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RIRR TR il RIS 1 (045 5 e 3 R 4 R S S PR AR (K 201
BLEE; RN HSEREOTIE IR, SERERATHUR . DU ORI SR 0 2R VIR )
REFEDN,  [RIINSUh TR D REFE R AL L v = L BT b A s B 0FE

SRR (U a7/ ELEE RN i YAV T WS CIE

JrTE) - AP RR TR A B3 U5A 3

Jil s AR AR N HL B

Jri = AEYEATE A AL

Jr Y ARG R AN S R

(=) MRHRE

1. FEYIPUE BB X 3 95 A 4

() EYHERRRERSE. kKBS

K604k [ LA FIRIZ) BT A K HZ , 27433k [ 1 B 52 b R0 b (1 B 28
A2, 40D T LN S FHRI33 43 PEEOR A SR, L1602 O3 MR R 70 31 IR e 45 Rk
. k. BE. BT ARIOCTE R ON48.3, 47.8, 7.0M134.5 me/kg. P E/NZE SRR E Sk
FEE, SEHNTT.T F 88.03mg/kg. PHINZZ MR 1S B iRk, 29 HE A K
AE B 5 HOF S PO B AR /N2 i AT R B B fe s M65.52mg/kg. IXHB 4 JUR (L it
RF2 PNz SR IR A TC R IR

T AR A R A B T B b IR T B AR AR e, AET9NIST 5
YYFI205F SSRE 14, K LA B9 RAE Hh 1) 30 43 — A AW S 1A BRI 10473 L4 A4
FHREAL Z R T a5 SRR LUEE BRI RN 7S SRS MM 45 T Lh gy i
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5t (AMOVA) i a&H], 1iteAe s EEOR HREAIE, 205000 71.69%, 71.88% #
71.62%. IXULLE YLK IER AU R — AR I, RN B R 22 R/ 2245
HEDR A 2RI R BT -

KFRAE . BEF L SN GG AN ORI SRR T TR, SR AIVEAN
MM LAE. WASEEFRZTR230R0 . BETBHR1600r . 2 BEIRT50r . 2 S BE A
1567 XPUBGEE M. S lresigsam . BEFPum . bR SRS wIREAT T
M BE. VAN TAE.

(2) 1EYHBrL LSRR

FEI St S DU SE R R, AAIE G 46 52 (R 7043 00 /N2 B RL 38 HE () flE 22
WOREFE . WM S AR 8 N ) DAL BT R OIS )0 A Rk
Wy, 2B T HHE, HAhs8AHA BRIPU . fd 7 2%859104. 7Y
291, 224142, 25 | i %34 Centrum S5 (115 (£ 44 (F2:3)267, 58 T centrum.
WA34L BEARTTS —RURIAEHUR I B AL S04, IEAEREAT P00 DR 4 e 4y 1
PR AR

M A B R 5 | HE20 4% Uy /N F2 0 S A8 SR AR RN S AR AT AR JE AR, S 5]
BETOM /N ZE BRI T o S =4 Y b BSPR I 48 8 R 370 /AT S 5 , IN198013 /N 22 Ak
G TGRS ARFIE S5 [ ER T, 135 B [ RGBS 02 4y, #h e T3k
E LA 2 e . X119 /INESABIR HTUR, 20 i 124 SR i /INRI AT 1 v 3 7 /N Fof
Y BRI S/ N SR A 4 E

(3) YEYpHuidi B R R 3 5 Th R b

P T KM 22 HAIEEDYAN LU /NRNAVR A, K solexalll 7434, 13

738 T 58 FIR RSP miRNASL 1261, 73 )& 150 M miRNAZ R 1) HimiRNA L 133

>

=

l

=)

A, % 15N HmiRNA.

B S840 325 [N Yr26 11 A7 5 e, ) ELARSE N AL 22 JF R T — RGN IR 1 491
PRic, BRTF T B AR EE 25 240.06cMA10.02e MK B 43 F-FR 1, 5E% T Yr26 5 R IR RS 40 1
Ko BB A EE AR BRI 2 2 i M R e B HOR, 3R T AR Yr26 I 3 i AR i
DI A B HAT O B R A R I B R, AT AT e Yr2 6 B DR R i i B T
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DL rp [ B 2R A AR AT S B L N UTRP U B 1H, A v [ S A 8 2 A 2« 1 ]
-35- 1[I BE R TE DN A ST H I 21— A 55 31 48 0 DB AT O 9 3 A VP WRKY 17,
FEX BT DI REREAT T 200 o IR T S 2R % 13 RS OC B 1 VPR 10, R A2 7 i -4 -
HHILEEFLEE LY (VPROMT) v [ 5 T RE T

SRS LA T A — e HE i 1) 487 T S5 S TR R RIS T R B
SR IOGRE AN RIAEHOVLE . 3 Rz E B AFE RO FER I 1 e RE, Ferb, BHTH
SR M B ZAEER 110 918 A B 2 AR v 306 2 3 1) S 2 o B MRS )
HHFEHL 2) M T (BB SRR W AE R AR . B el 4%
REME AT BT, e i) A6 (0 H RN e 2 22 Wy (AR, JERTIE s T S AR R )
B ANUR. KEFERIMARE: 3) #R T TRERS, G E M mAE RS
M ENLE . TR R, eIt m N T PSI¥ e, e PSIN 3 22
A3 s e 2 s A A R A

B T 234000 B BN VAT (RO IBURIIPLA B E, Hod, XFCYR32. CYR33

TRETERRILGUR B iRl (RO BUR 0229, 2020120203, R WIHTE i Al
PORPER K3 1, 90% LA E K37 & Bt R H ATAAT NPT o [ % N 45
FEMIGS X (9 4 0 T R, IGSIXAFTEA AR SRR AR, APAE3A PR AT X FI AN AR S
X CafIB) , FEAT14Fh2E0 k& 2,

KA N - TR B G R O YA TR BT R T DU A B AT T8
F ST RIBUSE IR (0 23 TR IR /N2 -k 22 B 5y A7 ZM852-14 CYR32. CYR33 A
Sul1-7HI BT VL th I Ba P SE R ), T4 HE 0 T/ 22 2BS B (a4 . MOT 1 1%
CYR3 TR R 25008 b P PR 7 o B FH 1, R T 44N S5 2o B DR TR 0 1
SSRARIE, K 1Z U 56 8 52 A 1/ 22 1DS e ik o 3@ /N2 -4 1L B 2 S 1 &
H9020-1-6-8-3X%] CYR33 HIHT 1 Hh 1A~ M AL D42, w44 0 YrH9020, ik T4
R EM M LER, TR ILER T/NE2DS . H9014-121-5-5-9 17 W41 s%
BEIEIAL A3 HT B, HO 2645 BCYR3 LI Pk R Do) S PERE PR, 81 A 44 4 YrHAL

i 16 74N 15 LU L D E B Y SSRAFR AL, S8 A7 T /N2 TALYL ik T G221 B 30 44 1T
CYRBOMIHUIE B U0 S 1k JE DS 478 1, 8 iy 44 A Yezhong21, FE T 1045 OB 15
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PESSRIFIE, IHs HEAL TN SALYL Ak, Rl oM o FARid A 0, 120
PRI fEK F Ciemenpo  H122X (/NP I G e B S e, K I dn 44 h YrH 122,
HoR IR B A TN 22 G A& 1DL |, SSRERICIHIAS o, YrHI222R U5 T4 lfi 2255,
WL BERAYR 07 l S B (AR R EEER,  YrHI22W] fE22 1 ANET H AT A $isc
P HE DA KB L A

(4) 1EYHl RIRER A LR

DL/NAE B SR YLt AR TDL I SE0 S, ) e il 5 bR il $R SCENIE (HICF) 4
A, RN TDLIAS S BACSCPEILS JT AN st e AT T HRSUENZE S AT, 5283045 138,452
A PR I ELE S R, R AIFPBIA 2 BBk V5 4, ARG R FPCER TR T 1614
N FHE(Contig). MIJEE contigs H Bk H ki A el (MTP) 4,4724, EKZ)
4373,819kb, KL o T AN YOIRN92%, FEAHE . TIDL ESFEYE K. /)
A TDLGE (O AR BACTHE B fE) B 1 1) il D AL 8 D /N A2 TDLE SR ZMRQTLE N L 182
T B SR e BT T B DL R 24 IR B T T BRI

A Mlumina 538 530 5 3815 7 /N TDLYL (4 /K survey sequence J£ 161,061 F
Bt, K/Ah29223Mb, RIS IO BT R, R R HE SRS T R T R 43
1745.5%H129.9%. VTR EL S HRFERMETER, RAT6M LR, HE
R I H R T an(5081), AR A A I R o Mte/ga(3002), =
KT IR T A S i (R T B TG My tee/gaa(527) % o W IT R AFEI T 16, 3154NSSRAV. A4,
MABENLZEEL 133K TFSSRE 1Y, FH20 KU TG [ D& BORE., fE I |
VR RO R [ (N SR AT S R R, X33 304N, s
ANEIK20N/INE SR B 2 A TE, IF HAETDSMAM R B 4l ik, &
X L6 5 )2 7D LR 5 1) .

WX NZ2 T 5 Gt (TA, TBFITD) A7 51 34T miRNA (1 AE W45 B 2= I,
21— RA IR AR L 558 R 1 20/ F R 11343 miRNA, JH17A, 7BFI7D Y
ARG 162, 196F1153 M miRNA. [, 73567 T-7A, TBRITDI Hi A% H 2367,
S12R14524, S3 TR W, [F7DY AR L, TAFITBEATHE Z [fimiRNA, {H2 HmiRNA

PR (pre-miRNAD KB, IX T AE L B T7TARITBY (LA X TD Y (L IATT 7,
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TENE T UL RRBEAT T2 I — RRAS, TEIRX—Zssd Fi vy, e ER 728904
pre-miRNA, JE R T SRS B R 5 45, A6 73 E A1 50 AR R I D E 75 22 52 /D B miRNA .
IR, FATIEX miRNAGEAT 74U A TG0, BEIENGOVER L], X —4miRNA 1%
Z 5 E RIS, AL M OAREER RS S5 5%,

2. e IR YR E N DL

(1) /M Tilling RZRVKFERI MR R BEHFILA RN TE

=B 10 SRR AR A 56 35 [ 358 A e A A A 30 35 ) e ik R 20 24 U )
Or LA 2 4TRBR A 150 4k, FIFEMSAS, 3545 72610 F11350MM25E48 14,
S S PU R M B  SEAS R KL, 108U FERRAY . BEAL S AME AR SRS B B AR
WK F . FFHRAPDFNIST 5140 S8 AR A P 1) AR SRR AT VAL, JFF S ar iy
Tilling*V & 4 FEAR ZTRMRAC P SR HEAT T o 5635 1 /N2 IR AN ) I i kit 1
AR R, B TR 3 10/ RS DRI IR U BR AR R R R B0 5 /S
At or A HE AR RUTER, AT N R R T A TR SRR R ) D) RE g AL
THEARTV-G o RN IELETT REBEKZR « FERER /N 2 R e 5 1 A5 5 DA R A% e 4
FIFHIFFT 45 B & F fEPLoS One, BMC plant biology“5 1) L.

(2) JEA=YRE m N 4 F LI

DI R IF BN e oK e KRS bRl R AR B 5 4 3
S R R A VA7 o RIS A A8 40 g 7 5 A A o 972 1R PR R 38 % /8 ) S P R 7
W Akabs1-1DMabs2-1D, W5 IN1%K R HBAHD acyltransferasei K 5845 fir &, Hnf
AN SE AR 2 015 . ATERE 5848 fhvar2 hy JERH 1% 31 2 AN var2 B i s B ik, IF 8
2 LR B T ASH ) var2 B 1%k

D71 S S AN /S i s B B 71 S RS D BN WA IV L R 4 S R P
S, JEIRIE ARG — LR R I 1ALy, T IEAEXNZX R R AR T RE T XS K
FEOSNOX215 5 i # [f)OsRTPK 1. OsRTPK2. OsmtATPS1. OsTPP1. OsTPP2%%13
AN RBEEEREAT RGWEIT, BE— DU T IX I ] ) 308 5 OsNOX2 R IA 11 90 3 A
PRI SRR, R 5 B b BRI DRI AN o 1) R R

CALRG TR A kL, R RAE R, MRk A AESEA, e IT
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Azt 2 5 ABAL JA. SAfS ‘5 0% T2 (O MR S AT, W L 41 5E A7
MHAERR, RHETRMKEFRIRR, NEEMRSE T ke T /Mg
Wi 3 2 S DA - TasNAC, FFRF HL 283 A 0 41 2 7 BEAT YR AN 53 B, iE B3 s Al 1
Z 5T BB N, 0 FORNACK B s A 5~ 347 4 1f 73 M, JF A FIRNA-Seq
FAR G ARAGF T AR S AR R [N ACE I I -

R Y o 8 00 B A T A DA CmiRNA, - I I BE PR S 6 i 2/
RNAZISBAT 7RG AT R FRIL P HI AR FImiRNATT A1 A5 K W4T
MY R, EREEARREYZ (Panicum miliaceum L) F14E5E T 43N ImiRNA,
IEAE X 3% S8 miRNA (¥ 3 A RUE AT RGE 0 HT . IR0 &5 2 K 4 4 Tournal of
Experimental Botany, PLoS One, Journal of Plant Growth Regulation, Science China Life
Sciences, AR} AN AP AR EEE T

(3) BRXAIEY#fL FoRE B R

LU DR B AR IR A BF 0 5, WEFUARSS i A 54 2 161, N Py K. Zn
LEFRICRERBMCR A iz B R 2694 SSRER XS H L7790 2 MK
FME N R WP R A 2 REVE . BEAR SRR AP UEAT T 4TI 40 AT, P8I
R ZREMEFRECN0.6, BIEDIAL ISt ZRE M iy, IDEEN ARG, LA LT M2
AET MG, RGN T 14RIEA . PR AV EEEIR S T RN 2 S 5K . W9
TR NG Zny Sefi, SN R TTIR KPR TR R0 R B RUNER .

CLOFHA [ [ b St Fh g 5, 9T T IR Calfiii 52k, I 00T TR 7K
SRR RaECIRAL 32 o3 A T M- R BB AR A 45 R I DG R, A 9045 R AN )
R PR X R R AT 4R R e IR T AINAE S, A A A 1
KRB R FAA TR (K5 0, R I3 A A e N- B P it FH S U . R GERFIT T
AL (Periploca sepium Bunge)bi 7 PEFIIE WY P S, 4 T A4 BT 5Had OB B
P NSNS, WETL T NIRRT R AR, AT SRR A R 22 5, ME— 2D
AT 2R A4 e A A T v R T

IRAIFIY 45 R % FfETournal of Experimental Botany, PLoS One, Plant Biology,
Field Crops Research, E4)4: B4R AL 25 24 4R S5 41 71



SXEMBIREYMFERERLINE (S FLAHELAT)

(4) BRXAEYS5HRBEEENSIPTR

IR PR — SR 6 A [ R R A Ay e b S 0 B e B R Ll 41
ARG < A BTN BE B 20 B X E AE R A R I CCNWSX0020 A1 - 38 AT T
CCNWGS0286 5T, 7 1 HN 20 ol Bt < 1 1 IO MR PRS2 s R) 2 s 1 AR 4%
ARFH 22 e S PR SRR AR S T B AR PO R AR A DG S DT T st 4 25 PRV e R AR A IS
T, HRIR T AR I CONWSX0020 55 2 R T 2R 28 LA S HTapLEe, ¥
WIEHAE T AT B CCNWGS02864: X 41 Hh 5 T 4 @ STt MR fa A7) A KA R AH
MBS R BAR . R BRI 7R T 5 F T AR B CCNWSX 0020
P A 4 2B K A 2 R R RS A WS D IR R v e X R i % R AR R
Mesorhizobium alhagi strain CCNWXJ12-2THE{T A FE AL, X BhRE L MBEAT T 1l
WIEFERE o I P AR BN SR B HEAT FE R A, it S UK G ARk, JEXT #h
FHOCHE PR BEAT T 50 W DR F D e AR DD RRHEAT 1 61, 2 WY T v B 4 3 BR8] A5 i
A

LA SR AR b A R8T BT L AR AR RN G, A8 R 2 92 A8 I I 1] Northern
P A A TV 5y B U RR A0 2R BE D, DA FH 512 I € D' 12 o g Vo Ik ek R 7 49 ik
PRIk A — P 1 S E , PR SRR R I D Re A BT, L4554
NGRS S L IR K 29 R SR UL [N, X LD RE A HTIE ARt — DB p . iR
FE %R 43 5 & 2% T Journal of Bacteriology, Applied and Environmental Microbiology,
Bioresource TechnologyfllJournal of Hazardous Materials%: [ [ A gk 341 1) .

3. B S5HEEEYHEENE

(1) RIEVER B FRRHE

g, R, DR, Bk, Mk L E A FAEYME R LR
TaEE ZeHi, ANED , MRS e 7R I e R W DR i 5 X R AR R I
SR

OB ] /N 22 445 A1 R B X — SR R 2 (B e, vk, LK) gk
Ge/INA AR, R4 VR IR AT (K o B B 25 3 o i ORI /N D T B/ A2 2%
BRI 5 E, HYPPHE T /ANERB W 1 a0 3/ NRELE 485 B RE AR e o 1 A
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Mo FERRPEAS . VUTE X 23 70 Wl 20 25 s /N 134 264, WY T D5l 22 245 1
(A B NRI A R, HR7s T LT 2 R L BRI R DR R o WUSE T 445 BT T
Afam R (T4) 1@ Aid & M BEon e .

@ YR T /N W SR A SR (WBD)-5 5 R B4 il 2 AR 10 B 50
FIEETIyCFITengu, FMNWBDEKY: T I 22 7 3L R R I ER T 45 Wb kA3 T 1314 %
SRBGL WA RERL ST WEDIEETRE.

@R T BRIt /DR BIELE HUK (COND IR, /N2 IRTE THIR1R YAl
B, 4R R A5 WM JUR R U A E s 58T 7043 /N2 Tl T4 £ B £ (K FH 1)
S, BRI CONGLE [ S o

@7 T3 FTF AT 995 st TR WY 2 (42 BT R, 020 A 170 1T R R R TRy
FEor WA (R RIS Wl ST G A T I AR R T B e R AR AR, O 2k SR A SR Al ik IR
Vmpg-1, EAEX IR RIBEAT D RESGIE . W] 1 J Je= 9 17 A] B S PCRZ i RS 1
A IR FNZE AR R T Beri 8 Sh R TRER RS S IR A2 03 1 s R A2 e A .
SL TR R W PEG A S AR AT IR A 3 I BUL ALK R, 313 T 60002 A4k
Ty IELEREAT SO I e AR R AL T o S0 T IS R AR S L B0 o R ) 2
SEFRIE M HTIATHU AT, IEAEREAT AR UGS BT o H AR B R 2T
J I8 T 1) A B DR DU R0 20 A o WM 26 BT TRTB AR 1-5 4 i 22 T Ja JECZe 1T 1) — A8
B T HUAE P IRD 7 V6 5 Je o (R 28R RS LR, I 9 V6 a0 s 3 R I3 1o 2 9 B v
0T B SR B BT LB A T AR AR, A TR N

SFI A LAY M 274 A 7R T 0 AR B BT (1042 Sl B, IR T LA 1 25 A RS
FEARE 5 2 ORISR Iy 414 m] = AR Rt SCPATHES T A R R I B 42
WX BERFRR SR, S E— DB i 1 5 25 32 HAVE DG R T R o G N R,
AR S SR BEART PO PEBEAT T VR0, JRiGE B T AT B B8 s 8 1 e A
Bl I IEAE R RILPUR NI S PCDINOC R o N T 3 MBI B0 M VPR 7 iR,
JEXT > B FRAF (KIS0 KRR REAT T 800 1 L, RINEU A7 4 2 5, H 15 Hh B R 5
ToK o WA 1 ft T e ) SRS A 7 (R AR 0 9 S PR P o 7 0 R DX AR i 1
A F3234 K FE R BEARRIA0A K I . AL T REAG RI VG A S 1 B AR

Il
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SR BRI AN RERfE JE AL, HAR3STA MR35 RER G R, Hrdr, CHik
P24, AR ARG R B3 7AE WA R RECH % 55K, Sterile
mycelia sp. CNIR MBI H 52, 122000k, 7 SR ARER33.7 %o HCh Peltaster
sp. CN. #f [ $ 4t W1 8 55 ( Pseudoveronaea ellipsoidea ) F1AL 57 43 & % 5 L Fh
(Ramichloridium liquensis-like) , 433455+ 4041 AR, B BFFEE15.2 %.
122 %H1.3 %. S EHEIMF (Ramichloridium luensis-like) « I REV-HM
(Zygophiala wisconsinensis) FA& G B (Houjia yanglingensis) — /NI AASL
HAED, 2aH1T. ORISR, 5 EEREI4.7 % 1.7 %A11.4 %.

©7R T BRIERk 50 76 BT 24 1R 8 AR R A MU ST Kl &8 LS R I G R
S BESRAR T AN ) R AS [P 07 (11200 2 BRAH 1R O FREAT T %85, 3848 T W RIFHIT 58
P25 RN BT T A0 . R A2 B AR EAT TR w2 Gead FELge, LT it
Fiv ETRBEAE AL P AR A S F FE o 07 R0 S A B A A B B,
I, I AEREAT TR R P T 85 o it S T Tl 3 i1 e R i, A
JE B2 1 AT T IAERE .

@F ORI T EFRIE 51 PIR 53 25 B = PR3 KK A I O TRRAN B N 1 112053
T35 B VR BEAT T I SSRIE DR R Z REVE L35 20 M, 45 R, A 48 1R S804 9 2 AT A
Gy BSIICHE BRN 2 b o B M A TR e (g R 2 8 A S [l B DR 2, 2 g A B M 1 35
T35 B VR REAR AT = AN R R B . BRI W], 1 7 =48 TR B0 5 2 W AT e
CATCHEAERE A 2, B A AR A 222 3 LA

@@ T KA ke B M ¥ 250 ISYBR Green TSI 9¢ )6 52 F-PCR SN IR E il
2k, Sty LREKIRVEGNL T IR A B e A A AR R L g B A
L5 SN E R CHIE AN 6 BB (n=e7.300-Ct/3.905) 15 KA1 #2955 /5 9 R 1) 6 Z A
M (y=2.7100+0.251) o Ay 358 v oK 700 B0 A e ol T A% 1) M 0 R g 56 T B 5 T 2%
fiilf o

@A T W PR AR AR G 55 A B R IR R /N B OO ) 25 AR R L e 22 e, I
PRRHR GO AL /N B s G 1) B A2 0 0 2 e TR AR ORI AR AT R, I
PR R AR AL B R IR A4 0] AL/ 0 BB 1) 25 A2 5 B holling- 1T 8 )y e S Wi [t 75 7,
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I PSR AR — P By 76 AL/ 0 U9 7 25 A i

(2) W REEYREENE

OFER T N2 ZAF R ALK 7347, 60T il i SOLEXA Wl 7> 1 FOSMID #
PR T T “fosmid to fosmid® B SENE, BRAF T i (AL I ALHESL ], JEL
BE IR TE R T 5 AR B S KIX 20 3 R F M P20 4, I ZERE T4 2R

SRAF T 48 A i o O (R HE R ] (E DRI 41K/ Z1110MD 5 contigs Fllscaffolds NSO
I3 ik #)18-kb H1125-kb, A EEPLosONE R % 4% B8 i 5: A 41 5 18I (N50: - 5-kb)$f4% Jit
A, AT A B R AL o M MR R BT . a3 SR E AN [F] fosmid poolings
FHABAS caffolds ) TEAH 43 B, I S 4545 B 2k DRI AL A7 A8 s PE AR S REAE, ASHIEFORE T i 1A
AP IR IF ST HE PR A 2 DX SR A HAT B SN (E o RS 4 ik DRI A T 4 A 2 1 D PR
27,9644, LRI AL 0T R RO R IN/NEFTER K- S i S 4 A T, 3L
T 8,514/ JE R 4475 B DR 2L AT (60 5 R EG A B VAT b 1 R DR 2L 9 A o K 1) 2 s
E{SEiR

X5 2,100 T 3-Wh e EAT T e, M) A5 PV XCRI g e 24N £ 1 il A 3
I RAT R AL A A (Nicotiana benthamiana) Iy, X 198/ M HE KI3E4T T I i
FRILTHE, LA 12N R WoR T AR, b — B R AR B RN AR (B T R
fillo XK B HE TG K 5N S5 B 20 B R IEAT T FI P07, 45 AR WIS AR 1)
Tk 2 A TEARAY, AV AL TR AT AR B R M N PR B T AR,
T — L0 DRI Sy AR S5 RT3t A A% S 2 BERREF W  T E TT  A o AR 0
FILLW, fosmid to fosmid’ WA K FINGSHIANS i 2445 5 L1 B AL Bk D 4L kAT
P T A BN .

@FFJE T /N 445 A Tl AR K R R 40 PR B 48 (R T2 S iR 1D 1Y)
BEREST, H Wil L8 b . qRT-PCR A SEAR A B AMNE vk e S ohfgs w7 el
TE2%F TR T O 345 2 i1 b B AR I R i, 70 T O 88 I (1) Rl e (1 S AR 2
MN/INZZ I PR 240 5 R A Ay = ) kR, WD I T N R A KR A
FErpRe AU IR B Az 518D IR S o LB A2 g, Bk
5 0y AT T N AR BUE NI, 45 RO I HUAE TR IA ISy BT

.10.
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. . 57 Wang, Xin Guan, Yazhou Wang
pseudoreticulata in response to .
Plasmopara viticola infection Yang, ~ Weirong  Xu,
Zhenfang Fu.
Characterization of novel gene
expression related to glyoxal
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The world population now is 6.7 billion and is predicted to reach 9 billion by 2050. Such a rapid growing
population has tremendously increased the challenge for food security. Obviously, it is impossible for
traditional agriculture to ensure the food security, while plant biotechnology offers considerable potential
to realize this goal. Over the last 15 years, great benefits have been brought to sustainable agriculture by
commercial cultivation of genetically modified {(GM) crops. Further development of new GM crops will
with no doubt contribute to meeting the requirements for food by the increasing population. The present
article provides updated comprehensive information on novel and potential application of cryopreservation to
genetic transformation. The major progresses that have been achieved in this subject include (1}, long-term
storage of a large number of valuable plant genes, which offers a good potential for further development of
novel cultivars by genetic transformation; (2), retention of regenerative capacity of embryogenic tissues
and protoplasts, which ensures efficient plant regeneration system for genetic transformation; {3}, improve-
ment of transformation efficiency and plant regeneration of transformed cells; (4), long-term preservation of

gll;ontnotptliapssts transgenic materials with stable expression of transgenes and productive ability of recombinant proteins,
. . which allows transgenic materials to be stored in a safe manner before being analyzed and evaluated, and
Somatic embryogenesis . . . . .
World population allows establishment of stable seed stocks for commercial production of homologous proteins. Data provided
in this article clearly demonstrate that cryo-technique has an important role to play in the whole chain of
genetic transformation. Further studies coupling cryotechnique and genetic transformation are expected to
significantly improve development of new GM crops.
© 2011 Elsevier Inc. All rights reserved.
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1. Significant importance of plant genetic transformation

The global population now is 6.7 billion, which doubled that the
world had 45 years ago, and is predicted to reach 9 billion by 2050,

* Corresponding author. Tel./fax: + 86 25 87081660.
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1 These two authors contributed equally to the present study.

0734-9750/% — see front matter © 2011 Elsevier Inc. All rights reserved.
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provided that the growth rate of 1.3% per year at present time
continues (Braun, 2010}. Such a rapidly growing population has
tremendously increased the challenge for food security. Doubling
food production in the next four decades can hopefully meet the
requirements for food supply (Braun, 2010; ISAAA, 2009). Obviously,
it is impossible for traditional agriculture to ensure food security,
while plant biotechnology offers considerable potential to realize this
goal (Fedoroff, 2010; Qaim, 2010; Schahczenski and Adam, 2006).
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Abstract

Chitin is a major component of fungal cell wall and is synthesized by chitin synthases (Chs). Plant pathogenic fungi normally
have multiple chitin synthase genes. To determine their roles in development and pathogenesis, we functionally
characterized all seven CHS genes in Magnaporthe oryzae. Three of them, CHS1, CHS6, and CHS7, were found to be important
for plant infection. While the chs6 mutant was non-pathogenic, the chsT and chs7 mutants were significantly reduced in
virulence. CHST plays a specific role in conidiogenesis, an essential step for natural infection cycle. Most of chs? conidia had
no septum and spore tip mucilage. The chAsé mutant was reduced in hyphal growth and conidiation. It failed to penetrate
and grow invasively in plant cells. The two MMD-cantaining chitin synthase genes, CHS5 and CHS8, have a similar expression
pattern. Although deletion of CHS5 had no detectable phenotype, the chs5 chsé double mutant had more severe defects
than the chs6 mutant, indicating that they may have overlapping functions in maintaining polarized growth in vegetative
and invasive hyphae. Unlike the other CHS genes, CHS7 has a unique function in appressorium formation. Although it was
blocked in appressorium formation by germ tubes on artificial hydrophobic surfaces, the chs?7 mutant still produced
melanized appressoria by hyphal tips or on plant surfaces, indicating that chitin synthase genes have distinct impacts on
appressorium formation by hyphal tip and germ tube. The chs7 mutant also was defective in appressorium penetration and
invasive growth. Overall, our results indicate that individual CHS genes play diverse roles in hyphal growth, cenidiogenesis,
appressorium development, and pathogenesis in M. oryzae, and provided potential new leads in the control of this
devastating pathogen by targeting specific chitin synthases.
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Introduction

Chitin, a microfibrillar B-1,4-linked homopolymer of Macetyl-
glucesamine (G1cNAGc), is ene of the major structural components of
the fungal cell wall [1]. Chitin synthases are key enzymes catalyzing
the polymerization of GlcNAc [1]. They are usually localized to
cytoplasmic membrane and have attracted considerable attentions
as targets for developing fungicides [2,3]. Chitin synthase (CHS)
genes from various fungi have been grouped into seven classes [4].
All chitin synthases have chitin synthase domains and transmem-
brane domains in common. In addition, the class V' and class VI
chitin synthases contain the myosin motor domain (MMD) at their
N-terminal [5,6]. Myosins are known as mechancenzymes that
convert chemical energy released by ATP hydrolysis into a
mechanical force that is directed along actin filaments [7].

Fungi are different in chitin contents and in the composition of
chitin synthases. In the budding yeast Saccharomyces cerevisias, chitin

PLoS Pathogens | www.plospathogens.org

constitutes 1 2% of the total dry weight, and is a minor cell wall
component and mainly exists at the mother-daughter cell junction
and septum [8]. S. cerevisiae has three CHS genes with distinct
functiens in cell wall expansion, septum formation, and budding
[@ 11]. Chsl repairs the weakened cell wall of daughter cells after
separation. Chs2 synthesizes chitin in primary septa. It is essential
for both septum formation and cell division [12]. Chs3 chitin
synthase is required for chitin ring formation at the base of
emerging buds and chitin synthesis in the lateral cell. Chs3 is
responsible for 90% of chitin synthesis while Chsl and Chs2 are
involved in only small amounts of chitin synthesis at extreme parts
of cells [13]. Unlike the budding yeast, Schzosaccharomyces pombe has
only two chitin synthase genes [14]. Ashbya gosspbu and Candida
albicans have three and four CHS genes, respectively [15].

In filamentous fungi, chitin content has been reported to reach
up to 10 20% [16]. Filamentous ascomycetes generally have seven
or eight CHS genes, which may reflect their greater complexity of

February 2012 | Volume 8 | Issue 2 | e1002526
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A type VI secretion system regulated by OmpR in
Yersinia pseudotuberculosis functions to maintain

intracellular pH homeostasis

Weipeng Zhang,"*" Yao Wang,"?' Yunhong Song,’
Tietao Wang,' Shengjuan Xu,? Zhong Peng,’
Xiaoli Lin," Lei Zhang' and Xihui Shen'?*

| State Key Laboratory of Crop Stress Biology for Arid
Areas and College of Life Sciences, Northwest A&F
University, Yangling, Shaanxi 712100, China.
2Wuhan Institute of Virology, Chinese Academy of
Sciences, Wuhan 430071, China.

Summary

Type VI secretion systems (T6SSs) which widely dis-
tributed in Gram-negative bacteria have been prima-
rily studied in the context of cell interactions with
eukaryotic hosts or other bacteria. We have recently
identified a thermoregulated T6SS4 in the enteric
pathogen Yersinia pseudotuberculosis. Here we
report that OmpR directly binds to the promoter of
T6SS4 operon and regulates its expression. Further,
we observed that the OmpR-regulated T6SS4 is
essential for bacterial survival under acidic condi-
tions and that its expression is induced by low pH.
Moreover, we showed that T6S5S4 plays a role in
pumping H" out of the cell to maintain intracellular pH
homeostasis. The acid tolerance phenotype of T6SS4
is dependent on the ATPase activity of ClpV4, one of
the components of T6SS4. These results not only
uncover a hovel strategy utilized by Y. pseudotuber-
ctlosis for acid resistance, but also reveal that T6SS,
a bacteria secretion system known to be functional in
protein transportation has an unexpected function in
H* extrusion under acid conditions.

Introduction

Gram-negative bacteria employ a variety of secretion
systems to deliver proteins to the extracellular milieu or
directly into the cytosol of host cells (Holland, 2010).
These systems utilize ATPase or proton motive force

Received 5 May, 2012; accepted 23 September, 2012. *For corre-
spondence. E-mail xihuishen @nwsuaf.edu.cn; Tel. (+86) 29 8708
1062; Fax (+86) 29 8708 1623. 'These authors contributed equally to
this work.

© 2012 Society for Applied Microbiology and Blackwell Publishing Ltd
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(PMF) to energize substrate protein translocation and the
assembly of the secretion machine (Galan, 2008; Dalbey
and Kuhn, 2012). The recently identified type VI secretion
systems (T6SSs) are specialized bacterial protein export
machines that present in more than a quarter of
sequenced bacterial genomes, and structurally and func-
tionally related to contractile phage tail sheath (Jani and
Cotter, 2010; Schwarz et al, 2010; Basler et al., 2012).
ClpV and lcmF, two conserved components with ATPase
activity may function as energizers for T65Ss. ClpV is a
member of the AAA+ (ATPases associated with various
cellular activities) protein family, which is an oligomeric
ring-like machine that binds ATP through the conserved
AAA domain and converts the energy of ATP hydrolysis
into mechanical force (Schlieker et al., 2005; Bbnemann
et al, 2009). ClpV is crucial for Hcp and VgrG secretion;
it also provides energy for contracting the tail sheath of
T6SS via ATP hydrolysis (Mougous et af, 2006; Bone-
mann ef al,, 2009; Basler et al, 2012). The membrane
localized protein lemF in T6SS usually interacts with mul-
tiple T6SS components and powers the secretion machin-
ery assembly like its lcmF paralogue in T4SS (Sexton
et al, 2004; Zheng and Leung, 2007; Ma et al, 2012). A
striking feature of T6SS is the presence of multiple gene
clusters that appear to code for evolutionarily distinct
machineries in a single genome, implying that these
systems confer distinct functions or are required for spe-
cific niches or hosts (Bingle et al,, 2008; Pukatzki et af,
2009). Indeed, T6SSs have been recently reported to
play versatile physiological roles including host-symbiont
communication, interbacterial interactions, biofilm forma-
tion, and acute and chronic infection (Cascales, 2008;
Filloux efaf, 2008, Pukatzki efal, 2009; Hood et al,
2010; Schwarz et al., 2010). Interestingly, Weber and col-
leagues (2009) reported that a T6SS in Vibrio anguiflarum
is important for bacterial stress response and cell survival
after exposure to various environmental challenges.
However, most studies of T65Ss have focused on their
roles in pathogenicity and cell-cell interactions, and very
little is known about their roles in bacterial cellular proc-
esses such as stress responses.

Yersinia pseudotuberculosis is a food-borne enteric
pathogen that causes a variety of intestinal and
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Delayed senescence of apple leaves by exogenous melatonin
treatment: toward regulating the ascorbate—glutathione cycle

Abstract: The objectives of this study were to test the effects of exogenous
melatonin on apple (Malus domestica Borkh. cv. Golden Delicious) leaves
and investigate its possible physiological role in delaying leaf senescence.
Detached leaves treated with 10 mm melatonin solutions clearly showed a
slowing in their process of dark-induced senescence, as evidenced by both
biochemical and molecular parameters. Melatonin delayed the normal
reduction in chlorophyll content and maximum potential photosystem II
efficiency (F,/Fy). It also suppressed the transcript levels of a key chlorophyll
degradation gene, pheide a oxygenase (PAQO), and the senescence-associated
gene 12 (SAG12). This outcome was thought to be because of the enhanced
antioxidant capabilities of melatonin. Indeed, H,O, accumulation was
inhibited by exogenous melatonin, which might have resulted from direct
reactive oxygen species scavenging by melatonin and a great enhancement of
ascorbate peroxidase (APX; EC 1.11.1.11), which acted on both mRNA and
protein activity levels. Melatonin treatment led to the maintenance of higher
contents of ascorbic acid (AsA) and glutathione (GSH) but less
dehydroascorbate (DHA) and oxidized glutathione (GSSG) compared with
the control, possibly through its regulation of the AsA-GSH cycle.
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Introduction

Melatonin (N-acetyl-5-methoxytryptamine) is a naturally
occurring indoleamine molecule [1]. Existing in a multitude
of taxa, it performs many biological functions, mainly for
primary antioxidant defenses in unicellular organisms,
signaling of darkness in vertebrates, environmental
tolerance in fungi and plants, sexual signaling in birds
and fish, seasonal reproductive regulation in photoperiodic
mammals, and immunomodulation and anti-inflammatory
activity in all vertebrates tested [2-5]. As its first detection
in plants in 1995 [6, 7], melatonin has been identified and
quantified in the roots, leaves, fruits, flowers, and seeds of a
wide range of species [6—16]. However, little is known about
its physiological functions in plants. Melatonin acts as a
growth regulator, similar to the role of [AA, in directing the
differentiation of cells, tissues, and organs [17]. It also
protects plants against environmental stress from heavy
metals [18], UV radiation [14], and temperature fluctuations
[19], as well as delaying leaf senescence [20]. Nevertheless,
the precise physiological and molecular mechanisms for its
serving as an antioxidant in leaf senescence are still poorly
understood.

Leaf senescence is a developmentally programmed
degenerative process that constitutes the final step of the
leaf lifespan. It is controlled by multiple developmental and
environmental factors. This process is characterized by
differential gene expression, active degeneration of macro-
molecules, and the recycling of nutrients [21, 22]. Leaf

e 7 o
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yellowing owing to chlorophyll degradation is often con-
sidered to be the main marker for leaf senescence. The
pathway of chlorophyll degradation has been elucidated
and several genes in the pathway have been cloned [23].
Cleavage of the tetrapyrrole ring to produce red chloro-
phyll catabolite (RCC) by pheide a oxygenase (PAO) is the
decisive step for chlorophyll catabolism. PAO, a nuclear-
encoded enzyme, shows a dramatic increase in activity
during senescence [24]. Its expression in Arabidopsis can be
upregulated throughout dark-induced leaf senescence [25].

During leaf senescence, the majority of genes are
downregulated while a subset is upregulated. These genes
collectively termed senescence-associated genes (SAGs) [21].
In Arabidopsis, SAG12 is an age-specific gene upregulated
during leaf senescence. Because it is minimally regulated by
environmental factors [26], it is often referred to as the
marker gene of senescence.

One hypothesis states that aging results from the gener-
ation of an excess of harmful free radicals [27] and that the
onset of senescence is mainly because of an uncontrolled
strong enhancement in the generation of reactive oxygen
species (ROS) [28]. As ROS levels and their destructive
products in many plants are known to increase during
senescence, it is possible that this damage results from
declines in the activity of certain antioxidant enzymes or
main antioxidants, e.g., reduced-form ascorbic acid (AsA)
and glutathione (GSH). In higher plants, the ascorbate—
glutathione (AsA—GSH) cycle is an important antioxidant
protection system against H,O, generated in different cell

1
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The mitigation effects of exogenous melatonin on salinity-induced

stress in Malus hupehensis

melatonin.

Introduction

Soil salinity is one of the greatest challenges to worldwide
agriculture [1]. The detrimental effects of high salt result
from both a water deficit caused by osmotic stress and the
influence of excess sodium ions on key biochemical
processes [2]. Plants utilize various biochemical and
molecular coping strategies, including selective buildup or
exclusion of salt ions, control of ion uptake by the roots
and transport into the leaves, ion compartmentalization,
synthesis of compatible osmolytes, alteration to the pho-
tosynthetic pathway, changes in the membrane structure,
induction of antioxidative enzymes, stimulation of phyto-
hormones, and regulation of gene expression [3]. Na ™ /H ™
antiporters are ubiquitous membrane proteins that play
vital roles in cellular pH and Na * homeostasis throughout
the biological kingdom [4]. Plants remove excess Na * from
the cytoplasm by either relegating it to the apoplasts or
compartmentalizing it to the vacuole by Na™/H™ anti-
porters that are associated with the plasma membrane or
vacuolar membrane (tonoplast), respectively [35, 6]. Previ-
ous work showed that overexpression of A:tNHXI, a
vacuolar Na™/H" antiporter, significantly increased the
salt tolerance of transgenic plants [2, 7], while overexpres-
sion of a plasma membrane Na™/H" antiporter gene,
AtSOSI, also improved such tolerance in Arabidopsis
thaliana [8].

298

.68.

Abstract: As an indoleamine molecule, melatonin mediates many
physiological processes in plants. We investigated its role in regulating
growth, ion homeostasis, and the response to oxidative stress in Malus
hupehensis Rehd. under high-salinity conditions. Stressed plants had reduced
growth and a marked decline in their net photosynthetic rates and
chlorophyll contents. However, pretreatment with 0.1 gM melatonin
significantly alleviated this growth inhibition and enabled plants to maintain
an improved photosynthetic capacity. The addition of melatonin also
lessened the amount of oxidative damage brought on by salinity, perhaps by
directly scavenging H,O; or enhancing the activities of antioxidative enzymes
such as ascorbate peroxidase, catalase, and peroxidase. We also investigated
whether melatonin might control the expression of ion-channel genes under
salinity. Here, MdNHX1 and MdAKTI were greatly up-regulated in the
leaves, which possibly contributed to the maintenance of ion homeostasis
and, thus, improved salinity resistance in plants exposed to exogenous
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Potassium is a macronutrient necessary for several
physiological processes, e.g., maintenance of membrane
potential and turgor, enzyme activation, and regulation of
osmotic pressure [9]. Plant cells utilize low- and high-
affinity transporters to take up K* from the extracellular
medium. Low-affinity K™ carriers (nonsaturating at phys-
iological K™ concentrations in the external solution), such
as AKTI [10], are inward-rectifying channels that activate
K™ influx upon plasma membrane hyperpolarization.
Although they normally display a high K /Na ™ selectivity
ratio at physiological K™ and Na™ external concentra-
tions, they can also mediate significant Na * uptake with an
increasing level of external Na™ [11].

During salinity-induced oxidative stress, the availability
of atmospheric CO, is diminished because of increased
stomatal closure and a decrease in the consumption of
NADPH via the Calvin cycle. Over-reduced ferredoxin
during photosynthetic electron transfer accelerates the
production of reactive oxygen species (ROS) in the chlo-
roplasts [12]. These ROS are also generated by impaired
electron transport processes in the mitochondria when
electrons leak onto molecular oxygen [13]. To overcome
salt-mediated oxidative stress, plants detoxify ROS either
by up-regulating antioxidative enzymes such as superoxide
dismutase (SOD; EC 1.15.1.1), ascorbate peroxidase (APX;
EC L.11.1.11), catalase (CAT;, EC 1.11.1.6), glutathione
reductase (GR; EC 1.6.4.2), and glutathione peroxidase
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naocarcinoma cell line (MDA-MB-468) were immabilized onto polystyrene-coated quartz crystals. The
binding and dissociation between the lectin Con A and the cells as well as the inhibition of the bind-
ing by monosaccharides were monitored in real time and provided an insight into the complex avidic
recognition of cell glycoconjugates. The real-time lectin screening of a range of lectins, including Con

g?ll\‘flwbrigiiensor A, DBA, PNA and UEA-, enabled the accurate study of the glycosylation changes between cells, such as
Mammalian cells changes associated with cancer progression and development. Furthermore, the kinetic parameters of
Lectins the interaction of Con A with MDA-MB-468 cells were studied. This application provides investigators in
Kinetics the field of glycobiology with a novel tool to study cell surface glycosylation and may also have impacts

Glycosylation on drug discovery.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In this post-genomic era, the interest in glycomics has greatly
increased because the oligosaccharide chains of many glycopro-
teins appear to be involved in a variety of biclogical functions,
including blood clotting, structural support, hormone activation
and recognition, the storage of bioactive molecules, cell migration
and cell-cell and cell-matrix interactions and adhesion (Springer,
1990; Varki, 1993). In particular, plasma membrane proteins serve
mainly as enzymes, channels or cell{protein receptors, and most
of these proteins undergo glycosylation as they traffic through
the secretory pathway. Glycans confer additional properties such
as shape, hydrophobicity and charge, and they may interact with
carbohydrate-binding proteins. There is a considerable body of
evidence detailing the abnormal glycosylation of glycoproteins in
cancer development. The changes in the carbohydrate composition
of cancer cells have been shown to play a critical role in the cell-cell
and cell-matrix interactions necessary for cancer cell survival, inva-
sion and metastasis. For instance, when cells are oncogenically
transformed, they often express fetal carbohydrates called oncofe-
tal antigens. A variety of oncofetal changes in cancer glycosylation
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have been described, including an increased N-linked carbohydrate
size due to extensive branching, the increased expression of the
Lewis sugars and the truncation of carbohydrates such as those
observed on mucin-type glycoconjugates, which exposes struc-
tures such as the T and Tn antigens (Dwek and Brooks, 2004 ).
Several findings have led to an interest in lectins with respect to
cancer research, particularly the ability of some lectins to bind
preferentially to malignant cells (reviewed in Sharon and Lis,
2004).

Lectins are carbohydrate-binding proteins of non-immune ori-
gin that agglutinate cells or precipitate glycoconjugates. Lectins
were first identified in the 19th century by Peter Herman Still-
mark (1888), who described a protein extract from the seeds of
the castor tree (Ricinus communis) that had hemagglutinin activ-
ity, i.e., the extract could agglutinate erythrocytes (Franz, 1988).
Lectins have played a crucial role in determining the sugar com-
position of antigens associated with the ABO blood group system
as well as in the observation of the glycans exposed at the surface
of mammalian cells {(Morgan and Watkins, 2000). Although new
techniques to study complex carbohydrates have emerged, such
as mass spectrometry (Mutenda and Matthiesen, 2007), the use
of lectins remains a method of choice to study the role of carbo-
hydrates in numerous biological systems, especially glycosylation
changes occurring at the surface of mammalian cells that lead to
the development of diseases such as cancer and metastasis. In addi-
tion, lectins have been studied as diagnostic tools and therapeutic
agents in cancer research (Grossbard et al.,, 1998; Multani et al.,
1998).
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Abstract

BAX inihibitor-1 (Bl-1) is proposed to be a cell death suppressor conserved in both animals and plants. The ability of
Bi-1 genes to inhibit programmed cell death (PCD) has been well studied in animals, but the physiclogical importance
of Bl-1 in plant-microbe interactions remains unclear. This study characterized Bf-1 from wheat infected by Puccinia
striiformis f. sp. tritici (Pst). The deduced TaBl-1 protein contained a Bax inhibitor domain and seven transmembrane
regions conserved among members of the Bl-1 family. Transcription of TaBi-1 was detected in all wheat tissues
tested (culms, roots, leaves, anthers, and spikelets). Furthermore, TaB{-1 exhibited positive transcriptional responses
to Pst infection and abiotic stresses. Overexpression of TaBJ/-1 in tobacco blocked Bax-induced cell death. Silencing
TaBI-1 in plants of a resistant wheat genotype converted a resistant reaction to a relatively susceptible reaction when
inoculated with an avirulent pathotype of the pathogen, and increased the area per infection site, but the percentage
of necrotic cells did not change significantly, indicating that TaBJ-1, a negative cell death regulator, contributes to
wheat resistance to stripe rust. These results provide a better understanding of the molecular mechanism of wheat
resistance to stripe rust.

Key words: Bz inhibitor1, plant—pathogen interactions, plant resistance, Fuccinia striformis, VIGS, whesat.

Introduction

In plants, defence responses are activated when they are infected
by pathogens, and subsequently, a notable physiclogical reaction
is the hypersensitive response (HR) that occurs around the foci
of pathogen invasion. The HR is associated with the confine-
ment of the pathogen in the infected region, preventing further
spread of the pathogen (Heath, 2000). Generation of reactive
oxygen intermediates (ROIs) and nitric oxide (NO) has been
suggested as key signals for HR development (Delledonne ef ¢d.
1998, 2001). The HR, a common feature of gene-for-gene resist-
ance in plants to various pathogens, has also been described as

a torm of programmed cell death (PCD) (Ryerson and Heath,
1996; Richberg et ., 1998). Ultrastructural and physioclogical
studies show some common features of PCD in both plants and
ammals (Gilchrist, 1998). These nclude chromatin condensation
and nuclear DN A fragmentation, involvement of reactive oxygen
species, and participation of caspase-like proteases (Beers and
McDowell, 2001; Lam et «f., 2001; Hoeberichts and Woltering,
2003; Madeo et d., 2004).

Programmed cell death, which is a genetically controlled and
highly conserved cellular suicide process, 15 important for devel-

@ The Author [2012)], Published by Cxford University Preas [on behalf of the Society for Experimental Biology]. All rights reserved.
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Abstract Trichogramma pretiosum Riley and T. brassi-
cae Bezdenko are common egg parasitoids of many lepi-
dopteran pest species damaging vegetable, but their
effectiveness can be severely curtailed by insecticide
applications. To identify insecticides that are potentially
compatible with these parasitoid species, the effects of
indoxacarb and spinosad were bioassayed in the laboratory.
The bicassays included exposure of adults to various aged
residues on glass and cabbage leaf surfaces at different
intervals after application, and direct spray on host eggs for
effects on parasitism and development and mortality of
parasitoid eggs, young and old larvae and pupae. The
results showed that the glass- and leaf-surface residues of
indoxacarb were harmless to both parasitoid species,
whereas those of spinosad were moderately harmful to
harmful to both parasitoid species depending on the rates
used. The use of indoxacarb on host eggs did not affect
significantly parasitism by both parasitoid species, whereas
the higher rates of spinosad reduced parasitism. However,
both insecticides did not affect immature development and
adult emergence. Results from direct spray of host eggs
with various immature stages inside showed that indoxa-
carb did not have significant effects on the egg, young and
old larval stages and the pupal stage; whereas the high rates
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e-mail: tongxianlin@yahoo.com

T.-X. Liu - Y. Zhang

Vegetable IPM Laboratory, Texas Agrilife Research, Weslaco,
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@ Springer

of spinosad when applied at the older larval and pupal
stages significantly reduced adult emergence for both pat-
asitoid species. Therefore, application of spinosad in an
agro-ecosystem where Trichogramma are dominant should
be carefully evaluated or avoided.

Keywords Risk assessment - Egg parasitoids -
Biological control - IPM - Pesticide persistence

Introduction

There is a recognized need for implementation of more
sustainable imtegrated pest management (IPM) strategies
with a greater emphasis on biologically-based tactics of
crop protection and reduced reliance on bread spectrum
insecticides. However, chemical insecticides usually play
major roles in management of serious crop pests around the
world. For instance, Trichoplusia ni (Hiibner) and Plutella
xylostella L. are the two most important insect pests of
cruciferous vegetables crops in Texas (Liu and Sparks
1999; Liu et al. 2002). Because the market tolerance for
insects in the fresh cruciferous vegetables and other leafy
vegetables is low 1o near zero, many different types of
insecticides have been used to control Trichoplusia ni
and P. xylostella in the past decade, including pyrethroids
(i.e. lambda-cyhalothrin), spinosad, indoxacarb, etc.,
and Bacilius thuringiensis (Berliner)-based products
{Cartwright et al. 1987; Magaro and Edelson 1990; Liu and
Sparks 1999). Naturally, most biological control agents are
commonly susceptible to insecticide applications. Inte-
grating the application of biological control agents and
insecticides for pest management requires knowledge
about impact and selectivity of the insecticides on natural
enerties.

e 7] .
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Abstract

Plant growth and development are ensured through networks of complex regulatory schemes. Genetic approaches
have been invaluable in dissecting these regulatory pathways. This study reports the isolation of a semi-dominant
dwarf mutant designated abnormal shoot1-1 dominant (abs1-1D) through an Arabidopsis T-DNA activation tagging
mutant screen. It was shown that the overexpression of a novel BAHD family acyltransferase gene, ABS1/At4g15400,
was the cause of the dwarf phenotype in abs7-1D. Overexpression of ABS1 led to many phenotypic features remi-
niscent of brassinosteroid (BR) deficient or signalling mutants, and it was shown that exogenously applied BR could
effectively rescue the dwarf phenotype of abs1-1D. Furthermore, genetic analyses indicated that abs7-1D interacted,
in different ways, with the BR-deficient mutant det2-1, the constitutive BR response mutant bes7-D and the pho-
tomorphogenic mutant phyB-1. Moreover, ABS1 expression was activated by BR treatment or in a bes7-D mutant
background. Genome-wide transcriptome profiling of abs7-1D revealed clear reprogramming of metabolic pathways,
and it was demonstrated that BR biosynthesis genes were activated in abs7-1D and that the flavonoid biosynthesis
pathway was repressed in abs7-1D, as well as in det2-1. This work provides new insights into the possible involve-
ment of BAHD acyltransferase in the regulation of plant growth and development, and indicates a possible role of
ABS1 in maintaining BR homeostasis.

Key words: Arabidopsis shoot development, BAHD acyltransferase, brassinosteroid, de-etiolation, dwarfism, genetic interaction.

Introduction

The growth and development of higher plants follow stereo-
typical developmental programmes that are intricately regulated
(Steeves and Sussex, 1989). For instance, in the light, plants
undergo photomorphogenesis, while in the dark skotomorpho-
genesis takes place. The failure to properly elaborate these regu-
latory programmes often leads to phenotypes that have enabled
us to probe many facets of these regulations, including the actions

of plant photoreceptors and hormones (Koornneef et al., 1980;
Chory et al., 1989; Li et al., 1996; Li and Chory, 1997). The
need for coordinated hormone actions necessitates perspectives
from two opposing fronts. On one hand, plant hormone biosyn-
thesis and signalling are essential for plant development and have
long intrigued researchers (Kim and Wang, 2010; Zhao, 2010).
However, on the other hand, an equally important strategy is

Abbreviations: BR, brassinosteroid; CaMV, cauliflower mosaic virus; epiBL, epi-brassinolide; GA, gibberellin; GFF, green fluorescent protein; GUS, B-glucuronidase;

MS, Murashige and Skoog.
© 2012 The Author(s).

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/2.0/uk/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Abstract

Fusarium head blight (FHB) caused by Fusarium graminearum is a destructive disease of wheat and barley worldwide. In a
previous study of systematic characterization of protein kinase genes in F. graminearum, mutants of three putative
components of the osmaregulation MAP kinase pathway were found to have distinct colony morphology and hyphal
growth defects on PDA plates. Because the asmoregulation pathway is not known to regulate aerial hyphal growth and
branching, in this study we further characterized the functions of the FgHog1 pathway in growth, pathagenesis, and
development. The Fghogl, Fgpbs2, and Fgssk2 mutants were all reduced in growth rate, aerial hyphal growth, and hyphal
branching angle. These mutants were not only hypersensitive to osmotic stress but also had increased sensitivity to
oxidative, cytoplasm membrane, and cell wall stresses. The activation of FgHog1 was blocked in the Fgpbs2 and Fgssk2
mutants, indicating the sequential activation of FgSsk2-FgPbs2-FgHog1 cascade. Interestingly, the FgHog1 MAPK pathway
mutants appeared to be sensitive to certain compounds present in PDA. They were female sterile but retained male fertility.
We also used the metabolomics profiling approach to identify compatible solutes that were accumulated in the wild type
but not in the Fghog! deletion mutant. Overall, our results indicate that the FgSsk2-FgPbs2-FgHogl MAPK cascade is
impertant for reqgulating hyphal growth, branching, plant infection, and hyperosmotic and general stress responses in F.
graminearum.
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integrity. The high csmolarity glycerol (HOG) response pathway is
required for growth under hyperosmotic conditions [5,6]. The
yeast Hogl MAPK is activated by the Pbs2 MEKK, which in turn
is activated by two overlapping MEKKs, Ssk2, and Ssk22. A two
component histidine kinase system functions upstream from Ssk2/
Ssk22 for response to hyperosmotic stress [7]. Phs2 also can be
activated by Stell via a putative membrane protein Shel [8] and
a transmembrane mucin [9].

The esmoregulation MAPK pathway is well conserved in fungi.
Among all the fungi that have been sequenced, only the
intracellular parasitic microsporidium Enegphalifozoon cunieulr lacks
Hogl orthelog and other MAPK genes [10]. Like p38 and other
stress-activated MAP kinases, Hogl and its orthelogs have the
TGY dual phospherylation site. Although the Hogl MAPK
pathway is mainly involved In osmoregulation in S. ceremsiae, its
orthologs often have additional functions in various biclogical
functions in filamentous fungi [11]. In a number of fungi, this

Introduction

Fusaruom graminearm is a causal agent of Fusarium head blight
(FHB} or scab of wheat and barley [1,2]. Under favorable
conditions, this pathogen can cause severe yield losses and
contaminate infested grains with harmful mycotoxins such as
deoxynivalenol (DON) and zearalenones. Like many other plant
diseases caused by Fusarium species, FHB is difficult to control due
to the lack of type I resistance genes and the complexity of
resistance in identified germplasms [3,4]. In addition, cost effective
control of FHB by fungicide application remains to be developed.

In fungi and other eukaryotic organisms, a family of serine/
threonine protein lkinases known as mitogen-activated protein
(MAP) kinases is involved in the regulation of different growth and
developmental processes in response to a variety of extracellular
signals. The MAP kinase (MAPK) is activated by MAP kinase
kinase (MEK), which is phosphorylated by MEK kinase (MEKK).

Sequential activation of the MEKK-MEK-MAPK cascade results
in the expression of specific sets of genes in response to
environmental stimuli. The budding yeast Saccharomyces cerevisiae
has five MAP kinase pathways that are involved in pheromone
response, filamentation, sporulation, esmoregulation, and cell wall

PLOS ONE | www.plosone.org

MAPK cascade is invelved in responses to oxidative stresses and
sensitivities  to  dicarboximide and phenylpyrrole fungicides
[12,13,14]. It also has been shown to be important for responses
to cell wall stresses and SDS in certain fungi, including Aspergillus
Jfurgatus and Botrytis cunerea [15,16]. In plant pathogenic fungi such

November 2012 | Volume 7 | Issue 11 | 49495
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Programmed cell death (PCD) is a physiological process to
remove redundant or harmful cells, for the development of
multicellular organisms, or for restricting the spread of
pathogens (hypersensitive response). Metacaspases are cys-
teine-dependent proteases which play an essential role in
PCD. Triticum aesfivam metacaspase 4 (TaMCA4) is a type
II metacaspase gene cloned from ‘Suwonll’ wheat, with
typical structural features such as peptidase C14 caspase
domain and a long linker sequence between the two sub-
units. Transient expression of TaMCA4 in tobacco leaves
failed to induce PCD directly but enhanced cell death trig-
gered by a mouse Bax gene or a candidate effector gene
from Puccinia striiformis f. sp. ritici. Enhancement of PCD
was also observed in wheat leaves co-bombarded with
TaMCA4. When challenged with the avirulent race of P.
stritfformis f. sp. #ritici, the expression level of TeMCA4 in
wheat leaves was sharply upregulated, whereas the tran-
seript level was not significantly induced by the virulent
race. Moreover, knocking down TaeMCA4 expression by
virus-induced gene silencing enhanced the susceptibility of
Suwonll to the avirulent race of P siriiformis L. sp. tritici
and reduced the necrotic area at infection sites.

Programmed cell death (PCD) is a regulated physiological
process of cell death to remove unwanted and damaged cells
(Coll et al. 2011; Das et al. 2010). In animals, the most typical
form of PCD has been named apoptosis and is defined by a
distinct set of morphological and biochemical features, such as
cell shrinkage, membrane blebbing, nuclear condensation, and
DNA fragmentation (Geske and Gerschenson 2001). During
apoptosis, caspases, the principal proteases that are activated
and cleave a variety of proteins, ultimately lead to cell death
and disintegration (Kitanaka and Kuchino 1999; Kroemer and
Martin 2005).

To date, although no functional homologues of animal cas-
pases have been identified in plants, a family of cysteine-
dependent proteases named metacaspases wag found in plants,
fungi, and protozoans (Carmona-Gutierrez et al. 2010; Enoksson
and Salvesen 2010). Metacaspases, with other cell death prote-
ases, such as vacuolar processing enzyme (VPE) and subtilisin-

Corresponding author: Z. Kang, E-mail: kangzs @nwsuaf.edu.cn
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plementary tables and one supplementary figure are published online.
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like serine proteases, share a very complex regulation system
due to their mutual substrates and related signal pathways
(Woltering 2004). During the last 10 years, both of the struc-
tural and functional features of this gene family have been
studied in different species. One of the yeast metacaspase
genes, YCAI, was reported to mediate PCD upon peroxide
treatment, supporting a role of metacaspase in apoptosis
(Madeo et al. 2002). In Boirytis cinerea—infected tomato
leaves, the expression level of a metacaspase gene, LeMCAI,
was upregulated (Hoeberichts et al. 2003).

In Arabidopsis, there are several metacaspases reported to be
involved in plant resistance to pathogen. For instance, a series
of Arabidopsis MCA knockout mutants showed significant alter-
ations in sensitivity to the necrotrophic fungus Botryfis spp.
(Van Baarlen et al. 2007). Two metacaspases, AtMCI and
AfMC2, antagonistically control PCD; thus, AtMCI is shown
to be a positive regulator of cell death and requires conserved
caspase-like catalytic residues for its function, whereas AtMC2
negatively regulates cell death (Coll et al. 2010). Another de-
tailed study shows that AtMC4 is a positive mediator of cell
death induced by both biotic and abiotic stresses (Watanabe
and Lam 2011a).

Metacaspases are divided into two types (type I and type II)
according to the structural feature of the linker between the
P20-like and P10-like domains; thus, type I metacaspases
have a much longer linker between the two subunits (Rahman
2010). There is no evidence of different action modes between
these two types (e.g., some metacaspases show autoprocessing
whereas others cleavage specific substrates) (Tsiatsiani et al.
2011). The specific roles of different types of metacaspases in
plant resistance to a pathogen are largely unknown and debata-
ble. One study shows that two type I Arabidopsis metacas-
pases (AfMCI and AfMC3) are upregulated in plants chal-
lenged by various bacterial pathogens and none of the type II
metacaspases shows any induction (He et al. 2008), whereas
another study concludeg that all the three type [ metacaspases
and two type Il metacaspases (AftMCS5 and AtMC8) are acti-
vated upon infection by various bacterial pathogens
(Watanabe and Lam 2005). Although different members of
metacaspases in Arabidopsis were intensively characterized
during the last decade, few investigations of the exact func-
tions of metacaspase genes in wheat or other monocots have
been reported.

Stripe rust, caused by Puccinia stritformis f. sp. fritici, is
one of the most destructive fungal diseases of wheat world-
wide (Chen et al. 2002). Application of wheat stripe rust-resis-
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Abstract

Calcineurin plays a key role in morphogenesis, pathogenesis and drug resistance in most fungi. However, the function of
calcineurin genes in Puccinia striiformis f. sp. tritici (Pst) is unclear. We identified and characterized the calcineurin genes
PsCNAT and PsCNBT in Pst. Phylogenetic analyses indicate that PSCNA1 and PsCNB1 form a calcium/calmodulin regulated
protein phosphatase belonging to the calcineurin heterodimers composed of subunits A and B. Quantitative RT-PCR
analyses revealed that both PsCNAT and PsCNB17 expression reached their maximum in the stage of haustorium formation,
which is one day after inoculation. Using barely stripe mosaic virus (BSMV) as a transient expression vector in wheat, the
expression of PsCNAT and PsCNBT in Pst was suppressed, leading to slower extension of fungal hyphae and reduced
production of urediospores. The immune-suppressive drugs cyclosporin A and FK506 markedly reduced the germination
rates of urediospores, and when germination did occur, more than two germtubes were produced. These results suggest
that the calcineurin signaling pathway participates in stripe rust morphogenetic differentiation, especially the formation of
haustoria during the early stage of infection and during the production of urediospores. Therefore PsCNAT and PsCNBT can
be considered important pathogenicity genes involved in the wheat-Pst interaction.
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Introduction RNA induced gene silencing or RNA interference (RINAi) is a
complex natural phenomenon and a powerful reverse genetics tool
for the analysis of gene function in eukaryotes [22 26]. In plants,
virug-induced gene gilencing (VIGS) was developed for rapid
functicnal analysis of plant genes using viruses to deliver silencing
constructs [27 29]. It has widely been applied in dicots such as
. i ) Arabidopsis [30], tobacco [31] and tomato [32 33], and monocots
[1,2]. The first fungal calcineurin genes were reported in 1991 siich afbargey][i%lﬂ el W[hejlt (35 38].In i[l_lngi, IiNAi technology

fom, e Boddins, yeat Sicibimel droiiis 184w e has been deployed in more than 40 species including plant and
filamentous fungus Nawospora crassa [5]. Many hemelogs of CNA human pathogens [39]. Nguyen et al. [40] developed a high-

or/end CINE have been-fognd uxguedicionl fmgs [0 anc plant throughput RNA-sillencing vector for M. omzas to identify an
pathogens such as Botrptis cinerea 7] and Magraporthe oryzae [8,9]. involvement of calcineurin genes in colony pigmentation, sporu-

Recent studies have confirmed that calcineurin controls virulence . ) : 28
. . . 2 lation, appressorium formation, and pathogenicity. However, for
hyphal elongation and multiple stress responses in the human 5 . . .
: i there is still no applicable transformation system available there
pathogens Candida dubliniensis [10], Crpptococcus neoformans [11,12], : i : :
X . : : e are currently no techniques on hand for silencing genes in obligate
Candida albicans [13] and Aspergillus fumsgatus [14,15]. Similar i i L . X X 3
: . biotrophic fungi directly. Host-induced gene silencing (HIGS) is a
findings have also been reported for the phytopathogens Ustilago ) 5= ) '
newly developed RNAI technology to indirectly silence parasite

maydis [16], Cochliobolus mipabeanus [17], and Sclerofinia sclerofiorum , 3 .
[18]. The calcineurin pathway also plays a role in drug resistance genes by expressing an RNAI construct i 2z in the host [41).

torgles i 6. albians [19,20], G 50 G diblemsas [10], Tabibitiery,  Dvest omduced RNA. of three target genes suppressad theic
of calcineurin can decrease fungal growth and arrest tissue EXPICERICN: the planthgpPer Nlaparvata. bigens afte‘r feeding on
invasion [21]. This opens possibilities to develop new antifungal %€ plants [42]. Recent studies COHﬁr_m tl_“e hypo-thems that fungal
agents targeting the calcineurin pathway in fungi [6]. genes can be suppressed  plante during interaction of the fungus

Calcineurin, a serine-threonine-specific calcium/calmodulin-
dependent protein phosphatase with two subunits (CNA and
CNB), regulates a variety of physiological processes, such as
growth, morphogenesis, pathegenicity, and membrane stress
respenses through the calcium signaling pathway in eukaryotes
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Abstract

Small GTP-binding proteins function as regulators of specific intercellular fundamental biclogical processes. In this study,
a small GTP-binding protein Rab7 gene, designated as TaRab?, was identified and characterized from a ¢cDNA library of
wheat leaves infected with Puccinia striiformis f. sp. tritici (Pst) the wheat stripe rust pathogen. The gene was predicted to
encode a protein of 206 amino acids, with a molecular mass of 23.13 KDa and an isoeletric point {pl) of 5.13. Further analysis
revealed the presence of a conserved signature that is characteristic of Rab7, and phylogenetic analysis demonstrated that
TaRab7 has the highest similarity to a small GTP binding protein gene (BdRab7-like) from Brachypodium distachyon.
Quantitative real-time PCR assays revealed that the expression of TaRab7 was higher in the early stage of the incompatible
interactions between wheat and Pst than in the compatible interaction, and the transcription level of TaRab7 was also highly
induced by environmental stress stimuli. Furthermore, knocking down TaRab7 expression by virus induced gene silencing
enhanced the susceptibility of wheat cv. Suwon 11 to an avirulent race CYR23. These results imply that TaRab7 plays an
important role in the early stage of wheat-stripe rust fungus interaction and in stress tolerance.
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Introduction

Small GTP-binding proteins are monomeric G proteins with
molecular masses of 20-40 kDa. Small G proteins in eukaryotes
from yeast to human constitute a superfamily with at least five
families (Rag, Rho, Rab, Sarl/Arf and Ran) including more than
100 members [1]. Although plants have only four of these families
of small G proteins, they have a unique subfamily of Rhe GTPases
instead of the Ras family. Racl, a member of the Rho family, has
been shown to play an essential role in the defense of rice against
pathogens [2,3]. The functions of other superfamilies of small G
proteins in plant toward pathogens have not been determined.

The Rab proteins belong to the small guanosine triphosphatases
(GTPases) superfamily. Rabs are theought to act as molecular
switches, which play an essential role in both endocytic and
exocytic traffic in eukaryotic cells, being active in their GTP-
bound state and inactive in their GDP-bound state [4]. Because
Rabs de not have high intrinsic guanine nucleotide exchange or
hydrolytic activities, they are regulated by other proteins, such as
guanine nucleotide exchange factors (GEFs) and GTPase-activat-
ing proteins (GAPs). In their GDP-bound state, Rabs are typically
soluble and bound tc guanine nuclectide dissociation inhibitor
(GDI). At the acceptor membrane, the Rab-GDI complex is
thought to interact with GDI displacement factor, which removes
GDI and allows Rab membrane insertion [5]. Next, a GEF

::®,'. PLoS ONE | www.plosone.org

converts Rab to its GTP-bound, active conformation, allowing it
to interact with its downstream effectors. Rabs regulate cell
proliferation, cytoskeleton crganization, intracellular membrane
trafficking and vesicle metility along the actin/microtubule
cytoskeletons, vesicle tethering, transport, and fusion [6,7]. Many
downstream effectors of Rab7 in mammals have been extensively
characterized and shown to interact with their partners to exert
biclogical functions. Rab7 and its downstream effectors are
impertant facters in the pathogenesis of microorganisms. Rab7
is a key regulator in the process of phagosome maturation [8-11].
Rab7 and the Rab interacting lysosomal protein (RILP) are
essential factors in regulating the maturation of the phagosome
into a lysophagosome [12,13]. In addition, the homotypic fusion
and vacuole protein sorting (HOPs) may play dual roles as
upstream GEF and downstream tethering effector of Rab7 to
facilitate endosomal membrane fusion [14].

Approximately 70 members have been identified in mammals,
and Rab7 is cne of the Rab proteins that have been investigated
extensively. Rab7 is regarded as a key regulator in endo-lysosomal
trafficking based on the extensive investigations in the past decades
[15]. Rab7 mediates the regulated internalization and degradation
of nutrient transperters and triggers nutrient starvation that
facilitates cell death [16]. A tonoplast-localized rice Rab7
homologue is up-regulated in response to cold, salt, and drought
stress, suggesting that it plays a role in plant adaptation to various
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Abstract

Transcriptional regulations are involved in many aspects of plant development and are mainly achieved through the actions
of transcription factors (TF). To investigate the mechanisms of plant development, we carried out genetic screens for
mutants with abnormal shoot development. Taking an activation tagging approach, we isolated a gain-of-function mutant
abs2-1D (abnormal shoot 2-1D). abs2-1D showed pleiotropic growth defects at both the vegetative and reproductive
developmental stages. We cloned ABS2 and it encodes a RAV sub-family of plant B3 type of transcriptional factors.
Phylogenetic analysis showed that ABS2 was closely related to NGATHA (NGA) genes that are involved in flower
development and was previously named NGATHA-Like 1 (NGALT). NGALT was expressed mainly in the root and the filament
of the stamen in flower tissues and sub-cellular localization assay revealed that NGAL1 accumulated in the nucleus.
Interestingly, over-expression of NGAL? driven by the constitutive 355 promoter led to transgenic plants with conspicuous
flower defects, particularly a loss-of-petal phenotype. A loss-of-function ngali-T mutant did not show obvious phenotype,
suggesting the existence of redundant activities and also the utility of gain-of-function genetic screens. Our results show
that the over-expression of NGAL1 is capable of altering flower petal development, as well as shoot development.
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Introduction

In eukaryotic organisms, gene expression regulations can
occur at multiple levels to ensure the proper elaboration of the
information stored in the genetic materials. Among the
numercus facters that are involved in these intricate regulatory
networks, transcription factors (T'Fs) play pivotal roles at the
transcription level and they are intimately involved in many
aspects of development [1]. Considering the central roles they
play, it is not surprising to see the presence of large numbers of
TFs in eukaryetic genomes. The model plant Arabidopsis thaliana
geneme contains more than 1500 transcription factors, account-
ing for ~6% of its estimated ~27,000 genes genome [2].
Typically, TFs contain distinct types of DNA-binding domaing
and transcriptional regulation regions and are capable of
activating or repressing the expressions of a large number of
target genes [3-6].

One family of transcription factors that has been under
extensive investigation in plants is the plant-specific B3 superfamily
TFs, which contain a characteristic ~110 amino acids B3 domain
responsible for DNA binding [7]. The B3 domain was originally
named becanse it is the third basic domain in the maize protein
VIVIPAROUSI (VP1) [8]. In Arabidopsis and rice, there are at
least 118 and 91 B3 family genes, respectively [7]. Arabidopsis B3
family of TFs can be further grouped into four subfamilies: ARF
(AUXIN RESPONSE FACTOR), LAV (LEAFY COTYLE-

PLOS ONE | www .plosone.org

DON2 -ABSCISIC ACID INSENSITIVE3-VAL), RAV (RE-
LATED TO ABI3 and VP1) and REM (REPRODUCTIVE
MERISTEM) [7].

In Arabidopsis, the RAV subfamily consists of at least 13
members, including RAV], RAV2/TEMPRANILLO?2 (TEM?2),
TEMI1, NGATHAl-4 (NGAl4) and NGATHA-lke 1-3
(NGALI-3), and members of this subfamily of TFs have been
implicated in many developmental and physiclogical processes
in plants [9]. RAV] and RAV?2 were initially identified based
on the B3 domain that they share with maize VP1 [10].
However, RAV] and RAV2, as well as four other RAV
subfamily members, contain a second DNA binding domain,
the AP2 demain, which is the hallmark domain in AP2 family
of TFs, in addition to the B3 domain, and both DNA binding
domains are capable of binding DNA [10]. RAV7 expression 13
down-regulated by the application of the phytohormone
brassinosteroid and it may be a factor that negatively regulates
leaf initiation, lateral root development and flowering transition
[11]. RAVZ/TEM2, as well as TEMI, may be regulators of
flowering time and TEMI can directly bind to Flowermg Locus T
(F7) promoter and negatively represses F7 expression and
flowering [12]. RAVY and RAV? expressions are also up-
regulated by mechanical stimuli such as touch, wind, spray and
transfer [13]. The NGATHAs and NGATHA-likes (NGAIL-
NGA4; NGALI-NGAL3) are members of RAV subfamily that
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Abstract

Understanding intra-molecular coevolution helps to elucidate various structural and functional constraints acting on
molecules and might have practical applications in predicting molecular structure and interactions. In this study, we used 55
rRNA as a template to investigate how selective constraints have shaped the RNA evolution. We have observed the
nonrandom occurrence of paired differences along the phylogenetic trees, the high rate of compensatory evolution, and
the high TIR scores (the ratio of the numbers of terminal to intermediate states), all of which indicate that significant positive
selection has driven the evolution of 55 rRNA. We found three mechanisms of compensatory evolution: Watson-Crick
interaction (the primary one), complex interactions between multiple sites within a stem, and interplay of stems and loops.
Coevolutionary interactions between sites were observed to be highly dependent on the structural and functional
environment in which they occurred. Coevolution occurred mostly in those sites closest to loops or bulges within
structurally or functionally important helices, which may be under weaker selective constraints than other stem positions.
Breaking these pairs would directly increase the size of the adjoining lcop or bulge, causing a partial or total structural
rearrangement. In conclusion, our results indicate that sequence coevolution is a direct result of maintaining optimal
structural and functional integrity.
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Introduction

Selective constraints often operate on an entire molecular
system, and require cocrdinated changes of its components. Such
long-term interactions obviously occur between melecules within a
cell, and between residues within a molecule. Examples of such
interactiens include the coordinated changes of amine acid
residues in a protein molecule [1,2,3,4,5], compensatory substitu-
tion in RNA molecules [6,7,8,9], intramolecular interactions
[10,11,12], compensatory #rens and c¢is mutations within a
transcriptional network [13], and the copresence of enzymes in
the same metabelic pathway [14,13].

The secondary structures of rRNAg are remarkably uniform
across taxa. This level of conservation is achieved by a special
pattern of base changes known as compensatory mutations [16].
RNA molecules exhibit strong signs of coevolution, especially
between Watson-Crick pairs of nucleotides within stems. The
deleterious effect of base substitution at a given site can be
suppressed by a compensatory second-site substitution [17,18,19].
Therefore, revealing intra-molecular coevolution 15 important for
understanding of various structural and functienal constraints
acting on RNA molecules, which also has potential use in
predicting molecular interactions and structures [8].

To date, various methods have been used to identify coevolu-
tion of genes. Some studies have measured coevolution by the
similarity in absolute evolutionary rate (ER) or dN/dS (the rate of
nensynonymous substitution rate divided by the rate of synony-
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mous substitution) [20,21,22), correlative ER or dN/dS [23].
Others have applied correlation metrics to detect the covariation
of sequences, such as correlation coefficients [24], mutual
interdependency [25], and mutual informatien (MI) [26,27,28].
Besides, some model-based methods rely on standard Markov
models of sequence evolution, and take substitution probabilities
among states or the among-site rate variation into account
[29,30,31,32,33].

These studies focused on second-site substitutions that directly
restore  the  disrupted  Watson-Crick  interaction  (e.g.
GO GUeAU). Most of these approaches have assumed that
mutaticns disrupting the base-pairing of a functionally important
RNA stem are deleterious, while the deleterious effect may be
overcome by a second compensatory mutation in the other half of
the stem, which restores the potential for base-pairing [34]. On a
larger evolutionary scale, however, such a mechanism failed to
explain all observed patterns of coevolution. Moreover, the
intricate relations between sequence coevelution and various
selective constraints are worth pursuing at a deeper level.

Here, we focus on 58 rRNAs, a class of non-protein coding
RNAjs with well-studied structure and function, to investigate how
selective constraints shape RNA evclution. We infer the substitu-
tion histories of 53 rRINA sequences and investigate how selective
constraints might have influenced the rate and pattern of evelution
in different structural regions of 5S rRINA.
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Abstract

Background: Crofton weed (Ageratina adenophora) is one of the most hazardous invasive plant species, which causes
serious economic losses and environmental damages worldwide. However, the sequence resource and gencme information
of A adenophora are rather limited, making phylogenetic identification and evolutionary studies very difficult. Here, we
report the complete sequence of the A. adenophora chloroplast {cp} genome based on lllumina sequencing.

Methodology/Principal Findings: The A. adenophora cp genome is 150, 689 bp in length including a small single-copy
{SSC) region of 18, 358 bp and a large single-copy (LSC) region of 84, 815 bp separated by a pair of inverted repeats {IRs) of
23, 755 bp. The genome contains 130 unigue genes and 18 duplicated in the IR regions, with the gene content and
organization similar to other Asteraceae cp genomes. Comparative analysis identified five DNA regions (ndhD-ccsA, psbl-
trnS, ndhF-ycfi, ndhi-ndhG and atpA-trnR) containing parsimony-informative characters higher than 2%, which may be
potential informative markers for barcoding and phylogenetic analysis. Repeat structure, codon usage and contraction of
the IR were also investigated to reveal the pattern of evolution. Phylogenetic analysis demonstrated a sister relationship
between A. adenophora and Guizotia abyssinica and supported a monophyly of the Asterales.

Conclusion: We have assembled and analyzed the chloroplast genome of A. adenophora in this study, which was the first
sequenced plastome in the Eupatorieae tribe. The complete chloroplast genome information is useful for plant
phylogenetic and evolutionary studies within this invasive species and also within the Asteraceae family.
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Introduction to Central America, ranging from Mexice to Costa Rica, and was
introduced to Europe as an ornamental plant in the 19% century
and then to Australia and Agia. In the introduced areas, A.
teria through endosymbiosis are plantspecific organelles which b pher i 4 troublesome species, which inhibits the growth of the
conduct phOtOSynthesis to provide essential energy for plants and local plants and pOiSOHS the animals [5] A ademp}wm first invaded

algae [_1>21' T.hey have their own genetic replication 1‘11ech‘anism, Yunnan province of China from Myanmar in the 1940’ and then
transcribe their own genome and carry cut maternal inheritance.

In higher plants, the cp genome is a circular molecule of deuble
stranded DNA with the size ranging from 120 to 160 kb
depending on the species [3]. Generally, the plastid genomes are
highly conserved in gene order, gene content, and genome
organization in terrestrial plants. The highly conservative nature
and slow evolutionary rate of the chloreplast geneme demonstrat-
ed that it was uniform encugh to perform comparative studies
across different species but divergent sufficiently to capture
evolutionary events, which makes it a suitable and invaluable tool
for molecular phylogeny and molecular ecology studies [4].
Crofton weed (4. adenophora) is perennial herbaceous species,
belenging to the Asteraceae family (Eupatorieae tribe). It is native

The chloroplasts, considered to be originated from cyanchac-

rapidly spread to other southern and southwestern provinces of
China including Guizheu, Guangxi, Sichuan and Chongging [6].
Nowadays, it has become the dominant species in local
environment, which threatens the native biodiversity and ecosys-
tem, and causes serious economic losses in the invaded areas [7,8].

During the past two decades, numercus studies using chloro-
plast DNA sequence data have contributed te cur understanding
of the evolutionary relationships of angiosperms at species, genera
and tribal levels. At the same time, the plastid genome sequence is
also the resource of DNA barcodes for plant identification [9] and
can be useful in develeping informative markers for population
studies [10]. The impertance of the plastid genome for phylogeny,
DNA barcoding, photosynthesis studies and more recently
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Abstract

Background: The TIFY gene family constitutes a plant-specific group of genes with a broad range of functions. This family
encodes four subfamilies of proteins, including ZML, TIFY, PPD and JASMONATE ZIM-Domain (JAZ) proteins. JAZ proteins
are targets of the SCF*®"" complex, and function as negative regulators in the JA signaling pathway. Recently, it has been
reported in both Arabidopsis and rice that TIFY genes, and especially JAZ genes, may be involved in plant defense against
insect feeding, wounding, pathogens and abiotic stresses. Nonetheless, knowledge concerning the specific expression
patterns and evolutionary history of plant T/FY family members is limited, especially in a woody species such as grape.

Methodology/Principal Findings: A total of two TiFY, four ZML, two PPD and 11 JAZ genes were identified in the Vitis
vinifera genome. Phylogenetic analysis of TIFY protein sequences from grape, Arabidopsis and rice indicated that the grape
TIFY proteins are more closely related to those of Arabidopsis than those of rice. Both segmental and tandem duplication
events have been major contributors to the expansion of the grape TIFY family. In addition, synteny analysis between grape
and Arabidopsis demonstrated that homologues of several grape TIFY genes were found in the corresponding syntenic
blocks of Arabidopsis, suggesting that these genes arose before the divergence of lineages that led to grape and
Arabidopsis. Analyses of microarray and quantitative real-time RT-PCR expression data revealed that grape TIFY genes are
not a major player in the defense against biotrophic pathogens or viruses. However, many of these genes were responsive
to JA and ABA, but not SA or ET.

Conclusion: The genome-wide identification, evolutionary and expression analyses of grape TIFY genes should facilitate
further research of this gene family and provide new insights regarding their evolutionary history and regulatory control.
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Introduction as the Jas motif, which is similar in sequence to the N-terminal
pertien of the CCT domain [3] and bears the characteristic motif

TIFY proteins comprise a plant-speciﬁc family of putative SLXFX, KR RXPY [4_1 PPD proteins, on the other hand,
Franscription f??.CtOI‘S that are incre.asinglly believed ‘to play an bear a unique N-terminal PPD demain, as well as a divergent Jas
impertant role in stress response. This family owes their name to a motif that lacks the conserved PY at its C-terminus [3]. Finally,

conserved motif (TIF[F/Y]XG) located within an approximately  proteing from the TIFY subfamily contain only the TIFY domain
36 amino acid leng TIFY domain and can be divided inte four [4].

groups based on both phylogenetic and structural analyses [1,2].
While all TIFY proteins bear a TIFY domain, those in the ZML gene family in the majority of plant species, information regarding
subfamily, incduding ZIM (Zinc-finger expressed in Inflorescence the functions of several T7FY genes i beginning to accumulate in
Meristem) and ZIM-like (ZML) proteins, also contain both & grpidapcis For example, A(TIFYT (ZIM) has been found to play a
C2C2-GATA zincfinger DNA-binding domain and a GCT ). in petiole and hypocotyl elongation [5], whereas AfTIFY4z
domain (CONSTANS, CO-ike, TOCI). Conversely, proteins  pppy) and ArTIFY4b (PPD2) are involved in the coordination of
from both PEAPOD (PPD) and JAZ subfamilies lack GATA and  Jou¢ prowth [6]. Perhaps the most well-characterized members of
CCT domains [3]. Interestingly, in addition te the TIFY demain, this family include the JAZ genes, which are gaining intense

the JAZ subfamily also contain a conserved sequence of  iprerest due to their apparent key role in the jasmonic acid
approximately 27 amino acids near their C-terminus, referred to pathway [7 9].

‘While there is a general paucity of information concerning this
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Abstract

Background: The completion of the grape genome sequencing project has paved the way for novel gene discovery and
functional analysis. Aldehyde dehydrogenases (ALDHs) comprise a gene superfamily encoding NAD(P)"-dependent enzymes
that catalyze the irreversible oxidation of a wide range of endogenous and exogenous aromatic and aliphatic aldehydes.
Although ALDHs have been systematically investigated in several plant species including Arabidopsis and rice, our
knowledge concerning the ALDH genes, their evolutionary relationship and expression patterns in grape has been limited.

Methodology/Principal Findings: A total of 23 ALDH genes were identified in the grape genome and grouped into ten
families according to the unified nomenclature system developed by the ALDH Gene Nomenclature Committee (AGNC).
Members within the same grape ALDH families possess nearly identical exon-intron structures. Evolutionary analysis
indicates that both segmental and tandem duplication events have contributed significantly to the expansion of grape
ALDH genes. Phylogenetic analysis of ALDH protein sequences from seven plant species indicates that grape ALDHs are
more closely related to those of Arabidopsis. In addition, synteny analysis between grape and Arabidopsis shows that
homologs of a number of grape ALDHs are found in the corresponding syntenic blacks of Arabidopsis, suggesting that these
genes arose before the speciation of the grape and Arabidopsis. Microarray gene expression analysis revealed large number
of grape ALDH genes responsive to drought or salt stress. Furthermore, we found a number of ALDH genes showed
significantly changed expressions in responses to infection with different pathogens and during grape berry development,
suggesting novel roles of ALDH genes in plant-pathogen interactions and berry development.

Conclusion: The genome-wide identification, evolutionary and expression analysis of grape ALDH genes should facilitate
research in this gene family and provide new insights regarding their evolution history and functional roles in plant stress
tolerance.
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toxic when produced in excess because of their inherent chemical
reactivity [5]. Aldehyde dehydrogenases (ALDHs) comprise a gene
superfamily encoding NAD(P)"-dependent enzymes that catalyze
the irreversible oxidation of a wide range of endogencus and

Introduction

Plants are exposed to many types of abiotic stresses during their
life-cycle, such as drought, salinity, and low temperature [1].

Plants adapt to abiotic stresses by the expression of a wide range of
stress-responsive genes, which are thought to play key roles in
stress tolerance and survival [2]. Endogenous aldehyde molecules
are intermediates or by-products of several fundamental metabolic
pathways, and they are also excessively generated in response to
environmental stresses such as salinity, dehydration, desiccation,
cold and heat shock [3,4]. Although aldehydes are associated with
common bicchemical pathways, the compounds can be extremely

exogenous aromatic and aliphatic aldehydes [6]. ALDHs are
responsible for efficient detoxification of aldehydes by converting
them to carboxylic acids [6]. Additionally, they also carry out a
broad range of cther metabolic functions including (i} participating
in intermediary metabolism, such as amino acid and retineic acid
metabolism; (i) providing protection from osmotic stress by
generating csmoprotectants, such as glycine betaine [7,8]; and
(iil) generating NAD(P)H [9]. In plants, the ALDH genes are
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Abstract

To ascertain genetic diversity, population structure and linkage disequilibrium (LD) among a representative collection of
Chinese winter wheat cultivars and lines, 90 winter wheat accessions were analyzed with 269 SSR markers distributed
throughout the wheat genome. A total of 1,358 alleles were detected, with 2 to 10 alleles per locus and a mean genetic
richness of 5.05. The average genetic diversity index was 0.60, with values ranging from 0.05 to 0.86. Of the three genomes
of wheat, ANOVA revealed that the B genome had the highest genetic diversity (0.63) and the D genome the lowest (0.56};
significant differences were observed between these two genomes (P<20.01). The 90 Chinese winter wheat accessions could
be divided into three subgroups based on STRUCTURE, UPGMA cluster and principal coordinate analyses. The population
structure derived from STRUCTURE clustering was positively correlated to some extent with geographic eco-type. LD
analysis revealed that there was a shorter LD decay distance in Chinese winter wheat compared with other wheat
germplasm collections. The maximum LD decay distance, estimated by curvilinear regression, was 17.4 cM (r*>0.1), with
a whole genome LD decay distance of approximately 2.2 <M (r*>0.1, P<<0.001). Evidence from genetic diversity analyses
suggest that wheat germplasm from other countries should be introduced into Chinese winter wheat and distant
hybridization should be adopted to create new wheat germplasm with increased genetic diversity. The results of this study
should provide valuable information for future association mapping using this Chinese winter wheat collection.
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Introduction

Wheat (Trificum aestunen 1.) 13 one of the most important cereal
crops worldwide. In China, wheat is grown on about 24 millicn
hectares with a total annual production of 115 millien tons and an
average vield of 4.75 tons ha''. Winter wheat occupies about 93%
of the area planted in wheat and comprises approximately 94% of
total wheat preduction in 2010 (http://facstat.fac.org/site/567/
DesktopDefault.aspx?PagelD = 56 7#ancor). Genetic diversity s
one of the most important factors for crop improvement. Over the
past 60 years, wheat breeders have made remarkable progress in
improving grain yield, disease resistance, quality and agronomic
performance by using excellent germplasm rescurces. The
recurrent use of a few elite germplasm lines as parental stock,
however, has led tc a decrease in genetic diversity and has
narrowed the genetic base for wheat improvement [1]. The degree
of genetic diversity found in contemporary germplasm from
breeding programs may indirectly reflect the level of genetic
progress achievable in future cultivars. Evaluation of wheat genetic
diversity is therefore essential to the effective use of genetic re-
sources in breeding programs.

Knowledge of genetic diversity 1s important for understanding
the extent of genetic variability in existing plant material. Various

PLOS ONE | www.plosone.org

types of markers can be used for genetic diversity estimation in
wheat germplasm. In the past, morphological traits and physic-
logical indexes were widely used for assessing genetic diversity,
even though they are influenced by the environment and thus
cannot be evaluated accurately, More recently, DNA molecular
markers have been increasingly exploited for this purpose. They
can be used for marker-assisted selection when tightly linked to
target genes, and can also be employed te investigate levels of
genetic diversity among categories such as cultivars and closely
related species in germplasm banks [2,3]. SSRs (Simple Sequence
Repeats), which are among the most important molecular
markers, are abundant, highly polymorphic, genome specific,
codeminant in nature, and show a fairly even distribution over the
gencme. SSRs have found application in analyses of genetic
diversity and population structure, gene mapping, and assisted
selection for crop improvement [4—7].

Linkage disequilibrium (LD}, or nonrandom association of
alleles between linked or unlinked loci, is becoming increasingly
important for identifying genetic regions associated with agro-
nomic traits [8-10]. Assessing relatedness among accessions is an
important prerequisite for the identification of core germplasm
collections suitable for optimizing association studies [11]. The
presence of population structure has heen widely decumented in
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Abstract

Mutagenesis is an important tool in crop improvement. However, the hexaploid genome of wheat (Triticum aestivum L.)
presents problems in identifying desirable genetic changes based on phenotypic screening due to gene redundancy.
TILLING (Targeting Induced Local Lesions IN Genomes)}, a powerful reverse genetic strategy that allows the detection of
induced point mutations in individuals of the mutagenized populations, can address the major challenge of linking
sequence information to the biological function of genes and can also identify novel variation for crop breeding. Wheat is
especially well-suited for TILLING due to the high mutation densities tolerated by polyploids. However, only a few wheat
TILLING populations are currently available in the world, which is far from satisfying the requirement of researchers and
breeders in different growing environments. In addition, current TILLING screening protocols require costly fluorescence
detection systems, limiting their use, especially in developing countries. We developed a new TILLING resource comprising
2610 M, mutants in a common wheat cultivar Jinmai 47. Numerous phenotypes with altered morphological and
agronomic traits were observed from the M, and M; lines in the field. To simplify the procedure and decrease costs, we use
unlabeled primers and either non-denaturing polyacrylamide gels or agarose gels for mutation detection. The value of this
new resource was tested using PCR with RAPD and Intron-spliced junction (ISJ) primers, and also TILLING in three selected
candidate genes, in 300 and 512 mutant lines, revealing high mutation densities of 1/34 kb by RAPD/IS) analysis and 1/
47 kb by TILLING. In total, 31 novel alleles were identified in the 3 targeted genes and confirmed by sequencing. The results
indicate that this mutant population represents a useful resource for the wheat research community. We hope that the use
of this reverse genetics resource will provide novel allelic diversity for wheat improvement and functional genomics.
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insertional methods are likely to be knockout mutants rather than
allelic series of mutants with partial loss of function, and thug will
not preduce the range of mutation strengths necessary for crop
improvement [11]. RNAi has emerged as an effective gene
knockout/knockdown tool for many plants and is alse a useful
technique in wheat [12,13]. However, RNAI is not wholly reliable
in generating stable reductions in target gene suppression.
Furthermore, both insertion mutagenesis and RINAI require
genetic transfermation which is limited tc a few varieties in wheat

Introduction

‘Wheat is an important food crop world-wide. However, many
traits that are important for wheat production would benefit from
the ability te understand and modify the function of specific genes
[1,2]. Recently, genome sequencing programs for many plant
species [3 5] has led to the availability of a large number of
gencmic sequences in public databases which subsequently has
encouraged the development of reverse genetics tools [6]. Reverse

genetic approaches use genemic sequence information to identify
sequence variations in genes of interest and then analyze the
phenotypic effects conferred by the mutant alleles to determine the
function of a gene. Several reverse genetic tools are currently used
for this purpose, such as T-DNA or transposon insertion, which
have greatly assisted functional genomics in model species [7 10].
Unfortunately, these resources are still not available in wheat
[11,12]. Additionally, most mutations resulting from these
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and still has a lack of acceptance by consumers in many countries
[2,11,14,15]. Thus, TILLING (Targeting Induced Local Lesions
IN Genemes), which combines chemical mutagenesis with high-
throughput genome-wide screening for point mutations in genes of
interest, has been developed in response. This methodelogy may
be preferable to cther reverse genetics approaches for various
reasons. EMS (ethyl methanesulfonate) produces a large spectrum
of mutations, including truncations and missense mutations,
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