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Abstract With the deficiency of the synthesis for the phytochromechromophore in the maize elm1 mutant, the phytochrome activity
might be reduced and the mutant plant might show characteristics of light insensitivity. In order to reveal the nucleotide
polymorphisms in the maize ELM1 gene and their associations with important agronomic traits, the sequences of the maize ELM1 gene
are captured in 80 inbred lines in the present study, and the associations between the sequence variations of this gene and 2 plant
types (including plant height and ear height) and 7 ear traits (ear length, ear diameter, cob diameter, ear weight, kernels per row, rows
per ear and kernels per ear) are determined. A total of 85 variants, including 73 SNPs and 12 indels, are detected from the full
sequences of this gene in the tested inbred lines. Although in the coding regions, the indel is not included, with the SNPs of CDS
sequences, the maize ELM1 gene can be classified into 7 haplotypes, which encode 6 different ELM1 proteins. There are significant
differences among inbred lines for all 9 plant types and ear traits. According to the results of the association analysis, one
nonsynonymous SNP is found to be associated with the ear height, while two other nonsynonymous SNPs are associated with the
kernels per row.
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Table 1 Polymorphic sites in maize ELM1 gene

(A (A AR WA 1% (A (DA AR A 1%
SNP_14 Exon01 C/A 86/14 SNP_1962 Intron02 G/A 99/1
SNP_56 Exon01 C/A 86/14 SNP_2297 Intron02 C/T 9872
SNP_98 Exon01 C/T 94/6 SNP_2299 Intron02 T/C 65/35

Indel_156 Intron01 CTGACAGC/——————— 65/35 SNP_2302 Intron02 G/A 55/45
SNP_181 Intron01 G/T 79/21 SNP_2333 Intron02 C/A 96/4
Indel_202 Intron01 A/~ 89/11 Indel_2344 Intron02 -G 96/4
SNP_209 Intron01 C/T 86/14 SNP_2348 Intron02 G/T/A 85/11/4
SNP_237 Intron01 A/G 98/2 Indel_2349 Intron02 G/- 80/20
SNP_259 Intron01 C/T 86/14 SNP_2446 Intron02 G/A 65/35
SNP_266 Intron01 C/T 99/1 SNP_2455 Intron02 C/T 89/11
SNP_294 Intron01 C/T 94/6 SNP_2491 Intron02 T/C 65/35
SNP_336 Intron01 C/A 85/15 SNP_2520 Intron02 G/A 96/4
SNP_421 Intron01 A/T 98/2 SNP_2637 Intron03 G/A 9872
SNP_422 Intron01 T/C 86/14 SNP_2671 Intron03 C/G 65/35
SNP_451 Intron01 T/C 94/6 Indel_2684 Intron03 AC/— 96/4
SNP_452 Intron01 C/T 99/1 SNP_2757 Exon04 A/IG 98/2
SNP_559 Intron01 T/A 65/35 SNP_2876 Intron04 T/G 65/35
Indel_581 Intron01 T/- 68/32 SNP_2910 Exon05 C/A 98/2
SNP_595 Intron01 C/T 94/6 SNP_2939 Exon05 T/C 65/35
SNP_621 Intron01 T/A 55/45 SNP_2993 Exon05 C/A 65/35
SNP_1042 Intron01 C/T 86/14 SNP_2998 Exon05 C/T 80/20
Indel _1068 Intron01 ~  ——————- /TACAGGA 94/6 SNP_3005 Exon05 C/A 65/35
Indel_1133 Intron01 G/- 86/14 SNP_3020 Exon05 G/A 80/20
Indel_1143 Intron01 ~ ———————~ /TCTAGTCT 94/6 SNP_3027 Exon05 G/A 96/4
SNP_1152 Intron01 C/T 98/2 SNP_3035 Exon05 C/T 99/1
SNP_1155 Intron01 G/T 99/1 Indel_3051 Intron05 -/GIC 69/11/2
SNP_1156 Intron01 A/G 99/1 Indel_3052 Intron05  ———— /ATTTT 89/11
SNP_1159 Intron01 C/T 99/1 Indel_3065 Intron05 -/T 81/19
SNP_1185 Intron01 A/C 99/1 SNP_3238 Intron06 C/T 86/14
SNP_1186 Intron01 T/C 99/1 SNP_3305 Intron06 A/IG 98/2
SNP_1195 Intron01 T/C 65/35 SNP_3311 Intron06 G/A 98/2
SNP_1359 Intron01 A/T 96/4 SNP_3338 Intron06 G/T 99/1
SNP_1390 Intron01 A/G 65/35 SNP_3359 Intron06 GIT 98/2
SNP_1391 Intron01 G/A 89/11 SNP_3379 Intron06 C/A 89/11
SNP_1401 Intron01 G/A 89/11 SNP_3493 Intron07 C/T 65/35
SNP_1424 Intron01 G/A 99/1 SNP_3494 Intron07 A/G 65/35
SNP_1445 Intron01 C/T 98/2 SNP_3499 Intron07 C/T 86/14
SNP_1486 Intron01 C/T 69/31 SNP_3536 Intron07 T/C 65/35
SNP_1507 Intron01 G/A 65/35 SNP_3560 Intron07 TC/ 65/35
SNP_1749 Intron02 T/A 99/1 SNP_3596 Exon08 G/A 86/14
SNP_1837 Intron02 C/T 99/1 SNP_3635 Exon08 AlG 85/15
SNP_1867 Intron02 A/G 96/4 SNP_3686 Exon08 G/A 94/6
SNP_1880 Intron02 T/C 98/2
Bl 80
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Table 2 Parameters for the sequence variants of maize

ELM1 gene
ZH G HETFX 2K
I BE Mbp 894 2886 3780
A5 SV 15 (SNP+InDel ) 15 70 85
75 SRR 59.6 41.2 44.5
SNP %t H 15 58 73
SNPJiR 59.6 49.8 51.8
InDel %7 H 0 12 12
InDel -3 B /bp 0 3.1 3.1
InDel #5i% 0 240.5 315
T 0.0038 0.0044  0.0043
6 0.0034 0.0043  0.0041
Tajima’s D 0.3909 0.0198  0.1083
Fu and Li‘s D* 1.0680 0.0113 03153
Fu and Li’s F* 0.9827 0.0176  0.2783
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Table 3 Distribution of haplotypes of maize ELM1 gene
among tested inbred lines
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25, 7} 988, 052, 7 318, WT262,
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HO3 13 HCO1
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0z01
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Ghy—Fh ELM1 A BT, 00 AR 25 St DX B B 43 31 G it —
FEEBL, AR ELMI DA E B EHEH AR IE
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% 20 * 40 60 * 80 & 100
HCO1 : MSGGGGLGSGCSYQRFVHEALEQTRHRSTLVPHPSQEKFRFIKANEDNTVLNALSFSTSKIRLLRSLTIEQRNSVQVLDFAAFSRPEYDLPIFCANAFSS : 100
HCO02 : MSGGGGLGSGCSYQKFVHEALEQTRHRSTLVPHPSQEKFRFIKANEDNTVLNALSFSTSKIRLLRSLTIEQKNSVQVLDFAAFSRPEYDLPIFCANAFSS : 100
HC03/05 : MSGGGGLGSGCSYQKFVHEALEQTRHRSTLVPHPSQEKFRFIKANEDNTVLNALSFSTSKIRLLRSLTIEQKNSVQVLDFAAFSRPEYDLPIFCANAFSS : 100
HCO04 : MSGGGGLGSGCSYQRFVHEALEQTRHRSTLVPHPSQEKFRFIKANEDNTVLNALSFSTSKIRLLRSLTIEQRNSVQVLDFAAFSRPEYDLPIFCANAFSS : 100
HC06 : MSGGGGLGSGCSYQKFVHLALEQTRHRSTLVPHPSQEKFRFIKANEDNTVLNALSFSTSKIRLLRSLTIEQRKNSVQVLDFAAFSRPEYDLPIFCANAFSS : 100
HCO07 : MSGGGGLGSGCSYQKFVHEALEQTRHRSTLVPHPSQEKFRFIKANEDNTVLNALSFSTSKIRLLRSLTIEQRKNSVQVLDFAAFSRPEYDLPIFCANAFSS : 100

Ferredoxin-dependent bilin reductase domain

* 120 » 140 160 = 180 * 200
HCO1 : PARSIVVLDLNPLYDTTEHKDYREKYYRALMPLVHKYSEELPWGGKITSESLRFFSPIVIWTVFEPSEENHQALYSAFUDYYMVWLEFMDGAVRESSKEK : 200
HCO02 : PARSIVVLDLNPLYDTTEHKDYRGKYYRALMPLVHKYSELLPWGGKITSESLRFFSPIVIWTVFEPSEANHQALYSAFVDYYMVWLEFMDGAVRESSKEK : 200
HC03/05 : PARSIVVLDLNPLYDTTEHKDYREKYYRALMPLVHKYSELLPWGGKITSESLRFFSPIVIWTVFEPREVNQQOALYSAFVDYYMVWLEFMDGAVRESSKEK : 200
HCO04 : PARSIVVLDLNPLYDTTEHKDYREKYYRALMPLVHKYSELLPWGGKITSESLRFFSPIVIWTVFEPREANQQALYSAFMDYYMVWLEFMDGAVRESSKEK : 200
HCO06 : PARSIVVLDLNPLYDTTEHRKDYREKYYRALMPLVHKYSELLPWGGKITSESLRFFSPIVIWTVFEPREANQQALYSAFVDYYMVWLEFMDGAVRESSKER : 200
HCO07 : PARSIVVLDLNPLYDTTEHKDYREKYYRALMPLVHKYSEILPWGGKITSESLRFFSPIVIWTVFEPREANQOALYSAFMDYYMVWLEFMDGAVRESSKEK : 200

= 220 * 240 260 b 280 *
HCO1 : IDRNREAQHKYLTWRAEKDPGYPLLKKLIGESGAKDLVREFLFEGVGSLGTRKSFLEYFAEYAQEDGTVNKKRSMAGKSFGTRPWDAHGLFVGDAVDG : 297
HCO02 : IDRNREAQHKYLTWRAERDPGYPLLRRLIGESGARDLVREFLFEGVGSLGTRSFLEYFAEYAQEDGTVNRKRSMAGRSFGTRPWDAHGLFVGDAVDG : 297
HC03/05 : IDRNREAQHKYLTWRAEKDPGYPLLKKLIGESGAKDLVREFLFEGVGSLGTKSFLEYFAEYAQEDGTVNKKRSMAGKSFGTRPWDAHGLFVGDAVDG : 297
HCO04 : IDRNREAQHKYLTWRAEKDPGYPLLKKLIGESGAKDLVREFLFEGVGSLGTKSFLEYFAEYAQEDGTVNKKRSMAGKSFGTRPWDAHGLFVGDAVDG : 297
HCO06 : IDRNREAQHKYLTWRAEKDPGYPLLKKLIGESGARDLVREFLFEGVGSLGTRKSFLEYFAEYAQEDGTVNKKRSMAGKSFGTRPWDAHGLFVGDAVDG : 297
HCO7 : IDRNREAQHKYLTWRAEKDPGYPLLKKLIGESGAKDLVREFLFEGVGSLGTKSFLEYFAEYAQEDGTVNKKRSMAGKSFGTRPWDAHGLFVGDAVDG : 297

B EXKELM EERBHEBRF 5 X
Fig. 1 Alignment of protein sequences encoded by maize ELM1 gene
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Fig. 2 Diagram of the LD between polymorphic sites
of themaize ELM1 gene

FORFEPH AR A7 o5 ) A A AT PR R YRR
—MEAEJLE bp ] #EIR 0.1 B/KF A58 & B, ELM1 JE
D] B SRl LA T AN YA R A R, (At 32 PR i
RGBT R — BB R R L &

H, — MR N HEAN R BOEYA RS R,
3 M7 2 AR AN ST Y S e, AR S R ELM SR
JEH R I Z T T E A S, R IR AE R R
BH T RE A F A, HOM R B AZ R A A5 43 g2 (295,
337).(337,452) .(1196,1360) . (1360,1391) . (1881,2298) .
(2298,2334) .(3028,3239) . izFEH M E A =k rT LU H
AN [R) LA T8 2 ] ) P B AR AR AR SRS Jn B A5 75 HO2 1l
HO3 J2& ELM 1 3 PR r H B0 % d g 1) 2 A 80, o3 Sl 6 7% 35
M3 ASFR . X2 AT Exon01 F1 Exon08 X B )37
SEA—F, (HALE Intron01 2 Intron07 [ X B PN £ /F 2N 7
A7 5, DA % 2 Fh B B 22 [A] ZE IntronO1 ZE IntronQ7 1 X B N
/IR 2 K A A 3T X 2R AR Sk

2.4 ELM EESRER KBS

A3 R R A R RS R o R AR R
ATBCRRE R B L O A K 7 B A SR AT 5 , 7 2253 br
FEIIX 9 R ZHRIGAEAEA FOK A 28 R IBIFEAER 35 25 57
(£4), FIHZESRZEFRRG R4 02 55 R
—PRR I HAT B A S B AN [R RIR 0 A8 S5 R A AE A
BRESR. 5 REES MR EE K5 31.65% ; ik
BT, AN 9.51% 0 94~ T K F=ReRIR TP AT 8 R YT
gt fE I 50% , % W I S Pk 32 A7 B A R i
il RS AL SR, M 83.7% , AT RIER K 3845 1 e A,
HA44.3%,

BRI R FH Tassel ZXPF TR A LAMERBAL . 76 Sifs X Y
LRGN 24~ SNP AB S 5 FORFEA 2 A7 7E b 2 Gk (R 5) 31X
2N AR S AL TSR A AR X R R e R ) BTk
N 5.66% . TEIX 24> SNPAE S0y 5, SNP_2998 i3 ] 3L
GRAR B, BB R EE TP AN A S o 61 SNP AR 40 5
SATREUAAE B I OCHK . Horh, SNP_56 F1 SNP_2993 Ky dF
) SCHRASA i, BT R 4 s 2 1 P 91 1 e A . LAk, SNP_
56 5 SNP_14 4k T 58 3% BATHERAS , WA TR R A DTk



—t

B SR 2014,32(35)

www.kjdb.org

#H7.29% ; SNP_2993 F1 SNP_2939 K SNP_3005 thAb T-5¢ 4>
FEFUARERIRES SRR B A TR R N 10.87% . BREEAT
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1o FIAT LR Z A0, A TS o T 38 7 ) HAlL A Z MR AN 5

ELM1FE R 1) 7 5028 S A7 . 25 Tk
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Table 4 Descriptive statistics, one—way ANOVA, and heredity capacity of plant type and ear traits of

the tested maize inbred lines

S P i /em i /em  FK/em  BEl/em  Hiil/em FliH /g TR FEATHL TR
SEH%L 185.309 65.394 12.401 4.267 3.030 74.716 19.040 14.674  280.854
b2 30.199 14.879 1.690 0.406 0.341 23.651 3.931 1.977 72.493
/ME 99.667 37.500 8.294 3.273 2.200 28.200 9.000 10.333  117.000
IS ON:] 256.050 110.100 16.240 5.400 4.029 144763  28.632 19.714  484.842

AR B 16.30% 22.75% 13.63% 9.51% 1152%  31.65%  20.65%  13.47%  25.81%
J5 25307 P 98.347" 56.372" 21.880" 25315 22.246" 266807 11342  18.088"  14.468"
UL 0.837 0.755 0.613 0.649 0.617 0.660 0.443 0.567 0.508

E R TR %K L6 2 R
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Table 5 Association between the sequence polymorphisms
of maize ELM1 gene and phenotypic variations

E2IN A5 FfA PlE r
. SNP_2998 43220 0.0412 0.0566
FAT
SNP_3020 4.3220 0.0412 0.0566
SNP_14 5.8228 0.0184 0.0729
SNP_56 5.8228 0.0184 0.0729
o SNP_2939 8.6743 0.0043 0.1087
TR
SNP_2993 8.6743 0.0043 0.1087
SNP_3005 8.6743 0.0043 0.1087
SNP_3635 43437 0.0407 0.0544
3 i

F & WA SRR AL o R A LR T VRS RS
(478 S AL FE PR AN I T, — 7 TS R RRHE A8 5, 5 — D T
SRR AR o AL, R AV AL R 2R
SR A T BRI SR A AT A T s A R BB SER Y, ADF
FEH R B EoK B2 R, & X e R T 7E A
PEAR A AR B Y 25 5, s A% 70 IR A 3R Bk S PR Ok
R A AL SRR B EEAE . BeAh, RS T Bk
ELM1 SERAEBE R A b ()38 (AR 57, 8B ZRE S 8 (6l
0.0043 , IZfHEXT 278 /4> H 28 Rl ik e L MY Jr 1515
FAY{E (0.006) RS ik . XKLL FT LS HFL W L AHATEAR A E R
R SRS A% S AR S T HLA B AR

SNP il Indel 75 S5 J2: 35 [ 41 Hh e UL AR AR S, Horp SNP &

BEPRI 20 v e AR M e e B B 221 HLE B R KR S, A
T SNP i J2 Indel #R 1] L5 2 5L R ) 28 A8 I X 33K 7= 7= A
S T EHLAR A8 SRR e 5 LR R AL 25k . Ching
SEPIXE 36 K F 3E R I I8 FEF AT T RS, K IAE St
X 130.5 bp A 14> SNP, i Gt X F 1 47.7 bp A 14
SNP., AHFFE KB, ok ELM1 BRI 5 AR IX 5 ] i)
5% 245 AT, T Gt A% DX 1 728 S5 U528 3 /27 1 At AT T 0 BF 5 45
Jeo X — 71 AT fE S T A ST BT BRI B ALATT AT 5T 1)
TR, 55— 7 T o] RS2 T AR ST BEAR vh G 438 S 250
WRBAR 7 A REZT RAUGH A 1S3 AL R T,
SRS ELM1 LR it X 5 N B 7 X ELAT AHE 1 SNP 28 545
B ARG X H A A Indel 285, 124> Indel ¥ HBLIEN & F
X, AHZFE R Gt DX 7 A AR ) S8 A8 e S 5 e S L 1R 7 5]
IR , FF i & T30 80 1 oKk A 58 R 4t 6 Fl A [F] 1) ELM 1
GRS

Hef5 554 TRt B H kR B Y 0 R B & B UERE
PR AR A F= 2 XPGME 5 A LR T 7%
WA B FIRR 1 — 4B B MW 0 65 Sl AR ol B R AR
Yy i AL SRR . AR R RS S ARG
PRI Sl 35 5 T FE AR S ke e S5 7 A OCPRAR . T s B vh S il
FEHUE R PHYB B L, IA RS2 6 A Fa il JF AL R 1A i) L R =2
—BU X {6 % PHY A FIPHYB AORIFSE 2 0, %5 35 VR4
IR YT () 4 R o AR B AR AR O 2 (o AR R B0 e
R E SRR BRI AN oK ELM1 35 K 9547 5148
ST A -, 2% AR A e S R R R R
B 9P A MR AT T DI A AT, I 31 1 AN E )
GRAF SR S A7 AR 3 OCHK, 5 2 MR R LR A S TR U
FE R OCIE . R = A TRLE— B A R &5 I oK
FE A R FE BRI R T DR AR 2 (R 405 SR ] by stk — A 5
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R T — ML ELM1, 153 45185 2tk — PRk

4 4ig

Tk ELM1 3L ) 2K TP 817E 80 4~ I E ok H A8 Rt
J%BE 73 4 SNP I 12 A4 Indel s 3% 3 R AY 4 % X 35 43 15 4>
SNP, Herbr 74 MR ] AR A5, , AT LK 804~ 38 R R 73k
7R BAAE R I fit 6 Fh ELM1 & B, E oK ELM1 3L NS
H P BRI R S, B0 & A ali e i . T R 56
AT 7 2 & B, 1 TR Y 1A R) U5 28 SRR R A7 A i
FORHE; i 2R R LR AR ST RLEUA A B 3 Rk . R
SE IR K ELM 1 K A8 S5 50T F T4 bm e 4 Bk
PR R I R, X b [ ORBR BRI RE R R 2 R 41
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