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WE FHERSEDRAEASE., RIPREHN S NEERREL —. HTIRAZFNEK(Zea mays)ZH K CH#E 7.
] b oK 2% H 2 R A i T B T 24N Y ORI A BB MR A7 25 (QTL)——UPALFMUPA2, 7R T X 24N s Th g
e (brd LFIZmRAVLL)E T S & MBS (BR)S S B B R 192 /1 . UPA2AZ T ZmRAVLL L3%9.5 kb, 7] 5DRL1IE LS .
AR ORI A ) HLGL AT LUSE ZmMRAVLL KA ; DRL1IE A 5LGLE A B4 I AEMHILG LY ZmRAVL LIS
Fik. FKMAF K2 (teosinte) FIUPA1L 5 75| SDRLIE A 45 & HE U B 38, FHCNAHZmRAVLLFRIA 32 3 5 31
0, T RRENZMRAVLLE 5 T i R brd1iRE T, #EMBRICH R K NIEBRAKT, SEH MmN, KR4
B UPA2SE AL B F B F K i FoRHZmMRAVL LT B R gmih, 1EBM &AM TR RER S A=, FRRIY
FE 7 ORI 4 B AR R ARG T TR R R R R

KR oK, #HE, &, UPAL UPA2

XA, FEEIR (2019). K4 FM A AR R (Lt KB ™. HY#i 54, 554-557.

T K (Zea mays)FiiE % I HG b2 oK
HERAE 2 — o R FOK A A T 201 28 304E X
f)35 000 -hm™ 4 i 3| 7 21t £ 4] )80 000
.hm™ (Lee and Tollenaar, 2007); 1 [E T K [ Fl it 25
FEAE B LOME A B35 38, DARVE B oK 7=
[X J9fl, FH20054F {158 2004k -hm 24 i % 201641
62 100¥k-hm™ (W25, 2017). -3 F /2 5200 K i
M EMEERZER, OA 200wl 7356 SOk
SR, f4%Igl (ligulelessl) (Moreno et al.,
1997). Ig2 (Walsh et al., 1998). ZmTAC1 (Ku et al.,
2011). ZmCLA4 (Zhang et al., 2014). na2 (nana
plant2) (Best et al., 2016). drll1 (drooping leaf 1)#H
dri2 (Strable et al., 2017). lg1%ifid & SBPL: I 1)
T, REE N AR i A EER G i B
lg2 4w TS bZIP#% K [K ¥, ZmTAC1/& /K5 (Oryza sa-
tiva) 4% il % 1 F FIOSTACL (Yu et al., 2007)f)
Al Y5 3L K, ZmCLA4 /& /K 7% 1 OsLAZY1 (Li et al.,
2007) 1) [F] 5 L BN, m sk 52 e ) 2 g 1 O 4 e R A
na2 4 ith i 32 2 A I (brassinosteroid, BR)ZE#) & i
BRI O, J2 LM T (Arabidopsis thaliana)
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DWARF1 (Choe et al., 1999) /] [F]J§ 3 A ; driLF1drI2
B YABBY K e sk A1, HLdrl2m] UK 35 drl1 i
YEH .

lgLANIg2 X R AL A [ 1 4% 73 W R W, iR 24N HE A
T E—%m R @A, HE2REAFRIIGE, Hig2
RIEAEF B-Flgl (Harper and Freeling, 1996). na2
W% BR& B, 11 BRI ] GE 8 4% drl1 A0 drl2 1 3% 74
(Strable et al., 2017), WX 3 H A i id BRAH
KRR . LR AR KN, BRIE S &
FEAE R FOK M R A A R R, HIX34
£ K2 5BRig 42 1 HAKT7 2L BL A e AT (8] 2 dn e B
VERMTIRANIE 2

KK £ H (teosinte) ¥ J& T £ & & J& (Zea),
B E KA, ZEAH BTN WM ARG R, H
Z. mays ssp. parviglumis & £ K [ B e fh . &k,
FH == U B 4H R K 2 55 (CIMMYT accession 87509,
J&TZ. mays ssp. parviglumis)Fl £k [ 58 ZW224%
IR H I BC S HEAAR, 7€ Ar 1 124> 45 il M- 1 1
QTLs, Ff X H o 2/ 20 5 5% K [ QTLs —— UPAL
(Upright Plant Architecturel) FIUPA23EAT T & 4H &
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L. UPALKEEALEI223 Kb X [ Y, 1% X [HA A& 14
% 5 BRA K& 12 1) 3 [A] (brassinosteroid C-6 oxi-
dasel, brdl); UPA2I4E {7 5240 bpdF4id X ]
W, ZXAAL T ZmRAVLL (B345 s 4% 5% K 1) L
9.5 kb. DjReIniE4s SRR, LM EL, ZmRA-
VL1 ) RNAI Fll CRISPR/Cas9 i [#: 1 £k - 32 #f1 48 /)N,
T PR AR AR A AR K brd LV A M R R A
KM% £ (Tian et al., 2019).

ZMmRAVLL T RERL s AL T UPA2 P (1) 27N g =
FHAGL(2 bp InDel), X243 46 A\ B2 A7 T 1
ANEHECLCL 45 & motif (AGTGTG)H, Tidri1fldri2
i Y ABBY %% 3% K 7 1T LLIRUIX ASmotif . [K itk
F¢ N 51 i 5t )i i # (electrophoretic mobility  shift
assays, EMSA)fIChIP-gPCRS:%:, KB4 2 bplii
NI 2 B A5 Ay BE R L RO S5 Ay 6 R L f7 5 DRLLER
SN di AP

TEIQLANG2 M RAL A 1, ZMRAVL LR IA 2 2
N MAEZMRAVLIF R AR, 1g1FTIg2f 3R ik
B AR, X ZmRAVLAAL T g1 g2 fr 7F i 1%
1) R Ui, 11 ZMRAVLL 1 G 3 T X A-1E 24 GTACH]
motif, X fhmotif i DL SBP 2 (iR B, W7 A ¥
HHEMILGLE A AT LLEE A ZmRAVLL A 3h T [X, #
Mo Rk . I B BE R 2 . EMSA I
ChIP-qPCREEH R F- B, w5 N gk — kst 71X
—HEN, FWLGIHE BRI ZMRAVLIKIRIA.

DRL1 45 &3z ff 25 (9.5 kb) & AGTGTG ¥ motif,
MLGL14: &L #E 5 (5 3+ [X) &% GTACH motif, A4
K2 E A Z AR AR EAE? BF 50N R % B
KA AE ] 5t 2 g B Ab 525 (firefly luciferase com-
plementation imaging assay, LCI)fE{&4MIEk P4 3
IESEDRLIMILGLIX 24N A AIFfE B ELAE . thAh,
T K i AR A B B R0 4 BT RS, AH B ROKR S AL
LR, UPA2 (1)K 2 H 55 7 5 R 0K ) 1) ¢ ' 2% Tl it 1k
K A FRIELGL AT DUHE mUPA2I) K 2 B AN £k 55
7 5 DR IR B 4 26 Ot R i G 14 R A DRL M4 |
UPA2 [1) K 4 B R K 55 A7 & DR 3K 2y 11 7€ ' 25 g 7%
PE; T LGLAI DRLL 3t 2 1K I 2= #11 fil] LG 1 X} ZmRA-
VLSRR . 4 E, DRLIE AW 5LG1%E H H i
HAE, HPE B EAEH LGLA ZmRAVLL X
EBEER .

FEUPALIIIE & 3 B & h, brd (1) ik & s,
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S K, brd 1 R IA AR — HIESE [ IX— 45
F, R brd1id i Rk =R SR sk . 1
ZMRAVL1JREBR A AT, brdlIRIE R EE N,
1M 7Ebrd 1 (1) B R, ZmRAVLL ) FRIE B B
Ag FHbrd1f TZmRAVL1 Fi#. ZMRAVL1ZwAL &
B34 Sk K 5% S M7, BRI HE S IR T LLEE 45 E-box
motif (CANNTG) (Je et al., 2010), Tfibrd1ft )3z
X % F 54 k2 motif, B EEH3Z . EMSA. ChIP-
qPCR & J5 A= Jo7 A4 1k I 1 45 5236 35 UF 52 ZmRAVLL
TR L Abrd1 8 2 FIX, 2R brd 13 F i
Fik. brdLiE Rk N IEBRKS B3 I &, 1
ZMRAVL L B R R I 5 2 PR A1

Tian%% (2019) 1 AF 50 3E — 25 B B 7 oK i A
(1), LGLEEZmRAVLLFKZE, DRLL
I ZmRAVLL () %%, DRL15 LG (4 B 1 41
LGLXfZmRAVLL W EEEH « ZmRAVLLI$E T it
brd1f¥RiA, Tfibrd1id it 8 BRIV A A 4% £ Kt
KRN GG RKE, VA TUA R A g (1) 192
Hlgifr T H—A g E, Hlg2 k# iR Flgl,
EATZ BT AR BAE RAIANE 2 (2) LG15DRLLIY
HAEPLUH| L ESEW, DRL21EADRLLIIEE T, W] LA
SR DRLLMIVE A, {EDRL2UWHA 520 DRLL LA X f& 75
H5LGLZ M AF 7 B AE, %R K%, (3) ZmTACLA!
ZmCLA4E i f i 12 P f e f DA KR B 5 3L e
B[R 2 AAEAEAR AR, 2 — AME R BRI 115

UPALRIUPA2 ) b [ A5 B b g At 1 oK it
Je AR AR AL LEE, T LA SERRAE A N R
AERKME. K RATRUPASEAL LR 5N T oK
P (AR K 108)H, BT LAAE fR A 4% 14 T (10 500%%
hm™) & 3 8 P % ZmRAVLL 3 47 1t 4% R 1E
(CRISPR/Cas9MIRNAI), ] LA 3 i R B KA,
FEH 5 B KT %5 A5 A2 2 (Tian et al., 2019).

FH = 8 201X IR0 9 0 oK T e 2k R 2R 9 1)
R RZ —, EHFRAMEEWER T E KA1
RIS, WX FOK S S B AR BLER
FRN, REIRHIIE S E PN W RAEEE Iz —.
EARFE R, T80 R B AR SO RIS K it gk
AT FF 5B, 25 FR BBk /NI 1 152 bpdli A
UPA2%5 {7 3 R 7E A R R 35 P R S ANAE TR, 7R K
A BEREAR R E ] A K (4.4%), BN IX M R 5
P RERAEDIAL I 78 A e R o X — R I
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Figure 1 A proposed pathway regulating the leaf angle in
maize

Ig2 regulates Igl with an unknown mechanism. LG1 and
DRL1 activates and represses the expression of ZmRAVL1,
respectively. The DRL1-LG1 complex represses the LG1-
activated ZmRAVL1 expression (DRL2 may have a similar
function as DRL1). ZmRAVL1 regulates the expression of
brd1, which, together with nana plant2 (na2), are involved in
the biosynthesis of brassinosteroid (BR) and eventually reg-
ulate leaf angle. Solid and dash lines indicate the clear and
unclear regulatory mechanism, respectively.
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A Teosinte Rare Allele Increases Maize Plant Density and Yield

Jie Liu, Jianbing Yan'

National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070, China

Abstract Increasing plant density is an important approach to boost crop yield, and leaf angle is one of the key factors
affecting plant density. Recently, Feng Tian’s lab from China Agricultural University cloned and characterized two major
QTLs (UPA1 and UPA2) regulating leaf angle in maize. The underlying genes are brd1l and ZmRAVL1, respectively, and
both of them are involved in the brassinosteroid (BR) pathway to regulate leaf angle. UPA2 is located 9.5 kb upstream of
ZmRAVL1 and is bound by DRL1. LG1, another leaf angle protein, directly activates the expression of ZmRAVL1. DRL1
and LG1 physically interact and the resulting complex in turn represses the LG1-activated expression of ZmRAVL1. The
teosinte allele of UPA2 has a higher binding affinity with DRL1, resulting in the reduced ZmRAVL1 expression, which
consequently down-regulates the brd1 expression and leads to the decreased brassinosteroid level, thereby reducing the
leaf angle. The introgression of UPA2 teosinte allele into maize and the manipulation of ZmRAVL1 significantly increase
maize yield with increased plant density. These findings have paved a new avenue for molecular breeding of high-yield
maize varieties.
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