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MW ERAFEREEFREAL 2017 FHERAL 124 B, AF¥ AL 24
% 7£ Cell Res. Cell Host Microbe. Mol Cell. Nat Commun. Genome Res. Trends
Plant Sci. Nat Plants. Curr Biol. Plant Cell % E 7 A5 R Fl4p X £ 3L 80 &,
AT 2MEH (ERF—EHRER@REL) KA 20 K, Ao/
L 24 ko M ERESENT A, BIER, HRRT LA 6 R, HoirRy
B2, RERMEF 16 R, FRFREFEKRLFRTR SHKEE (LEE
SAFFRE)  RAARR CFPERBFARH) . RFHFEHARR (Listeft
IR F AN ST IR A SRR T R 89 T AUIE R S A
RAT 2017 FERBE R AAMF—FK,

FHREMHFAARAEEZRZMRGDELARNEF, HpARBOLEHER
= AR EAE R THIE, M 5FR B egm R EAF 5 T, W £ 403
RKESTFTHMFMBIRAFT T EHE,

T & B R TR b B B0 AR, & R IR AR LA A 3 52 A AR B
NBES MBI TH FHRARRANFRGLEME, BT 7T IPAL (Ideal Plant
Architecture 1) BF 2 Kk #7 F 4% 49 D53 (Dwarf 53) F# &9 4 Z B F, & 5k N Es
fz 5182, JFFAEL I D53 Millds, HRBRAN &L FAER LT A
MR T TIRE, AR —AE K45 R4 (Song et al., Cell Res, 2017); 5
SR RIE T KASIZAAA IPAL KB 60 F 54212 &, BEATT IPAL SR A 694
mi ZIRENIE, AKGEAKRABG ) TR EAARET EERE T RAERE
#&(Zhang et al., Nat Commun, 2017). &R FRAA 5 ERIRAMBE T T IPAL
L& G IPI1 (IPA1 INTERACTING PROTEINL), KA HEAimifis RE 048
IPAL & G K-F, Hdt—F @A KSR R AR RS A KA T R T A
#%(Wang et al., Plant Cell, 2017), J& & 43R A28 5 fiff sk 4 IRAR 20 R L 4m At B2 LBt
WA B L OB EAZ, R T @B CREAS AR A= 6 373248, BT T %A
1 2t om0 BE o) 7% e 4 09 & &£ (Zhang et al., Nat Plants, 2017). FLP8 L3R 22 48 AR AT
T P katanin B AR e b AR SATA R B GG L], AT AL C AL
Ao A8 EALEIFAE T E 2 & % (Wang et al., EMBO J, 2017). AZAL 5 348 40 & K A5
TRILT — A S G5B E IR SR S H R BT ZYGOTENE 1 (ZYGO1),
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A RNBT RIS RAREIF CARTEE RN S THHREZ T £ &K Ak(Zhang
et al., Plant Cell, 2017); A —N#H ey T 4a P H4K & &4 MEICAL (Meiotic
chromosome association 1)% 5%k R R T 089 K A FF A A AT ZHME 3
e, ABTREIREARRENSTHHE LT A (Hu et al., Plant Cell, 2017),

T AR ) 40 45 M) B IR AR A SRR, R FIRALMI R TR T & M AR
F R R4 F E(Lin et al., Natl Sci Rev, 2017). % sk 7 3R A8 4038 i3 3T B 4 454 5 35
AR R AR RNAEIE, RILEF AL B2 A F A T3 DL A JE 3% (Wang
et al., Genome Res, 2017), A RASAT-F & FRE G SMEH AL T WAE 5 % 498
(RA98) 8 AL R 2, #7 B] —ANEE M H L F EARRKF ERAEL TIN5 M2 5
# A B 41 (Du et al., Nat Commun, 2017). FKZANBRA A Felh 5 TR 5 S4F K
FREERAETNE T ., Y2 TREBRETAELR PP2C-1, ARF K L®
FHNABRKYE A EF R T T249 L B TR (Lu et al,, Mol Plant, 2017). £
HIRAAE Z KL AINENFN T KE 84 NREMRA G FARIZM L%, 3
FRE K24 At 2 B A T2 % L (Fang et al., Genome Biol, 2017).

BAE S FAE R 0G50 T ALK, AR IRAAMA LA ALK G RBFHR
TR I — A RAF R G R ARSI E & G T RAEE EAE, K m iR
A 3 UAE £ A i 69 4F ALl (Hu et al., Mol Cell, 2017), B H4RAMA AL T
ot i AR AL -1 s MM S A A K AT T @A F AR PSR, AR
{2 et B & T 69 % -F ALkl (Guan et al., Curr Biol, 2017); F 38 1T 22 A4 3 SUAF 50 & HL
7 F RS AR R BB ST AREAS A 89— £ L] (Qi et al., Nat Plants, 2017);
MIE B Lt e R A 5@ T e R BT A4 % F WUSCHEL (WUS) &
ek ik, #HmAGMF TR, BATT M P T mie i 5699 -F s (Wang et
al., Plant Cell, 2017). K2y iRAQ B Fo [k BIRAR LB T T KAEAF T H K B £iL
AP, ORI I A ) KA BR A R A i AR BE T IR A e I S $ 44 K 69 37 HL] (Xiong et
al., Plant Cell, 2017), #3£iRA 48 KT S 544 A B W48 X & @ f % #% (ERAD)
WA K EREASRAEEAMEIERAE, mE T3 ERAD #9iAi%(Chen et al., Mol
Plant, 2017).

BALM 53 Fegm R A6 T AIRAR, 4R FIRAAE R T YRR mE
PFih K R EAOH AL — AR PorK, ebds ey tihmias 1A, B

s
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T T % R # ¥ F(Inter-kingdom) & 4= & £ 40 & 213 5 4 -F 49 ALl (Wang et al.,
Cell Rep, 2017), & B2 KUIR A28 5 & 4EH /£ MIRNA 1845 K A5 F srt AR 69 AT L
BAFHTEE, B 7 miR528 A LA ay ek A KA L m A4 EAE R IAZ P &Y
FugmMuE (Wu et al., Nat Plants, 2017).

BARM AN B R G5 TFTHAGR, TRFRAELSEH A A& 2RI
CRISPR/Cas9 A HH % H A, FAT KBR IR S BSHEAARIHLE, A
FRAFKAGE 2R EARFe bt e lext g A RAREE T & 2089 % & (Meng et al., Mol
Plant, 2017), Jfi@ kA7 ik 2 %4 % 7 CRISPR-Cas9-VQR F 4 /8 K A5 F 69 2
[ 40 % 4% 7 % (Hu et al., Plant Biotechnol J, 2017). X FRAM 55421 %
FHA, RAKERERRBARERGRFFLERESE G Z K, BASRAZEAR,
X — R R KRNV A F AT ) = 2 M w4 T ikt F AT a9 4 K (Zeng
et al., Nat Plants, 2017). &R FRAMRE o1k £ F AR TRRF M L5 ER L
FHT B G “EMm P A L5 A, 2017 FAITH AR 1.4 7 5 KA T EAP AL
AT, SFIT KAGAE S Aok RO B £ 424, 3 514 B KA T80t
BFARSERREAEAZAR XN EL, o, ERELELEEEFTNSSRAKR
fE AP <F R P A6 T, P A 8047, “FHARA 724578 F 2017 FELEKF o

BT AR XA AR R b Uk, TR T SRe k., . B R
A5 R % 9 A #% A Cell Host Microbe. Trends Plant Sci. Nat Plants. Plant Cell,

Curr Opin Plant Biol % £ & 5 K212 5 478 RIF L H 8 L
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Epigenetic Regulation in Higher Plants

(Professor Xiaofeng Cao)
(—) WxiER

1. OsAK1 3 B &9 R MR 1% T F %o KAGH) LA 8%

ENBHETFITRRGFGEDNREFERSHENE RTEANREHEF
Eixim TRAETF, 1288 RARERLZHE4L 869 RIL+ 5 H R,

AR G b B ARKAGH AT A IEAR RS E R T — AN KA &
B 35 B OsAK1 (Os08g01770) &9 X #A & M % T 4K Epi-akl. % & T ARG Bt A= 78
B2 IR [G 6 et AR LEAY B I X R AN G4, Epi-akl @9 AR AR
B OsAKL AR AF 53K Fid by, mAREARREHTERAELZH T ELG
it AR AT IZ R IR R A, —F AR A, OsAKL =iz Frisikd, H
% et AR S AR K AR R 09 R K /& Epi-akl T, Bk, ZIMfLE R T A
FREAE F5l ARG KBERTHE TR, HHAT DNAFRALAERBEKAT T4
T 2R R . RHT L R K& T Journal of Integrative Plant Biology.

1. An epiallele of rice AK1 affects photosynthetic capacity

Epigenetic gene variants, termed epialleles, can broaden genetic and phenotypic
diversity in eukaryotes. Although the natural mutation rate of epigenetic is far more
than that of genetic, there are very few known cases of natural epialleles.

Here, we collaborating with Peisong Hu’s group at China National Rice Research
Institute identify a natural epiallele of OsAK1, which encodes a rice adenylate kinase.
The Epi-akl plants show albino in young leaf and panicle with abnormal chloroplast
structures. We found that no nucleotide sequence variation but hypermethylation at
promoter region caused silencing of OsAK1 (0s08g01770) in Epi-akl plants. OsAK1

localizes to chloroplast and many genes associated with photosynthesis processes
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were downregulated in Epi-akl. Thus, the work identified a novel rice epiallele
caused by DNA methylation changes, shedding light on significant roles of DNA
methylation on rice development. This work was published in Journal of Integrative

Plant Biology.
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Figure 1. Characterization and molecular mechanism of rice Epi-akl mutant.

(A) The Epi-akl plants show albino in panicle; (B) The Epi-akl plants show decreased expression

level in AK1; (C) The Epi-akl plants show hypermethylation at promoter of AK1.

2. KDM5 ZR%4EE &£ F £ LB IMIL4 &)k HR A HL4
MEOGMELAMKRERATIRTRELAEXTZNERN, ¢H5ARR
K, KRB E, WBAER, FERTBEERUARBEH IS LFEDFEAE D
A8 K o XI5 F AU 69 A R A RAVIRF L4 A ABTT R AR B b ¥e b Sy 3t T
R YE. A A jumonjizs MR ey & & L F ANEE LA SRk, HHoAILA
) 89 2K Ak o AR B9 /5 R jJumonjiZE A3 69 48 & & & F AL EEKDMBS/JARID I &
KOO LLBE QHIF M B 28R = F A A% 46 (H3KAme3), 1Lt I
AR B AR, B WA E R IUE IR, M IIMILANRN T 35 AT L
TKDM5 L Rk, AAAEFL. RNANFEERITKAZDNAT AL FE %

10
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09 £ 32T AL, 2R N E R AL L A T4 F KDMB I Kk £ F A AL BS 69 J& 4187 Al AL
H—ARFE
ARG b AT AR AL E 5P O E AR A, IR M A

¥, A Fremi A FFFBBTT KDMS B R&EME K& F A LEsa
JRAR R . RAVA R X A& b ARAT AT 77 R fEAT T IMI14 & T apo KRS Fe
Jedh B AR S 09 44 . IMIL4 W jumonii A B CSHC2 £ 435 9 3 ANBR M £ A&
BREM& G ) K EH3R2 A2 H3Q5 A A 7 K= 69 A AR 42 a9 AR R, 7k
HFHIRA . FXIUNBREAERRTEZE, LikA IMI4 L AR KDM5B,
AARNEEEA L E T, BT R R T ARG RDIRAIME o %7 TAE T U#
AT VA IMI14 A K& 69 KDM5 K% H3K4Ame3 & 7 A L) 7 A Auhuhl,

EAVAANR KDM5 A Jetrtg fufE H4h 7 KR T b A ak, AFRERAERT
IR % 2« & The Plants Cell,

2. Structure of the Arabidopsis IMJ14-H3K4me3 complex provides insight into

the substrate specificity of KDM5 subfamily histone demethylases

Histone modifications represent a pivotal epigenetic regulatory pathway that
plays essential roles in various eukaryotic biological processes, which affect gene
silencing and activation, tumorogenesis, chromatin state and DNA repair. The
mechanism analysis of histone modification will provide theoretical basis for
exploring the nature of life and developing drug-targets. The jumonji
domain-containing histone demethylases have diverse functions and can be classified
into several subfamilies. In humans, the jumonji domain-containing Lysine
(K)-Specific Demethylase 5/Jumonji and ARID Domain Protein (KDM5/JARID)
subfamily demethylases are specific for histone 3 lysine 4 trimethylation (H3K4me3)
and are important drug targets for cancer treatment. In Arabidopsis thaliana, the
KDM5/JARID subfamily H3K4me3 demethylase JUMONJI 14 (JMJ14) plays
important roles in flowering, gene silencing, and DNA methylation. However, how
KDM5/JARID subfamily histone demethylases recognize their substrates remain
unknown.

We and Jiamu Du’s group from Shanghai Center for Plant Stress Biology (PSC)

11
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reported the substrate recognition mechanism for KDM5 subfamily demethylase by
structural biology, biochemistry and cytobiology. We analyzed the crystal structures of
the JMJ14 catalytic domain in both substrate-free and bound forms by X-ray
crystallography. The structures reveal that the jumonji and C5HC2 domains contribute
to the specific recognition of the H3R2 and H3Q5 to facilitate H3K4me3 substrate
specificity. The critical acidic residues are conserved in plants and animals with the
corresponding mutations impairing the enzyme activity of both JMJ14 and human
KDMB5B, indicating a common substrate recognition mechanism for KDM5 subfamily
demethylases shared by plants and animals and further informing efforts to design

targeted inhibitors of human KDM5. This work was published on The Plants Cell.

>
>
>
H3K4me3 >
>
> >

B 2. IMI144% 712 A AL 28 & G H3KAme3 69 5-F ALl

(A) IMILAMEAL 254 3384 & d & 77 A Fe 205 G H3KAMe3 (RRAEAR B 1) ANz & ;
(B) IMJ1445 iR A& AH3F 24245 R BR, H 5425 ABLM A= 742 7 £ BR ;

(C) HHRm ARG R AEBRKRA R T FRIMILAE DR X F R ERET %,

Figure 2. Interactions between JMJ14 and H3K4me3 peptide.

(A) An electrostatics surface view of IMJ14CD with the H3K4me3 peptide shown in stick
representation.

(B) The specific recognition of H3R2, H3Q5 and H3A7 by JMJ14.

12
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(C) Mutations of IMJ14-pEG101reduced its demethylase activity of H3K4me3 in vivo.

3. miR528 £ HAE KA KL T A RIIME

KAGH et A6 R (RSV) 22 E MM K AG F 209 E &R E, RSV A KAGH
EEE SN E ZAARZ —, MIRNA EH 5 %R A2 18 6948 ZAF B 42
v REEEZATER. BT R MRNA 23N AGO HFOU Rt F i
AR(RISC), #@id45F¥ mRNA & K dp4 & G m&iEm A AR &X,
Z AT 695 7 & K AS AGOL8 & & Ak 45 45 F 1L 45 & mIRNA & R, %5 %] RSV &
Futk B it AZ, 42 AGO18 H# A A mRNA ¥4k, B, AGOL8 4nfTid i
L5454 MIRNA %+ T 752 mRNA & ik, it mif4=KA54 RSV 69HLH & R g
#,

ARBALELTKFEAGHFRERBLRAAGE, TERTEYF. &
BFABENE &EFHEFE, LT —ANEToHEh T HR . LRSVIZ 0 H]
b9 K AG 51 A 42 B F miR528, &AL K I K A5 AGOL8 4k 45 5 AGOL ST 4 1+ 4 &
MiR528, Ak f 47 %] miR528# A W AGO142 sk 49 RISC 5 ¥1 B &4k, Ff dt f B 4L
MiR52849 ¥2mRNA AO, i 43 do B% £ L8 AO At 45 38 3T 18 T A4 1k 1 #9 BALIT R
A, RBHMBRN F A (ROS)W R R #m B3 TR RmEE%, X—FR
B T miR528 & L 18 4= i ¥ Sk W /& K4S b g A A AR R AL P e dumpLgl, A
)G FERFGE AT F 1 B RSV AT 69 KAG e AP 3R 3 it R mh s AT RER KA T
% % Z< & Nature Plants.

3. miR528 involved in a new RSV defense mechanism in rice
Rice stripe virus (RSV) is one of the most destructive pathogens for rice

production. RSV has been responsible for numerous epidemics since it was first
identified in Japan in 1897. Elucidating the mechanisms of anti-RSV defense in rice
will help to control viral epidemics and guarantee food security. Over the past decade,
microRNAs (miRNAs) have been identified as key players in plant-microbe
interactions. miRNAs are incorporated into AGO1-containing RISCs (RNA-induced
silencing complexes) to promote slicing or translational repression of target
transcripts. It was reported that some miRNAs are specifically sequestered by AGO18
in RSV infected rice. Therefore, understanding the roles that miRNAs and AGO18

13
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play in anti-RSV defense and manipulating the molecular mechanisms are
indispensable for engineering virus-resistant crops.

We and Yi Li’s group at Peking University (PKU) illustrated the underlying
mechanism of miR528 and AGO18 regulatory cascade in antiviral defense. We found
that miR528, a monocot-specific miRNA, negatively regulates viral resistance in
rice through association with AGO1-containing RISCs and cleaving L-ascorbate
oxidase (AO) messenger RNA, thereby reducing AO-mediated accumulation of
reactive oxygen species. We found that miR528 could be specifically recruited by
AGO18 after RSV infection. Intriguingly, AGO18 is a decoy AGO protein and is
incapable of slicing target transcripts. We showed that AGO18 plays roles by
competing with AGO1 for miR528, and releasing miR528 target from slicing or
translational repression. In summary, upon viral infection, miR528 is preferentially
sequestered by cleavage-defective AGO18, leading to elevated AO activity, higher
basal reactive oxygen species accumulation and enhanced antiviral defense. This
study unearthed a mechanism in which antiviral defense is boosted through
suppression of a miRNA that negatively regulates viral resistance. This work was

published on Nature Plants.

RSV- |nfected rice

\
C\ RSV-infected rice

AGO1E {\ele)l:) Argonaute 18 (AGO18)
)/ miR528 \( @ Argonaute 1 (AGOT)

I miR528
Q / @B L-ascorbate oxidase (AO)

B 3. KA miR528 4= AGO18 A4z i8 %42 X I . AGO18 5z 4 1454 miR528, #pH|#L
miR528 ¥z mMRNAAO, M # KGR A ROS AR R, 2t T KAGH IR B L .

Figure 3. The miR528 and AGO18 regulatory cascade. In rice infected with RSV, miR528 is
suppressed by AGO18, leading to the release of AO and higher basal ROS.

14
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Plant Comparative Genomics and Genome Evolution

(Professor Mingsheng Chen)
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PhasiRNA /£ #5/& % B 4 7} 69 bk 5 3ELAF 50

D5F RNA A AERKRE ST RABH T2 RAEER, LHRARMAS
WEZF T F, P, phasiRNA Z—£F % miRNA %5, J4% Dicer-like &
6% 5B A A A A 4 EE ) RNA. R KA A 78 X F By e K
= % ik phasiRNA, L&k TARNEK, 94521 nt4224 nt HA LA, 55
#& mMiR2118 #= miR2275 #% %, /~ 4 phasiRNA #94% =474 PHAS 1% % . phasiRNA
EMESL— R X ARG R EERARAFHEY AT, K+ —2% PHAS 1z
EEESRBMENETE X —F M R4 K A m, phasiRNA AT AP 75 X R AE 2 BE,
AL AP Iz &, AR B AR KT IRFREMTHA ERRK, Bk,
HANEAG B AR AT FF R T phasiRNA 69 b4 A= 3t LA 5,

A AL R A EHAEARAFHARLGREXNEA R, LFFHOEARAFT
A TR T PHAS 4% & 69 A R 28 45 A Fo it I HLAEAR A T ARSF 09 S4B A mk, A
B AAGE N EA AKX F G5 AN A F, 846 AA 469 KA5(Oryza sativa
L.). & i@ %F £ #5(Oryza rufipogon)#=3F i # 3&45(Oryza glaberrima), BB 8895 &
2} £ #5(Oryza punctata) YA % FF 484948 7¢ 25 2F 4 #5(Oryza brachyantha), %413
AIHR BN B NARRTT Si@E 69 RNA Felbfgamml g, wib, 25T HY
KAG % 524, 5T trigger mIRNA. PHAS {& & A % & 4 &9 phasiRNA &7 T &
ZAG L AT, FEAF phasiRNA 69 ¥efs & AR T RE 69 Zh e 3t 4T 7 483

B2k, AFattrigger miRNA, &% & 3L miR2118 A= miR2275 f& & A A4y A+ o
RAETHRES, mRNA R#F 5| % HH&. mR2118 f= miR2275 /£ & B f=
KB AR ¥AEKER/ZE, £ MR2118 4o F ot M4y b 69408 — 4, LAF R
F NB-LRR #m AR, 122, trigger miRNA 16 ® T4 F3IE% 4 RNA ~ 4
phasiRNA, *F Ko%K R SR KET W, mAFEH L4 phasiRNA, 3
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K, A3 PHAS 42 &, AFF 50 2456 5 N0 Fr F £ % T K& 8 21-PHAS #= 24-PHAS
{28, RIAMHEEHERTPE., 2HE, K3 GC . HRFHUL DNA F
AGH3 G2 £ F. Bl— PHAS ¥, phasiRNA &2 42RO RHE, HFH
5453 GCAmAX. PHASZFTHEARANFHEER, I kFI24z B KT,
G IR Az S @ e B AR Ko sbsh, PHAS 43 5694 3K 3 %38 13 By 3F X 3%,
MEBREETEMKR. B, 5T phasiRNA 89 sF e K3, BAH 540”8
21-phasiRNA M T A A e X B Tk, B EZ200RK 7 X1E R T PHAS K
B, 1BHARALE KRS R R, PRTFHEIS; 24-phasiRNA TrREAL A F
KA F RIDM. % 4F, K& 2#H K I miR2118 T AB T LR X4 F A= A4y
phasiRNA 2+ B & & s R Ik 18 71, 3+ phasiRNA &9 & it Tt af i, B, Xk
RN BT T phasiRNA 89558k 75 X, @ EL PHAS &9 3E LA+ 4L A8 45 R Bk 2 o 78
HEAE, B dst TR ABN K phasiRNA 69 2 A MEUR A FEXL LA EES

T o
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G5 77 @) PR F o
Figurel. An example shown the distribution of 21-PHAS clusters in the syntenic position of
five Oryza genomes, indicating that the sequence of PHAS was not conserved, but the position and

transcription direction of PHAS were consistent between different species.

Comparative and evolutionary analysis of phasiRNAs in the Oryza genomes

Small RNAs (smRNAs), which play critical roles in plant development, are star
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molecules in functional genomics. Among them, the production of the phased,
secondary, small interfering RNAs (phasiRNAs) was initiated by miRNA targeting
with successive slicing by Dicer-like proteins starting at the miRNA trigger site, which
rendered them in phase. In grasses, phasiRNAs were largely expressed in developing
young panicles. Most of them were derived from intergenic non-coding regions. There
were two types of them, the 21 nt and 24 nt phasiRNAs, which were triggered by
miR2118 and miR2275, respectively. The regions producing phasiRNAs were named
as PHAS loci. It was reported that some mutants in the phasiRNA processing pathway
could lead to severe failure of male fertility in grasses, and some PHAS loci were
related with photoperiod-sensitive male sterility, indicating important function of
phasiRNAs in the regulation of yield traits. However, many questions remained
unanswered. For example, how do phasiRNAs work? Do phasiRNAs have any target?
What are the functions of phasiRNAs in male reproductive development? To get an
in-depth knowledge of PHAS loci and to illustrate the possible functions of phasiRNAs,
a comprehensive analysis of the genomic characteristics, expression properties, and
most importantly, the evolutionary patterns, is needed.

The genus Oryza is a model system for comparative and evolutionary genomics
studies. The rich genomic resources in Oryza provide us an opportunity in the research
of PHAS loci. Here, we selected five Oryza species with clear phylogenetic
relationships for data analysis, including Oryza sativa L., Oryza rufipogon and Oryza
glaberrima with the AA genome type, Oryza punctata with the BB genome type, and
Oryza brachyantha with the FF genome type. With high-depth smRNA and degradome
sequencing derived from young panicles, in addition to public genomic resources, we
performed detailed comparative analysis of the trigger miRNAs, the PHAS loci and
phasiRNAs in the five Oryza species. In addition, the potential targets of phasiRNAs
and their possible function were also investigated.

For these triggers, both miR2118 and miR2275 have many copies in grass species,
and the mature miRNAs produced are diversified. The trigger miRNAs targeted both
genic and intergenic regions, including the regulation of miR2118 on NB-LRR genes,
as previously reported in dicots. However, we noticed that trigger miRNAs preferred to
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induce non-coding transcripts into phasiRNA processing rather than the mRNAs of
genes. For the PHAS loci, large numbers of 21-PHAS and 24-PHAS were accurately
identified in the five species. Significant differences of the two types were detected in
the ratio of transposon occupancy, genomic distribution, GC contents, sequence
conservation and DNA methylation levels. We noticed that the quantities of
phasiRNAs produced in the same PHAS locus were uneven and related with their GC
composition. PHAS loci were found to be located in the highly variable regions in the
genome. However, the trigger sites of PHAS loci were conserved, emerging as a
trigger-site biased selection pattern in the PHAS loci. PHAS loci were expanded
mostly by tandem duplications. In addition, we found that 21-phasiRNAs with 5" “U”
tend to induce stable target cleavage, mostly in cis; 24-phasiRNAs might mediate
RADM. Interestingly, we found a conserved feedback regulation mechanism for
miR2118 in Oryza, which might regulate phasiRNA processing by controlling
miR2118 expression. In summary, these results partially explained the potential
function of phasiRNAs, and illustrated that the function properties of phasiRNAs were
consistent with their evolutionary patterns. These works might be helpful for

understanding the biological significance of phasiRNA processing in male reproductive

stages.
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Higher Plants Development and Genomics

(Professor Yuling Jiao)
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FRAHTAXBKESH AL D EZRBAZGXERT

NERBFRER AT IR T ENEERE, LR DN EZREFHAFETEX
ERREHR. Ad, FRNERDEEARAR KT R, BHELEE, RKIGHm
TNERABFREEE . MLT KRG, 2R, KEFMEH, KRNEST KT
DEARRIFIRG T AR . AR RE DR RS R, ARAAELHFA
KIRp AT A AR R 2 R K M AT O KB AT R T AR R B A9 A R R R R M %, 5F
IMET AP XER T AREIORAEFOER. S RASHTFR T 25884
MR ER B, ARAAS L PIONER#T T EEESH, KINiT .
AR R TaTFLL™ AE K S A& ALE 1), 38 o RS, INERAAR A R (Jo T B
it ki A B TaPAP2. TaVRSL™ WA% Hl 4 4a sh A& L BF i), RV R4, ek
Fofl Az o A LA LE R A KAV — F AT D EARRF AL RIERET — 28
A7
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EREREZH5HEARNER XM, (D) £KRAFR TaTFLL-2D AW X £ F 5 5MRM~BELK
A8 KA.

Figure. 1 Functional validation of TaTFL1-2D in the transgenic KN199 wheat line.
(A) Comparison of the spike complexity of KN199 and T, transgenic TaTFL1-2D
wheat plants. Scale bars, 1 cm. Positive correlation between spikelet number (B),
floret number (C), and grain number (D) per main spike and TaTFL1 expression

levels in T, transgenic plants.

Transcriptome association identifies regulators of wheat spike architecture

The architecture of wheat inflorescence (spike) and its complexity is among the
most important agronomic traits that influence yield. The common wheat genome is
approximately 17 gigabases in size and consists of three sets of subgenomes (A, B
and D) derived from closely related species. Thus, the isolation of key genes that
control spike architecture in wheat using conventional approaches is extremely
challenging. Using a population associative transcriptomic approach, we analyzed the
transcriptomes of developing spikes in 90 wheat lines comprising 74 landrace and 16
elite varieties, and correlated expression with variations in spike complexity traits. In
combination with coexpression network analysis, we inferred the identities of genes
related to spike complexity. Importantly, further experimental studies identified
regulatory genes whose expression is associated with, and influences spike
complexity. The results laid a solid foundation for further analysis of wheat spike

complexity:.
(Z) HHRmR
4

1. Qi, J# Wu, B.# Feng, S#, LQ S., Guan, C., Zhang, X., Qiu, D., Hu, Y., Zhou,
Y., Li, C., Long, M.*, and Jiao, Y.* (2017). Mechanical regulation of organ
asymmetry in leaves. Nat Plants 3: 724-733.
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Gene Expression Regulation and Cell Heterogeneity

(Professor Wenfeng Qian)
(—) MRBHER

Pmia REFH LB THNFALEE 2HEEFLEARRE

¥ %13 & A & & (monoallelic gene expression) & 4§ /£ — 4% 4K & 4 89 2w o —
ARG LR FAY R ANAFELBRGIN L, BARKT 0 @m0 & LSS
(bulk analysis) & 1, frits e 55z KRB a4 ZapsE A2 S A2 S5 AR &
K0 P AT R A ALE] o B T BRAROK -9 AT T REARAE T e N B SR AR &
AL AL, B e KT 89 AT T FT VA R e A @ 3 4B T M it 9 A9 S S A2 AR R R R AL
Fo BAVERABITRBEA, ARt AmIEHX R, B THBT AL Z
03 S5 KR R K . KAV e i 45 T 2069 ) 7 B K (single-cell RNA-seq) & A F
A, H R A IKRF T A KAS A42(93-11 4= Nipponbare) & 2 iE B & X (F1)
8 et P 4w o 0 S 4m i & 3k ik o R ANF) A 93-11 A= Nipponbare 274+ 18] 69 3 4% 3B
ZAEMSETE Fl@erANFLiRNAAS, BIBRFLARGERLS,
RA himie b $FLARRAGER BREAR, EAmMEFTH =0 LR
REFLEARKEG, - F ALK, Fah B R BR M fo AU AR 95 1R
AR e 5 R AR AN L . G RLEEmMIRF EBFT 2524
R &K F AL REF T REAGIE], AR — TR mIe A AR R L AEAER T
T Ak,

Single-cell transcriptome analysis reveals widespread monoallelic gene
expression in plants

Monoallelic gene expression refers to the phenomenon that all transcripts of a
gene in a cell are expressed from only one of the two alleles in a diploid organism.
Based on the observations in bulk transcriptome analyses, two possible molecular

mechanisms, parent-of-origin effects and allelic repression, have been proposed to
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cause monoallelic gene expression. Because monoallelic gene expression in
individual cells may not always be observed in bulk transcriptome analyses,
single-cell transcriptome analyses can significantly promote our understanding on
monoallelic gene expression. Collaborating with Jiao Lab at IGDB, we reported
widespread monoallelic gene expression in plant cells. We applied a single-cell
RNA-seq protocol to rice mesophyll cells in indica (93-11) and japonica (Nipponbare)
inbred lines, as well as their F1 reciprocal hybrids. We estimated allelic expression
levels in individual cells based on SNPs between 93-11 and Nipponbare. By
comparing the expression level between two alleles, we defined genes exhibiting
monoallelic expression in individual cells. Surprisingly, ~68% of expressed genes
were monoallelically expressed in individual rice mesophyll cells. We further found
that stochastic and independent transcription of two alleles could largely explain the
observed pattern of monoallelic expression. Taken together, the development of a
single-cell RNA-seq protocol in this study offers us an excellent opportunity to

investigate the origins and prevalence of monoallelic gene expression in plant cells.
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3]

Figure 1. Allelic expression patterns in single cells. (A) Volcano plot shows the allelic expression
patterns in one 93-11>NPB cell. Expressed genes were classified as monoallelic when two criteria
were met: (1) at least 98% SNP-covering reads were expressed from one allele (beyond the
vertical dashed lines), and (2) Q value < 0.001 (above the horizontal dashed line). Three genes
with 93-11 monoallelic (0s02g52314), NPB monoallelic (0s06g40490) and biallelic
(0s03g18810) expression are shown as examples. Black vertical lines in gene models stand for the
positions of SNPs. (B) A pie chart shows the proportions of 93-11 monoallelic, NPB monoallelic

and biallelic genes among expressed genes in the same cell.
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Plant Functional Metabolomics

(Professor Guodong Wang)
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% NAD b3 E i & 42 BT Fo AL 50
NAD (R LB ZS BT ER) EACTHEERA (FH5) 525K %0
AWLREREMAT RFRARI# 4. £ NAD 43 & & & 2 F
(Preiss-Handler i&£12), 4¥ 5+ 1+ & 42 /& 2. B (Nicotinate, NA)F= % A+ NA 6947 &£ 40 (3%
AL, PAELE), bRk, £2F NA 67425 RE T 65T s 21
A 2 Re ) KA ARE
AIRALLAT R 69 A 50 & B NA 69 O-12 48 A A4 =T A& AR 47 AL 40 4w I8 S 2
FTHRIAEF NALEREIERGEE, ML NAOGT &% 24+ F ALY
AR F B HRAF, NAOGT EMaYRF A E g R FRERFHEE. R
W, RMEAMFARLRAED AT — LA 4 N-F & 44 85 (NANMT,
At3953140 %m4D) fi T B N-F 2 bdh (X L3P Cmk) 4 m, FlIE
SUER N-F BRI A iR 2 NA 89 5 9 — A Ko 2@ eyt fe AL AT2
KA, XRXFAG R AR N-F LB RS EH-MRRF LD E )
w2y COMT (oEdR O-F K 444585) AR L4l fehrt i, M RAEHY
COMT Ltk B #5569 NANMT &k, R AEAMS T KON ILAZF, NANMT
&M AY FRAFAL AR, Preiss-Handler &2 AE AW A R AF ARG —ANEZTER
A o

A novel N-methyltransferase in Arabidopsis appears to feed a conserved

pathway for nicotinate detoxification and is associated with lignin biosynthesis
The Preiss-Handler pathway, which salvages nicotinate (NA) for NAD synthesis,

is an indispensable biochemical pathway in land plants. Various NA conjugations

(mainly methylation and glycosylation) have been detected, and have long been
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proposed for NA detoxification in plants. Previously, we demonstrated that NA
O-glucosylation functions as a mobilizable storage form for NAD biosynthesis in the
Brassicaceae. However, little is known about the functions of other NA conjugations
in plants. In this study, we firstly found that N-methylnicotinate is a ubiquitous NA
conjugation in land plants. Further, we functionally identified a novel
methyltransferase (At3g53140, NANMT), which is mainly responsible for
N-methylnicotinate formation, from Arabidopsis. We also established that trigonelline
(Tg) is a detoxification form of endogenous NA in plants. Combined phylogenetic
analysis and enzymatic assays revealed that NA N-methylation activity was likely
derived from duplication and subfunctionalization of an ancestral caffeic acid
O-methyltransferase (COMT) gene in the course of land plant evolution. COMT
enzymes, which function in S-lignin biosynthesis, also have weak NANMT activity.
Our data suggest that NA detoxification conferred by NANMT and COMT might

have facilitated the retention of the Preiss-Handler pathway in land plants.
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Figure 1. Identification of plant NANMTSs and their evolutionary trajectory in plants.
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Systematic Discovery and Functional Study on Plant Non-coding
RNA

(Professor Xiujie Wang)

(—) WREER
k2 ERBRNAREZEKELHERE

K 4% 3E % #RNA (long noncoding RNA, INcRNA)E#)# A K K F ¥ A4EE
24 M, H P45 IncRNA A 4 ¥e 2 B (target mimic) &9 7 X 5 microRNA
(MIRNA) £ 4, EmiRNA¥ LR H, Ad { qAEMRNAY 8. XA X A6
INcCRNA#% 4% #7eTM (endogenous Target Mimic), meTM#&) & 445 2 f8 4 7048 5t 3%
Vo BAVF R R I— A KAGeTM (0sa-eTM160) /278 X F F#15 %& %, HF 5miR160
454, ## T miR160*T $e 2 B ARF1849 1845, i£8 % AeTM160F H K A4 52 %
2 ETEAK, HAFTIARR A, LA R T osa-eTMI60E KAGAEFA KR T o9 E
ZAER, FFRTIATMAS X KA 7 ik 69 H AP IncRNAMR &) T 2 4F 2 69 K & B 24T
1& 71 s A4 MIRNAS) 2 Bt

P MRNAKAGESZAHEN, FAGERFIETSHFER. ZHARER
3 2| 69 0sa-e TM160 4% 4% # 25 5miR160, fm B 2 & 41K 7T miR160 % # k69 & A &,
% SR MIR1607 A% 5 %k o 1% e TM™T A4E A MIRNASK s - FRNA#/ fi ) 842 T4,
K& BT mIRNASK 5 F RNAS Z) fEAF 50 AR K 69 B B TAZF A9,

A long noncoding RNA involved in rice reproductive development by negatively
regulating osa-miR160

Long noncoding RNAs (IncRNASs) participate in the regulation of multiple
biological processes via diverse manners, one of which is functioning as endogenous
target mimics (eTMs) to modulate microRNAs (miRNAs) by competing for their
targets. Previously, we have predicted one IncRNA (osa-eTM160) as an endogenous

repressor of 0sa-miR160 and validated the target mimicry ability of osa-eTM160 for
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ath-miR160 in Arabidopsis thaliana, yet the functions of osa-eTM160 in rice remain
obscure. Here, we demonstrated that osa-eTM160 attenuated the repression of
0sa-miR160 on osa-ARF18 mRNAs during early anther developmental stages through
the target mimicry manner, therefore to regulate rice seed setting and seed size. These
findings revealed the roles of osa-eTM160 in rice, and indicated that INcRNAs with
eTM functions may serve as temporal regulators to modulate the effects of miRNAs

at specific developmental stages.
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Figure 1. (Color online) Phenotype analysis of rice overexpressing osa-eTM160 and

0sa-eTM160M.
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Figure 2. Osa-eTM160 regulates rice reproductive development via competitively binding with

0sa-miR160.
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RNA involved in rice reproductive development by negatively regulating osa-miR160.
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Mechanisms of Plant Abiotic Stress Tolerance and Regulation of
Soybean Seed Development

(Professor Shouyi Chen)
(—) Witk

& G B« 3 R & 6 5T AL

MK B 5 —AN4$74 09 PHD 445 & &——GmPHD6. '€ /& T PHD &9
Alfin £, Alfin ZXk—REA&#%FWFAES, - GmPHDE #]s5t. 7L KA
GMPHD6 %15 LHPL (X F & R&a) MEAER, FHRM LHPL 694 F i
Re ), FARIAE T AR L,

PHD 4345 & & AR A & & H ey, 3 PHD ZHBIR 5 R E 4
ey E G H3., 5 C R £%& aRF, GmPHD6 iR A H3K4Me0/1/2, 12 Rild it
PHD £#3%, B3 N 3. s GmPHDG6 69 N 3L AL iR A T a5 A B 69 )3
T o d PHD £5493% 5 5t 5 LHPL #948 ZAF A o

ATFULERAEL N GmPHDSG 494 F 4424 . H3K4me0/1/2 T &k 544y
¥ 5AYE X 0%, ©A14E% GmPHD6, % GmPHD6 #2 3% LHP1 ) sk 4t &A1 £ 4
o B AMEE GmPHDG $e2 Tas A A, @ LHPL METHAREL, K
R B AL A 6 At 1 AR

AR A PHD 448 & G A& 69 F AN, AR EAFApATE R T 32
IR, T 2017 4 11 A KX & T Plant Physiology.
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Figure 1. The model of GmPHDG6/LHP1 transcriptional complex reads histone code and activates

downstream genes.

A histone code reader and a transcriptional activator interact to regulate genes
for salt tolerance

Plant homeodomain (PHD) finger proteins are involved in various
developmental processes and stress responses. They recognize and bind to
epigenetically modified histone H3 ‘tail” and function as ‘histone code readers’. Here
we report that GmPHD6 reads low methylated histone H3K4me0/1/2 but not
H3K4me3 with its N-terminal domain instead of the PHD finger. GmPHD6 does not
possess transcriptional regulatory ability but has DNA-binding ability. Through the
PHD finger, GmPHDG6 interacts with its co-activator, LHP1-1/2 to form a
transcriptional activation complex. Using a transgenic hairy root system, we
demonstrate that over-expression of GmPHDG6 improves stress tolerance in soybean
plants. Knocking down the LHP1 expression disrupts this role of GmPHDS,
indicating that GmPHD®6 requires LHP1 functions during stress response. GmPHD6
influences expression of dozens of stress-related genes. Among these, we identified
three targets of GmPHDS6, including ASR (ABA-stress-ripening induced), CYP75B1
and CYP82C4. Overexpression of each gene confers stress tolerance in soybean plants.
GmPHDEG is recruited to H3K4me0/1/2 marks and recognizes the G-rich elements in
target gene promoters, while LHP1 activates expression of these targets. Our study
reveals a mechanism involving two partners in a complex. Manipulation of the genes
in this pathway should improve stress tolerance in soybean or other legumes/crops.

This work has been published in Plant Physiology.

39



2017 4R

(Z) WARER

38

1. Lu, X, Xiong, Q., Cheng, T., Li, Q., Liu, X., Bi, Y., Li, W., Zhang, W., Ma, B.,
Lai, Y., Du, W.,, Man, W., Chen, S.*, and Zhang, J.* (2017). A PP2C-1 allele
underlying a quantitative trait locus enhances soybean 100-seed weight. Mol
Plant 10: 670-684.

2. Xiong, Q.#, Ma, B.#*, Lu, X.#, Huang, Y., He, S., Yang, C., Yin, C., Zhao, H.,
Zhou, Y., Zhang, W., Wang, W., Li, Z., Chen, S.*, and Zhang, J.* (2017).
Ethylene-inhibited jasmonic acid biosynthesis promotes mesocotyl/coleoptile
elongation of etiolated rice seedlings. Plant Cell 29: 1053-1072.

3. Li, Q. Lu, X, Song, Q., Chen, H., Wei, W., Tao, J., Bian, X., Shen, M., Ma, B.,
Zhang, W., Bi, Y., Li, W,, Lai, Y., Lam, S., Shui, G., Chen, S.*, and Zhang, J.*
(2017). Selection for a zinc-finger protein contributes to seed oil increase during
soybean domestication. Plant Physiol 173: 2208-2224.

4. Wei, W, Tao, J., Chen, H., Li, Q., Zhang, W., Ma, B., Lin, Q., Zhang, J.*, and
Chen, S.* (2017). A histone code reader and a transcriptional activator interact to
regulate genes for salt tolerance. Plant Physiol 175: 1304-1320.

5. Yang, C., Li, W, Cao, J.,, Meng, F., Yu, Y., Huang, J., Jiang, L., Liu, M., Zhang,
Z., Chen, X., Miyamoto, K., Yamane, H., Zhang, J., Chen, S., and Liu, J.* (2017).
Activation of ethylene signaling pathways enhances disease resistance by
regulating ROS and phytoalexin production in rice. Plant J 89: 338-353.

6. Pan, W., Tao, J., Cheng, T., Shen, M., Ma, J., Zhang, W., Lin, Q., Ma, B., Chen,
S.*, and Zhang, J.* (2017). Soybean NIMA-related kinasel promotes plant
growth and improves salt and cold tolerance. Plant Cell Physiol 58: 1268-1278.

7. Yin, C., Zhao, H., Ma, B., Chen, S.*, and Zhang, J.* (2017). Diverse roles of
ethylene in regulating agronomic traits in rice. Front Plant Sci 8: 1676.

(=) #RBAE
EEA

pali]

e E GRAAAK), KAA, # B

it

il

40



2017 F3R

EYRH S REOZRERIENG EHRERED)

Mechanisms of Meiosis in Plants(Professor Zhukuan Cheng)
(=) MiRiER

1. Meiotic chromosome association 1 (MEICAL) kB REK S LR RE 4

BESHEIAEF, MEmias 5> £ DNA s 2 (double-strand break,
DSB), A&4EFREML, FlREMLIEF K AELR K DNA Z 8], EA£3ER R DNA
ZMERAER, NeFRERARAGEL. A, £HhELE T -2 EH
RAR, B ERFIAEIER R DNA Z Al K £ T4, 122 B ATz Rk 2 69
THZIZIEFMY ., KREARXA—ANHeGEH P EIKEE MEICAL (Meiotic
chromosome association 1), % & @2 —NEFRTFTHABAESLE G, 2H KA 4
XA RAIIRE . MEICAL RE F R CARR 6 F 5 fhik Ao ARsE R, XL FF
FhikFa st i AR # T SPO11-2 #= DMCL, {25 KU70 4~F893E Bl R R omiEdei4 4
iR F. MEICAL #8455 MHST #a Z4E B, R A LMHIERREMG K4,
MEICAL 7r 4t 5 TOP3a M Z4E M, H MEICAL % T A3k £ & F 4k mshs
Fo heil0 49 4 &R XL K B, 3L MEICAL A B LM E 4G hk, 48K
RAB TR REAREG TR EE TE AR RINAFTHIEIRSEA
MERET AR R

1. Crossover guard: Meiotic chromosome association 1 (MEICAL) prevents

meiotic mishaps

During meiosis, recombination between allelic sequences on pairs of
homologous chromosomes forms crossovers; these crossovers help make sure that the
homologs segregate accurately. Meanwhile, cells must suppress recombination
between non-allelic sequences, and eukaryotes have evolved mechanisms to prevent
ectopic recombination. Mismatch repair proteins function with some helicases to
resolve inappropriate recombination and can stop the formation of a heteroduplex if

the region contains too many mismatches. Based on a genetic screen for sterile
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mutants in rice (Oryza sativa). Hu et al. identified MEICAL (meiotic chromosome
association 1), a novel protein that functions to regulate crossover formation.
MEICAL is a chromatin-associated protein during early meiosis. Loss of MEICA1
leads to non-homologous chromosome connection, the formation of massive
chromosome bridges, and fragments. Genetic analysis showed that MEICAL relies on
programmed DNA double-strand breaks (DSBs) mediated by SPO11, and functions
downstream in the same pathway as the recombinase Disrupted Meiotic cDNAL
(DMC1). Additionlly, MEICA1 has an anti-crossover activity: the crossover
formation defects in msh5 meical was suppressed compared with that in msh5. It
shows similar function with its interacted protein the type IA topoisomerase (TOP3a).
In conclusion, MEICAl play a pivotal role in preventing aberrant meiotic

recombination and regulating crossover formation during meiosis.
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| F &Rl . (B) MEICAL % K A 3001k B X L&/ i R Ak mshb 89 — k. (C) &a

KAFILER LT, meical R LA+, MER3. ZIP4, % HEIL0 XX ZMM & a1z 54 B

>
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Figure 1. Loss of MEICAL results in aberrant chromosome associations and bridges during
meiosis. (A) Meiotic chromosomes in the wild type and meical pollen mother cells (PMCs).
Aberrant associations are detected from pachytene to metaphase I. And chromosome fragments
present at anaphase |. (B) Disruption of MEICAL restores bivalent formation in msh5 background.
The bottom images show FISH analysis using 5S rDNA probes (green) in msh5 and msh5 meical,
respectively. (C) The numbers of ZMM foci are elevated in meical mutants. ****P < 0.0001; *P =

0.0257. Two-tailed Student’ s t tests. Bars, 5 jm.

2. ZYGOTENE 1 (ZYGO1) A= ¥ 9 E A% & GRS # A&

BHED EABEH, F CARRG m— A, iLPTH J G RsHE R E AR RN,
TS AF R B sm b e R M) . XA GRS SR, 1EA—/ 3 BART a9 RE o
REN, ARREERRSFo G BR s E T RIELIETETLOERN, £F
R, ABEAHILDM TSN E T — R A ERERRH RO ETLE T, 12k
BT & B At B AR AR T o B AT, A4 P ABE IR AR SR 5T HLF &
RiFER, RRABEKBFTRALT —ANHOLAEREIEEARTEERGET
ZYGOTENE 1 (ZYGO1l). £ zygol REARY, @AM EEARTRRE, KMk
N MY, AR AT . B f AN S A, MRS
BB, KmE IR —ANXABEAG R T, ZYGOL £ L #-h OsSAD1L
BRI R AL, JEHd ZYGOL =409 & ARB S E W&, 2T DSB &
5B A5 —FINET2FMH. B TRBEAMOEEARTETREMER, S THREN
FlRJ EARBLIT . B4k = £ ¥ . ZYGOL %A —A4i 49 F-box &
&, %% Al i F-box £ 3A= OSK1 & & Z4F, %% ZYGOL 45 % SCF &4
R 5, AIEAR I F SRR S R XA LA RANBTRE S RAB A
FERTEERM Y TR ELRT €& L8k,
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B 2. ZYGOL A4z KAGm A 5 R R T o (A) FARKBBERIEHFmaF, FEik
BERAETFHA—M.(B) FOLRRXALTRER DT, FAR RKASHX I LA F ML P,
FOeRKATAL. (C) zygol REMBEIAEH B mIaF, Faths ) BERSE, LKA
THEA e F . (D) zygol R Ehm &I G 9y B mied, RREEARR LRSI
AP @eZ5RTHES PAIRS 82 2R X, RETARUP A FHNEEHRITH, LEFT
A RFERMAXEZFG PAIR2 89 2 iE X, B2 5 A THRA LR LE G ZEPL 4917 A
X, AR LM ARIAET, PAIR2 #9125 2 A ZEPL fZ 58 A mZ i R, i
BfzD #% X, ZYGOLl REAFHRRARFEEARKLRZ L. FrR, 5Hm.

Figure 2. ZYGOI1 controls “chromosomal bouquet” fromation during rice meiosis. (A) In wild
type, meiotic chromosomes huddled into an aggregation around nucleolus of the zygotene pollen
mother cells (PMCs). (C) In zygol PMCs, meiotic chromosomes always scattered in the nucleus
during the post-leptotene stags before diakinesis. Immunofluorescence assay showed synapsis
patterns in both wild type (B) and zygol (D). PAIR3 (green) is used as a marker indicating
chromosome behaviors during early prophase I. PAIR2 (red), an axis-associated protein, exhibited
continuous signals along unpaired chromosomes, and faded to a trace after ZEP1 (blue) appeared.
In wild type, the synaptonemal complexs (SCs) is formed along the full length chromosomes at
pachytene (B). In zygol, only partial synapsis could be detected in those post-lepotene PMCs (D).
Bars, 5 pm.
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2. How meiotic chromosomes cluster into the “bouquet”

During one stage of meiosis, chromosomes huddle together and the chromosome
ends (telomeres) cluster in a limited area of the inner nuclear membrane. This cluster
of chromosomes looks like an attractively arranged bunch of flowers, so it is widely
called the “chromosomal bouquet”. Chromosomal bouquet formation happens in
nearly all plants, animals and fungi, and plays an important role in pairing of the
chromosomes and therefore progression of meiosis. So far, the underlying molecular
mechanism in plant species remains largely unknown. Based on a genetic screen for
sterile mutants in rice (Oryza sativa), we identified ZYGOTENE 1 (ZYGOL1), a novel
protein that regulates bouquet formation during early meiosis. zygol mutants fail to
form proper chromosomal bouquets and, therefore, lacking typical cells at this stage.
Immunolocalization assay showed that the polarized localization of OsSAD1, the
protein which could promote telomere movement, is also disturbed in zygol mutants.
Both results indicated that ZYGO1 participates in telomere bouquet formation.
Moreover, the failure chromosome clustering in zygol mutants further affects some
key meitoic events, including homolog pairing, synaptonemal complex assembly, and
crossover formation. ZYGO1 encodes an F-box protein, containing an F-box domain
with some conserved residues. Our results showed that ZYGOL1 interacts with the rice
SKP1-like protein 1 (OSK1) through its F-box domain, suggesting that ZYGO1
modulates bouquet formation as a component of cellular factors involved in breaking
down proteins. This investigation lays an important foundation for uncovering the

molecular mechanism underlying chromosome clustering during meiosis.
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1. Hu, Q#, Li, Y.#, Wang, H., Shen, Y., Zhang, C., Du, G., Tang, D., and Cheng,
Z.* (2017). Meiotic chromosome association 1 interacts with TOP3o and
regulates meiotic recombination in rice. Plant Cell 29: 1697-1708.
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Cytoskeletal Regulation in Plant Development and Immune Response

(Professor Zhaosheng Kong)
(—) HRHR

1. KTN8O A~FHi4h s b B F 6945 e 40 8]

A R m R B 69 £ 245, #F (Microtubules, MTs)J 2 & 5 &4+ & 269 4m
FOFAE, domfay 3, migiad) . mie SRR E %M. A s RAE T4
FE. MEBREAAZDAGHSHNE, LA 7 XA R ITERGTH, UhE
B2 R R B A R (A hAfd A ik 5. BEWF
(Microtubule Severing) &£ 7~ Bl i} X9k & 7| 093 S5 b & TR R A E
WE W EER & Katanin GRRT B AKX+ 77 katana —18]) EAHKTR, ZA46
R A —A- 60 kD &9 EA ATPase Moy L i p60 #=—A~ 80 kD #9¢L 4
WD-40 & 5 & 569985 A p80. thIM5EIAIERA, p60 7T AL EARMLE 694 F 4z
wHATIE, ZMEAHE,

BEMBFFTRXEREF R EFANZRBITRRE ., DIRESIELR A FAEHF
FhRR. 1Bd TG A G B AREHEA T E, REFALEmE BRI ERE 0
B\ FH, M3 T FmAa a5 Katanin SRt g n B R4 hu ] 69 4 4a AT o
AT AN, FHF ERALE T Wd I Katanin p60 %44 & & KTNL, & HiZ%
AHD KRG, Rrhmiaft K, @008 kAT AR ST AZ 5. REE 5T A
WA QI o AR, THRHERILKINL AN FHREEERFFRAL
A % & 3 X (Microtubule Crossovers) 42 & VA & # & #% & A& 4% (Microtubule
Nucleation){z %, B AMIBERRE LB AREZEZR TR R ENS TN
IR AR R R A A9AE R, B VT R KTNL €42 & A4k 2 i 4 4 52 5F ST AR G —
ANAZEG, LREZRALS BT, Fmle b e i Gakimeifie. 2L,
R O9AF R B AR — B R AN, 798, Katanin p60/p80 &k &9 AR 28 nx, 5y 7~
AR

ARAAARNBEF . @i LW F i M FETF BRI T IRE IR
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W EBLE . BRI E I P Katanin p80 4 KTN8O 4= p60 L& KTNL £ 7k =R
Wt XAEETFTmMER T, S REMEEE AR KTNSO EA A% SR, T
F KTN1I-KTN8O # R —RAFHEMEWEZE, @ p60 A KTNL /5§
KTN1-KTN80 Fik —FAReg>< FAR, RAH T ZBAIRGIFRAR A4k,
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B 1. KTN8O />3 Hidh m e o % a9 4 B 0 %)

£ B 27 KTN8O W % & 4 ktn80.1234 F KTN1 A B3R Z M E L. R K A %], W2 KTNL
B REAR luel F KTN8O AR B 4724, 12 REmBME; HRXEH% Katanin
KTNL/KTN8O & &by 40 3 B AE A AL o

Figure 1. KTN8O confers precision to microtubule severing by specific targeting of katanin

complexes in plant cells.
Left: In the absence of KTN80, KTN1 recruitment to MTs is completely disrupted, and MT

severing is abolished. In luel mutant, MT severing is also abolished but distribution and dynamic
behaviors of KTN80s are unaltered. Right: A schematic model depicting the formation of katanin

complexes and precise MT severing in living Arabidopsis cells.

1. KTN8O confers precision to microtubule severing by specific targeting of

katanin complexes in plant cells

Microtubules (MTs), one of the two cytoskeleton system in plant cells, play
crucial roles during plant cell morphogenesis, such as cell elongation, cell wall

biosynthesis, and hormonal signaling. Plant cortical MTs also act as sensors that
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respond to developmental and environmental stimuli via their dynamic
reorganization. Katanin-mediated MT severing provides a central pivot for MT
remodeling. Katanin(named after the Japanese sword, katana) complex is composed
of a 60-kD catalytic ATPase Associated with diverse cellular Activities (AAA) subunit
and an 80-kD WD-40 repeat-containing regulatory subunit. In vitro studies have
shown that the p60 subunit could randomly sever MTs along the length in the
presence of ATP.

Defective MT severing usually results in neuronal abnormalities (e.g.
Alzheimer’s disease), cerebellar syndrome, and dysgenesis. However, the complexity
of MT networks, which are often organized into thick bundles inside neurons and
spindles, has made katanin-mediated MT severing difficult to evaluate in living
animal cells. So far, the cortical MT array in Arabidopsisis is the only system in
which microtubule severing events can be directly observed. KTN1 is the first gene,
which encodes the p60 subunit, identified in Arabidopsis. Live-cell imaging showed
that KTN1 specifically localized either at MT crossover sites or branching nucleation
sites to achieve severing, in contrast to in vitro observations showing that KTN1
randomly severs single MTs along the length. So an open question arises how MT
severing is precisely controlled in vivo. In particular, how the p80 subunit participates
in precise MT severing and in forming the katanin supercomplex in vivo has not yet
been explored. Hence, the p80 subunit is the primary candidate for uncovering the
enigma of precise MT severing.

Here, we use live-cell imaging, genetic and biochemical approaches, to
investigate the in vivo function of katanin p80 subunits in MT severing. We revealed
that the katanin p60 subunit KTN1 and the p80 subunit KTN8O exist as a
KTN1-KTN80 heterodimer in the cytosol; KTN8O determines the precise targeting of
KTN1-KTN80 heterodimers to MTs, primarily at crossover and branching nucleation
sites. KTNL1 further triggers the oligomerization of the mixed types of KTN1-KTN80
heterodimers to de novo form a hexamer of katanin supercomplex at MTs. KTN1
forms the core module of the hexamer to perform MT-severing activities (Figure 1).

Our findings provide significant insights into the mechanism of precise MT
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severing in living cells. The elucidation of KTN80s in precise MT severing facilitates
in developing new strategies for various diseases, which are associated with defective

MT severing.

2. MM KWHRAE SNARE & @ SSO1 A= SSO2 #7 fk

X T # A H (Verticillium dahliae) & — 7 & F ARG R R EHE, © s
BEEFBHRT oY, ERENEERE. AT RAER I LI, KWi
HAFZARNCH L ZAN KX EZORXLEAOFERTR T 5w H 5. SNARE
% & (Soluble N-ethylmaleimide-sensitive factor attachment protein receptors) & —
AR ATHORTALS, CMNEET AGmIE ) EEFTEXERZN—F—
FobemioEeyaks I, A, BT KA HE SNARE & & 669 T %
FEPSE= SN

ARAAA AR GEEFF B, S RWHALHA T HA SNARE & & VdSsol
F2 VdSs02 BT — A P69 he K€ . BAREES T VdSsol A= VdSso2 49 R ik & &
BEGEITAE, ARRAMEATLER T T, £RXWHLHEA T VdSsol F= VdSso2
HIAT e VASsol Bk R EAR(UVdssol ) g £ Fo-F AR =4/, BH
B2 AKIER ; VdSs02 &% R LKA Vdsso2) 8 n A 50T 8 K EF, HHAE
BEER LSO AET T, LR LMEEKEELH (LA 2B,C). Ik, VdSsol
Fo VdSs02 ¥ wAx T ERBA LG RIEAAEL, AL 8 L6 SNARE & &
vdsncl #EZAER (LB 2D). BmMAN R T, AVdssol R AZKKT*EEH
MY BIRRE S, T AVdsso2 MMERERHKA (LB 2A). #—F AT ET,
AVdssol T VAF # 15 FAR A L mPe, 1R ANZRERE, AR RBERT.

LR R 4B, SNARE & @ VdSsol A= VdSso2 B A T~ 49 Bt = 4 A AL Ko
VdSsol £ & &S AT H K AT Fm 2342 F KAE XA, VdSso2 1) £ &4
DAERTEFAFHLERBEERY RESR. RARLERFEAEARLZ OfEE
BT 0t BREETELE, FAXWBHANGERET N AR5,
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Figure 2. SNARE protein VdSsol and VdSso2 show functional divergence in Verticillum dahliae.
(A) Disease symptoms of cotton plants infected by WT, 4Vdssol, AVdsso2, AVdssol/VdSsol-GFP
and AVdsso2/GFP-VdSso2 respectively. Photos were taken at 30 dpi. (B) Conidial germination
rate of each strain in Czapek-Dox medium at 12 hpi. (C) Conidiation of each strain. (D) Both
VdSsol-GFP and GFP-VdSso2 localize to plasma membrane and part of GFP-VdSso2 proteins
also localize to cytoplasm of vegetative hyphae.

51



2017 4R

2. Functional analysis of SNARE protein VdSsol and VdSso2 in Verticillium
dahlia

Verticillium dahliae is a devastating plant pathogenic fungus which causes
severe vascular wilts in hundreds of dicot plants. In order to successfully colonize
host plants, V. dahliae secrets an arsenal of effectors or virulence factors by utilizing
their secretory systems. Soluble N-ethylmaleimide-sensitive factor attachment protein
receptors (SNAREs) are highly conserved components and mediate cellular
membrane fusion, a critical step in secretory systems of eukaryotic cells. However,
little is known about their roles in V. dahliae.

In this study, we generated deletion mutants of genes encoding SNARE protein
VdSsol and VdSso2, whose yeast homologs Ssol and Sso2 are shown to be
functionally redundant. Intriguingly, VdSsol and VdSso2 show functional divergence
in V. dahliae. The VdSsol deletion mutant (4Vdssol) exhibits severe defects on
conidial germination, yet the deletion of VdSsol does not affect hyphal elongation. On
the contrary, the VdSso2 deletion mutant (4Vdsso2) is normal in conidial germination,
but shows significant impairment in hyphal elongation and abnormality in conidiation
(Figure 2B,C). Additionally, both VVdSsol and VdSso2 localize to plasma membrane
and septum of vegetative hyphae, and interact with the v-SNARE VdSncl which
localizes to secretory vesicles (Figure 2D). During pathogenicity assays, A4Vdssol
almost loses its pathogenicity on host plants while the deletion of VdSso2 has no
obvious effect on pathogenicity (Figure 2A). In particular, although AVdssol can
penetrate into epidermal cells from host plants, it cannot colonize into vascular tissues,
which explains the reason why it almost loses its pathogenicity on host plants.

Taken together, our findings uncover that VdSsol and VdSso2 own distinct
spatio-temporal functions. VdSsol mediates conidial germination and pathogenesis
while VdSso2 is involved in conidiation and polarized growth of vegetative hyphae.
Our findings shed light on the mechanisms underlying the Verticillium-plant

interaction.
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1. IPALRAKASTRBLABEEZTEL A AR FTORBAR AN THERET

KRR e B A — AP TR A AL R, AR R P AR T RO, At
1B A KIEBZ T 0T IFALD M F 6900 K, W0 A8 = &£, 2 RASF 54 AR
R, DMK F N E R R RE, B3 iy e AB{E 5 E205 5%
AR R0E &L Fe g AR, & N B E 5 &R0 LN XAy M ER
di ok, etk D14, SCF E3 #4852 44K+ 49 F-box & & D3, A {iAERET
D53, 124z 5 £ D53 Tty BALH i R F # . RiRAA 5 S4FH Kt KASH
AIE R SR 2 N BE A R BAT 5 ERIAT R RIRNGAT L, AT L& T KAGE A
# A A 7 IPAL (Ideal Plant Architecture 1), IPA1 %i 45 —A>4- SBP-box #9 4% % & F,
% 5iA4E % A4 K K F 242 (Jiao et al., Nat Genet, 2010), B AR A3 > X £ 2
F., BB, L5 T RBre N 585 P a9 K4k 7 A4 BT D53, AT T IR
£ N B51E 5 4 F a9 EpHl i E7HLH] (Jiang et al., Nature, 2013),

AFREYR, IPAL AR R EAREIAL G 0 BRGS0 (A, AR
e bl Jk By £ BE A LA A £ A4k rac-GR24 ;D53 & AT A& 5 IPAL & A
AEAER, R EHEFTEEEE, KAaodps Tk R AR, i, LRI IPAL
A L4254 D53 #9233 T & D53 A WA KK, MmHm i RIAT . X
LRBTT IPAL PR KA F A D3 T RRAT, 257 e NBi5E 5
&%, HAEXF D53 6yiEE,

G Rt — T BT T KAG P R e N B E TR R S BRI STHIE, &
A KAGE ARG TR B AR T TRt Ak
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Figure 1. The role of IPA1 in strigolactone signaling pathway in rice.

In absence of SLs, D53 protein binds to IPA1, and together with TPL/TPR proteins represses the
transcriptional activity of IPAL. In response to SLs, D53 is degraded by the proteasome system,
which in turn releases the repression of IPAl-regulated gene expression resulting in the SL
response. Moreover, we found that IPA1 can directly bind to the D53 promoter and upregulate

D53 expression, forming a negative feedback regulation loop.

1. IPA1 functions as a downstream transcription factor repressed by D53 in
strigolactone signaling in rice
Strigolactones (SLs), a class of carotenoid-derived plant hormones, repress shoot
branching and regulate many other developmental processes. In rice, branching is
known as tillering and is an important factor determining grain yield. SLs inhibite
tiller bud outgrowth, thus repress tiller number and regulate rice architecture. Several

components of SL signaling have been characterized: D14 is the SL receptor; D3 is an
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F-box protein in SCF E3 ligase complex; and D53 is the substrate of D3 and functions
as a repressor of SL signaling. However, signaling mechanism downstream of D53
remains elusive. Our lab has made great efforts in understanding the genetic basis of
rice plant architecture and SL biosynthetic and and signaling pathways. In previous
studies, we have identified ldeal Plant Architecture 1 (IPAl), which encodes a
SBP-box-containing transcription factor, as a key gene regulating rice plant
architecture and showing great potential in grain yield improvement (Jiao et al., Nat
Genet, 2010). We also revealed that D53 is the substrate of D3 and functions as the
key repressor of SL signaling (Jiang et al., Nature, 2013).

In this study, we found that loss-of-function mutants of ipal exhibit high tillering
phenotypes and were insensitive to exogenous treatment of rac-GR24, a synthetic
analog of SL, indicating that IPAL plays an important role in SL signaling. D53 could
interact with IPAL in vivo and in vitro, and suppresses the transcriptional activation
activity of IPAL. In addition, IPA1 binds directly to D53 promoter and plays a critical
role in the feedback regulation of SL-induced D53 expression. These results showed
that IPA1 is one of the long-expected transcription factors targed by D53 in SL
signaling. This study is an important progress of SL signaling, and provides a

powerful tool for molecular breeding in rice.

2. ¥ 3 (Taraxacum kok-saghyz Rodin) & B 48 /5 7| #8471 R AR AL &£ 40 S B B

AL

RABRBEARE Bib, Wk, AP EHHRE X T LRHZ—, 2016 F4
HIHALE A 1260 A A vk, FIELA 1791CE L. RERZRRKEEF XA, @
= et A T A AR Y, F R A E MR L AT 80%. BARF
Taraxacum kok-saghyz (TKS), X & FIr# ~ 3%, RILT SRS TEHRAK
A, BT EAEKEE, RARKESES, A KAREE, AxtHE L6
ARMA GRS L RAREILEE H F4HE, TKS —EHBOAARA THRMRH
B AR A R ARG 2 51 A Ao A 5258 50 0948 XA

A 538 iF PacBio % 4T 52 B (SMRT) M H AR 28 £ 2R T & A= 0k

56



2017 F3R

REXARAZR, ZARE KA 1.29Gb, scaffold N50 K & # 100.21kb, 27
MT 46,731 NEHA~TONE £ 75, Bid LA RETRNFHKEI>H, KA TKS
AABRZOREE, HERT LEARRBAAEXZNRERBALAR. £
REARMEABAMRS SLEZ 0 TERRGES P E—TRARAN 69 F R
tdh o BB R A S04, H 52 TRIRFF 16,169 N A £k, &4 1,907
AN KR Kok A BB 2R 7 R BAR X547 KL 340 N7 Kk B A B84
FEZWGER, HREERZTEMEAR T, @il BENLR RS- FEA X, @id5
FE AR AR S B R 28 A AE = AL A 90 65 8 A R A9 LU AT L, B R T RIRE P
BIR A R IEZFe B HE AR IE R, B R ILEZ /NP F, BIRESREZ A
Rt & I A EE LA R H 4, HtBAE MEP A iR & mA451E 2T AR
K BAEF AR, RRE MVAARIREE R ZTARHE £ FEK, it
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Figure 2. Rubber biosynthetic pathway in Taraxacum kok-saghyz.

Morphologies of Taraxacum kok-saghyz (Left). Rubber biosynthetic pathway in T. kok-saghyz
(Right). Expression levels of each gene in latex and eleven other tissues were shown by heatmap
using log10 (RPKM). RPKM, reads per kilobase per million mapped reads. YL, young leaf; ML,
mature leaf; YS, young stem; MS, mature stem; YMR, young main root; MMR, mature main root;

YLR, young lateral root; MLR, mature lateral root; LA, latex; PE, peduncle; FL, flower; SE, seed.

2. Genome analysis of Taraxacum kok-saghyz Rodin provides new insights into

rubber biosynthesis

The Russian dandelion Taraxacum kok-saghyz Rodin (TKS), a member of the
Composite family and a potential alternative source of natural rubber (NR) and inulin,
is an ideal model system for studying rubber biosynthesis. Here we present the draft
genome of TKS, the first assembled NR-producing weed plant. The draft TKS
genome assembly has a length of 1.29 Gb, containing 46,731 predicted protein-coding
genes and 68.56% repeats, in which the LTR-RT elements predominantly contribute
to the genome enlargement. We analyzed the heterozygous regions/genes, suggesting
its possible involvement in inbreeding depression. Through comparative studies
between rubber-producing and non-rubber-producing plants, we found that enzymes
of the mevalonate (MVA) pathway and rubber elongation might be critical for rubber
biosynthesis, and several key isoforms have been isolated and shown to be
predominantly expressed in the latex, indicating their crucial functions in rubber
biosynthesis. Moreover, for two important families in rubber elongation, the
CPT/CPTL and REF/SRPP families, diverse evolutionary tracks have been revealed.
These results provide valuable resources and new insights into the mechanism of NR

biosynthesis, and facilitate the development of alternative NR-producing crops.
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1. CRRIEMESEAWBHARE TR

MR F T IS R R R0 F — G AT TAR AR B AKARTE
Fe KMBHALEREZFT D BLELT AL ERMAERNERE S, AR K
BT ARG F B BR & & CRR1 A2JLT M B4 Chi28 Bk R T K W4 AU 49 22 2 BR
& G VASEPPL, 3T MNeyshRedtiT T RAY AT, %] CRR1 & Chi28 % i&
R F BARIL B9 S M 35, m it & & ik CRR1 & Chi28 3% 3% 2t X M 46 AL H 49
Fulk; VASEPPl ®9RER B FHEIR N ZF T, MEANFTFLRAN, £XE
A NAZES, Chi28 At 455 it B R IR & 4 M W 69 JLT i, VASEPPL fg 4% K fig
Chi28 L.k 3 LT ey, @ CRR1 il idA&% Chi28 494 4% VASEPPL %
it LR LERKA KXW HA HREARISMIMET A H S EEE. CRRL
89 ) B A ENT MEIUT BUAR R 69 50 R B JZ HUFI 3R T 37 69 5% AR 3 .

1. Functional characterization of CRR1 in response to \erticillium dahliae

invasion in cotton

The apoplast serves as the first battlefield between the plant hosts and invading
microbes; therefore, work on plant-pathogen interactions has increasingly focused on
apoplastic immunity. In the present study, we identified three apoplastic proteins
involved in chitin recognition during the interaction of cotton (Gossypium spp.) with
the fungal pathogen Verticillium dahliae. Among these apoplastic proteins, cotton host
cells secrete Chitinase28 (Chi28) and the cysteine-rich protein CRR1, while the
pathogen releases the proteinase VASEPP1. Biochemical analysis demonstrated that

Chi28 digests fungal chitin. VASEPP1 hydrolyzes Chi28, but CRR1 can stabilize
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Chi28 to protect it from degradation by VASEPP1. In accordance with the in vitro
results, CRR1 and Chi28 interacted in yeast and plant cells, and knockdown of CRR1
or Chi28 in cotton plants resulted in higher susceptibility to V. dahliae infection. By
contrast, knockout of VASEPP1 in V. dahliae destroyed the pathogenicity of this
fungus. Together, our results provide compelling evidence for a multilayered interplay
of factors in chitin perception in the cotton root apoplast. Apoplastic accumulation of

CRR1 represents a new mechanism for chitin-triggered plant innate immunity.

A 35S-GFP  35S-Chi28-mCherry Merge
Pull-down Loading input

MBP-CRR1 + - - + + - - +

MBP - 4+ + - - o+ 4+ -

GST-Chi28 - + - + - + - +

GST + - + - + - + -

GST-Chi28>» - = 35S-VASEPP1-GFP 35S-Chi28-mCherry Merge

GST > - -
Anti-GST
B V. dahliae V. dahliae
(dpi) 0 36 9 0 36 9

Chi28 "B «ws +. @8 W 88 88  35S-VdSEPP1-GFP 35S-Chi28-mCherry Merge

= = 5 = =

CBB staining

358-(+)RR1
35S-VdSEPP1-GFP 35S-Chi28-mCherry

B 1. CRR1 &9 1 Re 547 o

(A) CRR1 #= Chi28 #1 Z4% Bl ; (B) CRR1 #+ Chi £ 474 Fl; (C) VASEPP1 %k Chi28 7
ABFARIR R IR 69 R ; (D) CRR1 42 4L VASEPPL %} Chi28 & &% .

Figure 1. Functional analysis of cotton CRR1.

(A) CRRL1 interacts with Chi28. (B) CRR1 protects Chi28 from degradation. (C) VASEPP1 affects
the accumulation of Chi28 in root apoplast. (D) CRR1 perturbs the interaction between VASEPP1

and Chi28.
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2. “REXFRIE"Ch14-3-3d HEE R EREZEF R EIH

AR A — A F R WAEARARIE, KZRAER AR N, B AKRF g Rfe
ANTZTRER, RATAA XL Ghls-3-3d RA&EMEImE, Bk, AR
CRISPR/Cas9 43 &4 £ [ 48 % 48 7 a3t Gh14-3-3d A B #4743k, )38 4% 70 40 7%
TR, PCR ¥ 3. Sanger M FA= TTE| Ba3n 5047 & WAARFE S 45 45 2L R A Ak 69
e i &K A T IR £ A GG AN Fa bk & (indels) B & o 36 Kt —F 947, #%
R AENFR L R4 R R, AR RRTAE 54 T-DNA AR5 5,
E%HHE TL KR, Mk R4 T-DNA AN (RHARRT) AN RS RHER
TR, %R cel A= ce2. *f cel #= ce2 EREM KMBEHKHA, LXEAR
N RETREREF AR L, ARANMEFRG. AFRIZF O LELRR
YR TARTT AE A A TR ARG F AR Sum s At, AT R TEI, A
Gl R e N RS A N

2. Simultaneous editing of two copies of Gh14-3-3d gene confers enhanced
resistance to Verticillium dahliae in the transgene-clean cotton lines

Gossypium hirsutum is an allotetraploid species, and natural or artificial mutants
are difficult to obtain due to gene redundancy. In our study, the CRISPR/Cas9 genome
editing system was developed in G. hirsutum through editing the Gh14-3-3d gene. In
TO transgenic plants, large numbers of insertions and deletions (indels) in Gh14-3-3d
at the expected target site were detected in the allotetraploid cotton At or Dt
subgenomes. The PCR, T7EI digestion and sequencing analyses showed that the
indels of Gh14-3-3d gene could be stably transmitted to the next generation.
Additionally, the indels in the At and Dt subgenomes were segregated in the T1
transgenic plants following Mendelian law, independent of the T-DNA segregation.
Two homozygous Gh14-3-3d-edited plants free of T-DNA were selected by PCR and
sequencing analysis in the T1 plants, which were called transgene-clean editing plants
and designated as cel and ce2. The cel and ce2 in the T2 lines exhibited higher
resistance to \erticillium dahliae infection compared to the wild-type plants. Thus, the
two transgene-clean edited lines can be used as a germplasm to breed disease-resistant
cotton cultivars, avoiding the complex and expensive safety assessments of the
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transgenic plants.
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Figure 2. Development of transgene-clean Ghl4-3-3d-edited mutants and its resistance to V.
dahlia.

(A) T7EI digestion assay of the mutants at the target sites. (B) The indels of Gh14-3-3d at target
site of At or Dt subgenome in two represents, T0-24 and T0-25, by Sanger sequencing. (C) The
T-DNA free detected by PCR analysis in cel and ce2. Frl, Fr2 and Fr3 fragments located in
T-DNA. (D) Kanamycin-resistant analysis by painting leaves of cel and ce2 plants. (E) Disease

symptoms analysis of the cel and ce2 lines inoculated with V. dahlia.
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Plant cell communication and vegetable functional genomics

(Professor Cao Xu)
(—) MRER

A T AR = 55 ik R A R AR 0 5T AU A L AL

Aok mdAAELRRERIIRAEMA 2 EZRNEG R AORMEN
(Robustness), tbdm @44 80%49 £ K N R E R AL EARER R FHEF
4 K (Giaever et al., 2002), 58%#49 3% J X 3% R vk R 69 £ F K F (White et
al., 2013). H4 AR A S ARAE B B A4S F) AHE R, A@ A AL E R T A 5h
FARGEpant, LA ZAGAERIFLAET R, A T B &0HF% S
AR T LB RKG A, ke HHEWGERKRE, R £ R AR
POy AR R KA G HF LR ILE A E R T m e & o R ARG AL B CLV-WUS
EX—F5Egke, S KARNCLVIR LN, HFIREARCLEIN 4 FAKF &%k
P BRI VA IANME, T R L M AMZ B 74 (Responsive backup circuit), XFi%AMz
HUH A A AHE A o GG B AT A I, IXAPCLE MR A B A 69 12 ok AMZ L] 12
A F et BIEH P A, (LARBTHEAN —ANMEER, ALShE ke
o T E Ko A& P B CRISPRICasO i i k1 AME ML) 2 47 4 48 T LA K

BERBRERD, £HERZEHRG)TARTEAESOE NG %R
FOBTT AR Fmine) 2 EAMESE I e A & & R RABE G5 T AL
Fedt AL it AZ, FEBE T AL A4 R AAR M T IR R #E AL — 3 69 AT TATR .

Evolutionary rewiring of plant stem cell circuitry

Robustness is the ability of a system to canalize functions despite perturbations.
Genetic robustness of organisms largely relies on functional compensation, often
resulting from gene duplication that can provide functionally redundant paralogs. The

molecular basis of biological robustness and its evolution are longstanding questions
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in biology, but it is still poorly understood. Here, we show that a classical stem cell
circuit in plants has evolved a paralogous compensation mechanism to canalize stem
cell proliferation. In tomato, loss of the small signaling peptide gene CLAVATA3
causes transcriptional compensation of a paralogous gene, whose role, however, is
taken over by a group of paralogous genes without transcriptional change to achieve a
passive paralogous compensation in Arabidopsis. Synteny analysis and CRISPR/Cas9
editing of paralogous genes in different species show that the transcriptional
responsive paralogous compensation has transient lifetime during evolution in
Solanaceae, featured by an active paralogous gene for compensation in tomato and
physalis, and its pseudogenization in pepper and loss in potato and petunia. Our
findings provide an evolutionary view of paralogous compensation achieved by
retention and loss of paralogs in gene duplication that buffers plant stem cell

hemostasis to achieve biological robustness.

A B C
WT slelv3
SICLVS /—3 slelv3 /ﬁ % "3 Cluster 2
sicLEg \ . ‘0
~ R 2 @ Tomato CLE
Wt Y o0 ey . ® Other Solanaceae CLE
w Gy @ Arabidopsis CLE

o 4 XID1 ¢ Other Brassicaceae CLE

receptors

e

WUSTother TFs WUST other TFs

B1. M4 S GCLER FAMZER

(A-B) Hi#h %K Fafoifiz @ sseg TR, FAA (A)Fslclv3R TR (B). (C) #ftEs+F
AR 4Ae & CLE® & Kkt R it 5 R £ 547,

Figure 1. Rewired CLE compensation signaling circuitry in plants.

(A, B) Model showing normal and rewired tomato stem cell feedback circuits in WT (A) and
slclv3d mutant (B). (C) Clustering diagram of CLE proteins in different species of Solanaceae and

Brassicaceae.
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Cell Wall Biology in Plant

(Professor Yihua Zhou)
(—) HRiER

1. REmRRE £ 2m o5 KRB B IHARG ST HH

RABRKFGR ARSI REZNFALER, KRBEFHTLEE. AREF
% R IR AR T R LE A, VA R PTATAR T Re 09 Ko TBLILAE A mie BE
Lk B — ARSI X, IR SRS T R Rt mIeEE 5 R M P A
BT EZHER, B ARRASE L TSR R AL B R AT AR, 5%
CH VK EECB RSB K A B min i L —x o) TBALK-F A=y
A, BLTEH CBREGEEN AL, 12mBEEA R P £ CBILEE— A AM A . &
AR A5 i T FF 728 64F, IR T R4 5 AL Flomic 2955 F K,
RILT —/ B8 R RBEAE CBEALK-F0985BS1. KASGHE R T ARbs1-E A I # .
$hA oot RAERF A A, B4z %1% X IBSLE B % 7 — A~ GDSL &5 8 K 7% (Plant
GDSL lipase/esterase-like family) & R . Efafi &8, BSIZZTi RA
R bEo B A R e R BARG Wm0 EE x5 LT — R PR AT, REARI
bslR Ethmpe it b S CBBE 228, BEZRARAKBTREIZHFHLER
KA. M ERMHSQC) ATt — T A T R LARF LRSI T R E., K
ALK IEH EHABSIE G LA RREAECBEREE M, BRI D45 FHaE,
EFEE. FFSARAKED ) FFRHIL, RS WIFE T kA8 % (LC-QTOF) A= 4%
B AR ATEYIRIE, R YIBS1A KRAECBLESEE, BSLAEE SR AR AE R e
BEEE P B AL, HORRLFEGLEN, tmHaka b EE REMEK,
A8 %k TAE . & % f£Nature Plants_£(2017, 3: 17017), 4% Bl #ANature Plants#Fi£ .
AITAET B AASF K £ B (31530051). 973 H (2013CB127001). P BA+5 1%
%% % 171 (XDA08010103-3) o H 1% 2 89 K Bl o
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1. Understanding the mechanism of xylan deacetylation and its function in rice
Xylan is a major hemicellulose of rice cell wall. It often crosslinks with cellulose,
lignin and other cell-wall polymers to form proper architecture to fit with the cell
functions. Acetylation is a ubiquitous modification on cell wall polymers, which
mediates the interlinking between polymers, and thus promotes to assemble wall
architecture. Therefore, acetylation modification on cell wall polymers is tightly
controlled. To dynamically maintain a certain acetyl-ester level, the plants need to be
able to both acetylate and deacetylate, so deacetylases that work antagonistically to
acetyltransferases likely exist in plant cells. However, this kind of enzyme has never
been reported. Here, we reported that BS1 is a xylan deacetylase and functions in
removal of acetyl-esters from xylan backbone, which is crucial for secondary wall
formation and patterning. brittle leaf sheathl (bsl) is a rice mutant, which show
pleiotropic phenotypes, including dwarfism, brittle leaf sheath, few tillers, and
withering leaves. Cell wall composition and xylan structure characterizations showed
that the mutant xylans contain increased wall-bound acetyl esters. Enzyme Kinetics
and activity assays on acetylated sugars and xylooligosaccharides demonstrated that
BS1 is a xylan deacetylase, which specifically cleaves acetyl moieties from the xylan
backbone at O-2 and O-3 position of xylopyranosyl residues. The enzymatic products
were further confirmed by liquid chromatography-mass spectroscopy and nuclear
magnetic resonance analyses. Moreover, BS1 is preferentially expressed in secondary
wall-enriched vascular bundles and sclerenchyma cells. Mutation in this protein led to
impaired secondary wall patterning and abnormal growth phenotypes. It is the first
time to reveal that the acetyl-ester profile is controlled by the process of deacetylation
and outline a new mechanism in acetylation regulation. This work has been published
in Nature Plants on March, 2017 (2017, 3: 17017), and was commented in the same
issue. This research was supported by the National Natural Science Foundation of
China (31530051), the Ministry of Sciences and Technology of China
(2013CB127001), Chinese Academy of Sciences (XDA08010103-3), and Youth

Innovation Promotion Association CAS (2016094).
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Figure 1. Xylan deacetylase BS1 catalyzes deacetylation of xylan backbone and regulates
secondary wall function in rice. (a) HSQC spectra to show altered acetylation pattern on bsl xylan
backbone. (b) Examination of Km value of recombinant BS1 to Tri-Ac-MeXylan. (c) BS1 is
localized in the Golgi apparatus. (d) SEM graphs to show varied secondary wall pattern in xylem
vessels of wild type and bsl. Bars = 5 um. (e) Diagram of OsTBL1 and BS1 working model for

acetylation regulation of xylan backbone.

2. KAGIERAE CCCH #H# X AR K ERT RN T
REBAWWEERFGOTHELDMT R, LERLEZHAGAE, XF
NAC. MYB ¥ X R 894 T B TR T AR M %, AR B HMMRN I &A1 5
W EIRR AR A DS R. Rt A A KT 26 RAEE TR . Increase
leaf anglel (ILAL)AZ & A1AF 50 48 AT A A AF HR 38 49 18 4 ok £ B 5 ik 89 Raf-like
MAPKKK & &, ZAF%& & ILAL interacting proteind (11P4) 2 & B8 BRL &4, H A4
WF A, KA A CRISPR/Cas9 A B AR K AIH T iipd B TR, AN
ARTRRERFREARIE I, HEFRAEZ>EEH LI, K9 1IP4 A
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BRAGREEG G R REWAENFL T AEMFARTAIL, IP4 5k AR LR
T E x4 B -F NAC29/NAC31 ZAE, #Hl L T#HpriAELAR. 4= MYB61,
CESA4. CESA7. CESA9 #g & A, M THA LB & . ma ILAL BRER AL &Y 1IP4
Tz RAXRE, mleB P& @R, FER@EEBETHEEEA
NAC29/NAC3L ##2, B it 7 T af ik R 69 & R fok £ B & ko Xt 1IP4 84 5
PRI, ©REAAEE G 6E#RA CCCH A 5 (C-X4-C-X10-C-X2-H). 1IP4
FlR&EQEMMT S 28 L7ERT, BTADRGE RN, IP4 3RS
AR LT AR T A RAE B M. AT REAT T ILAL-IIP 8913 5 4%
FiBF, HEPKGRERG RS THARBET T 2KE. MXFLCA
Molecular Plant £ % & % (DOI: 10.1016/j.molp.2017.11.004). Z AT 2 T
A R4S A 4 B (31125019, 31370310). + B4} 52 1% & F % 51 (XDA08010103-3)

FoHF R AT,

2. Anuncanonical CCCH-tandem zinc finger protein represses secondary wall

synthesis in rice

Secondary cell wall (SCW) is the most abundant renewable bioploymer on earth.
Due to its importance in cellular functions, SCW biosynthesis is under a tight control.
A number of NAC and MYB transcriptional factors constitute a complicated
regulatory network to orchestrate SCW formation in responses to various in vivo and
environmental stimuli. However, among this network, very few are repressors. ILAL
Interacting Proteind (11P4) is a function unknown protein and a phosphorylated
substrate of ILA1, a previously reported Raf-like MAPKKK regulating the formation
of SCW in rice. To reveal the regulator pathway 11P4 involves, we generated iip4
mutants using CRISPR/Cas9 approach. IIP4 interacts with NAC29/NAC31, the
higher-level regulators of secondary wall synthesis, and suppresses the expression of
the down-stream targeting genes, such as MYB61, CESA4, CESA7, and CESA9,
leading to compromised SCW formation. ILAL1 mediated phosphorylation on 11P4
protein alters its subcellular localization. Phosphomimic 11P4 proteins translocate
from the nucleus to the cytoplasm, which releases interacting NACs and attenuates
the repression function. SCW formation is thereby promoted. Sequence alignment
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found a regular tandem repeats of unreported CCCH motifs (C-X4-C-X10-C-X2-H)
in 11P4, referred it to as uncanonical CCCH-tandem zinc finger protein. [IP4
homologs are widely found in most plant species and are evolutionarily conserved,
imply that their functions are fundamental. In addition, lesion in 11P4 strengthens
mechanical properties. Our study reveals the ILAL1-11P4 mediated regulatory cascade
for control of secondary wall synthesis and provides a targeting gene for improving
lodge resistance in rice. The relevant work has been published in Molecular Plant
online (DOI: 10.1016/j.molp.2017.11.004). This work was supported by grants from
the National Natural Science Foundation of China (31125019, 31370310), Chinese
Academy of Sciences (XDAO08010103-3), and Youth Innovation Promotion
Association CAS (2016094).
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RERKRABERZ (e) ILAL-1IPA 6938428 35 Aotk AL AL,

Figure 2. 1IP4 is a repressor for secondary wall formation. (a and b) Split-luciferase
complementation and BiFC assays to show I1P4 interacting with NAC29. Bars = 20 um in (b). (c)
The CCCH motif structure in IIP4. (d) SEM images of sclerenchyma cells in the internodes of

wild type and iip4. Bars = 2 um. (e) ILA1-11P4 regulatory pathway for secondary wall formation.
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Molecular Genetics in Plant Development and Disease Resistance
(Professor Lihuang Zhu)

(—) HER

FAGE R EE Pid3 R T HFLERFONEA AFRT

R E A ERRGA S, FRAIAERF) A FAGR IS A B 6 R AG oA 2 45
FIAGIE IR O KA K&, B AT SLIE G S AGE R A B AT 30, 125 S AR AL T
Bl —AMz b LS AR, i T ARSI A RAAERREA GIETRRE, KA
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Figure 1. The flowchart of 31 haplotypes of Pid3, and geographic distributions of functional

haplotypes of Pid3.

Allelic variation of the rice blast resistance gene Pid3 in cultivated rice
worldwide

Rice blast, caused by the filamentous ascomycete M. oryzae, is the most
devastating rice fungus disease worldwide. It has been proven that deployment of
cultivars with resistance (R) genes is the most effective and eco-friendly approach for
the control of rice blast. To date, at least 69 rice blast R loci have been identified, of
which 16 loci harboring more than 30 R genes/alleles have been cloned and
functionally analyzed in detail. In recent years, a trend has become clear: a significant
number of newly cloned rice blast R genes have finally been verified as being allelic
to one of the previously cloned rice blast R genes, and fewer represent a new rice
blast R locus. Considering that allelic rice blast R genes may confer distinct resistance
spectra to M. oryzae isolates, we believe that allele mining of cloned rice blast R
genes in rice germplasms would reveal more favorable R alleles for rice blast
resistance breeding.

In this study, the re-sequencing data from 3,000 rice genomes project (3K RGP)
was used to analyze the allelic variation at the rice blast resistance (R) Pid3 locus. A
total of 40 haplotypes were identified based on 71 nucleotide polymorphic sites
among 2621 Pid3 homozygous alleles in the 3k genomes. Pid3 alleles in most

japonica rice accessions were pseudogenes due to premature stop mutations, while
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those in most indica rice accessions were identical to the functional haplotype Hap_6,
which had a similar resistance spectrum as the previously reported Pid3 gene. By
sequencing and CAPS marker analyzing the Pid3 alleles in widespread cultivars in
China, we verified that Hap_6 had been widely deployed in indica rice breeding of
China. Thus, we suggest that the priority for utilization of the Pid3 locus in rice
breeding should be on introducing the functional Pid3 alleles into japonica rice
cultivars and the functional alleles of non-Hap_6 haplotypes into indica rice cultivars

for increasing genetic diversity.
(Z) #RmR
B

1. Wu, Q4#, Liu, X.#, Yin, D., Yuan, H., Xie, Q., Zhao, X., Li, X., Zhu, L., Li, S.*,
and Li, D.* (2017). Constitutive expression of OsDof4, encoding a C,-C; zinc
finger transcription factor, confesses its distinct flowering effects under long- and
short-day photoperiods in rice (Oryza sativa L.). BMC Plant Biol 17: 166.

2. Du, H# Yu, Y.#, Ma, Y.#, Gao, Q.# Cao, Y.#, Chen, Z.,, Ma, B., Qi, M., Li, Y.,
Zhao, X., Wang, J., Liu, K., Qin, P., Yang, X., Zhu, L., Li, S.*, and Liang, C.*
(2017). Sequencing and de novo assembly of a near complete indica rice genome.
Nat Commun 8: 15324.

3. Xie, Q#, Liu, X.#, Zhang, Y .#, Tang, J., Yin, D., Fan, B., Zhu, L., Han, L., Song,
G.*, and Li, D.* (2017). Identification and characterization of microRNA319a
and its putative target gene, PvVPCF5, in the bioenergy grass switchgrass
(Panicum virgatum). Front Plant Sci 8: 396.

4. Lv, Q., Huang, Z., Xu, X., Tang, Li., Liu, H., Wang, C., Zhou, Z., Xin, Y., Xing,
J., Peng, Z., Li, X., Zheng, T.*, and Zhu, L.* (2017). Allelic variation of the rice
blast resistance gene Pid3 in cultivated rice worldwide. Sci Rep 7: 10362.

5. Li, W., Zhu, Z., Chern, M., Yin, J,, Yang, C., Ran, L., Cheng, M., He, M., Wang,
K., Wang, J., Zhou, X., Zhu, X., Chen, Z., Wang, J., Zhao, W., Ma, B., Qin, P.,
Chen, W., Wang, Y., Liu, J., Wang, W., Wu, X,, Li, P., Wang, J., Zhu, L., Li, S.,
and Chen, X.* (2017). A natural allele of a transcription tactor in rice confers
broad-spectrum blast resistance. Cell 170: 114-126.

6. Liu, J# Cheng, X.# Liu, P, Li, D., Chen, T., Gu, X,, and Sun, J.* (2017).
MicroRNA319-regulated TCPs interact with FBHs and PFT1 to coordinately
activate CO transcription and promote photoperiodic flowering in Arabidopsis..
PLoS Genet 13: e1006833.

79



2017 4R

7. Liu, Y., Wang, K., Li, D., Yan, J., and Zhang, W.* (2017). Enhanced cold
tolerance and tillering in switchgrass (Panicum virgatum L.) by heterologous
expression of Osa-miR393a. Plant Cell Physiol 58: 2226-2240.

(=) #REAE

Azt GRAMAK), AREE. FXF

80



2017 F3R

EYHRIERN S FHE

81



2017 4R

FHRBRIERHE (FEXIREH)

Molecular Mechanism of Jasmonate Action

(Professor Chuanyou Li)
(—) HizER

WLy I+ LUH I v 18 32 XA BR A~ 49 L 40 B5 B

R AN BRI A 3 HARARAS "B X R A £ R R R H T R L. B
HREF MYC2 59 Ak T MED25 4 s 4t Tk £ 40, MERAMRANF4
HREIRAE, KAmERAEWOH G . £#FEREST, JAZ ZA@383%K%
F 89 Groucho Kz ¥ 69244 -F TPL k4% MYC2 694 K&, s T &%
R, AN ERERANRSE &, 048 JAZ EEmiT MYC2 “&%
Pl KRB MYC2 545 T BT MED25 A8 ZAF A, #t fig i KA BR
ot K2 A ) 69 & 3K o KA VLG AT 7 AL, Groucho K& ¥ % — M i LUH &£ MYC2
WER A B AR Rk AR KRR ASEER . MED25 5 LUH A4 4,
% LUH 483 %] MYC2 #4572 #)F X; LUH X — #F MED25 /£ MYC2
AR AT RABR. LUH LT TAHHFEERTAE G LR A #4458 HACL
A#IE, FHAT HACL £ MYC2 ¥etr e # T R 69483 . Rabdeit, LUH &
ST AT 3 ¥ T8 5§49 MYC2 5 MED25 A& MED25 5 HACL #9 Z4%, i
AT MYC2 BFERABag AR KL, LAEXLMAE, FEF XA MYC2,
MED25 A% HACL i, Hidn 4k T it & Il R B e R A R A S 48 % % LUH
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Figure 1. LUH positively regulates jasmonate-mediated plant immunity. (A) LUH promotes
MeJA-induced interaction between MYC2 and MED25. (B) The mode of action of LUH in

regulating jasmonate-responsive genes. (C) LUH-OE plants show enhanced resistance to insects

attack.

LUH positively regulates jasmonate-signaled plant defense

Jasmonate plays vital roles in regulating plant defense responses against
mechanical wounding, herbivore attack and pathogen infection. In Arabidopsis
thaliana, the master transcription factor MYC2 interacts with the Mediator subunit

MED25 and forms a functional transcription complex named MMC, which
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orchestrates a genome-wide transcriptional program that regulates diverse aspects of
jasmonate responses. In the resting state, Jasmonate ZIM domain (JAZ) proteins
repress MMC through recruiting TOPLESS (TPL), a member of the conserved
Groucho (Gro)/Tupl-like  transcriptional co-repressor  family. Upon
hormone-triggered degradation of JAZ repressors, MMC is liberated to activate
jasmonate-responsive genes. Here we report the action mechanism of
LEUNIG_HOMOLOG (LUH), another Gro/Tupl family protein, to activate MMC.
MED?25 recruits LUH to MYC2 target promoters through physical interaction; In turn,
LUH facilitates jasmonate-induced recruitment of MED25 to MYC2 target promoters.
LUH also interacts with HISTONE ACETYLTRANSFERASE OF THE CBP
FAMILY1 (HACL1) and facilitates the recruitment of this co-activator to MYC2 target
promoters. Moreover, we found that LUH plays a critical role in hormone-induced
enhancement of protein interactions among MYC2, MED25 and HAC1 and that
overexpression of LUH leads to enhanced plant resistance. Our results reveal that
LUH, in cooperation with MED25 and HACL1 through its distinct domains, imposes a
selective advantage on MMC activation. In the context that overexpression of MYC2,
MED?25 or HACL fails to enhance plant resistance, our work reveals that LUH plays a
critical role in cooperating MYC2 with its multiple coactivators to optimize the

transcriptional output of MMC.
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Genetic Control of Plant Morphogenesis

(Professor Yonghong Wang)
(—) MRER

DEAEAMBAKRBEBRANERLRENR, FRELZELH EEH R
ThAREEKRESERARE WX, AALKBEE R BT RIS GEA KL
AR BT EAREAE RS IAER %L RGBS IMEFREEL. &F
K, ARAMARILERBGYERALAE N B 5T IFAF P BATT &t
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B/, €.2958/4NFH R A& B 423246 N B8 R 2R H . A& AT HFFRiceNet, & vh 2
AHEEL R, KEGG pathway A RGOS RLESE—#, RETKBEES
B AEM%L, s ERFEAMLE, KMNFHED —ANAFHra R ET
Gravitropic Response 9 (GTRO)F=—A ik vk 2 45 % B T GTR4. GTROZ) fit 4k & F=
GTRAR I FF) I8 A& ] (GTRAH) 2 At £ & B ¥ 5 BOKAGHLAR GG £ & 77 RO 855 B

ERAENK (AD. #— 5 WAL ET, GTROTRAALKE L RKEHR, @
GTRAAGTRAHAF 3o A K F AT, H AT AR ZARZARTARKEL,
FRGTRAZGTRAHT b A A K F T R E A et B KGR BEAE ) R
Fo VAL AMZE N RIZRIENERLORERERET EE2XE,

FT R, AN AL R A; AR EFOFR, LBELERKF LHFRTIHF
T RB R ERE TR KER T, BITERFENFOKAEH R A K AE
MR, AHRA KA A GG P B BB KAG S AT 6935 B R E 2R B A A & A
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Figure 1. GTR9, GTR4, and GTR4H could regulate rice shoot gravitropic response and tiller angle.
(A) gRT-PCR validation of RNA-Seq results of GTR9, GTR4, and GTR4H. Values are means +=SE
(n=23).

(B) Phenotypes of the wild type and gtr9, CR-gtr4, CR-gtr4h and CR-gtr4/ gtr4h at ripening stage.

Bars = 10 cm.

Rice tiller angle is a key agronomic trait for achieving ideal plant architecture
and increasing grain yield. Shoot gravitropism has shown to be involved in tiller angle
regulation. However, the mechanisms of rice shoot gravitropism and tiller angle are
largely unknown. Therefore, it is of important theoretical significance and application

prospect to dissect the regulatory network of shoot gravitropism and rice tiller angle.

1. Exploring regulatory network of rice tiller angle through dynamic
transcriptome analysis of shoot gravitropism

In our previous study, the dynamic transcriptome data revealed that rice shoot
gravitropic response is divided into two stages, early and late stages. Totally 4204
differentially expressed genes (DEGS), including 958 early stage DEGs and 3246 late
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stage DEGs, were identified. Based on RiceNet, KEGG pathway and GO analysis, we
found that gravitropic DEGs are indeed functional related and formed a complex
regulatory network. We further focused on an early stage DEG, Gravitropic Response
9 (GTR9) and a late stage DEG, GTR4. Loss of function ofGTR9, as well as GTR4 and
its homozygous gene GTR4H, resulted in larger tiller angle and reduced gravitropic
response (Figure 1). Further study showed that GTR9 may function upstream of auxin
in shoot gravitopic response and GTR4 and GTR4H may control rice tiller angle and
shoot gravitropic response downstream of auxin. These results provide important
clues for exploring regulatory network of rice tiller angle mediated by shoot
gravitropism.

Next, we will use transcriptome and genetics analysis to further identify the key
factors that function upstream and downstream of auxin involved in the regulation of
rice tiller angle and shoot gravitropism. Then, we will study the biological function of
the key factors and their interaction proteins as well as their downstream target genes
to explore the molecular mechanism of auxin-mediated tiller angle control. Our study
will contribute to the genetic manipulation of plant architecture and the breeding of

high-yield crops in the future.

2. KBS BA BN EBLAZYIN LA AT R

AT — T BT ERBEAE ) RO B %, A8 T IE 6 F= R 6 44 5
FH IR LR T 10N KA A R TR, & % Alazy3 (la3)£1al2. A AT, &A1E
BITIa3 R EARBAT T RN L. QB3R TR HSEARLIEZRTHAAR, Ak
L35 E S ROE B G . SATVR R Bz e T k5 B T LA3A B 5 i i i 4% B A
FIEXTLAIRE K AGH GG E ) RS A B A A9 AR AT T B0k, #E—F 8d
FRET, LASRML— et hg it k& @, A& GHONKRA ARG T4
RSB IR P, X553 TLAMTAE e R L& 9. 1a3R LK%y A3 et
Hmiafeth E N mieF 9 AR RHEKBDEFRKTHAR FHLAK
FM @ E e ht 7 L 2 FAKT I AR B LA3 A8 8 8 T K AG b K R %
MAKAGH LRI E R, AMIATEARZTHEKRZSA, #migs K
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R LR E ) R AN EER K.

ATt — P BTFLAIRE I ARG A Rt Ao BE A R G9ALIE, RATE i IR
#Z (Immunoprecipitation, IP)Ff 45 &3 4 #7(Mass spectrometry, MASS)#9 75 & %
% 2] 7T —ALA348 & G LA3 INTERACTING PROTEIN 1 (LIP1), Bimolecular
Fluorescence Complementation (BiFC)#9 45 X 2 ~LIP1 5 LA3 & vt E4k F Z 4%
(Figure 2A). LIP12 — A~ 5 iz 4 K ift 48 % 49 8%, 38 i3 CRISPR-Cas944 K 4l #1] 49 LIP1
ReHR R R BARIpLE I A B3 K. HARECA £ K69 & A (Figure 2B). lipl®
THRGSEAZE 5la3E R EHRAKIAS lipl WRERG R EREH LI E £ 57
(Figure 2C#=22D), B LA3™ V@i SLIPIEER ARG ERE, ©MNE
RIERBGYERA LT @z TR —ANEEF. £ET RO T, SMNFKFE—F o
ALA3E L 5 LIPLEARRIZKAG D B A K IH, ABTLARIEE /) R A5
EARNSTHEREL SR L

2. Cloning and functional analysis of LAZY3 that controls rice tiller angle

To further explore regulatory network of shoot gravitropism and rice tiller angle,
we screened and identified ten large tiller angle mutants, named from lazy3 (la3) to
lal2, through forward and reverse genetic approaches. We focused on the la3 for
in-depth investigation, and found that the la3mutants displayed defective shoot
gravitropism and increased tiller angle compared to the wild type plants. We isolated
the LA3gene using map-based cloning approach and verified its functions via genetic
complementation test. LA3 encoded a previously unknown protein that localized in
the rice chloroplast. The chloroplast-targeting transit peptide in the N-terminus of
LA3 protein was essential for its involvement in the control of rice tiller angle. We
also found that the starch content and the number of starch granules in the sheath of
shoot bases and internode cells of the young culm were significantly decreased in the
la3mutant. In addition, the capacity of lateral auxin transport (LAT) was significantly
decreased in la3. These results suggested that LA3 could control rice tiller angle
through regulating starch metabolism and gravity sensing of rice shoot, which could
in turn modulate auxin distribution and rice shoot gravitropism.

To reveal the LA3-involved mechanism of starch metabolism and rice tiller angle,
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we identified a LA3 interacting protein (LIP1) through immunoprecipitation-mass
spectrometry (IP-MASS) technology. We confirmed the interaction between LA3 and
LIP1in chloroplast by biomolecular fluorescent complementation (BiFC) test (Figure
2A). We generated liplmutant plants by CRISPR-Cas9 technology. The liplmutant
exhibited increased tiller angle with spread growth habit (Figure 2B) and the tiller
angle of liplwas comparable to the la3single mutant and la3 lipldouble mutant
(Figure 2C and 2D), suggesting that LA3 and LIP1 may act in the same genetic
pathway in the regulation of rice tiller angle. We will further study the function of
LA3 involved in rice tillering angle through interaction with LIP1 and reveal the
molecular mechanism of LA3-mediated shoot gravitropism and tiller angle.
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Figure 2. LA3 may regulate rice tiller angle through interacting with LIP1.

(A) LA3 could interact with LIP1in the rice chloroplasts. Bars = 10 pm.

(B) Phenotypes of CR-lip1-1land CR-lip1-2 mutant plants at the booting stage. Bars = 20 cm.

(C) Gross morphologies of the la3-1, lipl-land la3-1lipl-1plants at booting stage. Bars = 20 cm.
(D) Statistical analysis of tiller angle of the la3-1, lip1-1 and la3-1lipl-1plants at booting stage.
Data are given as means #5SD. (n = 10). Different letters above the column indicate statistically

significant difference (P<0.01) determined by Duncan's new multiple range method.
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Molecular Mechanism of Ubiquitination and Plant Abiotic Stress
Signaling

(Professor Qi Xie)
(—) MiREHR

1. AHERAD-F# A 65 Tk &

MR R A8 X 89 & @ 5 R (ERAD) & — A= T A i M a9 457k 0 2 X & @ B
RIERRER, AR EDKRNIEEHITERMSHOE G RIE T RIEEZ A
Y F ERAD 7t 69 & 0%, ERAD &M% R AR & & O KT8 =481,
AMREETAEAKRKET, RAGERITE a2 81K, ERAD #F a5
RIEFZR OGN FHEEM, BibE %@ ERAD -F#(ERAD tuning) FiE3 %
KEESWEROSE. 122 Bartadhih ) ERAD #F 0L 4 T 52 hRE 5 69
#, T ERAD -F#a95F 0y 2 X Vs

KRG R AR ED, AR EEEAKFLT, hABRTEE S
¥ H Ak, HRD1i@ i & 422 F it 4 MUBC32 (DOAL0E A4k 1) #RiELERAD
EMA T EAKF, XA R NERAD-F#r 89 B 1 4RE, B LIE T %A
SAZE N F AR T B AL o A2 B LG9 ATF 5T TAF K ILUBC324F A i% & 45685 7T VA
B 32 HRD1 £ 44k 69 48 9 AtOS9. UBC32 1 # i 42 AtOS9#) & & 42 % M+
(Chen et al., Mol Plant, 2017), iX /N K L 5 L BAvH SL B0 4 F 69 5F 5CAR L EFHE T & 5
44 +#HRD1E5DOALOBE AN B SR Z 8] B a4l e 2, #E—F AR T &AM
3t & % 4 44k HERAD ZERAD-F 7 69 ik 1%

1. ERAD tuning of the HRD1 complex component AtOS9 is modulated by an
ER-bound E2, UBC32
ERAD (Endoplasmic Reticulum-Associated Degradation) is a special ubiquitin
proteasome system located on endoplasmic reticulum (ER) and is responsible for

removing mis-folded or unfolded proteins retained in ER and cytosol. Based on its
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importance in cell life, the ERAD activity was strictly controlled by internal level of
mis-folded proteins. Under steady state, when there were fewer mis-folded proteins in
cells, too-high level of ERAD activity led to the mis-regulation of proteins in cells.
Therefore, some key components were down-regulated by ERAD tuning process to
keep a low level of ERAD activity. However little is known in plant field.

Our lab focuses on the plant ERAD function. HRD1 and DOA10 complexes are
two major complexes involved in ERAD in eukaryote. A previous work showed
HRD1 targets UBC32 (DOA10 component) for degradation under steady state and
that was the first report on ERAD tuning in plant science. Based on these findings, we
recently found a reversed ERAD tuning, in which AtOS9, a component in HRD1
complex, is targeted by UBC32. UBC32 can interact with AtOS9 and negatively
regulated the stability of AtOSO.

A recent work in mouse also showed there was a similar regulation mechanism.
Thus, both works revealed there is an antagonistic effect between HRD1 and DOA10
complexes in higher eukaryote and these findings deepened our understanding of

ERAD tuning.

1. A#AE4 FHRDLE &k A=DOAL0 A A 1hta A by o T AL

Figure.1. HRD1 and DOAL0 complexes antagonize each other in higher eukaryote.

2. WS RS 5T Foh g RAEIFS TR

TFHb RPN ERATOITZRNF, CAFHYRLE O ETLZRAZ
—o Et, TS AETFFEMT TG A KK fo il Fubk Ko AR
SRR R Bl B o PE A
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Figure 2. A proposed model for CDKC;2 function in cell division and the effect on drought

tolerance.

2. Loss of CDKC;2 increases both cell division and drought tolerance in
Arabidopsis thaliana

Cyclin-dependent kinases (CDKSs) play key regulatory roles in cell cycle
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progression and transcription. But previous studies have demonstrated that there is no
direct evidence that CDKC;2 is involved in cell cycle regulation.

Recently, our lab isolated and characterized drought tolerance mutantl (dtm1) in
Arabidopsis using forward genetic screening method. Furthermore, the loss of
AtDTML1 increases cell division during leaf development. The phenotype is caused by
the loss of CYCLIN-DEPENDENT KINASE C;2 (CDKC;2). Our work revealed how
CDKC;2 works in plant growth and drought response. We provides knowledge to
understand the mechanisms between plant development and drought response, in
which CDKC;2 is a key player. Under standard growth condition loss function of
CDKC;2 promotes plant growth and under drought condition it reduces water
evaporation from plant leaves resulting in the drought tolerance. This gene might be

used in agronomic trait improvement and crop breeding.
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Plant Ethylene Signaling and Control of Oil and Abiotic Stress
Tolerance

(Professor Jinsong Zhang)
(—) WRiER

T 1 8 i ) KA BR A AR F AR 4 Fe iE 3F AP K

KRG T RN, A48 BRIk, PR, IR BAR Kot R,
Hdr, A AR AR F B AOAY KALHE T KASSh S £ B, FRAT Y AR fe iR F 2
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Figure 1. GY1 natural variant GY13"°" associates with long mesocotyl in rice cultivars.

The mesocotyl and coleoptile of wild type rice seedling (Oryza sativa var. Nip, left) is shorter than
that of O. sativa var. Kasalath (right). This is because wild type has a 376G SNP in GY1 gene
which resulted in short cells in mesocotyl and coleoptile (left, dark blue cells). In contrast,
Kasalath has a 376T SNP in GY1 gene which resulted in long cells in mesocotyl and coleoptile

(right, dark blue cells).

Ethylene-inhibited jasmonic acid biosynthesis promotes mesocotyl/coleoptile
elongation of etiolated rice seedlings

Rice is an important crop worldwide and direct sowing on dry upland is a trend
to save labor and water. Elongation of the mesocotyl and coleoptile facilitates the
emergence of rice seedlings from soil, and this process is affected by various genetic
and environment factors. The regulatory mechanism underlying this process remains
largely unclear.

Professors Jin-Song Zhang’s group and Shou-Yi Chen’s group, from Institute of

Genetics and Developmental Biology, Chinese Academy of Sciences, in collaboration
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with Professor Zhi-Kang Li’s team, from Chinese Academy of Agricultural Sciences,
discovered the mechanism for mesocotyl/coleoptile elongation in etiolated rice
seedlings. They found this novel regulatory mechanism of mesocotyl and coleoptile
growth by characterizing a gaoyaol (gyl) mutant that exhibits a longer mesocotyl and
longer coleoptile than its original variety of rice (Oryza sativa). GY1 was identified
through map-based cloning and encodes a PLA1-type phospholipase that localizes in
chloroplasts. GY1 functions at the initial step of jasmonic acid (JA) biosynthesis to
repress mesocotyl and coleoptile elongation in etiolated rice seedlings. Ethylene
inhibits the expression of GY1 and other genes in the JA biosynthesis pathway to
reduce JA levels and enhance mesocotyl and coleoptile growth by promoting cell
elongation. Genetically, GY1 acts downstream of the OsEIN2-mediated ethylene
signaling pathway to regulate mesocotyl/coleoptile growth. Through analysis of the
re-sequencing data from 3,000 rice accessions, a single natural variation of the GY1

gene, GY1¥'®"

, was identified, which contributes to mesocotyl elongation in rice
varieties (Figure 1). Since the rice cultivars in China have a very low frequency of this
elite allele, introduction of this allele into the various cultivars should broaden its use
in breeding. This study reveals novel insights into the regulatory mechanism of
mesocotyl/coleoptile elongation, and should have practical applications in rice
breeding programs. This work has been published online in Plant Cell on May 2,

2017.
(=) HHRmR
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Ethylene-inhibited jasmonic acid biosynthesis promotes mesocotyl/coleoptile
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Nitric Oxide Signal Transduction and Nitrogen Nutrition in Crop

(Professor Jianru Zuo)
(—) MiREHR

— & RETAEZ R T R0 A

— #A A (nitric oxide, NO) & —ANEZ W5 5F, S H5REILFHA NG
Fil%, NORER TH FH L ZMNHZ— LK GMS-BAH B, @K
& A& FF IR A G A 69 28 T HNORK ! S kT2 AK A #7LEF (S-NO)
893 A2, S-TAH AR — A & BAR T ORI T AL R F a REFE 54, F
ERAZ—REERHEOMEMIEFSEH. &G A8 F L4485 (protein
argine methyltransferase5, PRMT5) 2 —ANE & A A4 & E R T 6985, 1EL
A B ER AT ARPE LT B AASAR, R4 B Epre-mRNAT 2R a9 40200, Ik
PRMTSARREFH T ERFHRIEEMER T FFF 4R, BATHPRMTSE
BRI F Fn

AGRAR A AT A8 L A AR AL & G R AT 5 K ILPRMTS & & A 12 T2 4k A AL
B4l 3 —F 89547 K ILPRMTS % 12545 3 bk 8L #k L AK A 1546 . AL 3k
Bi% Az B 69154538 7% TPRMTS Z A& & 69845 5 . & & i i, NOi@ it PRMTS
% 12542 CyshyS- T aK A5 46 B A dx L BGF, St MR TAHMWIRA K O R 45 A8
SEARPEIT R ALK P, Eprmt5-1K TARF FTF, PRMTES™ 4 & H(Cys-125%
TARRRERMENALHGSe) R AT RERERKAFHRIGH AR, 22%FH
TR AR AR P8 0 AR R A 3G i A RBR AT AR LT ALK F
{82, PRMT5'2S/prmt5-1 694 AR W F £ K-FH AL %5 S, ZAL EH
Mié AR % 2 B pre-mRNA® F % 0 — 2. KAV K I T A Y b % 569
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Figure 1. NO regulates the PRMTS5 activity by S-nitrosylation during stress responses in plants. (A)
Analysis of S-nitrosylation of PRMT5 in vivo. (B) Analysis of the methylation of histone H4
catalyzed by His-PRMT5 and His-PRMT5%*%. (C) Analysis of pre-mRNA splicing of
AT1G18160 by RT-PCR. (D) Five-day-old seedlings germinated and grown on 1/2 MS medium

containing 150 mM NacCl or / and 50 M DSNO.

Nitric oxide regulates protein methylation during stress response in plants

Nitric oxide (NO) is an important cellular signaling molecule and involved in the
regulation of various processes. The major bioactivity of NO is executed by
regulating the activity of proteins through S-nitrosylation, a highly conserved
posttranslational modification that covalently links an NO group to the reactive Cys
thiol of a protein to form an SNO and regulates diverse biological processes. However,
little is known about the biochemical and genetic regulation mechanism of
S-nitrosylation. Methylation is also an important posttranslational modification.
PRMT5 (protein argine methyltransferaseb), a highly conserved protein in higher

eukaryotes, catalyzes Arg symmetric dimethylation, including key components of the
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spliceosome. The Arabidopsis prmt5 mutant shows severe developmental defects and
impaired stress responses. However, little is known about the mechanisms regulating
the PRMT5 activity.

We found that PRMT5 is an S-nitrosylated protein in a nitrosopsoteomic study.
Further studies showed that Cys-125 of PRMT5 is S-nitrosylated and S-nitrosylation
enhances the methyltransferase activity of PRMT5. In response to stresses, NO
positively regulates the PRMT5 activity through S-nitrosylation at Cys-125 and
enhances the level of protein Arg symmetric dimethylation. In prmt5-1 plants, a
PRMT5%*%S transgene, carrying a non-nitrosylatable mutation at Cys-125, fully
rescues the developmental defects, but not the stress hypersensitive phenotype and the
responsiveness to NO during stress responses. Moreover, the salt-induced Arg
symmetric dimethylation is abolished in PRMT5%%%/prmt5-1 plants, correlated to
aberrant splicing of pre-mRNA derived from a stress-related gene. These findings
define a mechanism by which plants transduce stress-triggered NO signal to protein
methylation machinery through S-nitrosylation of PRMT5 in response to

environmental alterations.
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. Me Me
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Figure 2. A working model of S-nitrosylation and methylation coordinately regulate stress

responses in plants.
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Interactions between Plant and Root Microbiome

(Professor Yang Bai)
(—) MRER
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1. Method of culturomics for plant microbiota

The development of 16S amplicon sequencing allows efficient identification of
bacterial diversity and relative abundance in plant microbiota. Plant roots enrich
taxonomically defined microbial communities comparing with unplanted soil.
However, due to the limitation of microbial cultivation, plant microbiota’s functions
are still unclear. The main difficulty is that less than 1% of environmental microbes
can be cultured in the laboratory condition. We have established the culturomics
method for plant microbiota, capturing 64% Arabidopsis root bacteria (Figure 1). We
are culturing root microbes in Arabidopsis thaliana and crops. We have cultured and
sequenced over 60,000 bacterial isolates, and 900 fungal isolates from plants grown in

natural soils.
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Figure 1. Pipeline of culturomics for plant microbiota.
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Figure 2. Co-occurrence network of marker OTUs in foxtail millet rhizoplane microbiota

2. Plant microbiome in plant yield

The root microbes play pivotal roles in plant productivity, nutrient uptakes, and
disease resistance. The root microbial community structure has been extensively
investigated by 16S/18S/ITS amplicons and metagenomic sequencing in crops and
model plants. However, the functional associations between root microbes and host
plant growth are poorly understood. This work investigates the root bacterial
community of foxtail millet (Setaria italica) and its potential effects on host plant
productivity. We determined the bacterial composition of 2882 samples from foxtail
millet rhizoplane, rhizosphere and corresponding bulk soils from 2 well-separated
geographic locations by 16S rRNA gene amplicon sequencing. We identified 16 109
operational taxonomic units (OTUs), and defined 187 OTUs as shared rhizoplane core
OTUs. The B-diversity analysis revealed that microhabitat was the major factor
shaping foxtail millet root bacterial community, followed by geographic locations.
Large-scale association analysis identified the potential beneficial bacteria correlated

with plant high productivity. Besides, the functional prediction revealed specific
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pathways enriched in foxtail millet rhizoplane bacterial community. We systematically

described the root bacterial community structure of foxtail millet and found its core

rhizoplane bacterial members. Our results demonstrated that host plants enrich

specific bacteria and functions in the rhizoplane. The potentially beneficial bacteria

may serve as a valuable knowledge foundation for bio-fertilizer development in

agriculture.
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HRWEMBHRSEYRRE (FRERES)

Mechanisms of Pathogen Infection and Defense in Plant

(Professor Rongxiang Fang)
(—) MiRiER

1. MARTAEKREGLANERESE: WHRFEHRRAHEDRARE

R R AR R A AR P B S AT AT AR B IR AY R R . A AR B A
# Ik B (Proline iminopeptidase, PIP) *+ F ¥ i% % #% % j# ¥ (Xanthomonas
campestris pv. campestris, Xcc) &9 HmHER L FE G, HAES M X mE P L
AT Mo 2PIPRBURMIZ R RF . ARAAWA LK, PIPIEAMEBEF) %
8 AR T, Mpaldlm X A R e KA, pipdysk R F B Xcem A LA F A 1%
c-di-GMP &Y 51K, M MEN FWEHMIEZR, T EApips, WHAKLA
Cc-di-GMP &3 /u, MZMH EF)MHEMRITo KRAVLE ZILPIPZ —AF AL GG11AE!
ik B ARRAE LT, FPIPAERE MM a T Rk, HIFFARMIL, #Hpip
I A M 3T X et 42 F £ HRk, PIP:E i3 F /K4 8% (Salicylic acid, SA) & mA=1z 5
B FRBFIIHY LG R AP PIPA YRR LB S, A ERR
W EAFEAZ R, PIPRE AR T AR 6T M4, dART @B EE,
3t IR B9 R AR, X R BT MM AR F g EAEA AL P A B AR R

(LEL.

1. A dual role for proline iminopeptidase in regulating bacterial motility and
host immunity
During plant-pathogen interactions, pathogenic bacteria have evolved multiple
strategies to cope with the sophisticated defense systems of host plants. Proline
iminopeptidase (PIP) is essential to Xanthomonas campestris pv. campestris (Xcc)
virulence, and conserved in many plant-associated bacteria, but its pathogenic

mechanism remains unclear. In this study, we found that disrupting pip in Xcc
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enhanced its flagella-mediated bacterial motility by decreasing intracellular c-di-GMP
levels, and overexpression of pip restricted bacterial motility by elevating c-di-GMP
levels. Higher bacterial titers were observed in the pip-overexpressed plants compared
to the wild-type plants after Xcc inoculation. The repressive function of PIP on plant
immunity acted through interfering with the salicylic acid (SA)-biosynthetic and
regulatory genes. PIP exerts its functions depending on its enzymatic activity. Thus,
PIP simultaneously regulates two distinct regulatory networks during plant-microbe
interactions, i.e. coordinating bacterial behavior, such as motility, and functioning as a
type Il effector translocated into plant cells to suppress plant immunity. Both
processes provide bacteria with the regulatory potential to rapidly adapt to complex
environments, and improve the chances of bacterial survival by helping pathogens to

inhabit the internal tissues of host plants (Figure 1).

Flagellum\y}, \/ i -

PIP

*|— PIP

Plant cell /

Bacterium

\

B 1.PIP £ Xcc B8 T M4 P a9 AEER,

Figure 1. Working model for PIP’s function in both Xcc and host plant.

2. OsPIL15 RiAERSHEAE
DR EAMRKASHBGERREMIR, FRAKRGYERLGAENIE,
HETFIEH HAKGHRAE, ERIGRESE. MARAKE LT LA TF A LA
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EHMA T AR ABSER, BAARAFREAE KA T I, KRBT R
RI, KAGPILISVEA —ANKB AR EF EAFR TS A ARSI EAL. £
PP HIPILISAS K RAE MO AT A mE5, D EAEE K, HHhsH. LHEEB
(phyB) & £ & & K L] 20 /3% 20 89 K 4K, phyBR T ARF=PIL15d & ik 45 5K
AR BA E2E /) HIEIRAR S BE A R e R A Bl EphyBR TR PARE £
Z@PILIS & 8. £ — FFF L KAPILISE G A B FHTMRE, A b T %M.
ARAEAELER, AAMIERIPILISAE A —A 7R T A A E 7 15 5 8= KA
SERE (LE2),

l!l 1, AW

RD-22
g h
w0 Dark DLO5h DL1h DL3h DLéh DLSh
T - WT phyB > .
5 w < OsPIL15 e - an o= < OsPIL15
—_— . B B ==
H 20-
HSP
— g——— HSP e — — — ———

phyB
B 2. OsPIL15 fi A48 KA 9 28 A o
(@) SbEApa] PILLS 4% 3 R AL 4 Ak A 53
(b) SHEApHl PIL1S 408 X & A Pk,
(c)A=(e) PIL15 it & A 4 K B 4= phyB R TR B AR I BEA E R A,
(d)A=(f) PIL15 it & & 4% Sk WA= phyB R R AR%h & 89 £ F ) 138 3% ;
(0) phyB ® TARILEFAAMRME £ %49 PILLS & G
(h) PIL15 & & X% $ &/,
Figure 2. OsPIL15 negatively regulates rice tiller angle.
(a) Dominant negative OsPIL15 (RD) plants exhibit a tiller-spreading phenotype.
(b) RD seedings reduce shoot gravitropism.
(c) and (e) OsPIL15-overexpressing (OX) and phyB mutant plants display a smaller tiller angle.
(d) and (f) OX and phyB mutant seedlings enhance shoot gravitropism.
(9) More OsPIL15 protein accumulated in phyB plants than wild type.

(h) OsPIL15 protein is degraded under light.
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2. OsPIL15 negatively regulates rice tiller angle

Tiller angle of cereal crops is a key agronomic trait that contributes to grain
production. Understanding of how tiller angle is controlled is helpful for achieving
ideal plant architecture to improve grain yield. The molecular mechanism underlying
the regulation of tiller angle remains unknown. Phytochrome-interacting factors (PIFs)
are known to regulate seed germination, seedling skotomorphogenesis, shade
avoidance and flowering in Arabidopsis thaliana. Here, we report that OsPIL15, a
rice PIF, that negatively regulates tiller angle. Dominant-negative OsPIL15 plants
displayed a larger tiller angle, which was associated with reduced shoot gravitropism.
Phytochrome B (phyB) is the main photoreceptor perceiving the low red:far-red ratio
of shade light. Compared with wild-type rice plants, both loss-of-function phyB plants
and OsPIL15-overexpressing plants showed smaller tiller angles and enhanced shoot
gravitropism. In addition, more OsPIL15 protein accumulated in phyB plants than in
wild-type plants, and OsPIL15 was degraded under light. OsPIL15 is proposed to be a

negative regulator that integrates light and gravity signals to control tiller angle in rice

(Figure 2).
(=) HARAR
74

1. Xie, C.#, Zhang, G.#, Zhang, Y.#, Song, X., Guo, H., Chen, X.*, and Fang, R.*
(2017). SRWD1, a novel target gene of DELLA and WRKY proteins, participates
in the development and immune response of rice (Oryza sativa L.). Sci Bull 62:
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13006-13011.
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RNA Silencing and Dissection of Disease Resistance in Plants

(Professor Hui-Shan Guo)
(—) MRER

KA A A —F 2R R LR, B8 R AR RS, AL
BAsIAPENEERET, AR BRMES—F, KWEHANEEIRR%
Z— RSB R A EM MR, TR IZ R ; 12K 5 ib M e ik 18
ML) VAR 5y iss & B AR RAFIR T o

1. KTRHEIREQERERFL

AR AN K WM AR LMW ARG L EFET KXW
BHAZREIREY SR EOF L ELGHT T KK WEAH B LRI AR E
HoAe F FATAR| F AR IR, S RNAZHA L6, FEATFHTHREA L7 (B
1A) , HE5EFEHREFEELENFTER @, B Mo D5 a0 K I KA
B @ i 4R 414 Septinb F= F-actin VAR IR FS X (Septin 3R) €4z T8 LR, &
R ALK KZE 5 E Septin 3725 (B 1B) ; 4 &A£EF ER @A K
SR ET Septin AW LRI FML, t—FFRANEOHERT
VdSec22, VdSyn8 A= ftet ik 2 H VAEX070 & 5o is & & 09 i Andbin, ek
HERPLE QR GAEWERLRE LHRIAZA; VdSep5, VdSec22, VdSyn8 A
VAEX070 % [ 69 3% R TARE B & #5616 K8 4 8 A AR L L a9 B8Rt

TR R EREET KW ALF IR Septins &9 ik & G 452 L4, BP
Septinb B R&Z O AW LHFBEFTB AT AR-FENFER @, TASHHL
REEA; ARBTT KA H GG A B AR F M XA 5k 2%
M), &KW HALE R IZ F AR 69 X 42155 A& (Zhou et al., PLoS Pathog, 2017).
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Figure 1. (A) Transmission electron microscopy analysis of V. dahliae HP, hyphopodium; HN,

hyphal neck; IH, invasive hypha. (B) VdSCP8-GFP, VdSCP9-GFP and VdSCP10-GFP rings

localized outside of the VdSep5-RFP ring. (C) Simple schematic of secretory protein preferential

delivery to the hyphal neck in V. dahliae.

1. Secretory proteins are delivered to the septin-organized penetration

interface during root infection by Verticillium dahliae

Successful infection of the host requires secretion of effector proteins to evade or
suppress plant immunity. Secretion of effectors in root-infecting fungal pathogens,
however, remains unexplored. We previously reported that Verticillium dahliae, a
root-infecting phytopathogenic fungus, develops a penetration peg from a
hyphopodium to infect cotton roots. In this study, we report that a septin ring,
requiring VdSep5, partitions the  hyphopodium and the invasive hypha and form
the specialized fungus-host interface. The mutant strain, Vd4noxb, in which NADPH

oxidase B (VdNoxB) is deleted, impaired formation of the septin ring at the hyphal
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neck, indicating that NADPH oxidases regulate septin ring organization. Using GFP
tagging and live cell imaging, we observed that several signal peptide containing
secreted proteins showed ring signal accumulation/secretion at the penetration
interface surrounding the hyphal neck. Targeted mutation for VdSep5 reduced the
delivery rate of secretory proteins to the penetration interface. Blocking the secretory
pathway by disrupting the vesicular trafficking factors, VdSec22 and VdSyn8, or the
exocyst subunit, VdExo70, also arrested delivery of the secreted proteins inside the
hyphopodium. Reduced virulence was observed when cotton roots were infected with
Vd4sep5, Vdasec22, VdAsyn8 and VdAexo70 mutants compared to infection with the
isogenic wild-type VV592. Taken together, our data demonstrate that the hyphal neck is
an important site for protein secretion during plant root infection, and that the multiple

secretory routes are involved in the secretion (Zhou et al., PLoS Pathog, 2017).

2. KWBHEBRLERKEY TR
B AT K 3AL A P & R IAE B IR A, 512 ETI 69 0T MY, HFH
) R R AR A5 BLAE S NARL A e AR 32 R T RO 69 3R B T o RATVAE AT K R AL
BTN & QR T, KIL—FE A ALt B A 7R 69 20 4~ F VASCP7,
C A AR AT T, AR AR R A ik R 35 R N AL tm R Ot € A% B e R A%
(B 2A) ; VASCP7 itz 2z & T IR R LG = A& XA £ IRALFF
WA KGR BRAE (R HAEH) O, AmAERRIFE (ki g
STALA 947 G b s VASCP7 89 25 R 3k R TARAEAREF T L6 BUR /) 83348 3%
(B 2B) , WHAARIEF L P TR LA H AL RIRA VASCPT, #iEHdh
%.9%% (B 2C) - VASCP7 A B AN AL F 4% K I 694 E A2 22 4-F (Zhang et al.,
New Phytol, 2017).

2. The Verticillium-specific protein VASCP7 localizes to the plant nucleus and
modulates immunity to fungal infections

Fungal pathogens secrete effector proteins to suppress plant basal defense for

successful colonization. Resistant plants, however, can recognize effectors by cognate

R proteins to induce effector-triggered immunity (ETI). By analyzing secretomes of
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the vascular fungal pathogen Verticillium dahliae, we identified a novel secreted
protein VASCP7 that targets the plant nucleus. The green fluorescent protein
(GFP)-tagged VdSCP7 gene with either a mutated nuclear localization signal motif or
with additional nuclear export signal was transiently expressed in Nicotiana
benthamiana, and investigated for induction of plant immunity. The role of VdSCP7
in V. dahliae pathogenicity was characterized by gene knockout and complementation,
and GFP labeling. Expression of the VdSCP7 gene in N. benthamiana activated both
salicylic acid and jasmonate signaling, and altered the plant’s susceptibility to the
pathogens Botrytis cinerea and Phytophthora capsici. The immune response activated
by VASCP7 was highly dependent on its initial extracellular secretion and subsequent
nuclear localization in plants. Knockout of the VASCP7 gene significantly enhanced V.
dahliae aggressiveness on cotton. GFP-labeled VASCP7 is secreted by V. dahliae and
accumulates in the plant nucleus. We conclude that VdSCP7 is a novel effector
protein that targets the host nucleus to modulate plant immunity, and suggest that
plants can recognize VdSCP7 to activate ETI during fungal infection (Zhang et al.,
New Phytol, 2017).

A B C  Host-V.dahliae

Inoculation with V592-SCP7-GFP  V.dahliae(V592) e Vdsc:: (y

&

& it

P7
¢ Vdsc

Plant cell

B 2. (A) VASCP7-GFP M /R B 2 it th k35 Rt NA#L Ay 0 6 % 42 B fm JeA% ; (B) VASCP7
A AR R LR (Avdscp7-1) 3E3% T 34/ 789 £09 Bm e (C) VASCPT 4484k %.9% 18
T & A

Figure 2. (A) VASCP7 is secreted and able to accumulate in the nucleus of onion epidermal cells.

(B) Knockout of VdSCP7 gene enhances aggressiveness of V. dahliae virulence on host cotton
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plants. (C) Hypothesis of VdSCP7 function in Nicotiana benthamiana and during Verticillium

dahliae-host interaction.
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Molecular Interactions between Plant and Microbe

(Professor Jun Liu)
(—) MRER

1. HpBREFAREEARRS T QOER

AR R R R AN TSR IAAT ER T2 ER. CANRE R
TR RREELIFANZE T A LMy &OFREMER, AaFadls8mit. A
W, X R REE A 3T R AR R P 094 R AP AR Y R AR . ARG AT R IS tm
B Pseudomonas syringae pv. tomato DC3000 (Pst)4Z # Bt 2k 1% K % 09 2 B & A 4%
BF bl £ —/EHLecRK-IX.209 & & X Pst=A £ s K R (AL 5
RREEEG) kT, EAPtIES W4, HENTRAGTHEXRONERN, £
Y R RTAT T, BA il J7 B & 8 9L X 5T 5T LA 69 9% T 1R A AR IR
R, M = A ke E A K (ROS). calloset #2 & A A MAPK 4 3% 1% 12 0 i3 & 5
GARAPTl. KAV A, lecrk-ix.2R TARITPTIA 6 2 B R IEAK, BF T A
A& L5 TPTI®EAL,

=R, ZARLERKIERTHADPStA S, R TR IZEA
BRI THRREEA RRR SR ELE T RN ZARRDFE O ERR L
MEZZAORONDAEAES T EH, B AT HEFTART, KA KN
LecRK-IX.248 3745 4R #i 14 & & # B CPKs & #% B% JCRbohD ; #% 82 1L &9 RbohD ¥T 14
1R BEROSHY = A FH I3 KADBR 09 A ax, TR R AIRAF M . RATVRGFF & LA
T AR KIRA AR = £ T 5 KGBRE T BB EEFRAARLR, FRAT
#7869 %% 18 5

|

1. The Arabidopsis LecRK-1X.2 mediates pattern-triggered salicylic acid
signaling
Plant surface-localized pathogen recognition receptors (PRRS) perceive conserved

microbial features, termed pathogen-associated molecular patterns (PAMPS), resulting
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in disease resistance. PAMP perception leads to calcium influx, mitogen-activated
protein kinase (MAPK) activation, a burst of reactive oxygen species (ROS) mediated
by RbohD, accumulation of the defense hormone salicylic acid (SA) and callose
deposition. Lectin receptor-like kinases (LecRKSs) belong to a specific PRR family
and are important players in plant innate immunity. We discover that LecRK-1X.2 is a
positive regulator of PRR-triggered immunity. Pathogen infection activated the
transcription of Arabidopsis LecRK-1X.2, and the LecRK-1X.2 knockout lines
exhibited enhanced susceptibility to virulent Pseudomonas syringae pv. tomato
DC3000 (Pst). In addition, LecRK-IX.2 is capable of inducing RbohD
phosphorylation, likely by recruiting calcium dependent protein kinases (CPKs) to
trigger ROS production in Arabidopsis. Overexpression of LecRK-I1X.2 resulted in
elevated ROS, SA, and enhanced systemic acquired resistance (SAR) to Pst. Our
study highlights the importance of LecRKs in plant immune signaling and SA

accumulation.

no pathogens

- Pst DC3000
+
ca’ = g

- ‘Hz Dz

” lemm [U LecrkeRBOID 7
. " & /.

l SID2

L | \

l

PTI

SAR

B 1 LecCRK-IX2A$69 %z A : S H BT B mEZ LN, AREABDOREL K
LecRK-IX.2 43 3 ”"CPKs % # % fLRbohD, {1 #:ROSH#) = £ R K H# (SA) & &k, FRAFH
PTI#=2SAR.

Figure 1. LecRK-I1X.2-mediated immune response: When plants perceive pathogen infection,
some L-type lectin receptor kinases (LecRKS) are activated. The activated LecRKs recruit CPKs

to phosphorylate RbohD, leading to PTI activation, ROS production, and the subsequent
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ROS-triggered SA accumulation. As a result, plant disease resistance is enhanced.

2. ARBEKREAFEBEAREIZ L

KERFRAKEAEF L —NERRE, TELFL=ZHFHALRE,
B I ILEE AR R . KRR R LK £10~30%, B E Wk Tik
60%. RIFEHIAIAZERE TS, BTUREREMNTHF, EarMFToRET £,
KPR B AT XA RIFA G b, FRARLRB T REGLG G, 80FKAMNE R

B R AT R B R A UM A9 K 8 se AP, {2 A BY ] A, XS L KT
. BAT, T XKERBRGIRNFFRREATETSFE AT BATZRK
89 R AWAF], BAVABRIT K P DA HIEAE, EBIERE T RI& B DA
“RFLET”, oM T IR AR K E KR,

AT ENT MiZme EmME, RMNARNZRKMFERSFKRERHEREA
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4 69 Circos-plota#7; (F) Bom A B %,
Figure 2. (A) Disease circle of C. sojina on soybean leaf. (B-D) Disease symptom and infection

hyphae. (E) Circos-plot of C. sojina. (F) Gene clusters of secondary metabolites.

2. Genome sequencing and comparative genomics of Cercospora sojina Hara
Frogeye leaf spot (FLS), caused by Cercospora sojina Hara, is a common
disease of soybean in most soybean-growing countries of the world. In China, this
pathogen causes severe yield loss in the main soybean growing region. In order to
study the pathogenicity of this pathogen on soybean, we report a high quality genome
sequence of C. sojina by Single Molecule Real-Time (SMRT) sequencing method.
The 40.8 Mb genome encodes 11,655 predicated genes, and 8,474 genes are revealed
by RNA sequencing. C. sojina genome contains large numbers of gene clusters that
are involved in synthesis of secondary metabolites, including mycotoxins and
pigments. However, much less carbohydrate-binding module (CBM) protein encoding
genes are identified in C. sojina genome, when compared to other phytopathogenic
fungi. Bioinformatics analysis reveals that C. sojina harbors about 752 secreted
proteins, and 233 of them are effectors. During early infection, the genes for
metabolite biosynthesis and effectors are significantly enriched, suggesting that they
may play essential roles in pathogenicity. We further identify 13 effectors that can
inhibit BAX-induced cell death. Taken together, our results provide insights into the

infection mechanisms of C. sojina on soybean.
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Activation of ethylene signaling pathways enhances disease resistance by
regulating ROS and phytoalexin production in rice. Plant J 89: 338-353.
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The Molecular Genetics of Plant Defense

(Professor Dongping Lu)

(—) WRER
Mg E NGB ME T RHER

ZEANA—MHEZWABAEMEQREFEEIGT X, CRETHSEMEE
At Z AN IAZ) R =5 A BRI R 2, 5 Ald EL, E2, #= E3 RAEAL,
HREEZEEMAELE TR EO L, 8F kt, ¥EN2ENREREVE
ANZRANSE: ZERK, EL E2. E3REAMHE G,

ARAAA R AR AEM T TFE, BHma LS Motk G oL B R AR
— KA MR AL, FATHMZEFRERAMBA PO ER (B 1), IR
RN, ZRAGEAATHE: 1) Mz dhapami b Ris, AELET
ZENRR, Bk T MRk X & g e P IR, Kb FARE KL £
WEAOLAEER; 2) AZARY, MAEME O LEETMENRITZELRE;
3) FIAZRAATUFERZNZEAMSNES, ZAATT IOz E7EEE
R A A, B, %ARARET —FHFARHDE QR L ELNHT &,

Reconstitution of the plant ubiquitination cascade in bacteria using a synthetic
biology approach

Ubiquitination modulates nearly all aspects of plant life. Here, we reconstituted
the Arabidopsis thaliana ubiquitination cascade in Escherichia coli using a synthetic
biology approach. In this system, plant proteins are expressed and then immediately
participate in ubiquitination reactions within E. coli cells. Additionally, the
purification of the individual ubiquitination components prior to setting up the
ubiquitination reactions is skipped. To establish the reconstituted system, we
co-expressed Arabidopsis ubiquitin (Ub) and ubiquitination substrates with E1, E2
and E3 enzymes in E. coli using the Duet expression vectors. The functionality of the
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system was evaluated by examining the auto-ubiquitination of a RING (Really
Interesting New Gene)-type E3 ligase AIP2 and the ubiquitination of its substrate
ABI3. Our results demonstrated the fidelity and specificity of this system. In addition,
we applied this system to assess a subset of Arabidopsis E2s in Ub chain formation
using E2 conjugation assays. Affinity-tagged Ub allowed efficient purification of Ub
conjugates in milligram quantity. Consistent with previous reports, distinct roles of
various E2s in Ub chain assembly were also observed in this bacterial system.
Therefore, this reconstituted system has multiple advantages, and it can be used to

screen for targets of E3 ligases or to study plant ubiquitination in detail.
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Figure 1. Ubiquitination of ABI3 by AIP2 in the reconstituted bacterial system. (a) Schematic

representation of the plasmids used for the reconstitution of ABI3 ubiquitination by AIP2 in E.
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coli. ABI3 was MBP-tagged at its N-terminus and HA-tagged at its C-terminus. MBP stands for
maltose binding protein. (b) Ubiquitination of ABI3 by AIP2. The bacterial lysates from E. coli
strain expressing AtUBA1-S, MBP-ABI3-HA, AtUBCS-S, His-FLAG-UBQ10 and AlP2-Myc, or
strains missing one of these components, were analyzed by Western blotting with an anti-HA
antibody to detect ABI3 ubiquitination. As controls, AIP2 activities were analyzed by Western
blotting with an anti-Myc antibody. An anti-FLAG antibody was used to detect Ub conjugates. E1
and E2 were analyzed by Western blotting with an anti-S antibody.

(Z) MR

3

Han, Y.#, Sun, J.#, Yang, J., Tan, Z., Luo, J., and Lu, D.* (2017). Reconstitution of
the plant ubiquitination cascade in bacteria using a synthetic biology approach. Plant
J 91: 766-776.
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EYEEAEBURHLE (3FHIREAH)

Infectious Mechanisms of Plant Pathogens

(Professor Wei Qian)
(—) MRER

1. RO Al bEE—miayRETHK

A LA R RN R F R AT R S R @B e ATIR A E
5, LEASSPABEEMA TR T TARFN, LR F ALY BR
I 0 e SR o T - B i 3E R S IO 09 40 RBR MBS PorK AR AF R MR Al m e o R
F — oM A% eZh 2iP (2-isopentenyladenine). 2iP 444 PorK #9 A IME 5
R 25 M3 (CHASE), #74) PerK &9l &t . PorK il id 4 F BRB LT A2, 454
B R AT & @ PCrR W BB ALK Fo 2iP B R BT A F 8912 T #3342 F T PorR
A BB —BREG E M, I mE ML N F =345 T c-di-GMP, JF LA T ctrA
KRG EL, WRmA RIS . BB RKINEE I &
TR ARLBTT — AR ERFHFERETHFRARER, 2L FER L, K
R il B FAA R EE TR A G M A A R

1. A bacterial receptor PcrK senses the plant hormone cytokinin to promote

adaptation to oxidative stress

Recognition of the host-plant is a prerequisite for infection by pathogenic
bacteria. However, how bacterial cells sense plant-derived stimuli, especially
chemicals function in regulating plant development, remains completely unknown.
Histidine kinase (HK) is the most prevalent receptor used by bacterial cells to sense
and respond to extracellular stimuli. HK and its cognate response regulator (RR)
constitute the two component signal transduction system (TCS) which is the most
predominant signaling system employed by bacteria to modulate the cellular

biological reactions and bacteria behavior. Here we identified a membrane-bound
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histidine kinase of the phytopathogenic bacterium Xanthomonas campestris, PcrK, to
be a Dbacterial receptor that specifically detects the plant cytokinin,
2-isopentenyladenine (2iP). 2iP binds the extracytoplasmic region of PcrK to decrease
its autokinase activity. Through a four-step phosphorelay, 2iP stimulation decreased
the phosphorylation level of PcrR, cognate response regulator of PcrK, to activate the
phosphodiesterase activity of PcrR in degrading the second messenger 3',5'-cyclic
diguanylic acid. 2iP perception by the PcrK-PcrR remarkably improves bacterial
tolerance to oxidative stress by regulating the transcription of 56 genes, including the
virulence-associated TonB-dependent receptor gene ctrA. Our results reveal an
evolutionarily conserved, inter-kingdom signaling by which phytopathogenic bacteria

intercept a plant hormone signal to promote adaptation to oxidative stress.

Cytokinin 4 Bacterial outer-membrane

Il D sIEaR PR R pON NN NN FOFSES S FESFESOE KON NS PS |
i

6..........’ SrusbEsuSbUPONSVENSUNANSE RN """".... YOuSEETAVAESY .I.'.'

F’erlplasm ﬁ@_ *Cvtokmm
Bacterial inner-menmbrane

Autokinase inhibited ~ ~e~._._ S e
DEE)"' "--k_____‘ s
. - Four-step phos hrelay
PcrR — Pphosp
Phosphodiesterase adivated
c-di-GMP pGpG —m= GMP

Degradation

Bacterial Cell Oxidative stress response

B 1. @i TR PorK B s e 2 & o950 F 42

Figure 1. A model of perception of cytokinin by PcrK.
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2. EWIMA A A B %EE RpfC R B R 155 DSF 6924k

AR R (quorum-sensing) & 4m B A9 2% 5% & i B — R A2 B, M AL 95 IR A
MREEABR G5, KB R E TR B ESIL S BRI & M 68
®, ERREHBRIAZFTREETRERN. ACELEROMAFRERET T,
R RH I E 6 DSF 2 —RIEFTHRANER EEZTHT, CH@MEA SR
Fo kBl mpnst, LIRAS[IKARABTERAELODT. Am, dT@Emiok
ARG8T AT A T AL 3 DSF K43 5 AT IRAMR R R Fn b, AT,
BMA R RS, 85, AWML FOT LI IEN T TR E R & @ #s RpfC
STAGB A AT T AR R 6 22 AN RSB K sensor BLAEZE AT G i BR
DSF. £iX—id42%, sensor X C s MNF KB ALRKIET XEER, X4
AABE ERTE RfC k44 DSF @9k, H S H@ME BRI HEARRE
B8 E T, RpfC & @44 DSF BiskiE RpfC &9 8 MERE k. HABM A,
RpfC oM K a9 A~ 2 A8 Leu' 5 Ala'™ #p#%] RpfC # & tis &1,
DSF 5 RpfC 8945 &3k zdpdl b, F2& RpfC #ilkE., AR\ T Rl
BR K Do F 3B T T MR B SE 40 R BR B 6 IR A A F AL

2. Fatty Acid DSF binds and Activates Receptor Histidine Kinase RpfC of
Xanthomonas campestris by Releasing the Autoinhibition from
Juxtamembrane Domain
As well as their importance to nutrition, fatty acids (FA) represent a unique

group of quorum sensing chemicals that modulate the behavior of bacterial population

in virulence. However, the way in which full-length, membrane-bound receptors
biochemically detect FA remains unclear. Here, we provide genetic, enzymological
and biophysical evidences to demonstrate that in the phytopathogenic bacterium

Xanthomonas campestris pv. campestris, a medium-chain FA diffusible signal factor

(DSF) binds directly to the N-terminal, 22 amino acid-length sensor region of a

receptor histidine kinase (HK), RpfC. The binding event remarkably activates RpfC

autokinase activity by causing an allosteric change associated with the dimerization
and histidine phosphotransfer (DHp) and catalytic ATP-binding (CA) domains. Six
residues were found essential for sensing DSF, especially those located in the region
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adjoining to the inner membrane of cells. Disrupting direct DSF-RpfC interaction
caused deficiency in bacterial virulence and biofilm development. In addition, two
amino acids within the juxtamembrane domain of RpfC, Leu'’” and Ala'"®, are
involved in the autoinhibition of the RpfC kinase activity. Replacements of them
caused constitutive activation of RpfC-mediated signaling regardless of DSF
stimulation. Therefore, our results revealed a biochemical mechanism whereby FA
activates bacterial HK in an allosteric manner, which will assist in future studies on
the specificity of FA-HK recognition during bacterial virulence regulation and

cell-cell communication.

Low bacterial population High bacterial population
o Extracellular DSF © Extracellular DSF
o ° oo © %% ©0°
‘ uﬁﬁiﬂﬂﬁﬁﬁﬂﬂﬁﬁmh." T i ﬂf:yﬁfﬁﬁ’;t ﬂT‘I’ il IWW\WFT

M@MMMLMMM& L |

__ Periplasm __ Sensor

(ALRIMA UL i | U l</|/ »
QUL{ IJUU Il ; 7;30 ‘ 'v/'r: d U&EXXU L U J JQLUM"

Juxtamemebrane
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o
Intracellular DSF DHp-CA

DHp-CA
B 2. #ARE S AE 5 DSF 454 Ak RpfC il i ffip AR K a9 4l 1 B, #0E L B Sk iE
Figure 2. DSF binds RpfC to activate its autokinase activity by releasing the autoinhibition

through the juxtamemebrane region.
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1. Wang, F., Cheng, S., Wu, Y., Ren, B., and Qian, W.* (2017). A bacterial receptor
PcrK senses the plant hormone cytokinin to promote adaptation to oxidative
stress. Cell Rep 21: 2940-2951.

2. Cal, Z#, Yuan, Z.#, Zhang, H., Pan, Y., Wu, Y., Tian, X., Wang, F., and Qian,
W.* (2017). Fatty acid DSF binds and allosterically activates histidine Kkinase
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RpfC of phytopathogenic bacterium Xanthomonas campestris pv. campestris to
regulate quorum-sensing and virulence. PLoS Pathog 13, e1006304.

Peng, B.#, Pan, Y.#, Li, R.#, Wei, J., Liang, F., Wang, L., Wang, F., and Qian,
W.* (2017). An essential regulatory system originating from polygenic
transcriptional rewiring of PhoP-PhoQ of Xanthomonas campestris. Genetics 206:
2207-2223.
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EINREMEVRIRANRESHES (BBELR—EH)

Pathogen Perception and Signal Transduction in Plants

(Professor Jin-Long Qiu)
(—) MRiHER

1. AR TFREAVAZRRAERGAINEATHEARZONEZRFEERGEK

BB H & G KT 7T LARR A S5 AT AE 4 69 25 R 2h i% o AR 40 AT HA A2 AR
K A4 4 d IF (Arabidopsis thaliana) ¥ #Z = 7 A Ao F e AR A
& @ R AK-F49 RDDK-Shieldl (Shldl)# 4, B2 ZXANFZAAGERA T ERHE
FAENL I F R AT, #AV494E R & 9 RDDK-Shld1 & 47T kA, T
F R Ry K AG e N A P AR E K G 6 R ABUKF, B Shidl 3t B ARE & R AK-F69
¥ B B AR MM A B = 45 0, 42 A Shld1 445 RDDK-Bar #= RDDK-PID3
ARAE QRS 0 HIME AR L 69 45 A R AL A B & AR B A9 TR R AU AR AR T At . K
149 TAEIES] RDDK-Shidl A& 4T AR A& @ e aF KA b A R R K2
W —NETRTH,

1. Direct and tunable modulation of protein levels in rice and wheat with a

synthetic small molecule

Direct control of protein level enables rapid and efficient analyses of gene
functions in crops. Previously, we developed the RDDK-Shield1 (Shld1) system in
the model plant Arabidopsis thaliana for direct modulation of protein stabilization
using a synthetic small molecule. However, it was unclear whether this system is
applicable to economically important crops. In this study, we show that the
RDDK-Shld1 system enables rapid and tunable control of protein levels in rice and
wheat. Accumulation of RDDK fusion proteins can be reversibly and

spatio-temporally controlled by the synthetic small-molecule Shldl. Moreover,
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RDDK-Bar and RDDK-Pid3 fusions confer herbicide and rice blast resistance,
respectively, in a Shld1-dependent manner. Therefore, the RDDK-Shldl system
provides a reversible and tunable technique for controlling protein functions and

conditional expression of transgenes in crops.

[ Ubi >|Ub|RDDK| Pol | ocSs |

lTranscription and translation
76 Aa 107 Aa

(b R oo |k pPor |

DUB lCIeavage

rRL oo k[ por |

Shid1
Proteosome
see S)
eeoe g Db k[ POl |
LN N
Degraded Stabilized

Bl KAG, DEATHARRAEGARFE 2 = 0AE R RDDK-Shld1.
Ub-RDDKax& A Bt 2 A2 HF A H BTz, £#FTAd, &9 REN)HMLE
(Ub)i i 4% 1 )R 52 & LB (DUB) W %], £ EN% A E AL AR (R). #ABR(K)1EA
TAL R L5 H)35(DD) 26 09 3% F AL A4 %45 % . RDDK-POI Ak & & & ¥4 26S % & B Ak I fif o
Shld14F f+ 1 2 & DD M3, #£RDDK-POI#&% . Ubi, EXKZE BT POI, BB EH
@ Ji; OCS, ¥ &mb Mgttt R, WAMRK; K, HARK,

Figure 1. Schematic of the RDDK-Shld1 system.

Ub-RDDK fusion gene is driven by maize ubiquitin promoter. During translation, ubiquitin fusion
(Ub) is rapidly cleaved by endogenous deubiquitinating enzymes (DUBS) exposing the N-terminal
arginine (R). A lysine (K) is included as a potential recipient for ubiquitination of the fusion
protein just after the destabilizing domain (DD). RDDK-POI fusion proteins will thus be degraded
by the 26S proteasome. Shldl binds specifically to the DD domain such that the RDDK-POI is
stabilized. Ubi, maize ubiquitin promoter; POI, protein of interest; OCS, octopine synthase

terminator; R, arginine; K, lysine.
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2. MEBRAAEMAFTORANTES ML
J5. 7% BA (abscisic acid, ABA) MM Hum B E T RIEE KR, i fTiH
S EFERERDRBRAAOMEAFRNLRFE. DRI ABA S m#hIGR R
T 4k aba2-1 #= aba3-1 x FH&R 2 KA %R LB A A (Golovinomyces
cichoracearum) #9438 3%, @tk ABA A IZ A% 9538 m bl iy IR 3 & by B 49 B R
Mo ABA AR89 R T 4K abil-1 F= abi2-1 xt G H etk £ A 5 ABA &%
G2 R L ARANL, f ABA 125 4 3 T #5289 89 R 4K abi3-1, abi4-1 4= abi5-1
STAREOREERR A5 AA M, TRUWKKI, £ ABA GRHIGAERT
R aRERFOFENFT EIEMEA N0, BLFEEH LN EKRR
SAEIT ) EARL B H. soh, HAERIAKAER A MPK3 5+ 5 T ABA 3t
Ak Rtk egiRds, F LT, AL R B ABA T A3 il i R Hu K BR
PR T8I R R RIS AR E 8T EE M.

2. Abscisic acid negatively regulates post-penetration resistance of Arabidopsis

to the biotrophic powdery mildew fungus

Pytohormone abscisicacid (ABA) plays important roles in defense responses.
Nonetheless, how ABA regulates plant resistance to biotrophic fungi remains largely
unknown. Arabidopsis ABA-deficient mutants, aba2-1 and aba3-1, displayed
enhanced resistance to the biotrophic powdery mildew fungus Golovinomyces
cichoracearum. Moreover, exogenously administered ABA increased the
susceptibility of Arabidopsis to G. cichoracearum. Arabidopsis ABA perception
components mutants, abil-land abi2-1, also displayed similar phenotypes to
ABA-deficient mutants in resistance to G. cichoracearum. However, the resistance to
G. cichoracearum is not changed in downstream ABA signaling transduction mutants,
abi3-1, abi4-1, and abi5-1. Microscopic examination revealed that hyphal growth and
conidiophores production of G. cichoracearum were compromised in the ABA
deficient mutants, even though pre-penetration and penetration growth of the fungus
were not affected. In addition, salicylicacid (SA) and MPK3 are found to be involved
in ABA-regulated resistance to G. cichoracearum. Our work demonstrates that ABA
negatively regulates post-penetration resistance of Arabidopsis to powdery mildew
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fungus G. cichoracearum, probably through antagonizing the function of SA.
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Figure 2. ABA negatively regulates the resistance of Arabidopsis to G. cichoracearum.

(A) Six-week-old plants (Col-0, aba2-1, and aba3-1) were inoculated with G. cichoracearum and
photographed at 8dpi.

(B) Quantification of fungal growth by counting the number of spores at 6dpi. Error bars represent
SD (n=4). The asterisk indicates statistically significant difference (**, P<0.01;t-test).

(C) Trypan blue staining showing cell death and fungal growth in plants inoculated with G.
cichoracearum at 6dpi. Bars=200pum.

(D) Effect of pretreatment with ABA on subsequent infection with G. cichoracearum. The
indicated Arabidopsis plants were foliar sprayed with 80umol L—1 ABA or water (mock) 24h prior

to inoculation with G. cichoracearum. Fungal growth was quantified by counting the number of
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spores at 6dpi. Error bars represent SD (n=4). The asterisk indicates statistically significant

difference from ABA treated wildtype (**, P<0.01; t-test).
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EYRPSEYEE (AERRIREH)

Plant Protection and Immunity

(Professor Jianmin Zhou)
(—) MiRiER

B3 & £ 8 EPUB25/261A42BIK1%& G 4% 2 PLE A ALF] 6951 2

A48 147 T m e iR & | 6942 X IR A < 4K (pattern recognition receptors, PRRS)
R AR R4 T X (Patterns), #iE 8 # £72 R . BIKL /4 PRRs T iaFay—A>
TRIR RS, AR EEG S, CAFREYN: ARG &E

R % B CPK28 £ A1k f Ak A BIKL & aeRE, Amit
¥ BIKL & G442 b 6945 A AU 5 1 4

AH R KA, E3 it &% PUB25/26 7T vAfE BIKL & @2 &1k, 42t Hid
AR/ OB RERIATIEM, #LRET, 7RG &R AE=RKE PUB25/26 A48
BAER, R E 2R EEREGEN, ARGk BIKL &2, EaiBEEamt
JER K. T ERAT, CPK28 A4E#m L PUB25/26, ¥45% fi% & i 48449
i, R BIKL 694 A%, RIS & I& 6 AR, A & %692 PUB25/26 44
R de ) dEEN X6 BIKL, fmxdo2@iEes BIKL RAER, S —7
B R ASES BIKL, # 2 S MEREREBIKL, 5 —F@gEH
ZigiE ey BIKL, Bz -F8, ARLZRRLGIAT. AL E AT ke
738 i3 2 #224) BIKL 89 & @ K-F, KA Iz RS 6945 mif 4,

A regulatory module controlling homeostasis of a plant immune kinase

Plant pattern recognition receptors (PRRS) perceive microbial and endogenous
molecularpatterns to activate immune signalling. The cytoplasmic kinase BIK1 acts
downstream of multiple PRRs as a rate-limiting component, whose phosphorylation is
central to immune signal propagation. Previous work identified the

calcium-dependent protein kinase CPK28 and heterotrimeric G proteins as negative

142



2017 43k

and positive regulators of BIK1 accumulation, respectively. However, mechanisms
underlying this regulation remain unknown. Here we show that the plant U-box
proteins PUB25 and PUB26 are E3 ligases that mark BIK1 for degradation to
negatively regulate immunity. We demonstrate that the heterotrimeric G proteins
inhibit PUB25/26 activity to stabilize BIK1, whereas CPK28 specifically
phosphorylates conserved residues in PUB25/26 that enhances their E3 ligase activity
to promote BIK1 degradation. Interestingly, PUB25/26 specifically target
non-phosphorylated BIK1, suggesting that activated BIK1 is maintained for immune
signalling. Our findings reveal a multi-protein regulatory module that enables robust

yet tightly regulated immune responses.

A 1. E3 2% #4845 PUB25/26 142 BIKL & G422 69 4F M A4l

Figure 1. Model for the PUB-mediated control of BIK1 homeostasis.

(=) AR

38

1. Bi, G, and Zhou J.M.* (2017). MAP kinase signaling pathways: a hub of
plant-microbe interactions. Cell Host Microbe 21: 270-273.
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2. Tang, D.*, Wang, G., and Zhou, J.M.* (2017). Receptor Kinases in
plant-pathogen interactions: more than pattern recognition. Plant Cell 29:
618-637.
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EYREBEREHS TS (HEIREE)

Plant Immunity against Insect-Borne Viral Diseases

(Professor Jian Ye)

(—) MRER

1. RiREES— L RE—RR A =F B NILHAF L

YR by 2 A% A % A (Geminivirus) =T VLB i R E 89 SL R RO, A m ALt IR

W AAT K M AP KRR T RAEREFELELHTCEAY K, 24

B RS TFT AR RIE R o AAT AT AT AR NI A IR 8 SR F
FABIAEE MYC2 &G A4k, AR T 5B A FER, AmA5]E
b AR 2R3 THE R F o TiRERE-AY-R R =F LR EE R0
REREFEA, §THARERE S ANFAR—AFREENEH

AARIMEF T EINFHGTRAZE, REFRKN, AL ENTERE
—RERIEZH BT RIFET T2 A 26 K % HOR b A 3T 40 TR 55 40 Wk 69t
B, TWonrt A SAE REK, kMR, sk 2lF 750 A, TRt 24 AT
A BAT Y 3G, WA KE (FESRELERE) READEATNKRL R
FEby B At FAT A, R LIRH AR THE T, et F 2wy —, A A
TR RAFEIE K, BMNRAARERFHDGEEG BCl LZH-RAFELR X
RO XEARRAZRT, M ELXA R A RERREIABZOMRE RITAFHK
THRMTARES (BL) . #— PR RITAFHNEEL, T EMF IR F
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1. Light-dependent indirect mutulism between begomovirus and whitefly
To success invade plant and cause epidemic disease, insect-borne pathogens may

build an indirect mutualism with their vector by suppressing plant host resistance to
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attract and promote the performance of their vector, which in turn accelerates the
transmission of the pathogen. For example, terpene biosynthesis is suppressed in
begomovirus-infected plants, leading to reduced plant resistance and enhanced
performance of the whiteflies (Bemisia tabaci) that transmit these viruses. Plant has
evolved defense signaling to integrate environmental and internal signals to response
multiple biotic stresses. Although begomovirus-whitefly mutualism has been known,
the underlying mechanism of how begomovirus manipulates plant defenses to benefit
whitefly is still elusive. Here we reported that the begomovirus-whitefly mutualism is
red light dependent. We identified a virulence factor-BC1 of Tomato yellow leaf curl
China virus, a monopartite begomovirus, manipulating red-light regulated plant
whitefly resistance. BC1 directly interacts with the phytochrome-interacting factors
(PIFs) to compromise activation of PIFs-regulated gene expression thereby reducing
whitefly resistance (Fig.1). BC1 impaired the actions of PIFs in a phytohormone
Jasmonate-depedent manner. Our findings present a novel scenario of how a pathogen

regulates host plant light signaling to establish mutualism with its insect vector.
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Figure 1. Changing the whitefly preference behaviors by protein of Geminivirus is
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light-dependent.
(A-B) The schematic diagram of whitefly preference on plant leaves after infected by geminivirus.

(C-D) BC1 plant phenocopies pifq mutant in whitefly preference and performance.

2. BERABHY-BAERE-BAHA=H LEGNAFTR
%A R A% R R T B L AR F 2R A A AR ) A dn Bl R R AT AR
MELRXFR, 22 TRRMWEREFEER —F LR RKH RRET M
AAE A REL Y, - F AR B o AR A R -t - Ay B = BAE A,
BRI A7 B ety 3 248N, A A TARR R—Bby 289 R o, (254 F
MR R—Ath R, RAARSEBRREE), ERAFERS . 2—FELT
e F L HF WRKY20 # % BT, EAR@ ARk (B 2) . 2Ky
AR —H AT
A C

SIS

i

Nb  TA+p TA+mp

160
140
120
100

telative larval weight gain ("/o)D

WRKY20p:GUS

L L RiA LN

Col-0 wrky20-2 wrky20-1 pC1-3 myc2-1

B 2. A A B P3G TR A M AR B R R AT £ B -F WRKY20,

(A) A5 2 R G 38 SR AR A 3T AR R AGFLE

(B) M AmAF BCl & & AK wrky20 & T Akat 4544 & a9 4tk ;

(C) WRKY20 2 3T a4 7 GUS IREL B R XFN;

(D) REMAREKEIREY, WRKY20 L42F MYC2, A4satifish kayuik,

Figure 2. Begomovirus-infection induced resistance to the non-vector insect cotton bollworm is
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dependent on a plant transcription factor (WRKY 20).

(A) Photographs of CBM larval before feeding (0 d) and after 5 days feeding (5 d) with leaves of
mock N.benthamiana (Nb) plants infected by Tomato Yellow Leaf Curl China Virus (TYLCCNV)
plus associated betasatellite DNA encoding only the protein BCl1 (TA+B) or a BCl mutant
TYLCCNV (TA+mp).

(B) Increase resistance to Helicoverpa armigera (CBM) in transgenic expressing BC1 and wrky20
mutants.

(C) GUS staining in AtWRKY20 promoter driven GUS expression line

(D) WRKY 20 acts upstream of MY C2 transcription factors against CBM in Arabidopsis

2. Mechanisms of plant-begomovirus-whitefly triple interaction regulated by

plant hormone

Vector-borne pathogens significantly alter host diverse traits that mediate
multipartite interactions with other organisms. However, the impacts of vector-borne
pathogens on broader host community dynamics involving pathogens, their vectors,
and competing non-vectors remain little studied. Here, we explore the effects of
begomoviruses, whitefly Bemisia tabaci-transmitted plant viruses, on plant
community interactions with its vector and competing non-vector herbivores, and
virus-induced changes in plant traits that mediate these interactions. Begomovirus has
previously been shown to promote the performance of whitefly vector on host plant,
however we observed that begomoviral infection reduces the fitness of a competing
non-vector insect, a generalist lepidopteran Helicoverpa armigera, on plants. Further
studies identified that the viral genetic factor BC1 encoded by the betasatellite of
begomovirus, interacts with a plant transcription factor-WRKY20 to alter the
accumulation of jasmonate (JA)-mediated defensive chemcials in a tissue-specific
pattern and differently regulate two-branches of JA pathway through interfering with
the interactions between WRKY20 and ORA59 in Arabidopsis, thereby reducing
whitefly resistance and enhancing non-vectors defense (Fig. 2) . Our results show
that vector-borne pathogens could significantly influence plant community
interactions with vectors and competing non-vectors, with potential implications for

both disease spread and insect community structure.
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Molecular Mechanism of Plant Immunity

(Associate Professor Jie Zhang)

(—) BRBR

XWBHE 9 E O RRNEGHF T

K A ALH (Verticillium dahlia) £ —#F i 9542 4 2 T et i F R E B F=
TG AT, 123t LBy THILA L K2, ARAE 530 RMRAHE
1B, & T KWEHE 2 X4 HmE T SCP46 A= SCP48, HATAK I A &
M 5k & & YA 3k ] SCP46 F= SCPA8 4 3 MK T K R 46 AL B A2 4% 76 = 3k iy I
L&y B R, SCP46 @i # N mmie, HIemibneyz &-& aighkigiz, #
MR IR . ASCpA8 RE BRI BT AR, Mg N5 &H FTREf L
H Y E RAYEIARE ) H LB AR AR EF T . ShREM IBMX (CAMP #1%
fif A ) 7)) AL =1 B Ascpa8 R L T Ak 89 M BT MR G, XS4 R K9, SCP48 il
i$ CAMP I F 8943 5 & B PIRE FIAZ P A M EHIT i, AR B RmE, A
L E A F @ AR 7 XAdE KA 0 BUR M, BB LAY R F AUtk
BB B 5 T FeAT

Conidia Hyphopodium Ca* Xylem
morphology formation accumulation colonization
ez ' :

WT/GFP

/\scp48/GFP

B 1. Ak B A% SCPA8 MK K T #o AL I8 89 & AU ik 2 e 0 75 3 F AR R An 2 B R AL 7)o

150



2017 F3R

Figure 1. Deletion of SCP48 in V. dahlia compromised hyphopodium formation, cytoplasmic

accumulation of Ca®*, and xylem colonization in plants.

Investigation on the virulence mechanisms of Verticillium secretory proteins

The vascular pathogen \erticillium dahliae infects a broad range of plants and
causes devastating diseases, however, the virulence mechanisms of V. dahliae are
rarely known. By collaboration with Dr. Hui-Shan Guo’s group, we identified two
regulatory components (SCP46 and SCP48) that are crucial for V. dahliae virulence.
We found that deletion of SCP46 or SCP48 in V. dahliae led to significantly
compromised virulence in cotton and Arabidopsis plants. SCP46 is able to enter into
plant cells and target components of the plant ubiquitin-proteasome system to
manipulate plant immunity. Ascp48 mutant is compromised in hyphopodium
formation, cytoplasmic accumulation of Ca**, and xylem colonization in plants.
Exogenous application of IBMX, a chemical that inhibits the degradation of CAMP,
restored the formation of hyphopodium in Ascp48 mutant. The results indicated that
SCP48 activates cCAMP-mediated signaling to regulate the formation of hyphopodium
during infection, thus contributing to virulence. The two factors modulate V. dahliae
virulence via different mechanisms, and also serve as potential targets for the

improvement of plant resistance against V. dahliae.
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Sun, L., Qin, J., Wang, K., and Zhang, J.* (2017). Expansion of pathogen recognition
specificity in plants using pattern recognition receptors and artificially designed
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Pathogen-Insect Vector Interaction

(Associate Professor Lili Zhang)
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Decipher rice endophytic bacterial communities by host DNA-free PCR
amplification and Illumina next generation sequencing platform

The endophytic bacterial community of rice plant remains not to be well defined.
Extremely high sequence identities among bacterial 16S, rice mitochondrial 18S and
chloroplast 16S rRNA genes makes it difficult to access the endophytic bacteria by
using cultivation-independent methods. Previous studies enrich bacterial cells from
plant materials, resulting in incomplete coverage of bacterial community. Here, we
established two efficient techniques for specific amplification of prokaryotic genes

without interference of host organelles. The novel sequencing platforms applied to the
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analysis of rice seed in which the host organelles largely outnumber bacterial cells,
identified an uncultured Delftia species, named Delftia Oryzae in this work, as a
dominant seed-borne bacterium. In surface-sterilized rice seed, Delftia Oryzae
accounts for > 95% of the total bacterial community. By analysis of the rice
endophytic bacterial communities in different plant developmental stages, Delftia
Oryzae was found to spread from seed to the leaf and root, and is then vertically
transmitted to the next generation seed. The newly established one-step PCR
amplifies the bacterial VV3-V4 region, is suitable for all the sequenced plants and

produces bacterial sequences that are directly compared to those from animal hosts.
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—FPCR%. A An#i £PCRi%k, (E) & (F) AR 7k Bt B R 5 HHILE,
*p<0.05; **p<0.01; ***p<0.001,

Figure 1. Newly established sequencing techniques for deciphering of the rice endophytic
bacterial community. (A) The commonly used strategies for PCR amplification of bacterial 16S
rDNAs from animal or plant hosts. VV1-V10, the ten hypervariable regions of bacterial 16S rRNA
gene. (B) Nested PCR strategy. mtDNA, rice mitochondrial 18S rDNA; cpDNA, rice chloroplast
16S rDNA. (C) One-step PCR strategy. (D) Bacterial communities measured by using different
primers. Total genomic DNAs for all the four kinds of PCR amplifications were isolated from
same soil sample. Sequencing results are shown as the Class level. A, P, S or N represent primer
pairs used in the field of animal (A) or plant (P), or rice by one-step (S) or nested (N) PCR. (E) &
(F) Comparison of richness and diversity of the bacterial communities sequenced by using

different primers. *p<0.05; **p<0.01; ***p<0.001.
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Figure 2. Delftia is the dominant seed-borne bacterium. (A) Composition and structure of the
endophytic bacterial communities in rice seed. St, surface sterilized rice seed; Us, unsterilized rice
seed. (B) Composition and structure of the bacterial communities in rice callus. Cl, callus; Sl,
seedlings. (C) Composition and structure of the endophytic bacterial communities harbored by
rice grown in rice field. Sd, seed; Lf, leaf; Rt, root. (D) Fluorescence in situ hybridization to show
the distribution of Delftia in rice seed. Red, Delftia 16S rDNA recognized by Delftia
genus-specific DNA probe; yellow circles, bacteria in bright field; yellow arrows, bacteria

corresponding to the yellow circles.
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Rice Functional Genomics and Agrobiotechnology

(Professor Chengcai Chu)
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Figure 1. Asian wild rice is connected to domesticated rice (yellow) by continuous and extensive

gene flow.

1. Asian wild rice is a hybrid swarm with extensive gene flow and feralization
from domesticated rice

The domestication history of rice remains controversial, with multiple studies
reaching different conclusions regarding its origin(s). These studies have generally
assumed that populations of living wild rice, O. rufipogon, are descendants of the
ancestral population that gave rise to domesticated rice, but relatively little attention
has been paid to the origins and history of wild rice itself. Here, we investigate the
genetic ancestry of wild rice by analyzing a diverse panel of rice genomes consisting
of 203 domesticated and 435 wild rice accessions. We show that most modern wild
rice is heavily admixed with domesticated rice through both pollen- and
seed-mediated gene flow. In fact, much presumed wild rice may simply represent
different stages of feralized domesticated rice. In line with this hypothesis, many
presumed wild rice varieties show remnants of the effects of selective sweeps in
previously identified domestication genes, as well as evidence of recent selection in
flowering genes possibly associated with the feralization process. Furthermore, there
is a distinct geographical pattern of gene flow from aus, indica, and japonica varieties
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into co-located wild rice. We also show that admixture from aus and indica is more
recent than gene flow from japonica, possibly consistent with an earlier spread of
japonica varieties. We argue that wild rice populations should be considered a hybrid
swarm, connected to domesticated rice by continuous and extensive gene flow (Wang

et al., Genome Res, 2017).
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2. MicroRNAs in crop improvement: fine-tuners for complex traits

One of the most common challenges for both conventional and modern crop
improvement is that the appearance of one desirable trait in a new crop variety is
always balanced by the impairment of one or more other beneficial characteristics.
The best way to overcome this problem is the flexible utilization of regulatory genes,
especially genes that provide more efficient and precise regulation in a targeted
manner. MicroRNAs (miRNAs), a type of short non-coding RNA, are promising
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candidates in this area due to their role as master modulators of gene expression at the
post-transcriptional level, targeting messenger RNAs for cleavage or directing
translational inhibition in eukaryotes. We herein highlight the current understanding
of the biological role of miRNASs in orchestrating distinct agriculturally important
traits by summarizing recent functional analyses of 65 miRNAs in 9 major crops
worldwide. The integration of current miRNA knowledge with conventional and

modern crop improvement strategies is also discussed (Tang et al., Nat Plants, 2017).
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Figure 2. MicroRNA regulatory network in agriculturally important traits in rice.
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Crop Molecular Breeding

(Professor Shaoyang Lin)
(—) HARiHER

BRIEITRSBATR LKL R AR
P18+ 48 & S A A 3

= F 13142 45(0ryza sativa ssp. japonica)<w#t & & B & AT 4 0 % — K K4S
EFHRSA, BAFHRAML. F oL BB ATFRE, REATRRELT, &
R, FE. ARFBRRD A EFBAR RO TE, AT REKAERA AL
RAFM, XABH AKX R IEAMIKE B 45, MR R B ARG L 5 F
% (Single Point Substitution Line), #idid % &R &7 X TR S HRAZ MR
B ELGS R, B RBEBASH AZ F13189Gnlak Bz w R HAS R HA 12 2 Pbl
89+ 28 2 B A 9 (Feng et al. 2017; Zhang et al. 2017) . H —, #IEBCFZ4R69QTL
SATEER, RAVFAZ T 8L F AN KAEBIRGKBRAGNlak B, T A8 % it
FAZH LA H ., REKEF ZHRE T, B, KMNAR SR H kR
A AGKBRAIGN1a$ 2 AN A BLF AT FI3La9 A WA AL R LT if
EITEANSNPARIT, A F B R TA KA LB F AR B, A B ARz &
BRI RS A X0 B REHRIEBAREAN B, RAFHZEHEE
131 Gnla¥ S B R, & ekt BA (2204 SNPY T L) A 24 R BT, % E
BREH T L EA99.89%, BARFAN B KLH430Kb, ZEEREZER LT, &
BHAGEKRTEAKRAERTHHIL R F 13138 #8.3%411.9% (H1A). £
=, AR FIBLE A F B R PR EAGR R IRETE, SRR AR AN
B—RM 547, H2 T2 HIBLAR AT E 4k A uiE ey AgmmPik B (5
% #Pi2, Pi9. Pi36, Pi5-1, Pbl, Pi-d3, Pi25, Pikh, Pil, Pik-m, Pik-p£=Pi56t) .
AR Lk AR R 69 = L | R, KAV SR K AGHARGKMP F 69Pbl ) 3 4oz A
HFEANEZTFLIGEEAAT, FRAFETEZHLPOIE R EHRFE, ZEH

&t iz w.Gnla. HAGE R &
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AHRFE AL FH590.38%, AARFARBKKLAHTO0KD, ZRL T LR R THLT A
FAGKMPRER Faysumae /1 (E1B),
ATRALAG AT EHE, FRRERXRSRFEANT AT, £11%
JEWIE T CeR[LE CeRME2T, X35 W et et AR (E1C).
CAVARAZE FIBLAREG AR S AF, Lo, “@FAG15 8 F A fftk
FARMART T F LB KA = 2 MR “2FA525 7813 F AR K Aeih Ak
M R T ZAI3LA Z F A A F MK @35 B §F Ak Kot AR
M BT 2R 13189 F F A A FH B K

B 1. %% 131 44045 % Gnla. FAS B Mz & Phl #% & B i R B =AM RK B SA . (A)

% F 131 FefR A A7 5 Gnla B R E# R ORA (KRR ER-ME, (B) £F 131 fe it
Fafz & Pbl % & % R OHRA(EAIN A BARER LA . (C) KgHeMetfElS. &%
25, &xAE3ITaRKYEAE,

Figure 1. Two SPSLs, replacing two respective locus of Kongyu 131, the high-yielding Gnla and
the blast-resistant Pbl, and three new rice varieties. (A) Plant type and the main panicle of
Kongyu 131 and its SPSL(+Gnla) at Changchun. (B) Plant type at Jiamusi and the inoculating
results of Kongyu 131 and its SPSL(+Pb1). (C) Plant type of new rice varieties, Jin Huang Dao 1

Hao, Jin Huang Dao 2 Hao and Jin Huang Dao 3 Hao in the fields.

Improving and updating the elite rice variety Kongyu 131. Two SPSLs (Single
Point Substitution Line), replacing two respective locus of Kongyu 131, the

high-yielding Gnla and the blast-resistant Pbl, and three new rice varieties
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Kongyu 131 is an elite and main cultivated japonica rice variety in Heilongjiang
Province, China. It has the characteristics of early maturity, superior quality, high
yield, cold tolerance and wide adaptability. However, there is potential to improve its
yield, disease-resistance, grain quality and other agronomic traits under different
demands. Hence, for improving its specific undesirable traits while other ideal
characteristics remained, we first breed the SPSL (Single Point Substitution Line) of
Kongyu 131, which is replaced only a small chromosome segment carrying a
favorable allele, and then pyramid these SPSLs to get further, continuous and
multi-traits updating. Take two SPSLs, the related researches were published in the
journal Rice and Chinese Bulletin of Botany, for example, to illustrate the breeding
strategy of SPSL. One SPSL is improved at the high-yielding Gnla locus of Kongyu
131. According to the QTL (Quantitative trait locus) analysis of the BCsF, population,
the data showed that the introgressed segment carrying the Gnla allele of GKBR, a
big panicle indica rice variety donor, can significantly increase the branch number and
grain number per panicle. Therefore, we transfer this favorable allele from GKBR into
recurrent parent Kongyu 131 by consecutive backcrosses. Using 5 SNP markers
designed against the sequence within and around Gnla, the introgressed chromosome
segment was shortened to approximately 430 Kb to minimize the linkage drag by
screening recombinants in the target region among the self-crossed progenies.
Meanwhile the progenies introgressed other non-target segments were excluded in
segregating population. Finally, genomic components of the high-yielding SPSL were
detected using 220 SNP markers evenly distributed across 12 chromosomes,
suggesting that the recovery ratio of the recurrent parent genome (RRPG) was 99.89%.
Compared with Kongyu 131, the yield per plant of this SPSL increased by 8.3% and
11.9% at Changchun and Jiamusi, respectively (Fig.1A). Another SPSL is improved
at the blast-resistant Pbl locus of Kongyul3l. By re-sequencing and scanning the
whole genome of Kongyu 131, we found that it lacks more than 12 cloned blast
resistance genes, including Pi2, Pi9, Pi36, Pi5-1, Pbl, Pid3, Pi25, Pikh, Pil, Pik-m,
Pik-p and Pi56t. With the same backcross and self-cross method as above, we
successfully introgressed Pb1 allele from variety GKMP into Kongyul31. Inoculating
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test results indicated that the final blast-resistant SPSL, containing a 700 Kb target
fragment and sharing 99.38% genetic background from Kongyu 131, showed the
same blast resistance as GKMP (Fig.1B).

Concerning the policies of NCVAC (National Crop Variety Approval Committee)
and trying actively making our improved lines to agricultural market soon, we applied
for the protection of new varieties to the Ministry of Agriculture (MOA), P. R. China.
Three new rice varieties IDs are granted, namely, Jin Huang Dao 1 Hao, Jin Huang
Dao 2 Hao and Jin Huang Dao 3 Hao (Fig.1C). All the three are new improved
Kongyu 131 varieties, respectively updating its lodging and grain number, large

panicle and late maturity, grain length and late heading.

(=) WHRmER

B3

Feng, X., Wang, C., Nan, J., Zhang, X,. Wang, R., Jiang, G., Yuan, Q., and Lin, S.*
(2017). Updating the elite rice variety Kongyu 131 by improving the Gnla locus. Rice
10: 35-46.
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Molecular Breeding in Rice

(Professor Shanguo Yao)
(=) HRER

1. BH T HA 002 BHRAGE BRI A

B AERAEE 131 HR T oMERS FAF LA RGmE, RAHIE
BT AT #se i 74 902 (B 1A), FFF 2017 S5 7@ 3 B i H RAF
Yrouhtd € E R AW L 22, 3T A AR, AL ERG
BT K, AR R B A B AP A LK, F BOZ S AT RSB R A 1B #T R K .
Ak, B REREFGRAGBMERFZTF, W) AT Z R, LM
GAGR AR R BRA LN T RiRZ, EWPALT, REAARET ATEERS
2F 1L AR AR R FEE FaE, AN EAF AR REH T T 9455
R B AT ok A B HATT RRAK, RAET P4 902 ;AR RARA (B
1B), A A 002 At s LRI K @ARIE L2 T RAFA A,

B 1. +4 902 m%mﬁaf%%‘ﬁﬁﬁlﬁgﬁo (A) A 902, ZSATEF T AANSTATER FAELHF

Pbl. pi2l, AR &A1z %R badh2; (B) mAufsBma i d. Zm AP 4902 69 L ak b
¥Ae T 2 NFuAEEAL R F12 K Pi35 5 Pizt.

Figure 1. Developing new version for Zhongke902 with high blast resistance. (A) The new rice
variety Zhongke902. Zhongke902 contains two blast resistance alleles of Pbl and pi2l1, and
fragrance allele badh2. (B) The new version for Zhongke902. The version contains two more blast
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resistance alleles of Pi35 and Pizt other than the three alleles in Zhongke902.

1. Developed a new version for Zhongke902 with high blast resistance

We have pyramided two blast resistance alleles and the fragrance allele under the
background of the mega variety Kongyul31 (Figure 1A), and the pyramided line was
certified for release to commercial production by the Heilongjiang Provincial Crop
Variety Appraisal Committee in May, 2017. Because blast resistance is the most
important factor that affects the extension of a japonica rice variety, we tried to
introduce different blast resistance alleles into the background of Zhongke902, and
created a new version with four blast resistance alleles of Pbl, pi21, Pi35 and Pizt
(Figure 1B).The newly developed version of Zhongke902 would lay a good

foundation for the long term extension of the new variety in large areas.

2. BETHTHIH&ZR FA 634

BT A A E R E BRI B i R, 3R AG E ARG 50% A _E AR
BH AR BT R AP 002 4E ) B ZARE AN KRS AT, B4 E
131 A48 Hutk £ f e @It A R A . BRI S A R T SO B RAFEY AR H
7, AR R ALAS R 3 3 S AP R R IR B R e KIS Bk A, L RkA s s R
LR AF#— TR A, RTFREZEF BLEFXTHABBRRFLT FORR

Fob, RAMMLE BT T RoKkSe Ao ISP AL e AL B 42 T F 69 KB A 2 A
FANFME, BIHRRAFLEEFFARGEE, BF T AN WfkB R T
FRENH R FA634 (B2), ALAEFRBRXEAEE” T RKIEEEER.

2. Developed a new rice variety Zhongke634

Heilongjiang is the most important japonica rice production base in China, and
more than 50% of the rice planting area is distributed in the third accumulative
temperature zone. As a newly certified variety suitable for the third accumulative zone,
Zhongke902 as well as the improved version is mainly designed to solve the problem
of blast resistance. However, from the long-term trend of demand for quality traits,
the eating quality and the appearance quality of the new variety need to be further
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improved. Therefore, we screened for novel alleles related to grain quality and
constructed NILs for those of potential value in practical use. Pyramiding of the
alleles identified a new strain named Zhongke634, which shows coordinate

improvement of plant height, appearance quality and eating quality (Figure 2).

B2, Tkt 2 PAH634LEF. (A) PAH6MFHKREA, AZEA L L TFH634 (T) &

A RSB EZHIL (L) 2FEK; (B) $HAA LK., 2T FPH634 (F) &k =H
131 (£) HRMEAK; (C) HEMAE. TTPH634 (£) HEEEFTK,

Figure 2. Breeding for the new rice variety Zhongke634. (A) Population morphology of
Zhongke634. The inner panel indicates greatly improved length of brown rice for Zhongke634
(lower). (B) Plant morphology. Indicating that the plant height of Zhongke634 (right) is obviously
decreased compared to that of the receptor variety Kongyul31 (left), and the panicle size remains
the same as Kongyul3l. (C) Grain morphology. Grain length of Zhongke634 (right) is

significantly longer than that of Kongyul3l (left), while grain width remains the same as

Kongyul31.
(Z) AR
B3

Wang, J., Wang, R., Wang, Y., Zhang, L., Zhang, L., Xu, Y., and Yao, S.* (2017).
Short and Solid Culm/RFL/APQO2 for culm development in rice. Plant J 91: 85-96.
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Plant Functional Genomics and Breeding by Biotechnologies

(Professor Zhen Zhu)
(—) MiREHR

K4 RNAI B A A= Bt & B o #7 — R 5 R AR 695 %1

2K Bt ZRAONHARARREHCEAERTCEN S 2, RAFT RELS
WHERFHR, HRMEFRTEN Bt RAOREGRBIER, AARE L4 Bt
FAORREGINE—NEARGES T R, KL AE ARG T X —R%
AU R R R RA RN T £0F 69 RNAI B R, i@id K Z RNAI ARty i
i, RAHEIER L RRDB T KRB XEER A IR, BF T T L& A4
KRG B F B E A A dSRNA # A RARIE ., SR &0, BRIZ4E A RAT
WE, TbA Bt LA Bt it 9484 R A AT EHYRITB I E R,
STHRMERKR, HEARRERIELT HE dSRNA, LKL RANFER
RZP L TR, ROBEERAFERMEFI4H . KA Lk RNAI #= Bt A 694
A ARFEA A A 63 Bt At 9 4R R R JFH, REAM T RNAI A= Bt & g2t
ARt KOG IR ., T HEABERIFESAT R, EFTELGTGREELT,
Aa ¥ —1% F Bt #4578, RNAI + Bt 89 % 548495 8 % MR AR R4tk 69 = £ 0 ] K
F1UAFUALE (B 1. AFRTAMRS RGO ERE T — IR L, A &
AAE KT — R KRR S T AR T A, AT — R R ey K B e
T Xk, A8% A R & %& 4 Plant Biotechnology Journal.

Next-generation transgenic cotton: pyramiding RNAi and Bt counters insect
resistance

Transgenic crops expressing Bacillus thuringiensis (Bt) toxins are extensively
cultivated worldwide, and become a cornerstone in integrated pest management. To

counter rapidly increasing pest resistance to crops that produce single Bt toxins,
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transgenic plant ‘pyramids’ producing two or more Bt toxins have been widely
adopted. However, cross-resistance and antagonism between Bt toxins limit the
sustainability of this approach. Here we demonstrated a novel insect-resistant cottons
that pyramid RNAI and Bt. Based on a large number of RNAI target screening, the
key genes control of insect JH metabolism were selected as targets. Bioassays showed
significantly higher cotton bollworm (CBW) mortality to both Bt-sensitve and
Bt-tolerant strains feeding these transgenic cottons. The study further showed that the
dsRNA cassettes were effectively expressed in transgenic cotton, and the mRNA
levels of the target gene in the tested insects was significantly decreased, as well as
the JH titers. We further pyramided these dsSRNA-producing lines with Bt cotton to
enhance their resistance.The pyramided cotton exhibited high efficacy against the
Bt-tolerant CBW. In addition, Bt cotton and RNAI acted independently against the
susceptible strain. In computer simulations of conditions in northern China,
pyramided cotton combining a Bt toxin and RNAIi substantially delayed pest
resistance up to 14 years relative to using Bt cotton alone (Figure 1). Our work
provides a new option for the CBW management by interfering JH-related gene
expression, and suggests that pyramiding RNAI-based and Bt insecticidal traits may
be used as the next generation insect-resistant crop to increase control efficacy and
help to delay evolution of resist—ance in target pests. This work is published in Plant

Biotechnology Journal.
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AT B 45 R o AT A T A 2 M U4z & 4K i 4% 4R AL (deterministic two-locus
population genetic model).

Figure 1. Computer simulations of the evolution of resistance by H. armigera to Bt cotton alone, a
sequence of Bt cotton followed by RNAI cotton and a pyramid of Bt + RNAI cotton. The time to
resistance is the number of years until the population fitness on transgenic cotton exceeded 0.50.
Pyramid: RNAIi+Bt cotton, Sequence: RNAI cotton, Bt: Bt cotton. (A) Realistic scenario:
dominance of resistance (h) = 0.5 for Bt cotton and RNAI cotton and no fitness cost. (B)
Optimistic scenario: dominance of resistance (h) = 0.5 for Bt cotton and 0.2 for RNAI cotton and

minor, additive fitness cost. Analysis is based on the deterministic two-locus population genetic

model.
(Z) AR
X

1. Ni, M#, Ma, W.#, Wang, X.#, Gao, M.#, Dai, Y., Wei, X., Zhang, L., Peng, Y.,
Chen, S., Ding, L., Tian, Y., Li, J., Wang, H., Wang, X., Xu, G., Guo, W., Yang,
Y., Wu, Y., Heuberger, S., Tabashnik, B.*, Zhang, T.*, and Zhu, Z.* (2017).
Next-generation transgenic cotton: pyramiding RNAIi and Bt counters insect
resistance. Plant Biotechnol J 15: 1204-1213.

2. Ding, L., Chen, Y., Wei, X., Ni, M., Zhang, J., Wang, H., Zhu, Z.* and Wei, J.*
(2017). Laboratory evaluation of transgenic Populus davidiana>Populus bolleana
expressing CrylAc + SCK, CrylAh3, and Cry9Aa3 genes against gypsy moth and
fall webworm. PLoS One 12: e0178754.
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