-
low zones of plateau lakes or marshes of Sichuan and Yunnan
provinces in China (Chen et al., 2005). Field surveys over the
past eight years identified six geographically isolated regions
with small populations, which are Hongyuan, Baiyu, Jiulong,
Litang, and Daocheng counties in Sichuan Province and
Shangri-La County in Yunnan Province (Chen et al., 2005; Chen
et al., 2010). Like other quillwort species in China, such as
1. yunguiensis Q. F. Wang & W. C. Taylor, I. taiwanensis De
Vol, I orientalis Hong Liu & Q. F. Wang, and I. sinensis
Palmer, 1. hypsophila is endangered because of habitat degrada-
tion and loss, water pollution and eutrophication, competitive
exclusion, and human disturbance (Liu et al., 2005), and the
genus Isoetes is listed in the first category of the key protected
wild plants in China (Yu, 1999). Considering that . hypsophila
played an important role in the evolutionary history of quillworts
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and occupies a basal position among East Asian and eastern
Australian members of the genus (Taylor et al., 2004), an appropri-
ate conservation program is urgently needed to prevent further loss
of 1. hypsophila. Therefore, it is essential to develop molecular
markers for the population genetic analysis of 1. hypsophila and
other Chinese quillworts to provide essential information for the
development of a management and conservation strategy.

Among various molecular marker tools, microsatellite mark-
ers have proven to be highly efficient molecular tools for popula-
tion genetic studies, due to their high reproducibility, multiallelic
nature, codominant inheritance, relative abundance, and wide ge-
nome coverage. In this study, nine highly variable microsatellite
loci were developed for the endangered I. hypsophila, and their
cross-amplification in 1. sinensis was examined.

METHODS AND RESULTS

Total genomic DNA was extracted from leaf tissue of 1. hypsophila using a
modified cetyltrimethylammonium bromide (CTAB) method (Doyle and
Doyle, 1987). The isolated DNA was dissolved in 100 puL of TE buffer and
stored at —20°C. A microsatellite-enriched genomic library was constructed
using the Fast Isolation by AFLP of Sequences COntaining Repeats (FIASCO)
protocol previously described by Zane et al. (2002), with some modifications.
Approximately 250 ng of total genomic DNA isolated from a single sample in
the Baiyu population (Appendix 1) was digested with Msel (New England
BioLabs, Beverly, Massachusetts, USA), and then ligated to the adapter
(5’-TACTCAGGACTCAT-3"/5"-GACGATGAGTCCTGAG-3’) using T4 DNA
ligase (TaKaRa Biotechnology Co., Dalian, Liaoning, China) in a volume
of 30 pL. The digestion-ligation mixture was subsequently diluted 10 times,
and 5 pL of digestion-ligation DNA fragments were amplified with 1 pL. AFLP
adapter-specific primer (5-GATGAGTCCTGAGTAAN-3’, i.e., MseIl-N) (25 uM)
for the first round of PCR in a 20 uL volume, using a thermal cycling program
of initial denaturation of 3 min at 95°C, followed by 20 cycles of 30 s at

American Journal of Botany: e184—e186, 2012; http://www.amjbot.org/ © 2012 Botanical Society of America
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e Premise of the study: The first microsatellite primers were developed for Davidia involucrata, an endangered relic species of
the Tertiary in China, to further describe its genetic variability and population structure.

Methods and Results: Using the Fast Isolation by AFLP of Sequences Containing Repeats (FIASCO) protocol, 15 polymorphic

microsatellite loci were isolated and characterized in 20 individuals from the germplasm collections of D. involucrata at the
Hunan Forest Botanical Garden. High levels of polymorphism were revealed, with the total number of alleles per locus and the
number of alleles per locus per individual ranging from two to 13 and from one to six, respectively.

Conclusions: The multibanded patterns of microsatellite loci obtained in the current study confirmed that D. involucrata might

be a polyploid species. The primers will be useful for studies of genetic diversity and for guiding conservation strategies for D.

involucrata.

Key words:

Dove tree, Davidia involucrata Baill. (Cornaceae), which is
endemic in western China, is not only one of the best known
relict species of the Tertiary, but also a famous ornamental plant
with dove-shaped flowers (Fu and Chin, 1992). Fossils from the
Paleocene of North America indicate that the genus Davidia
Baill. was more widespread in the past (Manchester, 2003).
Davidia involucrata is only one relict species in the genus
Davidia; other species within the genus went extinct during the ice
ages of the Quaternary. This species survived only in the sub-
tropical mountains of southwestern China because of the topo-
graphical complexity and weak impact of the glaciers (Wu et al.,
2004). After the ice ages, D. involucrata populations spread
slowly in mountains in southwestern China. Today, D. involu-
crata is distributed in more than 40 counties in Gansu, Shanxi,
Hubei, Hunan, Yunnan, Guizhou, Sichuan, and Chongqing
provinces (Wu et al., 2004). Additionally, as an ornamental
plant, D. involucrata has been introduced from China to many
countries since 1904. In the 20th century, the distribution and
population size of D. involucrata decreased sharply, owing to
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human activities that destroyed natural forests. The species has
been placed in the highest class of protected plant species in
China (Fu and Chin, 1992) and listed as Vulnerable (VU) in the
IUCN Red List (http://www.iucnredlist.org/). An appropriate
conservation program is urgently needed to prevent further loss
of D. involucrata. Although genetic characterization of germ-
plasm resources is essential for the efficient conservation and
utilization of the species, little is known about the genetic diver-
sity and population structure of either wild or cultivated D. in-
volucrata. Because of their codominant and hypervariable
nature, microsatellite markers have been proven to be highly
efficient molecular tools. Here, we describe the characterization
of 15 polymorphic and two monomorphic microsatellite loci in
the genome of D. involucrata for population and conservation
genetics studies.

METHODS AND RESULTS

Total genomic DNA was extracted from leaf tissue of D. involucrata using
a modified cetyltrimethylammonium bromide (CTAB) method (Doyle and
Doyle, 1990). A microsatellite-enriched genomic library was constructed
using the Fast Isolation by AFLP of Sequences Containing Repeats (FIASCO)
protocol described by Zane et al. (2002). Approximately 250 ng of total
genomic DNA was digested with Msel (New England BioLabs, Beverly,
Massachusetts, USA), and then ligated to the adapter (5-TACTCAGGAC-
TCAT-3"/5"-GACGATGAGTCCTGAG-3") using T4 DNA ligase (TaKaRa
Biotechnology Co., Dalian, Liaoning, China) in a volume of 30 uL. The di-
gestion-ligation mixture was subsequently diluted 10 times, and 5 puL diges-
tion-ligation DNA fragments were amplified with 1 pLL AFLP adapter-specific
primers (5-GATGAGTCCTGAGTAAN-3", i.e., Msel-N) (25 uM) for the first
round of PCR in 20 puL volume, using the following PCR program: 95°C for
3 min; followed by 20 cycles of 30 s at 94°C, 1 min at 53°C, and 1 min at
72°C; and a final extension at 72°C for 10 min. After denaturation at 95°C for
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Abstract: Herbal Epimedium species have been widely in Traditional Chinese Medicine
for sexual enhancement, immunity improvement, anticancer and anti-aging treatment, with
flavonoids and polysaccharides being the major active components. However, exhaustive
depletion of wild sources warrants germplasm evaluation and quality resource exploration.
A preliminarily analysis had previously indicated that a specific local geographic accession
of Epimedium sagittatum found in Luotian (LT) county of Hubei Province (China) had a
much higher content of total flavonoids and polysaccharides. In this study, we further
investigated the medicinal component variation in the LT type under different light
intensities and in different regions by the common-garden experiment. The results indicated
a light intensity range of 40-160 pmol/m®/s was the most suitable for the synthesis and
accumulation of total flavonoids, while polysaccharide accumulation was negatively
correlated with the light intensity. Icariin was the component displaying the highest content
among flavonoids, and the content of major flavonoid bioactive components was relatively
stable in the third year after cultivation. There was significant correlation between the major
flavonol glycoside constituents and the geographic location, and Central China followed by
Northern China were the highly suitable regions for cultivation of LT type E. sagittatum.
The results revealed that there was a functional balance between flavonoids and
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Abstract: Variation patterns and inheritance of antho-
cyanin content in the ripe berries of a tetraploid x diploid
table grape cross population were investigated in two
successive years. The population segregated for three
different ploid levels: dipolids, triploids, and tetraploids.
A total of 28 different anthocyanins were detected and
quantified in the progeny population. Transgressive
segregation for the total anthocyanin content was
observed in all the three ploid progeny populations. The
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total anthocyanin content increased as the ploid level
increased. The broad sense heritabilities (H?) of the total
anthocyanin content were all relatively high, ranging
from 0.53 to 0.98, 0.57 to 0.97 and 0.43 to 0.94 in the
diploid, triploid and tetraploid population, respectively.
Our results suggested that the total anthocyanin content
followed an additive inheritance model in this polyploid
segregation population. We also observed that the
relative contribution of individual anthocyanins to the
total anthocyanin content varied significantly among
different ploid populations, suggesting that genetic
background has important impact on the accumulation
of the individual anthocyanin compounds. These results
will help develop better breeding strategies in a polyploid
table grape breeding program for improving the content
of anthocyanins, an important class of polyphenolics
possessing antioxidant activities and many other health-
related benefits.

Keywords Anthocyanins - Inheritance -
Transgressive segregation - Polyploid table grapes

Introduction

Grapes (Vitis spp.) are one of the most important fruit
crops and widely consumed as fresh fruits as well as
wine, juice, raisin and other processed products. While
most grape production is used for wine making, table
grapes have been growing at an unprecedented pace in
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Abstract

molecular basis for heat tolerance in grape leaves.

Background: Grapes are a major fruit crop around the world. Heat stress can significantly reduce grape yield and
quality. Changes at the molecular level in response to heat stress and subsequent recovery are poorly understood.
To elucidate the effect of heat stress and subsequent recovery on expression of genes by grape leaves representing
the classic heat stress response and thermotolerance mechanisms, transcript abundance of grape (Vitis vinifera L.)
leaves was quantified using the Affymetrix Grape Genome oligonucleotide microarray (15,700 transcripts), followed
by quantitative Real-Time PCR validation for some transcript profiles.

Results: We found that about 8% of the total probe sets were responsive to heat stress and/or to subsequent
recovery in grape leaves. The heat stress and recovery responses were characterized by different transcriptional
changes. The number of heat stress-requlated genes was almost twice the number of recovery-regulated genes.
The responsive genes identified in this study belong to a large number of important traits and biological pathways,
including cell rescue (i.e, antioxidant enzymes), protein fate (i.e, HSPs), primary and secondary metabolism,
transcription factors, signal transduction, and development. We have identified some common genes and heat
shock factors (HSFs) that were modulated differentially by heat stress and recovery. Most HSP genes were
upregulated by heat stress but were downregulated by the recovery. On the other hand, some specific HSP genes
or HSFs were uniquely responsive to heat stress or recovery.

Conclusion: The effect of heat stress and recovery on grape appears to be associated with multiple processes and
mechanisms including stress-related genes, transcription factors, and metabolism. Heat stress and recovery elicited
common up- or downregulated genes as well as unique sets of responsive genes. Moreover, some genes were
regulated in opposite directions by heat stress and recovery. The results indicated HSPs, especially small HSPs,
antioxidant enzymes (i.e., ascorbate peroxidase), and galactinol synthase may be important to thermotolerance of
grape. HSF30 may be a key regulator for heat stress and recovery, while HSF7 and HSF1 may only be specific to
recovery. The identification of heat stress or recovery responsive genes in this study provides novel insights into the

Background

Most crop plants are exposed to heat stress during certain
stages of their life cycle. Heat stress, defined as the
temperature above a normal optimum, is expected to be-
come a major issue in reducing crop production in coming
years due to global warming [1]. Grape is a popular
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cultivated fruit throughout the world and represents one of
the most important crops with highly valued products such
as juices, liquors and wines [2]. The grape species Vitis vini-
fera makes up most of the grape production in the world.
However, grape production and quality often fluctuate due
to various environmental factors. Temperature has been
broadly considered as a major determining factor. Studies
show that crop production is severely limited by
temperature stresses around the world [3]. In many regions,
the maximum midday air temperature can reach 40°C and
above, which can destroy grape berry ripening [4]. In
addition, crop cultivation in sheltered conditions (e.g.,

© 2012 Liu et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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SUMMARY

Self-incompatibility (SI) has been studied extensively at the molecular level in many members of the Solanaceae,
Rosaceae, and Scrophulariaceae, all of which exhibit gametophytic self-incompatibility (GSI). In this study, we
analysed 66 new accessions of Chinese cherry (Prunus pseudocerasus) collected in Shandong, Henan, Anhui, Jiangsu,
Zhejiang, and Sichuan Provinces. Their S-genotypes were identified using PCR with two conserved or four allele-
specific primers. No novel S-alleles were found in these accessions. The frequencies and distributions of the S-alleles
were significantly unequal. The frequencies of S; and Sy were the highest, and those of S, and S5 were the lowest. The
unequal frequencies and distributions of S-alleles could be associated with different climates and/or habitats, or caused
by other factors such as natural selection, which would accelerate the evolution of S-alleles. Understanding the
frequency and distribution of S-alleles would help to develop informed orchard management strategies for Chinese

cherry cultivars.

elf-incompatibility (SI) in flowering plants is a

widespread genetic system that prevents inbreeding
by enabling the pistil to reject pollen from genetically-
related individuals. Prunus spp. in the family Rosaceae
exhibit typical gametophytic self-incompatibility (GSI).
This incompatibility is controlled by a single multi-allelic
locus called the S-locus (Crane and Lawrence, 1929; de
Nettancourt, 1977), which contains at least two linked
genes, one for the pistil determinant and the other for the
pollen determinant (Kao and Tsukamoto, 2004). When
the S-allele in haploid pollen matches that of the pistil,
the pollen is recognised as “self” (de Nettancourt, 2001),
resulting in the cessation of pollen-tube growth (Roalson
and McCubbin, 2003).

Although unequal S-allele frequencies have rarely
been demonstrated, a few have recently been reported in
several species. Different S-alleles, the frequencies of
which were significantly unequal, were found in a
random sample of 51 Papaver rhoeas plants from a
natural population (R106), and one of the S; stigma
alleles appeared to be a stigma partial mutant of the
revertant type (Campbell and Lawrence, 1981a). The S-
locus might also be linked to one or more genes that
determine seed dormancy, which could also be
responsible for the unequal S-allele frequencies
observed in the natural population from which the wild-
type parents of the progenies were obtained (Lane and
Lawrence, 1995; Lawrence et al., 1993). Brooks et al.
(1996) reported that the large variation in S-allele
frequencies found in samples from populations of P.
rhoeas was consistent with their being in a steady state,
and may have an effect on selection (Lawrence and

*Author for correspondence.

Franklin-Tong, 1994). Unequal S-allele frequencies
might be caused by the facts that (i) the strength of the
frequency-dependent selection that maintains the
polymorphism must be weak, and/or (ii) a population
will contain only a sub-set of the total number of
genotypes (Fearon et al., 1994; Lawrence et al., 1994).
Moreover, the S-allele frequency may be associated with
selection operating on a genotype which favours any
selective advantage in economic characteristics for the
genetic improvement of sweet cherry (Williams and
Brown, 1956; Williams and Gale, 1960). In addition, Kao
et al. (2007) reported that unequal allele frequencies may
result from extreme environmental and/or climatic
pressures caused by volcanic eruptions and typhoons
that cause serious damage to habitats.

Chinese cherry (P. pseudocerasus) is a polyploid
species (Gu et al., 2010; Oginuma, 1988) with self-
compatible flowers (Gu et al.,2010; Mizutani et al., 1995).
The S-genotypes of ten Chinese cherry cultivars have
been determined, and nine S-RNase alleles were
identified (Gu et al.,2010; Huang et al., 2008). The results
showed that different cultivars collected from the same
Province had the same S-genotype, and that the
frequencies and distributions of these nine S-alleles were
also in disequilibrium in the different cultivars (Gu et al.,
2010). However, the number of cultivars studied by Gu
et al. (2010) was small (n = 9). Thus, we collected 66
accessions from six different Provinces (as many as
possible) and combined these with the nine Chinese
cultivars already described (total n = 75) in an attempt to
identify any new S-alleles. Understanding the
frequencies and distributions of S-alleles would help to
develop more informed orchard management and
pollination strategies for Chinese cherry cultivars.
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Abstract

Growing second-generation energy crops on marginal land is conceptualized as one of the primary means of
future bioenergy development. However, the extent to which marginal land can support energy crop production
remains unclear. The Loess Plateau of China, one of the most seriously eroded regions of the world, is particu-
larly rich in marginal land. On the basis of the previous field experiment of planting Miscanthus species in
Qingyang of the Gansu Province, herein, we estimated the yield potential of Miscanthus lutarioriparius, the spe-
cies with the highest biomass, across the Loess Plateau. On the basis of the radiation model previously devel-
oped from Miscanthus field trials, annual precipitation was introduced as an additional variable for yield
estimate in the semiarid and semihumid regions of the Loess Plateau. Of 62 million hectares (Mha) of the Loess
Plateau, our model estimated that 48.7 Mha can potentially support Miscanthus growth, with the average yield
of 17.8 t ha ! yr'. After excluding high-quality cropland and pasture and land suitable for afforestation, a total
of 33.3 Mha of presumably marginal land were left available for producing the energy crop at the average yield
of 16.8 t ha™! yr ' and the total annual yield of 0.56 billion tons. The analysis of environmental factors indicated
that erosion, aridity, and field steepness were the primary contributors to the poor quality of the marginal land.
The change of land uses from traditional agriculture to energy crop production may prevent further erosion and

land degradation and consequently establish a sustainable economy for the region.

Keywords: bioenergy, biofuel, land-use change, marginal land, Miscanthus lutarioriparius, radiation model
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Introduction

The world’s bioenergy potential depends heavily on
how much land is available for growing energy crops.
A large-scale, sustainable production of energy crops
should not take place at the cost of productive cropland
or natural ecosystems, because it would otherwise
threaten world’s food security or result in substantial
carbon debt and weakened ecosystem function (Fargi-
one et al., 2008; Robertson et al., 2008; Searchinger et al.,
2008). One conceptually promising solution is to
develop and grow second-generation energy crops on
marginal land or abandoned and set-aside cropland
(Somerville et al., 2010; Sang, 2011).

Second-generation energy crops include primarily
perennial grasses and short rotate coppices that can be
grown under water-limited and nutrient-poor condi-
tions with infrequent tillage (Heaton et al., 2008b; Karp
& Shield, 2008; Oliver et al., 2009). Thus, they require

Correspondence: Tao Sang, tel. + 86 10 6283 6446,
fax + 86 10 6259 0843, e-mail: sang@msu.edu

© 2012 Blackwell Publishing Ltd

relatively low energy input and have a high net energy
output. For marginal land with native vegetation
already cleared out, growing second-generation energy
crops can be beneficial for carbon sequestration and
protection against erosion. This is particularly true for
countries with little or no surplus cropland, but rich in
marginal land.

China is typical of such a country having less than
9% of world’s cropland supporting more than 20% of
the world’s population. With the vast area of land
deforested or over-used for food production, 1-200 mil-
lion hectares (Mha) of land has suffered from various
degrees of erosion and degradation (Houghton & Hack-
ler, 2003; Li & Hu, 2003; Zhou et al., 2007). The majority
of this land is located in northern and northwestern
regions of the country, where inappropriate land uses,
such as over-grazing or grain production, have caused
severe soil degradation, and in the worst cases, deserti-
fication (Akiyama & Kawamura, 2007).

The Loess Plateau that covers an area of more than
60 Mha from central to northwestern China is particu-
larly rich of marginal land (34°—45°5'N, 101°-114°33'E;

545
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Effects of soil moisture and floral herbivory on sexual expression
in a gynodioecious orchid
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Abstract Compared to pollinator limitation and inbreeding avoidance, the role of ecological factors in sexual
differentiation has received less attention in sexual dimorphic plants. The effect of soil moisture and florivory on two
sexual morphs in a gynodioecious orchid, Satyrium ciliatum, was investigated in seven gynodioecious (with both
female and hermaphrodite individuals) and 15 hermaphroditic (with only hermaphrodite individuals) populations.
Our result showed that, compared to hermaphrodites, females tended to occur in drier sites in which soil water content
was consistently lower than that of hermaphrodites in all gynodioecious populations. The soil water content where
hermaphrodites grew was not significantly different between gynodioecious and hermaphroditic populations. We
observed that females experienced less attack by insect florivores than hermaphrodites in gynodioecious populations,
and hermaphroditic populations had higher insect attack than gynodioecious populations. Our results provide
evidence for females being favored in stressful sites. However, the soil moisture and degree of florivory were not
correlated to female frequency among populations, suggesting that the two ecological factors have not induced strong

effects or other factors that may also influence the sex ratio in the facultative apomictic orchid.

Key words

The invasion of male-steriles (females) into
hermaphrodite populations, leading to gynodioecy, has
evolved many times in flowering plants. Approximate
6% of flowering plants show this dimorphic breeding
system, in which both female and hermaphroditic indi-
viduals coexist in populations (Webb, 1999). Females,
which save resources by not producing pollen, may ob-
tain higher seed fitness than hermaphrodites by produc-
ing more seeds and/or higher quality seeds (reduced
inbreeding depression), and can thereby be maintained
in populations (see Dufay & Billard, 2012). In the past
two decades, studies began to emphasize the effects of
ecological context on this sexual dimorphism, including
harsh environment or herbivores (Delph, 1990, 2003;
Wolfe & Shmida, 1997; Ashman, 1999, 2002, 2006;
Barr, 2004; Vaughton & Ramsey, 2004; Caruso & Case,
2007; Wise & Hebert, 2010).

Darwin (1877) first noted the association between
sexual dimorphism and harsh environment and stated
that females were more prevalent in harsh sites in

Received: 6 April 2012 Accepted: 23 April 2012
* Author for correspondence. E-mail: sqghuang@whu.edu.cn. Tel.: 86-27-
68753553. Fax: 86-27-68752560.

ecological factors, gynodioecious orchid, herbivory, Satyrium ciliatum, sex ratio, soil moisture.

gynodioecious species. A recent review showed that
studies of 14 gynodioecious species all found females
preferring to occur in harsh environments with lower
resource availability than hermaphrodites (Ashman,
2006). To explain such an association, Delph (1990)
hypothesized that the seed set of hermaphrodites would
be more variable and plastic than that of females
among different resource level environments. Given
that hermaphrodites allocate resources to both pollen
and seeds, in harsh environments resources may be in-
adequate for hermaphrodites to maintain both sexual
functions. However, females are less costly, in that they
only allocate resources to seeds. Therefore, resource-
stressful environments can cause a plastic reduction of
seed production in hermaphrodites, and females can
be favored because of relatively higher seed fitness
(Barr, 2004; Dorken & Mitchard, 2008; Bishop et al.,
2010). In populations, the equilibrium frequency of
females depends on their seed fitness relative to that
of hermaphrodites. The effect of herbivores on sexual
expression received recent attention in gynodioecious
species. Several studies showed that pollen-bearing
plants, such as hermaphrodites and males, are often
preferred by herbivores (Marshall & Ganders, 2001;
Ashman, 2002; Collin et al., 2002; Ashman et al., 2004;

© 2012 Institute of Botany, Chinese Academy of Sciences
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FLORAL DEVELOPMENT OF STEPHANIA (MENISPERMACEAE):
IMPACT OF ORGAN REDUCTION ON SYMMETRY
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Stephania is the sole genus in the basal eudicot family Menispermaceae that possesses both actinomorphic
and zygomorphic flowers. Variation in perianth merism can have an important impact on flower symmetry and
thus eminent biological significance in evolution of Menispermaceae. Using SEM, we studied the floral
development of four representative species, which present the two predominant floral patterns of the genus,
namely, homomorphy of both male and female flowers (actinomorphy) or heteromorphy (actinomorphy/
zygomorphy). The sepals of the male flowers are arranged mostly in two alternate whorls of three or four each,
whereas in female flowers they are in a single whorl of three or four or there is only a single sepal. Petals of
male flowers are in a whorl of three or four organs, whereas female flowers of some species have only two
petals. Trimerous and tetramerous perianths can coexist in the same umbellets of some species. Variation in
perianth merism and loss of perianth parts of the female flowers may result in flower symmetry switching from
actinomorphy to zygomorphy. The two main floral patterns are consistent with a distinction of two subclades
within Stephania. The unicarpellate genera of the Menispermaceae share a unique combination of characters,
including a synandrium, unitegmic ovules, and absence of vestigial sexual organs. However, Stephania differs
from its unicarpellate relatives by two features: a two-whorled arrangement of floral organs of the male flowers
and a free perianth. The investigation provides new and valuable developmental information on flowers of the
little-known Menispermaceae and provides a background for a discussion of the evolution of merism and
unisexual flowers in the basal eudicots.

Keywords: floral development, floral symmetry, Menispermaceae, merism, Stephania, unicarpellate

gynoecium.

Introduction

Stephania is one of the few unicarpellate genera in the pan-
tropical climbing Menispermaceae (Kessler 1993). The fam-
ily, comprising 70~75 genera and 450~520 species (Jacques
et al. 2007; Ortiz et al. 2007), is a member of a “core Ranun-
culales” sister to a Ranunculaceae + Berberidaceae clade
(Hoot et al. 1999; APG II 2003; Kim et al. 2004; Wang et al.
2009; Soltis et al. 2011). Within the order, Menispermaceae
are distinctive in being dioecious and having small flowers,
with floral parts usually in whorls of three (Kessler 1993).

The genus Stephania, with ~30-60 species, is primarily
found in tropical and subtropical Asia, parts of Africa, and
Oceania (Diels 1910; Kessler 1993; Luo et al. 2008). It is
a relatively large genus within Menispermaceae (Cronquist
1981). In his eight-tribe classification, Diels (1910) placed
Stephania in the tribe Menispermeae which was subdivided
into three subtribes: Cocculinae (2-6 carpels), Cissampelinae
(1 carpel, with asymmetrical perianths of female flowers),
and Stephaniinae (1 carpel, with symmetrical perianths of
female flowers). Among these, the Stephaniinae consisted of

1 These authors contributed equally to this work.
2 Author for correspondence; e-mail: hengchangwg@yahoo.com.
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only Stephania, whereas the Cissampelinae consisted of Cis-
sampelos, Cyclea, and Antizoma. Forman (1956, 1968) con-
sidered this classification inappropriate because he found
monosymmetric female flowers with asymmetric perianth in
Malesian Stephania. However, pollen morphology (Harley
and Ferguson 1982) supported the division between Stepha-
niinae (triporate) and Cissampelinae (tricolporate).

Whether the two subtribes are monophyletic is contro-
versial, as the molecular phylogenies of the Menispermaceae
are incongruent, based on different samplings and different
genes. A preliminary phylogenetic study of Hong et al.
(2001, on internal transcribed spacers [ITSs]) revealed that
within the Menispermeae, Stephania was monophyletic and
sister to Cyclea and Cissampelos. The trees of Ortiz et al.
(2007, studying ndhF) and Wang et al. (2007, studying
matK, trnL-F, and ITS) showed that the two unicarpellate
subtribes are monophyletic while Cocculinae is paraphyletic.
However, Hoot et al. (2009, studying rbcL and atpB) and
Jacques et al. (2011, studying rbcL and a#pB) indicated that
Cissampelinae is polyphyletic, and Stephaniinae is paraphy-
letic because the African species Stephania laetificata and the
sampled Asian species are placed in different clades. Stepha-
nia laetificata was placed in a separate section by Diels
(1910) and is characterized by triple pseudo-racemes of con-
glomerate cymes and rough hairs on the stems. From a strict
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Abstract Simple sequence repeats (SSRs) were used to
assess genetic diversity and study genetic relatedness in a
large collection of Malus germplasm. A total of 164 acces-
sions from the Malus core collection, maintained at the
University of Illinois, were genotyped using apple SSR
markers. Each of the accessions was genotyped using a
single robust SSR marker from each of the 17 different
linkage groups in Malus. Data were subjected to principal
component analysis, and a dendrogram was constructed to
establish genetic relatedness. As expected, this diverse core
collection showed high allelic diversity; moreover, this allelic
diversity was higher than that previously reported. Cluster
analysis revealed the presence of four distinct clusters of
accessions in this collection.
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Introduction

Availability of diverse Malus germplasm is critical for pursu-
ing successful apple breeding efforts, as it increases genetic
diversity and allows for development of new apple cultivars
with enhanced and/or desirable traits. This also aids in diver-
sifying the gene pool and preserving those unique genetic traits
available in this material.

When characterizing plant germplasm, incidence of mul-
tiple clones of genetic material as well as mislabeling of
accessions may occur, which are both costly and undesirable
(Garkava-Gustavsson et al. 2008). Moreover, proper identi-
fication and characterization of plant germplasm will protect
intellectual property as well as aid in identifying parents
carrying genes of interest for breeding efforts (Gouldo
et al. 2001; Davila et al. 1998). By selecting diverse parents
and increasing genetic diversity through germplasm collec-
tions, progress can be made in apple plant breeding efforts
towards developing new cultivars with economically valu-
able traits including those with enhanced fruit quality and
disease and pest resistance.

As in vivo maintenance and management of Malus germ-
plasm are labor-intensive, costly, and require commitment
of land resources for germplasm conservation efforts, deter-
mining genetic identity and genetic relatedness among
accessions also impacts efficiency and utilization of such
germplasm collections in breeding programs (Kresovich and
McFerson 1992; Russell et al. 1997). The constraints of
management of the Malus germplasm collection have led
to development of strategies for germplasm evaluation. One
of these strategies is the development of a core collection
consisting of accessions having high levels of genetic diver-
sity that could serve as representatives of the entire genetic

@ Springer
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Abstract

Bermudagrass (Cynodon dactylon) is a widely used warm-season turfgrass and one of the most drought tolerant species.
Dissecting the natural variation in drought tolerance and physiological responses will bring us powerful basis and novel
insight for plant breeding. In the present study, we evaluated the natural variation of drought tolerance among nine
bermudagrass varieties by measuring physiological responses after drought stress treatment through withholding water.
Three groups differing in drought tolerance were identified, including two tolerant, five moderately tolerant and two
susceptible varieties. Under drought stress condition, drought sensitive variety (Yukon) showed relative higher water loss,
more severe cell membrane damage (EL), and more accumulation of hydrogen peroxide (H,0,) and malondialdehyde
(MDA), while drought tolerant variety (Tifgreen) exhibited significantly higher antioxidant enzymes activities. Further results
indicated that drought induced cell injury in different varieties (Yukon, SR9554 and Tifgreen) exhibited liner correlation with
leaf water content (LWC), H,0, content, MDA content and antioxidant enzyme activities. Additionally, Tifgreen plants had
significantly higher levels of osmolytes (proline level and soluble sugars) when compared with Yukon and SR9554 under
drought stress condition. Taken together, our results indicated that natural variation of drought stress tolerance in
bermudagrass varieties might be largely related to the induced changes of water status, osmolyte accumulation and
antioxidant defense system.
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Introduction and different grass species may develop different strategies to

. tolerate, escape, or avoid drought stress condition [4,7,8,9,10].
Drought is one of the most serious world-wide problems and

largely affects plant growth, development and survival rate,
leading to enormous crop vyield loss. Plants are greatly restricted
in growth field under stress condition, and have evolved many
mechanisms to rapidly adapt to drought stress condition to keep
growth and productivity [1,2]. Recently, more attentions have
been paid to mechanisms of plant drought stress tolerance,
including physiological and biochemical metabolisms, gene
expression regulation, proteomic profiling and cross-talks between
several hormones etc, which further helps us develop different
genetic approaches to improve plant drought tolerance and
prevent yield loss.

To date, a lot of research groups have paid attentions to the
natural variations in biotic and abiotic stress tolerances in
many plant species, such as Arabidopsis, rice, bermudagrass,
brachypodium ditachyon, and perennial ryegrass (Lolium perenne)
[3,9,11,12,13,14,15]. Using these germplasms differing in
drought tolerance, the major quantitative trait locis (QTL)
contributing to drought tolerance and genetic networks
controlling important stress processes were further dissected
[4,5,9,10,15]. Previous studies have suggested that drought
tolerance of bermudagrass varieties might be correlated with
plant development such as leaf firing, root and shoot systems,
mass production [16,17,18,19], accumulation of dehydrin
[9,20], evapotranspiration [21], leaf water content (LWCQC),
chlorophyll content, proline content, and antioxidant enzyme
activities [10,22,23]. Physiological and biochemical mecha-
nisms in response to water deficit stress have been largely

In response to drought stress, turfgrass has developed complex
mechanisms such as physiological, biochemical, molecular and
cellular changes to cope with limited water supply [3,4].
Comparatively, bermudagrass (Gynodon dactylon) is one of the most
drought tolerant turfgrasses [5,6]. As a warm-season perennial
grass, bermudagrass is widely used as turfgrass on sport fields, golf
courses and home lawns. Drought stress is a world-wide problem,

studied in some bermudagrass varieties, however, most of these
studies have focused on physiological level. Correlations
between the natural variation and the detailed mechanisms
among different species are still largely unknown.

PLOS ONE | www.plosone.org 1 December 2012 | Volume 7 | Issue 12 | e53422
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Abstract

1-Aminocyclopropane-1-carboxylate (ACC) synthase catalyzes the conversion of S-adenosyl-L-methionine to
ACC in the ethylene biosynthetic pathway. Lots of important ACC synthase genes have been isolated and
characterized from the plant kingdom. In this study, a cDNA clone encoding putative ACC synthase was isolated
from a cDNA library produced using mRNA from pear (Pyrus pyrifolia). The cDNA clone, designated PpACS]
(GenBank accession No. JQ284383), comprised an open reading frame of 1, 341 bp encoding a protein of 446
amino acids that shares high similarity with the known plant ACSs. Using PCR amplification techniques, a
genomic clone corresponding to PpACSI was isolated and shown to contain two introns with typical GT/AG
boundaries defining the splice junctions. The PpACS1 gene product shared 97% identity with an ACC synthase
from pear (Pyrus communis), and phylogenetic analyses clearly placed the gene product in the ACC synthase
cluster of the plant ACS superfamily tree. RT-PCR analysis indicated that the PpACS!I gene was preferentially
expressed in pear leaves. The transcript of PpACS! gene was accumulated at relatively high levels in anthers.
The expression signal was detected in shoot at relatively low levels, but none signal was detected in developing
fruit of pear. These results suggested that the PnACS1 may participate in the regulation of ethylene production in
pear leaves and anthers.

Keywords: Pear (Pyrus pyrifolia), Ethylene, 1-Aminocyclopropane-1-carboxylate (ACC) synthase, Gene
expression

1. Introduction

Ethylene is a plant hormone regulating a wide range of physiological processes such as germination, growth,
development, and senescence (Klee and Tieman, 2002). As a senescing hormone, it promotes leaf-yellowing,
flower and leaf abscission, climacteric fruit ripening (Yang and Hoffman, 1984). The production of ethylene in
higher plants is from S-adenosyl-L-methionine (SAM) via the intermediate 1-aminocyclopropane-1-carboxylic
acid (ACC). The conversion of SAM to ACC is catalysed by ACC synthase, and the subsequent oxidation of
ACC to ethylene is catalysed by ACC oxidase (Yang and Hoffman, 1984; Ververidis and John, 1991).
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ABSTRACT

Whole genome duplication (WGD) events have been proven to occur in the evolutionary history of most angiosperms. Tomato is
considered a model species of the Solanaceae family. In this study, we describe the details of the evolutionary process of the tomato
genome by detecting collinearity blocks and dating the WGD events on the tree of life by combining two different methods: synonymous
substitution rates (Ks) and phylogenetic trees. In total, 593 collinearity blocks were discovered out of 12 pseudo-chromosomes con-
structed. It was evident that chromosome 2 had experienced an intra-chromosomal duplication event. Major inter-chromosomal dupli-
cation occurred among all the pseudo-chromosome. We calculated the Ks value of these collinearity blocks. Two peaks of Ks distribution
were found, corresponding to two WGD events occurring approximately 36—82 million years ago (MYA) and 148—205 MYA. Addi-
tionally, the results of phylogenetic trees suggested that the more recent WGD event may have occurred after the divergence of the rosid-
asterid clade, but before the major diversification in Solanaceae. The older WGD event was shown to have occurred before the divergence
of the rosid-asterid clade and after the divergence of rice-Arabidopsis (monocot-dicot).

KEYWORDS: Whole genome duplication; Collinearity block; Phylogenetic tree

1. INTRODUCTION

Gene duplication has played an important role in evolution
(Ohno, 1970). Genome doubling (polyploidy), often referred
to whole genome duplication (WGD), has played a dramatic
role in the diversification of most, if not all, eukaryotic line-
ages. This diversification is perhaps most impressively seen
within the angiosperms (Cui et al., 2006; Soltis et al., 2009).
The plant genomes have experienced comprehensive sequence
diversification (Bowers et al., 2005), such as small fragment
insertions, deletions, inversions, translocations, duplication
(Navajas-Perez and Paterson, 2009), chromosomal rearrange-
ment and fusion (Simillion et al., 2004) from an ancient

* Corresponding author. Tel: 486 27 8751 0675, fax: +86 27 8751 0670.
E-mail address: yingwang@wbgcas.cn (Y. Wang).

WGD event. These processes eventually led to species
diversification.

The complete sequencing of plant genomes has dramati-
cally increased the investigation of WGD in angiosperms.
Analysis of the Arabidopsis thaliana genome revealed
a number of duplicated genes and suggested that two or three
rounds of WGD had occured (Blanc et al., 2000, 2003;
Paterson et al., 2000; Bowers et al., 2003; Simillion et al.,
2004). The complete rice genome also suggested an ancient
polyploidy event (Paterson et al., 2004; Yu et al., 2005). In
addition, the recently completed sequencing of the Sorghum
bicolor genome confirmed WGD in a common ancestor of
cereals (Paterson et al., 2009). Sequencing of the complete
Populus genome suggested that an independent WGD event
occurred before the divergence of Salix and Populus and that
an older duplication was shared by both the Populus and

1673-8527/$ - see front matter Copyright © 2012, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, and Genetics Society of China.
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1. Introduction

ABSTRACT

Mpyricaria laxiflora was once considered to be restricted to the Three Gorges Reservoir Area (TGRA), China,
and was thought to be the only species to become extinct due to the construction of the Three Gorges
Dam (TGD). Recently, three natural populations of this species were found along the Yangtze River valley
downstream of the TGD. We studied the genetic diversity and genetic differentiation of three remnant
populations and nine extirpated populations, the material of which were collected from natural popula-
tions before the impoundment of the Three Gorges Reservoir, using inter-simple sequence repeat (ISSR).
High levels of genetic diversity were revealed within populations, both at the species [percentage of poly-
morphicbands (PPB)=95.9%] and population level (PPB varied from 58.5% to 80.3%). For the three remnant
populations, the Yidu (MYD) and Yichang (MYC) populations showed comparatively higher genetic diver-
sity among the 12 populations, whereas the Zhijiang (MZ]) population showed lower genetic variation.
97.96% of total genetic variation of the species was contained in the three remnant populations. The MZ]
population appeared to be distinct from the other 11 populations, whereas the MYD and MYC popula-
tions had a close genetic relationship with the nine extirpated populations. A moderate level of genetic
differentiation was detected among populations by different estimation approaches. The high genetic
diversity of the three natural remnant populations indicates that in situ conservation of this species may
enable it to successfully maintain its evolutionary potential, especially in the present case that the habitat
of transplanted populations are not suitable for individuals’ survival.

© 2012 Elsevier B.V. All rights reserved.

The genus Myricaria (Tamaricaceae) contains 13 species, the
majority of which occur in high altitudes (1000-5200 m above sea

The construction of the world’s largest hydroelectric dam across
the Yangtze River, the Three Gorges Dam (TGD), has brought forth
major concerns from conservation biologists (e.g. Wu et al., 2003;
Liu et al., 2006). Many riparian plants have adapted to the natural
dynamics of seasonal fluctuations over a long period of evolution
(Poff et al., 1997; Stromberg, 2001; Imbert and Lefévre, 2003) and
are highly susceptible to environmental change. The construction of
hydroelectric dams may destroy living habitats directly or produce
dramatic environmental stress on riparian plants, which will shrink
their distribution range and/or reduce the genetic diversity. Hence,
habitat loss and fragmentation due to construction of hydroelectric
dams could promote the increased long-term risk of species decline
and extinction of many riparian plants (Wu et al., 2003; Liu et al.,
2006).

* Corresponding authors. Tel.: +86 27 87510567; fax: +86 27 87510567.
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level). The only exception to this is Myricaria laxiflora, an evergreen
shrub that is narrowly distributed in the low-altitude riverbank
and shore habitats within the water-level fluctuation zone of the
Yangtze River valley in China (Zhang and Zhang, 1984; Wang et al.,
2003). The riparian zone is normally flooded from May to October
at which time all of the M. laxiflora plants are submerged. M. laxi-
flora is highly tolerant to river flooding with a lifestyle of summer
dormancy and winter growth (Wu et al., 1998; Wang et al., 2003;
Liu et al., 2006; Chen and Xie, 2009). At present, M. laxiflora is an
endangered plant species with most of its natural habitat lost due
to the construction of TGD.

Wang et al. (2003) carried out an exhaustive survey by exten-
sively collecting data on the geographic distribution, natural habitat
and community structure of M. laxiflora, and documented a total of
31 populations of approximately 90,000 individuals occurring in
12 counties within the Three Gorges Reservoir Area (TGRA). Now,
all the sites of the 31 populations located have been submerged
and M. laxiflora individuals are unable to survive in these places
as the TGD was completed and the water level has risen to 175 m
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Abstract

Background: Liriodendron chinense (L. chinense) is an endangered basal angiosperm plant in China because of its low
reproductive efficiency. Recently, miRNAs have obtained great attention because they can play important roles. Through
high throughput sequencing technique, large amount of miRNAs were identified from different plant species. But there
were few studies about the miRNAs in the basal angiosperms especially in the sexual reproduction process.

Results: Deep sequencing technology was applied to discover miRNAs in L. chinense flowers at different stages. After
bioinformatic analysis, 496 putative conserved miRNAs representing 97 families and 2 novel miRNAs were found. Among
them, one is previously regarded as gymnosperm specific. Their expressions were further validated by Real-time PCR for 13
selected miRNAs. Putative targeting genes were predicted and categorized with gene ontology (GO) analysis. About ten
percents of the targets are involved in the reproduction process. Further expressional analysis showed that many of these
miRNAs were highly related to the reproductive growth.

Conclusions: This is the first comprehensive identification of conserved and novel miRNAs in L. chinense. The data presented
here might not only help to fill the gap of miRNA registered about basal angiosperm plants but also contribute to
understanding the evolution of miRNAs. The differential expression of some of the miRNAs and the prediction of their target
genes are also helpful in understanding the regulation of L. chinense sexual reproduction.
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Introduction [18], core eudicot Aquilegia coerulea [19], Arachis hypogaea [20],
Populus euphratica [21], Medicago truncatula [22], Glycine max [23] and
Euphorbiaceous plants [24]. However there is little information on

| | the miRNAs from basal angiosperm plants except a study on the
ranging from prokaryotes to eukaryotes [1,2]. They negatively miRNAs from Selaginella moellendorffii [25].
regulate gene expression on transcriptional and post-transcrip-

tional level [3], and play pivotal roles in many aspects of plant
growth and development [4,5,6] including floral organ identity,
female gamete formation and reproductive development [7,8]. In
plant, most of the miRINA encoding genes are intergenic and
rarely clustered in tandem. To broaden the knowledge of
miRNAs, high throughput sequencing techniques have been
applied and large amount of miRNAs from different plants were
identified. Currently, 19 724 mature miRNAs belonging to 153
species are deposited in miRBase (release 17.0 version, April 2011)
[9]. Among them, a total of 3362 are from 46 plant species. The
majorities of these identified miRNAs are from monocots Orpza
satva and eudicots Populus trichocarpa and Arabidopsis thaliana. Other
plants include algae Chlamydomonas reinhardtic [10] and Porphyra
yezoensis [11], moss Physcomitrella patens [12], conifer Pinus taeda [13]
and Picea abies [14], monocot Brachypodium distachyon [15], Triticum
aestivum [16] and Lea mays [17], basal eudicot Eschscholzia californica

MicroRNAs are endogenous 21-24 nt small non-coding RNAs
(sncRNAs) that have been found in a wide variety of organisms

L.chinense is one of the two species in Liriodendron genus which
belongs to basal angiosperm. It is the early branching angiosperm
lineages (Fig. 1). Because it occupied pivotal positions in the
phylogenetic tree, the plant of Liriodendron genus was always used
to study the evolution of flowering plants. Although basal
angiosperms only represent 3% of whole angiosperm species,
most of the diversity in floral structure and organization was found
among them [26]. In addition, L. chinense is ideal for landscaping
because of its beautiful flowers and leaves. But it is endangering in
China, which is mainly resulted by its low sexual reproductive
efficiency. The molecular mechanism underlying its sexual
reproduction barrier is totally unknown. Many internal factors
including miRINAs have been found to play regulatory roles in the
reproductive growth of plants. To profile the miRNAs in the
flowers of L. chinense may help to explore the mechanisms that
control the sexual reproductive process in this species, and hence
to overcome its barrier in reproduction.

PLOS ONE | www.plosone.org 1 September 2012 | Volume 7 | Issue 9 | e44696
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Abstract

Why some species become successful invaders is an important issue in invasive biology. However, limited genomic
resources make it very difficult for identifying candidate genes involved in invasiveness. Mikania micrantha H.B.K.
(Asteraceae), one of the world’s most invasive weeds, has adapted rapidly in response to novel environments since its
introduction to southern China. In its genome, we expect to find outlier loci under selection for local adaptation, critical to
dissecting the molecular mechanisms of invasiveness. An explorative amplified fragment length polymorphism (AFLP)
genome scan was used to detect candidate loci under selection in 28 M. micrantha populations across its entire introduced
range in southern China. We also estimated population genetic parameters, bottleneck signatures, and linkage
disequilibrium. In binary characters, such as presence or absence of AFLP bands, if all four character combinations are
present, it is referred to as a character incompatibility. Since character incompatibility is deemed to be rare in populations
with extensive asexual reproduction, a character incompatibility analysis was also performed in order to infer the
predominant mating system in the introduced M. micrantha populations. Out of 483 AFLP loci examined using stringent
significance criteria, 14 highly credible outlier loci were identified by Dfdist and Bayescan. Moreover, remarkable genetic
variation, multiple introductions, substantial bottlenecks and character compatibility were found to occur in M. micrantha.
Thus local adaptation at the genome level indeed exists in M. micrantha, and may represent a major evolutionary
mechanism of successful invasion. Interactions between genetic diversity, multiple introductions, and reproductive modes
contribute to increase the capacity of adaptive evolution.
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factors such as ecological niche, temperature, precipitation, soils,
frost, and wind speed or growing season length [11,12,16-18]. On
the other hand, neutral or deleterious alleles, which become
favored in new ecological contexts, will contribute to adaptive

Introduction

Why some species become successful invaders is an important
issue in invasive biology. When species are introduced into a new

region, they face two fates. Some species quickly go extinct,
whereas others persist and finally become highly competitive
invaders, posing a serious threat to native diversity and ecosystems
[1,2]. Successful invasions involve three major phases: introduc-
tion, naturalization, and invasion [3,4]. In the initial introduction
phase, invasive species often contain low levels of genetic diversity
due to bottleneck and founder effects [5-8]. Then, invaders
produce pre-adapted genotypes in response to the abrupt
environmental changes during naturalization [9-12]. Finally,
exotic species become broadly invasive in the extended period
[9,13]. The rapid population expansion of invaders is expected to
promote adaptive evolution, since it has been shown that the
rapidly increasing population size is conducive to withstanding
(and responding to) strong directional selection [14,15]. A
substantial time lag is involved during the transition from
introduction via naturalization to invasion [4]. The occurrence
of a lag phase allows populations to adapt to new environmental

@ PLoS ONE | www.plosone.org

changes of invasive populations [19]. These changes may increase
the survival rate of invasive species [12], making them become
gradually dominant in the introduced range [20]. Therefore, pre-
adaptation to novel environments is often counted as a premise for
successful invasion [3,4,21].

Genomic scans are useful to identify potential adaptive loci
under selection at the genomic level [22,23]. All loci across the
genome are anticipated to possess similar demography and neutral
evolution history of populations, including genetic drift and gene
dispersal [24]. If variation of a locus is beyond the genomic pattern
with an unusual frame of higher genetic differentiation, it is
deemed an “outlier locus” under natural selection [24,25]. The
outlier locus can be identified explicitly in the genes under
selection and also in neutral flanking regions due to hitchhiking
effects [26,27]. In model organisms for which whole genomic
information is available, it is easy to track the “outlier locus” under
selection [28]. However, for non-model organism such as invasive
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Abstract

Background: Essentially all ferns can perform both sexual and asexual reproduction. Their populations represent suitable
study objects to test the population genetic effects of different reproductive systems. Using the diploid homosporous fern
Alsophila spinulosa as an example species, the main purpose of this study was to assess the relative impact of sexual and
asexual reproduction on the level and structure of population genetic variation.

Methodology/Principal Findings: Inter-simple sequence repeats analysis was conducted on 140 individuals collected from
seven populations (HSG, LCH, BPC, MPG, GX, LD, and ZHG) in China. Seventy-four polymorphic bands discriminated a total
of 127 multilocus genotypes. Character compatibility analysis revealed that 50.0 to 70.0% of the genotypes had to be
deleted in order to obtain a tree-like structure in the data set from populations HSG, LCH, MPG, BPC, GX, and LD; and there
was a gradual decrease of conflict in the data set when genotypes with the highest incompatibility counts were successively
deleted. In contrast, in population ZHG, only 33.3% of genotypes had to be removed to achieve complete compatibility in
the data set, which showed a sharp decline in incompatibility upon the deletion of those genotypes. All populations
examined possessed similar levels of genetic variation. Population ZHG was not found to be more differentiated than the
other populations.

Conclusions/Significance: Sexual recombination is the predominant source of genetic variation in most of the examined
populations of A. spinulosa. However, somatic mutation contributes most to the genetic variation in population ZHG. This
change of the primary mode of reproduction does not cause a significant difference in the population genetic composition.
Character compatibility analysis represents an effective approach to separate the role of sexual and asexual components in
shaping the genetic pattern of fern populations.
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Introduction

Almost all ferns are homosporous, producing only one type of
spore that germinates to form a bisexual gametophyte [1]. In
homosporous ferns, there are three possible modes of sexual
reproduction [2—4]: (i) intragametophytic selfing - the union of
sperm and egg from the same gametophyte resulting in a
completely homozygous sporophyte; (ii) intergametophytic selfing
- the union of sperm and egg from different gametophytes arising
from spores from the same parental sporophyte (analogous to
selfing in seed plants); and (iii) intergametophytic crossing - the
union of sperm and egg from gametophytes arising from spores of
different sporophytes (analogous to outcrossing in seed plants). In
addition to these modes of sexual reproduction, many ferns also
have the ability to propagate vegetatively in either the gameto-
phyte or the sporophyte generation [5-7]. Numerous studies have

@ PLoS ONE | www.plosone.org

been performed to evaluate the predominant mode of reproduc-
tion in natural populations of homosporous ferns [8-10].
Life-history traits, such as reproductive system and frequency of
sexual versus asexual reproduction, are considered to be partic-
ularly important for shaping the level and structure of genetic
variation in plant populations [11,12]. In seed plants, it has been
generalized that inbreeding potentially reduces within-population
genetic variation but increases within-population genetic subdivi-
sion and among-population genetic differentiation, while outcross-
ing functions to enhance population genetic variation but impedes
population subdivision and structuring [11,13]. This generaliza-
tion is upheld in some fern populations, such as populations of
Hemuonitis palmata [8], Pleopeltis species [14], Polystichum otomasui
[15], Asplenium trichomanes subsp. quadrivalens [16], and Dryopteris
aemula [17]. Yet notable exceptions do exist. For example,
populations of Botrychium virginianum show little interpopulation
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Abstract. Big fruit size and nice red pigmentation combined with good flavor should be
the major target for red-fleshed kiwifruit (Actinidia spp.) breeding programs. Genetic
diversity and plant characteristics were evaluated on a set of kiwifruit accessions with
predominantly red flesh to identify the superior individuals for further breeding or study
of commercial application. The leading phenotypic characters varied widely among the
accessions. Accession R reached average fruit weight ~100 g, whereas it ranged from
43.15 to 84.71 g for the other accessions. Fruits of L and Q were flatter in shape than the
others. The core volume accounted for fruit proportions ranging from 2.33% to 11.42%.
‘Chuhong’, ‘Honghua’, and K exhibited a round fruit apex, whereas most others showed
a depressed apex. R, L, and Q had the highest a* values in the inner pericarp and also the
most appealing visual coloration. Results revealed significantly higher soluble solid
content (SSC), total sugar, and sugar/acid ratio in Q, R, and L. The 12 pairs of simple
sequence repeat (SSR) markers were successfully used to characterize the genetic
variability and confirm true-to-type identity for four accessions. However, the limited
number of markers had no ability to discriminate among the other 11 accessions.
Based on additional 28 SSRs, six of the indistinguishable accessions were confirmed to
be genetically different, and three seemed to belong to the same clone vine. The results
demonstrated that application of SSR data could improve the efficiency of identifying
red-fleshed kiwifruit germplasm.

Red flesh was first found in the fruit of  Table 1. Accessions origins used in this study.

in the world, ‘Hongyang’, was developed and
firstly released from Cangxi County of Sichuan
Province in China (Wang, 2003; Wu, 1992),
which now has the largest cultivation acreage
of red-fleshed kiwiftuit in China. Red-fleshed
kiwifruit are novel fruits that have unique and
attractive appeal and make consumers willing
to buy, although the green- and yellow-fleshed
cultivars still represent the main body of the
kiwifruit traded internationally (Ferguson
and Seal, 2008). To date, ‘Hongyang’ has
been introduced into at least eight Provinces
in China. Other cultivars or selections with red
flesh or red core include ‘Chuhong’, ‘Hongmei’,
‘Honghua’, ‘Yuanhong’, ‘Xiangjihong’,
‘Tianyuanhong’, and ‘Longshanhong’, which
were later registered in China (Wang et al.,
2005a,2005b,2006; Wu and Wu, 1998). How-
ever, their comprehensive characteristics (espe-
cially the red coloration, fruit size, sweetness,
or flavor) did not meet ‘Hongyang’ standards.
However, as the predominant cultivar in red-
fleshed kiwifruit production (=5000 ha in
China), besides its small fruit size, ‘Hongyang’
is susceptible to Pseudomonas syringae pv.
Actinidiae (Psa), one of the most danger-
ous bacterial pathogens of kiwifruit plants
worldwide, which causes devastating damage
to phyllosphere organs (Balestra et al., 2009;
Feng and Li, 2009; Rossetti and Balestra,
2008). Moreover, its fruit coloration is badly
inhibited by high day temperatures, which re-
sults in an obvious reduction or almost disap-
pearance in pigmentation of the inner pericarp
(Zhong et al., 2007; unpublished data). Larger
fruit, higher intensity of the red pigments, and
their high stability under warmer climates
combined with strong resistance to Psa and
good flavor should be the major targets for
breeding and improvement of red-fleshed
cultivars.

Kiwifruit cultivars on the world market are
mostly selected from wild germplasm, bud-
sports, seedlings, and controlled crosses (Chen
et al., 2009; Ferguson and Huang, 2007). The
kiwifruit industry in Cangxi of Sichuan Prov-
ince began with a batch of mixed seeds of wild
A. chinensis from the Funiu Mountains, Henan
Province in 1978, from which ‘Hongyang’ was
developed. Large variations in flesh color, size,
shape, flavor compounds, storage life, and

A. chinensis from Hubei (Liang, 1982) and

Cultivar name or code

Origins

One seedling from mixed wild-collected seeds of 4. chinensis var.

chinensis and A. chinensis var. deliciosa from the Funiu Mountains

One wild plant of A. chinensis var. chinensis from the mountainous
region of Xupu County in the western part of Hunan Province

One seedling from wild-collected seeds of 4. chinensis var. deliciosa in
the northern mountains of the Sichuan Basin (Wang et al., 2005a)
One hybrid of ‘Hongyang’ and A. chinensis var. deliciosa male plant

described by Cui (1993) again. In the late of accession
1990s, the first red-fleshed kiwifruit cultivar  Cultivars
Hongyang
Received for publication 27 Oct. 2011. Accepted (Wu, 1992)
for publication 26 Mar. 2012. Chuhong
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Abstract A male sterile plant appeared in the radish
breeding program at the Hubei Academy of Agricul-
tural Sciences, Hubei, China. In its progeny, a two-
type (half of plants male sterile, the other half male
fertile) line 01GAB was established. An F, population
of 260 plants from a cross of male-sterile 01GAB and a
male fertile line 9802H segregated for male fertility in
a 3:1 ratio indicating that fertility was restored by a
single dominant gene, here designated RsMs. A PCR-
based DNA marker specific to the male fertility Rfob
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gene in 9802H was absent in O1GAB. Linkage
analysis placed the RsMs locus 10.7 cM away from
the Rfo locus. In an F, population of hybrids between
01GAB and male fertile 9802B, a co-dominant DNA
marker for the RSultr3.2A (a radish sulfate transporter
gene) locus was linked to the RsMs locus at 1.5 cM
suggesting that fertility restoration in 01GAB was
located in the region with known male sterility
restorers in radish. However, no maintainer for the
01GAB source of male sterility has been identified so
far. Cytological observations have shown that the
abnormalities in male sterile anthers first appeared in
tapetum at the tetrad stage, followed by a hypertrophy
of the tapetal cells at the vacuolate microspore period.
These results suggest that male sterility in 01GAB is
likely to be genetic in nature, or it may represent a new
type of the cytoplasmic male sterility.

Keywords Cytological characteristics - Fertility
restorer - Male sterility - Molecular marker - Radish

Introduction

Male sterility, defined as the failure of a plant to
produce functional pollen, has been reported in many
higher plants involving at least 43 families, 162
genera, and 320 species (Kaul 1988). Utilization of
this trait in breeding of numerous crops eliminates
labor-intensive hand emasculation, and thereby
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Abstract Maternal inheritance of sugars and acids in
peach fruit were investigated during two successive
years using reciprocal populations derived from ‘low
acid’ (LA) flat peach ‘Zaolupan’ and non-LA round
peach “Zaoxing’. The reciprocal populations segre-
gated into LA round, LA flat, non-LA round and non-
LA flat-fruited offspring. Generally, the reciprocal
populations had similar range and mean values of
sugar and acid. Mean values were to different degree
lower than or similar to mid-parental values. Maternal
inheritance did not show significant effects on sugars
and acids. Broad sense heritability of sugars and acids
was high, ranging from 0.61 to 0.90. The correlations
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among sugars and acids were studied, and positive
correlations were always found between glucose and
fructose, and quinate and shikimate. Generally, mean
glucose, fructose, sorbitol, quinate and shikimate
contents did not show significant difference among
LA round, LA flat, non-LA round and non-LA flat-
fruited progenies. Mean sucrose and total sugar
contents of flat-fruited progenies tended to be higher
than round-fruited progenies, while mean malate,
citrate and total acid contents did not significantly
differ with fruit shape (round vs. flat).

Keywords Correlations - Fruit quality - Principal
component analysis - Quantitative traits Reciprocal
populations - Round/flat peach

Introduction

Soluble sugars and organic acids are important compo-
nents of taste, together with aroma. They have an impact
on the overall organoleptic quality of fruit. In mature
peach fruit, the main soluble sugars are sucrose, glucose,
fructose and sorbitol, and the main organic acids are
malate, citrate and quinate, with traces of shikimate (Esti
et al. 1997; Quilot et al. 2004). Our knowledge of sugar
and acid metabolism and the genetic bases determining
sugar and acid contents in fruit has increased consider-
ably over time. However, the effect of maternal
inheritance on sugar and acid contents in fruit, which
would benefit fruit breeding programs, are still limited.

@ Springer



Developmental Cell

Mitochondrial GCD1 Dysfunction Reveals
Reciprocal Cell-to-Cell Signaling during
the Maturation of Arabidopsis Female Gametes

Jian-Jun Wu,-8 Xiong-Bo Peng,-3 Wen-Wei Li,’ Rui He,! Hai-Ping Xin,2 and Meng-Xiang Sun'-*
1Department of Cell and Development Biology, College of Life Science, State Key Laboratory of Plant Hybrid Rice, Wuhan University,

Wuhan 430072, China

2Key Laboratory of Plant Germplasm Enhancement and Specialty Agriculture, Wuhan Botanical Garden, The Chinese Academy of Sciences,

Wuhan 430074, China

3These authors contributed equally to this work
*Correspondence: mxsun@whu.edu.cn
http://dx.doi.org/10.1016/j.devcel.2012.09.011

SUMMARY

Cell-to-cell communication in embryo sacs is
thought to regulate the development of female
gametes in flowering plants, but the details remain
poorly understood. Here, we report a mitochondrial
protein, GAMETE CELL DEFECTIVE 1 (GCD1), en-
riched in gametophytes that is essential for final
maturation of female gametes. Using Arabidopsis
gcd1 mutants, we found that final maturation of the
egg and central cells is not required for double fertil-
ization but is necessary for embryogenesis initiation
and endosperm development. Furthermore, nonau-
tonomous effects, observed when GCD1 or AAC2
function is disrupted, suggest that mitochondrial
function influences reciprocal signaling between
central and egg cells to regulate maturation of the
partner (egg or central) cell. Our findings confirm
that cell-to-cell communication is important in func-
tional maturation of female gametic cells and sug-
gest that both egg and central cells sense and
transmit their mitochondrial metabolic status as
an important cue that regulates the coordination of
gamete maturation.

INTRODUCTION

Well-developed egg and central cells, which act as female gam-
etes, are prerequisites for double fertilization in angiosperms (Ma
and Sundaresan, 2010; Yadegari and Drews, 2004). During
double fertilization, the two female gametic cells fuse with two
sperm cells, producing an embryo and endosperm. Successful
interaction with the two sperm cells during double fertilization
requires simultaneous maturation of the egg and central cells.
The mechanism controlling the coordinated development of
the female gamete cells remains unknown but is thought to
involve cell-to-cell communication, which usually involves signal
transduction among neighboring cells via a physical connection
or secreted extracellular cue.

Developmental Cell 23, 1043-1058, November 13, 2012 ©2012 Elsevier Inc.

Early in female gametophyte development, multiple plasmo-
desmata link the functional megaspore and the surrounding
nucellar cells, which are thought to be important for the differen-
tiation of female gametophytes (Bajon et al., 1999). Genetic anal-
ysis has suggested that cross-communication occurs between
the female gametophyte and sporophytic tissues in the ovule,
highlighting the important role of the chalaza and integument in
mediating the exchange of information necessary for develop-
ment of the embryo sac (Bencivenga et al., 2011). Experiments
in which fluorescent morpholino antisense oligomers (Okuda
et al., 2009) and small fluorescent tracers were injected into
the cytoplasm of Torenia fournieri central cells have indicated
the presence of a symplastic connection between the egg cell,
synergids, and central cell (Han et al., 2000), implying molecular
transportation among these cells. However, when the 27 kDa
green fluorescent protein (GFP) molecule (Liarzi and Epel,
2005) is expressed in Arabidopsis, no diffusion of the fluorescent
signal from one cell to the other in the embryo sac is observed
(Punwani et al., 2007; Steffen et al., 2007). Thus, additional inves-
tigations are required to confirm that communication between
the gametic cells occurs via physical connections.

Communication between the central and antipodal cells was
recently reported by Kégi et al. (2010), who examined central
cells defective for FIONA, a gene normally expressed in the
central cell but not in antipodals. FIONA is required for the final
maturation of the central cell. The fiona defect disrupted the
timing of antipodal cell degradation, providing convincing evi-
dence that the central cell determines the life span of antipodal
cells. It has been also shown in maize that ZmEAL1 encoding
a secreted, non-cell-autonomous peptide specifically expresses
in the egg cell and functions in preventing antipodal cells from
adopting central cell fate (Krohn et al., 2012). Other researchers
have suggested that central cell-egg cell communication is
involved in cell fate patterning during embryo sac development
(Chevalier et al., 2011), thereby influencing female gametic
development and fate determination. Clearly, this fascinating
hypothesis warrants further investigation.

As the central and egg cells reach maturation, they become
functionally specialized such that their fates diverge after fertil-
ization. However, the mechanism that regulates the final matura-
tion and functional specification of female gametes remains
poorly understood. In animals, active transcription occurs as
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Abstract

During early embryogenesis in mammals and higher plants, the maternal-
to-zygotic transition (MZT) marks the turnover of developmental control
from maternal products to de novo zygotic genome transcripts. Intensive
studies in animals indicate that early embryonic development is largely
maternally controlled. In recent years, the MZT has drawn the attention
of botanists, as it is important for understanding the mechanism of
embryogenesis and hybrid vigor. In this study, we present a brief
overview of some aspects of the MZT in flowering plants. Based on
what we have learned from Nicotiana tabacum, we hypothesize that
the MZT occurs before zygotic cell division and that the development
of the fertilized egg cell in flowering plants can be divided into two
phases: the zygote stage, which is mainly controlled maternally, and the
one-celled proembryo stage, in which zygotic genome activation (ZGA)
occurs and is required for zygote division.
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Introduction

The maternal-to-zygotic transition (MZT) is characterized by
two combined processes: the degradation of maternal mMRNAs
and proteins deposited in the egg before fertilization, and the
onset of transcription from the zygotic genome, which has
been defined as zygotic genome activation (ZGA, Schier 2007).
The differences between the MZT and ZGA have been well
defined by Baroux et al. (2008). ZGA could be one of the
requirements for the MZT, whereas the MZT not only implies
transcriptional activity of the zygotic genome but also the con-
trolled fate of the embryo by the zygotic genome (Baroux et al.
2008).

The timing and scale of the MZT has been extensively
studied in animals (reviewed by Tadros and Lipshitz 2009). The

© 2012 Institute of Botany, Chinese Academy of Sciences

results show that the first few cell divisions are mainly controlled
by maternally-deposited products during the early stages of
embryogenesis. The MZT occurs after several cell divisions,
although the time course is species-specific and ranges from
a few hours to several days after fertilization (Tadros et al.
2007).

Compared with that in animals, investigations into the MZT
in flowering plants are just beginning. Inaccessibility of the egg
cells and early embryos, which are deeply embedded in the
ovule, has hampered research in this field. However, relevant
studies have progressed rapidly in recent years due to well-
established methods for isolating gametes and embryos in
higher plants (Sun et al. 1993; Fu et al. 1996). Increasing
evidence indicates that the MZT also occurs in higher plants,
similar to that in animals (Baroux et al. 2008). The results from
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Abstract

A growing body of evidence indicates that second-generation energy crops can play an
important role in the development of renewable energy and the mitigation of climate
change. However, dedicated energy crops have yet to be domesticated in order to fully
realize their productive potential under unfavorable soil and climatic conditions. To
explore the possibility of domesticating Miscanthus crops in northern China where
marginal and degraded land is abundant, we conducted common garden experiments at
multiple locations to evaluate variation and adaptation of three Miscanthus species that
are likely to serve as the wild progenitors of the energy crops. A total of 93 populations of
Miscanthus sinensis, Miscanthus sacchariflorus, and Miscanthus lutarioriparius were
collected across their natural distributional ranges in China and grown in three locations
that represent temperate grassland with cold winter, the semiarid Loess Plateau, and
relatively warm and wet central China. Evaluated with growth traits such as plant height,
tiller number, tiller diameter, and flowering time, the Miscanthus species showed high
levels of genetic variation within and between species. There were significant site x
population interactions for almost all traits of M. sacchariflorus and M. sinensis, but not M.
lutarioriparius. The northern populations of M. sacchariflorus had the highest establish-
ment rates at the most northern site owing to their strong cold tolerance. An endemic
species in central China, M. lutarioriparius, produced not only the highest biomass of the
three species but also higher biomass at the Loess Plateau than the southern site near its
native habitats. These results demonstrated that the wild species harbored a high level of
genetic variation underlying traits important for crop establishment and production at
sites that are colder and drier than their native habitats. The natural variation and
adaptive plasticity found in the Miscanthus species indicated that they could provide
valuable resources for the development of second-generation energy crops.

Keywords: biomass, cold tolerance, lignocellulosic energy crops, M. lutarioriparius, M. sacchariflorus,
M. sinensis

Received 29 January 2011; revised version received 27 March 2011 and accepted 17 April 2011

Introduction
Correspondence: Jianqiang Li, tel. +86 27 875 10330, e-mail: Miscanthus is considered to be a promising candidate
lijq@rose.whiob.ac.cn, Tao Sang, Department of Plant Biology, for second-generation energy crops (Clifton-Brown
Michigan State University, East Lansing, MI 48824, USA, tel. + 1 et al. 2004, 2007 Karp & Shield, 2008: Oliver ef al
571 355 4689, e-mail: sang@msu.edu 2009). As a C4 perennial grass capable of producing
!Contributed equally to this work. high biomass in cool climates, Miscanthus is especially

© 2011 Blackwell Publishing Ltd 49



AMERICAN JOURNAL OF

American Journal of Botany: e460-e464. 2012.

Botany

CHARACTERIZATION OF 39 NOVEL EST-SSR MARKERS FOR
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L. cHINENSE (MAGNOLIACEAE)!

AJB PrIMER NOTES & PROTOCOLS IN THE PLANT SCIENCES

AI-HONG YANG?3, JIN-Ju ZHANG?, Hua TiaN2, AND X140-HONG Y A0??

?Key Laboratory of Plant Germplasm Enhancement and Speciality Agriculture, Wuhan Botanical Garden, Chinese Academy of
Sciences, Wuhan 430074, Hubei, People’s Republic of China; *Graduate School of the Chinese Academy of Sciences, Beijing
100039, People’s Republic of China; and “College of Life Sciences, Jiangxi Normal University, Nanchang 330022, Jiangxi,
People’s Republic of China

e Premise of the study: A novel set of simple sequence repeat (SSR) markers were developed and characterized from the
expressed sequence tag (EST) database of Liriodendron tulipifera for application in population genetic studies of
Liriodendron.

Methods and Results: Thirty-nine polymorphic EST-SSR loci were identified among 27 individuals sampled from a cultivated
population of L. tulipifera. The number of alleles per locus ranged from three to 18. The average observed heterozygosity and
expected heterozygosity were 0.684 and 0.778, respectively. Of the 39 loci, 32 showed interspecific transferability and poly-
morphism in a related species, L. chinense. The number of alleles per locus ranged from two to 11, and the average observed
heterozygosity and expected heterozygosity were 0.475 and 0.736, respectively.

Conclusions: The developed EST-SSR markers will be useful for investigating adaptive genetic differentiation in

Liriodendron.

Key words:
tulipifera; Magnoliaceae.

The tree genus Liriodendron L. (Magnoliaceae) comprises
only two species, L. tulipifera L. (yellow poplar) and L. chinense
(Hemsl.) Sarg. Yellow poplar is a commercially valuable tree
species and is widely distributed in North America. However, the
morphologically similar L. chinense is rare, occurring in small
and isolated populations in China and northern Vietnam (Hao
et al., 1995). This species was listed in the [UCN Red List of En-
dangered Plants in China (Fu and Jin, 1992), and is currently
classified as a lower risk or near-threatened species (http://www.
iucnredlist.org/). To develop appropriate conservation measures
for L. chinense, molecular markers are needed to investigate the
adaptive genetic diversity of extant populations.

Population genome scans have been used recently to detect
genetic markers associated with natural selection (Nosil et al.,
2009). A locus that is linked to adaptive genes under selection
is expected to exhibit aberrant patterns of variation relative to
the rest of the genome, and these outlier loci can aid the discov-
ery of genes conferring adaptations that are currently under se-
lection (Storz, 2005). Expressed sequence tag—simple sequence
repeat (EST-SSR) markers derived from expressed sequences
may be associated with functional genes. Genome scans using
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a large number of EST-linked microsatellites have proven useful
in examining functional diversity related to adaptive variation
(Vasemagi et al., 2005). To date, only about 110 EST-SSR
markers have been reported for L. chinense (Xu et al., 2006,
2010); additional markers are needed. We present a novel set of
polymorphic EST-SSR markers developed and characterized
for L. tulipifera and report their transferability to L. chinense.

METHODS AND RESULTS

A total of 14601 newly published ESTs for L. tulipifera were downloaded
from the dbEST of GenBank (http://www.ncbi.nlm.nih.gov/dbEST), converted
into FASTA format, and screened for the presence of SSRs using Simple Se-
quence Repeat Identification Tool (SSRIT) software (Temnykh et al., 2001;
http://www.gramene.org/db/markers/ssrtool/). Four hundred unique sequences
with at least one SSR were yielded with the criteria of 12, 10, 8, 8, and 8 repeat
units for di-, tri-, tetra-, penta-, and hexanucleotide motifs, respectively. A sub-
set of 169 SSRs with sufficient primer-designated sites was selected. Primers
ranging from 20 to 22 base pairs, and with moderate GC content flanking the
SSR region, were designed using Primer3 (Rozen and Skaletsky, 2000; http://
frodo.wi.mit.edu/primer3/).

Microsatellite polymorphism was initially assessed in eight individuals of L.
tulipifera from one cultivated population (Jurong, Jiangsu, China; 32°06’36”N,
119°13’12”E). Total genomic DNA was extracted from young leaves using the
cetyltrimethylammonium bromide (CTAB) method (Doyle and Doyle, 1987).
PCR amplification was performed in a 10-uL reaction solution, containing
40 ng genomic DNA, 1x Taq Buffer with (NH,),SO, (supplied with Tag),
2.0 mM MgCl,, 0.2 mM dNTPs, 0.25 uM each primer, and 0.5 unit 7ag polymerase
(Fermentas, Vilnius, Lithuania). A touchdown PCR protocol was applied for all
the primers and performed on GeneAmp PCR System 9700 (Applied Biosys-
tems, Foster City, California, USA). Touchdown PCR was performed as fol-
lows: an initial denaturation at 95°C for 4 min, followed by 35 cycles of 30 s at

American Journal of Botany: e460—e464, 2012; http://www.amjbot.org/ © 2012 Botanical Society of America
e460
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Abstract FEucommia ulmoides, the only species of Eu-
commiaceae, has been used as Chinese medicinal plant for
more than 2,000 years, and is endangered as a consequence of
long-term overexploitation. In this study, genetic diversity
within and among the semi-wild and cultivated populations of
E. ulmoides collected from its main production area was
investigated using two cpSSR and 227 AFLP loci. A moderate
level of within-population diversity was observed (hS = 0.549
for cpSSR and H.g = 0.183 for AFLPs), which could be
explained by the dioecious breeding system, longevity, and
human mediated seed exchange. Compared to the semi-wild
population, the cultivated population possessed relatively low
genetic diversity, which suggests cultivation practice may have
reduced the genetic diversity of E. ulmoides. Populations were
low to moderately differentiated from one another
(Gst = 0.281 for cpSSR, and 0® = 0.100 for AFLPs), which
was also supported by the AMOVA analysis that 62.52 and
83.48 % total variation resided within populations based on
cpSSR and AFLP analysis, respectively. An isolation by dis-
tance analysis revealed that geographical distances was not
significantly correlated with genetic distance. Human activities

Xiaohong Yao and Jianyun Deng contributed equally to this study
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such as seed selection and seed exchange could account for the
genetic structure of cultivated populations. In addition, two
genetic clusters were detected by the Structure analysis. For
conservation purpose, an ex sifu conservation measure for
conserving the genetically distant populations to maximize
genetic diversity of the species is recommended.

Keywords Genetic diversity - Domestication and
cultivation - E. ulmoides - Medicinal plant - Conservation

Introduction

Anthropogenic destruction of natural medicinal plant
populations has dramatically increased in recent decades
(Gu 1998), and the threat to resource security of Chinese
traditional medicine is well articulated (Fu and Jin 1992).
There are over 11,146 indigenous plant taxa in China that
are recorded as having medicinal use (Chinese Pharmaco-
poeia Committee 1990). As a result of the increasing
demand for medicinal plants, most of which is still met by
wild collection, the natural resources of medicinal plants
have been declining dramatically due to over-harvesting
and loss of habitat over the past several decades (Huang
et al. 1999). In certain instances, plant species can become
threatened with extinction as a result. Conservation of
medicinal plants is therefore one of the most important
cultural and ecological issues faced today in China.
Eucommia ulmoides Oliver (‘du-zhong’ in Chinese), the
single extant species of Eucommiaceae (related to Ulma-
ceae), is a dioecious, wind-pollinated tree evenly distributed
in the mixed mesophytic forest habitats of valleys, hills, and
low mountains in central and eastern China (Cronquist 1981;
Zhang et al. 2003). Eucommia ulmoides is also an econom-
ically important tree species for both herbal medicine and the
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A ballistic pollen dispersal system influences pollination
success and fruit-set pattern in pollinator-excluded
environments for the endangered species Synaphea
stenoloba (Proteaceae)
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The critically endangered Synaphea stenoloba (Proteaceae) has numerous scentless flowers clustered in dense
inflorescences and deploys a ballistic pollen ejection mechanism to release pollen. We examined the hypothesis that
active pollen ejection and flowering patterns within an inflorescence influence the reproductive success (i.e. fruit
formation) of individual flowers within or among inflorescences of S. stenoloba in a pollinator-excluded environ-
ment. Our results showed that: (1) no pollen grains were observed deposited on the stigma of their own flower after
the pollen ejection system was manually activated, indicating self-pollination within an individual flower is
improbable in S. stenoloba; (2) fruit set in the indoor open pollination treatment and the inflorescence-closed
pollination treatment indicated that S. stenoloba is self-compatible and pollen ejection can potentially result in
inter-floral pollination success; (3) fruit set in the inflorescence-closed pollination treatment was significantly lower
than that of indoor open pollination, indicating within- and between-flower pollination events in an inflorescence
are most likely limited, with pollination between inflorescences providing the highest reproductive opportunity; and
(4) analysis of the spatial distribution of cumulative fruit set on inflorescences showed that pollen could reach any
flower within an inflorescence and there was no functional limitation on seed set among flowers located at various
positions within the inflorescence. These data suggest that the pollen ejection mechanism in S. stenoloba can
enhance inter-plant pollination in pollinator-excluded environments and may suggest adaptation to pollinator
scarcity attributable to habitat disturbance or competition for pollinators in a diverse flora. © 2012 The Linnean
Society of London, Botanical Journal of the Linnean Society, 2012, 170, 59-68.

ADDITIONAL KEYWORDS: diverse flora — flowering patterns — pollinator scarcity.

INTRODUCTION ing or discouraging self-pollination, thereby allowing
more opportunities for ovules to be outcrossed
(Barrett & Harder, 1996). It is now widely recognized
that many features of flowers and inflorescences
influence patterns of pollen dispersal and pollination
success (Harder & Wilson, 1994; Barrett, 2003).
Most plant species require vectors to transfer pollen
to achieve pollination success, and some species have
evolved active pollen release mechanisms to enhance
pollination success to cope with various pollinator-
poor environments. For example, a sudden movement
*Corresponding author. E-mail: ebunn@bgpa.wa.gov.au of the anther walls of Ricinus communis L. launches

Flowers and inflorescences are the functional units of
angiosperm mating and exhibit a tremendous diver-
sity of size, shape, colour, scent, rewards, symmetry,
placement of sexual organs, number of flowers open
concurrently, arrangement in inflorescences and
gender (Barrett, 1998, 2003). Since Darwin, most
floral traits have been interpreted as mechanisms
that passively encourage cross-pollination by prevent-

© 2012 The Linnean Society of London, Botanical Journal of the Linnean Society, 2012, 170, 59—-68 59
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Genetic footprints of habitat fragmentation in the
extant populations of Sinogjackia (Styracaceae):
implications for conservation
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Sinojackia, a member of the family Styracaceae, is an endangered genus endemic to China. The number of
populations and population size of Sinojackia have decreased sharply because of habitat fragmentation and
destruction. We studied the genetic diversity of extant populations in two different cohorts (adult and seedling)
using eight microsatellite markers to investigate the genetic footprints of habitat fragmentation in four recognized
Sinojackia spp. and to develop appropriate conservation measures. Data on intrapopulational genetic diversity
suggest that Sinojackia populations have maintained relatively high levels of genetic diversity and low levels of
genetic differentiation despite severe fragmentation. The high genetic diversity may be explained by the outcross-
ing mating system and high longevity of Sinojackia spp. The amount of genetic variation is not associated with
population size, which was also supported by bottleneck analysis. In the species studied, there was no significant
difference in the genetic diversity between the two cohorts analysed. However, inbreeding increased from adult
trees to seedling populations, suggesting that the higher proportion of biparental inbreeding in the recent
generations of seedlings is the result of restricted current genetic flow caused by habitat fragmentation. Average
seed set per population was not significantly correlated with either population size or genetic diversity. Conser-
vation management should aim to monitor inbreeding and outbreeding depression carefully to ensure the in situ
and ex situ conservation of Sinojackia spp. © 2012 The Linnean Society of London, Botanical Journal of the
Linnean Society, 2012, 170, 232-242.

ADDITIONAL KEYWORDS: China — conservation strategies — genetic diversity — life stages.

INTRODUCTION

As the growth of the human population has contin-
ued, more and more natural areas and resources have
been utilized to develop the agricultural industry.
Thus, continuous populations of many species have
been transformed into small and isolated populations
(i.e. habitat fragmentation). Habitat fragmentation
and deforestation have been generally recognized as
the main threats to biodiversity (Fahring & Meriam,
1994). Theory predicts that habitat fragmentation
should lead to increased inbreeding and genetic diver-

*Corresponding author. E-mail: yaox@wbgcas.cn

gence among populations and reduced levels of
genetic diversity through random genetic drift and
limited gene flow (Young, Boyle & Brown, 1996). In
the long term, genetic erosion is expected to limit the
ability of a species to respond to environmental
change and to increase the likelihood of its extinction
(Young et al., 1996; Newman & Pilson, 1997; Jump &
Penuelas, 2006). Therefore, more attention should be
paid to the genetic effect of habitat fragmentation in
order to provide optimum management strategies for
the conservation of endangered species.

Many studies have focused on the genetic conse-
quences of habitat fragmentation of plant species in
recent decades. Although most experimental and field

232 © 2012 The Linnean Society of London, Botanical Journal of the Linnean Society, 2012, 170, 232242
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Abstract Soil alkalization is one of the most prominent
adverse environmental factors limiting plant growth, while
alkali stress affects amino acids and carbohydrates
metabolism. The objective of this study was conducted to
investigate the effects of alkali stress on growth, amino
acids and carbohydrates metabolism in Kentucky bluegrass
(Poa pratensis). Seventy-day-old plants were subjected to
four pH levels: 6.0 (control), 8.0 (low), 9.4 (moderate) and
10.3 (severe) for 7 days. Moderate to severe alkali stress
(pH >9.4) caused a significant decline in turf quality and
growth rate in Kentucky bluegrass. Soluble protein was
unchanged in shoots, but decreased in roots as pH
increased. The levels of amino acids was kept at the same
level as control level at 4 days after treatment (DAT) in
shoots, but greater at 7 DAT, when plants were subjected to
severe (pH 10.3) alkali stress. The alkali stressed plants had
a greater level of starch, water soluble carbohydrate and
sucrose content, but lower level of fructose and glucose.
Fructan and total non-structural carbohydrate (TNC)
increased at 4 DAT and decreased at 7 DAT for alkali
stressed plants. These results suggested that the decrease in
fructose and glucose contributed to the growth reduction
under alkali stress, while the increase in amino acids,
sucrose and storage form of carbohydrate (fructan, starch)
could be an adaptative mechanism in Kentucky bluegrass
under alkali stress.
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Introduction

Inappropriate farming systems resulted in the large-scale
development of salt-alkaline soil and substantial losses of
arable lands, especially in the arid and semi-arid areas of
most countries. Salinization and alkalization in soils have
detrimental effects on the growth, development and dif-
ferentiation of plants and causes lower productivity of
agricultural crops and grasses. However, the high soil pH
(>8.0) due to alkaline salts (Na,CO3z and NaHCO3) was
more destructive than that of soil salinization caused by
neutral salts such as NaCl and Na,SO,, because most
plants favor a slightly acidic to slightly alkaline soil (pH
6-7) (Clark and Zeto 1996). The severe effects of alkalinity
can directly damage plant roots, disrupt the balance of ions
and mineral nutrition (Shi and Zhao 1997). In addition,
alkalinity alters the availability of micronutrients and cause
micronutrient deficiency in plants (Fageria and Baligar
1999). The degree of these effects depends on its impact on
the plant physiological and biochemical process and the
capability of plant to adapt to alkali stress (Takahashi et al.
2001). To survive in alkaline environments, plants have
evolved a number of physiological and metabolic adapta-
tions to alkali stress, which include the changes of carbo-
hydrates and amino acids metabolism.

Growth and development of plants depends substantially
on carbohydrate metabolism. Carbohydrates are synthesized
from a complex series of reactions involving photosynthesis
in plants, which include monosaccharides (glucose and
fructose), disaccharides (sucrose), oligosaccharides and
polysaccharides (Smith 1972). The biochemical breakdown
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Abstract China, one of the primary centers of genetic
diversity for the genus Malus, is very rich in wild apple
germplasm. In this study, genetic diversity in 29 Malus
accessions, including 12 accessions from 7 Chinese Malus
species, 4 Chinese landraces, and 13 introduced apple
cultivars, was assessed using a set of 19 single-locus simple
sequence repeat (SSR) markers distributed across all 17
linkage groups of the apple genome. The number of alleles
detected at each locus ranged from 2 to 11, with an average
of 5.3 per SSR marker. In some accessions, 16 unique
alleles were identified. Ten out of these 16 unique alleles
(62.5%) were detected exclusively in wild species,
indicating that these Chinese wild apple species have
considerable genetic diversity and can be used in breeding
programs to increase the genetic diversity of apple cultivars.
Using 19 SSRs, an unweighted pair-group method with
arithmetic average cluster analysis was conducted, and the
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resulting dendrogram revealed that all cultivars, except for
EdpeMeBckoe, were clustered together in the same group.
The Russian cultivar EppeMeBckoe was closely related to the
Chinese crabapple Baihaitang (M. prunifolia), with a high
similarity coefficient value of 0.94. Of the two M. sieversii
accessions used, one accession showed a close relationship
to apple cultivars, while the other accession was closely
related to wild apple species, suggesting the presence of a
wider genetic diversity in Chinese M. sieversii species. The
influence of SSR marker selection on genetic diversity
analysis in this Malus collection was also discussed.

Keywords Malus - Genetic diversity - SSR markers - Cluster
analysis

Introduction

Apple (Malus* domestica Borkh.) is one of the most
economically important cultivated fruit crops that have
been subjected to heavy selection and breeding. Except for
a few seclected apple breeding programs, such as the
Purdue—Rutgers—Illinois program in the USA and some
European programs wherein a few selected Malus species
were used in breeding apple for disease resistance (Korban
and Tartarini 2009), most of the parents used in breeding
efforts have relied on a narrow genetic base, often
involving crosses among popular commercial cultivars
(Kumar et al. 2010). For example, several cultivars such
as “Red Delicious,” “Golden Delicious,” and “Jonathan”
have been frequently used in the parentages of large
numbers of modern cultivars (Noiton and Alspach 1996).
Moreover, the selection and release of mutants of popular
cultivars have also accelerated the trend toward genetic
uniformity in commercial apple cultivars (Brooks and Olmo
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Floral development of Phyllanthus chekiangensis
(Phyllanthaceae), with special reference to androecium

and gynoecium
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Abstract The floral development of Phyllanthus cheki-
angensis has been studied by scanning electron micros-
copy. The perianth organs are initiated in two whorls,
dimerous in male flowers and trimerous in female flowers,
with a longer plastochron between whorls than between the
organs within a whorl. Male flowers have two stamens. The
prominent connective protrusions begin development
simultaneously with the floral disk. The disk is two-lobed
in male flowers but continuous in female flowers. In female
flowers, the developing gynoecium remains open relatively
long, so the developing ovules are visible from the outside
for some time. The direction of the hemitropous ovules in
the carpels is antitropous (epitropous). Two small obtura-
tors are formed per carpel, one above each ovule. The
prominent nucellar beak extends far beyond the “micro-
pyle”. A micropyle in the classical sense formed by
integuments closing over the nucellus apex is not present at
any stage of development. Thus, it is not correct to say that
the nucellar beak “grows through the micropyle”. The
exposed nucellar beak continues the curvature of the
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antitropous (epitropous) ovule and becomes contiguous
with the obturator. The unusual length of the nucellar beak
may be a potential synapomorphy of the enlarged Phyi-
lanthus clade as inferred from molecular phylogenetics.

Keywords Euphorbiaceae sensu lato - Floral
development - Nucellar beak - Ovule - Phyllanthaceae -
Phyllanthus

Introduction

Phyllanthus is the largest genus in Phyllanthaceae (Eu-
phorbiaceae sensu lato) (Webster 1994; Govaerts et al.
2000; Radcliffe-Smith 2001). With the inclusion of Brey-
nia, Glochidion, Reverchonia, Sauropus, and Phyllantho-
dendron it contains ca. 1,270 species, encompassing more
than half of the number of species in the family (Hoffmann
et al. 2006; Kathriarachchi et al. 2006). Within Mal-
pighiales, Phyllanthaceae are sister to Picrodendraceae
(Wurdack et al. 2004; Wurdack and Davis 2009).

Despite the extensive embryological data (revised in
Kapil and Bhatnagar 1994; Sutter and Endress 1995;
Tokuoka and Tobe 1995, 2001), there is a relative lack of
knowledge on floral development in the large assemblage
of Euphorbiaceae sensu lato (Prenner and Rudall 2007;
Prenner et al. 2008; De-Paula et al. 2011). In Phyllanthus,
despite a few embryological and seed developmental
studies (Mukherjee and Padhye 1964; Singh 1972), floral
development is practically unknown. In embryological
studies it was found that the ovules in some Euphorbiaceae
sensu lato produce long nucellar beaks and that these beaks
are exceedingly long in Phyllanthus (see review papers
cited at the beginning of this paragraph). However, their
development relative to the surrounding structures,

@ Springer
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‘Jinyan’, an Interspecific Hybrid
Kiwifruit with Brilliant Yellow Flesh
and Good Storage Quality
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var. chinensis

In the world kiwifruit industry, there are
both green-fleshed and yellow-fleshed kiwi-
fruit in the marketplace (Huang, 2009). The
dominant position of the green-fleshed kiwi-
fruit is changing. The green-fleshed kiwiftuit,
represented by ‘Hayward’, dominate the inter-
national kiwifruit market because of good
marketability and outstanding storage qual-
ity. However, during the past two decades,
yellow-fleshed kiwifruit such as ‘Hort16A’ in
New Zealand and ‘Jintao’ in China have also
been developed. These new yellow-fleshed
cultivars are sweeter and more aromatic than
‘Hayward’ and have attracted much atten-
tion from consumers. The purchase price for
‘Hort16A” or ‘Jintao’ is at least 30% higher
than that for ‘Hayward’. However, in general,
the storage life of yellow-fleshed cultivars is
not as good as that of ‘Hayward’. This limited
storage life has resulted in considerable fresh
fruit losses. Therefore, it is necessary to breed
new yellow-fleshed cultivars with long storage
and shelf life.

Hybridization, especially interspecific hy-
bridization, is a very important method to
develop new kiwifruit cultivars, which can
combine the good traits from different spe-
cies in the genus Actinidia. The hybrid can be
intermediate types or types with combinations
of the dominant traits of its parents or can even
obtain new traits and variation, which the
parents do not possess. For example, ‘Kiri’,
a selection developed from the hybridization
between 4. arguta (Sieb. & Zucc.) Planch. ex
Miq. and A. chinensis Planch. var. deliciosa
Cheval, and backcrossing to 4. chinensis var.
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deliciosa, had large fruit averaging 100 g with
smooth and edible fruit skin, resulting in a suc-
cessful combination of the good traits of
A. arguta and A. chinensis var. deliciosa (White
and Beatson, 1993). However, its fruit skin was
easily damaged and its storage life was short.
Unfortunately, up to now, there have been no
kiwifruit cultivars arising from interspecific
hybridization that are cultivated widely or are
important in the kiwifruit industry.

‘Jinyan’, a new yellow-fleshed, late-season
kiwifruit cultivar with large fruit size, good
taste, and excellent storage quality and shelf
life (Fig. 1), was developed by the Wuhan
Botanical Garden, Chinese Academy of Sci-
ences (Wang et al., 1989, 1994, 2000). ‘Jinyan’
is the first good kiwifruit cultivar originating
from interspecific hybridization in China. This
article describes its origin, the cultivar char-
acteristics, and commercialization.

Origin

In 1984, the cross was conducted with
Actinidia eriantha Benth. as the female parent
and A. chinensis var. chinensis Planch. as the
male parent. The female plant of 4. eriantha
was a selection with large fruit size originated
from its natural distribution in Fujian Prov-
ince, whereas pollens were used from several
male plants of A. chinensis var. chinensis
originally collected from its natural range in
Jiangxi Province. In 1985, the hybrid seeds
were sown after stratification in a greenhouse.
From 1987 to 1989, a total of 69 F, seedlings
were obtained after an initial screening for
desirable traits. These hybrid plants have a wide
spectrum of flower colors ranging from white
color similar to the male parent to various red
colors similar to the female parent. Only seven
female plants with white flowers produced fruit
normally and a superior plant whose fruit
stored best was selected and labeled as M;.
The Mj; produced fruit with shape, hairness,
skin, and flesh color similar to the male parent
and flesh texture and maturity similar to those
of its female parent. Five mitochondrial DNA

‘ CULTIVAR AND GERMPLASM RELEASES

markers (atp, nad2-31-1, nad24F, nad24R,
and rps) were used to test its hybrid origin,
revealing a complete sequence consistency of
all mitochondrial DNA markers between M3
and its female parent, A. eriantha (data not
shown).

From 1990 to 1996, many clonal plants
propagated from the M; were evaluated for
genetic stability of biology characteristics by
top-grafting. During1996 to 2006, the adapt-
ability of Mj plants to different ecological
environments was tested in Hubei, Jiangxi,
Yunnan, Sichuan, and Shaanxi Provinces. The
results indicated that the M3 was stable in
genetic traits, including outstanding storage
life, and other excellent fruit traits. M3 was
authorized by Hubei Provincial Forest Culti-
var Appraisal Committee in 2006 and named
‘Jinyan’ (cultivar No. E.S-SC-AC-002-2006).
The application made to the Ministry of Agri-
culture, China, for cultivar protection was
approved in 2009 (Variety Right Number
CNA20070118.5). In 2010, ‘Jinyan’ was also
authorized as a new kiwifruit cultivar in China
by the National Forestry Cultivar Approval
Committee (national cultivar No. S-SV-AE-
019-2010).

The propagation and production of ‘Jinyan’
was licensed domestically to China New Agri-
cultural Science & Technology Co. Ltd
(Sichuan, China) in 2007. This company has
established kiwifruit orchards of 700 ha in
Chengdu, Sichuan Province, and also subcon-
tracted many kiwifruit growers in main kiwi-
fruit production areas of Sichuan and Shaanxi
Provinces. ‘Jinyan’ is now widely commer-
cialized for kiwifruit production in China.

Description

‘Jinyan’ is tetraploid with strong vine
vigor. One-year-old shoots are dark brown
and 2-year-old shoots are reddish brown. In-
ternodes are 5 to 15 cm long. Lenticels are
elliptical and brown. The leaf blade is large,
round, and chartaceous (19 cm x 15 cm long
and wide, respectively). The leaf margin has
serrulations, leaf basal lobes are slightly apart,
and the leaf apex is round. The leaf upper
surface is hairless and dark green, but the
lower surface is densely covered with greenish
hairs. The petiole is4.3 to 11 cm long, 0.28 cm
in diameter, and yellowish brown in color.

The flower has five to six green sepals and
five to six milky white petals. The arrange-
ment of petals is separated at the base. The
corolla diameter is large, ~5.5 cm long. The
flower has 32 to 35 upright stigmas and 56 to
60 yellowish brown anthers, which do not
produce viable pollen as a result of the func-
tional dioecism. The flowers occur in cymes
from nodes 1 to 6; the majority has three
flowers (63%), two flowers (15%), or a single
flower (21%), and a few cymes have four
flowers, which cost more in labor for thin-
ning flowers under orchard management. The
fruit is cylindrical and slightly depressed at
the stylar end and squared at the stalk end.
The fruit surface is yellowish brown color
with sparse short hairs. The fruit skin is thick
with conspicuous lenticels. The transverse
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Abstract We have tested the CinH-RS2 and ParA-MRS
site-specific deletion systems in tomato (Solanum lyco-
persicum L.). The ParA-MRS system is derived from the
broad-host-range plasmid RK2, where the 222 aa ParA
recombinase recognizes a 133 bp multimer resolution site
(MRS). The CinH-RS?2 system is derived from Acinetobacter
plasmids pKLH2 and pKLLH204, where the 188 amino acid
CinH recombinase recognizes a 113-bp recombination site
known as RS2. In this study, target lines containing a DNA
segment flanked by recombination sites were crossed to
recombinase-expressing lines producing CinH or ParA
recombinase. CinH-mediated recombination of RS2 sub-
strates was detected in 2 of 3 F; plants that harbor both the
target and recombinase loci. On the other hand, recombi-
nation mediated by ParA was not detected among F; plants,
but was found among 13 of 47 F, plants. These data show
that both systems can mediate site-specific DNA deletion in
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the tomato genome, and, upon further refinement, can pro-
vide additional molecular tools for tomato improvement
through precise genome manipulation. As the target con-
struct also contains additional recombination sites for site-
specific integration by other recombination systems, these
tomato lines could be used for future testing of gene stacking
through site-specific integration.

Keywords Site-specific recombination - Marker removal -
Transgenic plants - Tomato transformation - Gene stacking

Introduction

Tomato is one of the most important vegetable crops and
has been a model plant for fruit research. Since its
appearance as the first transgenic food crop created through
modern biotechnology (Calgene Flavr Savr tomato), the
genetic modification of tomato has continuously expanded
in recent years to include a variety of improved traits, such
as enhanced tolerance to biotic and abiotic stresses and
improved nutrition or tastes of the fruit (Cantu et al. 2008;
Zhang and Blumwald 2001; Butelli et al. 2008; Davido-
vich-Rikanati et al. 2007). The recent completion of its
whole genome sequence (Mueller et al. 2009) will provide
deeper understanding of its genetic background as well as
greater opportunities for improving commercial traits
through genetic modifications.

With current gene transfer methods, transgenes invari-
ably integrate at random locations and often as multiple
copies. As far as research is concerned, multiple copy
insertions are not necessarily a problem, so long as the
scientific question can be addressed. For commercial
development, however, where long-term stability is
required, developers and regulators prefer single copy

@ Springer
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NAC (NAM/ATAF/CUC) proteins are one of the largest groups of transcription factors in plants. Although many NAC proteins based
on Arabidopsis and rice genomes have been reported in a number of species, a complete survey and classification of all NAC genes
in plant species from disparate evolutionary groups is lacking. In this study, we analyzed whole-genome sequences from nine major
lineages of land plants to unveil the relationships between these proteins. Our results show that there are fewer than 30 NAC
proteins present in both mosses and lycophytes, whereas more than 100 were found in most of the angiosperms. Phylogenetic
analyses suggest that NAC proteins consist of 21 subfamilies, most of which have highly conserved non-NAC domain motifs.
Six of these subfamilies existed in early-diverged land plants, whereas the remainder diverged only within the angiosperms.
We hypothesize that NAC proteins probably originated sometime more than 400 million years ago and expanded together with
the differentiation of plants into organisms of increasing complexity possibly after the divergence of lycophytes from the other

vascular plants.

KEY WORDS: Angiosperm, NAC, phylogenetic analysis, transcription factors.

Transcription factors are a group of proteins that control cellu-
lar processes by regulating the expression of downstream target
genes. A large proportion of the plant-specific proteins are tran-
scription factors, indicating the importance of these proteins for
the evolution of the plant lineage (Olsen et al. 2005). The NAC
(NAM/ATAF/CUC) domain is a highly conserved amino acid mo-
tif that defines one of the largest groups of plant-specific transcrip-
tion factors. The first characterized NAC proteins were petunia
NAM (no apical meristem) (Souer et al. 1996) and Arabidopsis

ATAF and CUC (cup-shaped cotyledon) (Aida et al. 1997), after
which “NAC” was named. NAC was later identified in protein
sequences of other plant species, including rice, wheat, tomato,
potato, and pumpkin (John et al. 1997; Ruiz-Medrano et al. 1999;
Xie et al. 1999; Kikuchi et al. 2000; Collinge and Boller 2001).
Proteins that contain the NAC domain are involved in diverse
regulatory processes during the plant’s development, such as me-
diating lateral root formation and auxin signaling (Xie et al. 2000);
regulating senescence, cell division, and wood formation (Kubo

© 2012 The Author(s). Evolution © 2012 The Society for the Study of Evolution.
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