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Genome-wide association analysis of fast chlorophyll fluorescence parame-
ters in maize
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Abstract: Fast chlorophyll fluorescence parameters are widely used to characterize the photosynthetic efficiency of
plants. In this study, the genome-wide association analysis was used to detect key single-nucleotide polymorphisms ( SNPs)
associated with fast chlorophyll fluorescence parameters using more than 560 000 SNPs in a maize panel consisting of 404
inbred lines. In four field environments, 41 SNPs were detected to be associated with five fast chlorophyll fluorescence pa-
rameters, including ABS/CS,, ET /CS,, TR /ABS, ET,/TR,, and Plcs. Among these identified SNPs which was 8, 6,

18, 4, and 5 SNPs were significantly associated with ET /TR , ABS/CS,, TR /ABS, ET./CS

0

and Plcs respectively.
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These significant SNPs will help discover genes for chlorophyll fluorescence parameters, better understand the genetic basis
of photosynthesis, and assist in developing marker-assisted selection breeding programs in maize.
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Table 1 Statistical analysis of fast chlorophyll fluorescence parameters

HAC R 225 F il

JIP 24§ EZ%E W FrifEzE 75 51 gL 1 (%)
HE LK 1] FER T X B3

ABS/CS, El 3 670.73 257.54 2 814.25~4 935.08 3.92* 1.48* 60.28
E2 3979.73 198.25 3 446.25~4 851.33
E3 4 466.48 445.32 3 356.00~6 207.33
E4 7 092.98 582.54 5852.50~12 722.00
Blup 4 812.62 158.34 4 449.37~5 975.34

ET,/CS, El 2 306.10 200.36 1 404.03~2 783.74 3.10™ 1.39* 54.51
E2 2 550.45 116.78 2 229.78~3 023.56
E3 2 712.89 265.29 1 672.74~3 384.32
E4 2 836.37 284.00 1 848.26~4 257.90
Blup 2 605.64 74.45 2 294.85~2 916.08

TR,/ABS El 0.81 0.01 0.68~0.83 7.92™ 441 58.92
E2 0.81 0.01 0.69~0.84
E3 0.78 0.02 0.67~0.82
E4 0.78 0.21 0.66~0.82
Blup 0.80 0.01 0.76~0.81

ET /TR, E1l 0.63 0.04 0.43~0.71 4.54™ 1.88* 67.42
E2 0.64 0.03 0.49~0.72
E3 0.61 0.05 0.32~0.71
E4 0.51 0.04 0.32~0.62
Blup 0.59 0.02 0.49~0.94

Ples El 20 664.00 5 175.66 6 120.28~4 0311.05 5.61™ 2.23* 63.77

E2 23 703.00 4 828.74 6 707.26~36 319.61
E3 16 129.00 4 425.96 4 049.59~26 653.17
E4 11 545.00 2 839.66 2 543.47~21 151.79
Blup 17 940.00 1 849.37 10 164.56~23 100.53

ABS/CS, M J B A I RIS 1 YR8 s ET, /€S, « B T FR PN HL 4% 386 B 17 4 5 TR, /ABS « U HR U4 35 A9 H 7 o 2 WA ) ' k7 A L 4815
ET,/TR, : RV O A 3R A A8 o T H A% 38 B9 12 177005 Ples - LSRN AU SERR A PERBTE AL, E1.VLIR4 B Wb X AR L B4 558 BT i 46
£ FEFIH 2013 4E 6 7 18 H s E2. B N K% pg 48 — W il & RSkt 800 2013 4E 12 A 1 HE3 M KRk 3, 1Al 2014 45
6 J1 20 H;E4. YLIRAE BUR ) RO B2 AF 55 Bl 58k 3, #E #0814 2014 4F 7 A 1 H ; Blup: JIP SEUFE 4 A IEE T A9 S (R LM T Al 1
{H ™ Fm 2 5B 8 E K (P<0.01)
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Table 2 Correlations among fast chlorophyll fluorescence parame-

ters based on Blup values across four environments

JIPE¥ ET,/CS,  ET,/TR, Ples ABS/CS,
ET,/TR, 0.533*
Ples 0.399 ™ 0.868 ™
ABS/CS, 0.515™ -0.396™  -0.423*
TR,/ABS 0.207 0.588 0.717*  -0.478*

ABS/CS, \ET,/CS, . TR,/ABS ET /TR, Plcs 1.3 1, ™ FmRHMAK ik
BEKF(P<0.01)
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Fig.1 Genetic structure and pair-wise kinship coefficients for the used maize inbred lines
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Table 3 SNP markers significantly associated with fast chlorophyll

fluorescence parameters in maize

JIP Z5) Fric P BEER SURE(%)
ET,/TR,  ¢chrl.S_290305304 17.70x10%  A/G 9.90
chr2.5_2681042  2.25x107  A/G 9.43
chr2.5_2681043  2.25x107  G/T 9.43
chr2.5_2681048  3.78x1077  C/T 9.21
chr2.8_2685111  6.33x1077  C/G 8.58
chr2.5_2785950  4.24x10*  C/G 10.59
chr9.5_139981354  9.68x107  A/G 8.40
chr9.5_139981827 8.58x107  C/T 8.47
Ples chrl.5_292988990 6.74x1077  A/C 9.06
chr2.8_2681042  1.05x10°  A/G 8.50
chr2.5_2681043  1.05x107° G/T 8.50
chr2.S_2681048  1.87x107°  C/T 8.17
chr6.S_91646133  1.71x10°°  C/T 7.98
ABS/CS,  chr2.S_191691550 1.15x10°  C/T 7.90
chr5.S_142403885 9.45x107  C/T 7.95
chr7.5_130938522  4.69x107  C/G 8.48
chr7.5_130938214 1.80x10°°  A/G 7.58
chr9.S_125126757 5.72x1077  C/G 8.39
chr9.5_139701092  6.34x107  G/T 8.52
TR,/ABS  chr5.5_216553312 1.26x1077  C/T 9.88
¢hr5.5_203305722  4.13x107  A/C 8.66
chr6.S_145648719  6.43x107  A/T 8.26
chr7.S_144252727 2.36x107  C/T 9.11
chr7.S_144252789 2.36x1077  A/C 9.11
chr7.5_144252844 2.36x107  C/G 9.11
chr7.5_144252876  2.36x107  A/T 9.11
chr7.5_144252893  2.36x107  A/T 9.11
chr7.S_144252986 2.36x107  A/G 9.11
chr7.5_161437688 2.66x107  A/G 9.04
chr7.S_143824542  1.42x107° A/C 7.93
chr7.5_143824768 1.42x10°  A/G 7.93
chr7.5_143825002 1.42x10°  A/G 7.93
chr7.S_143825160 1.42x107°  A/C 7.93
chr7.S_144325468 1.57x10°  G/T 7.72
chr7.S_144325672  1.57x10°  C/T 7.72
chr9.5_139981827 1.97x1077  C/T 9.22
chr9.S_139981354 2.39x107  A/G 9.13
ET,/CS,  chr2.5_2681048 1.27x1077  C/T 9.97
chr2.5_2681042  1.40x10°°  A/G 8.06
chr2.5S_2681043  1.40x107°  G/T 8.06
chr4.S_239129628 1.21x10°  C/G 8.04

ET,/TR, .Ples ABS/CS, .TR,/ABS .ET,/CS, W% 1,

i 2 TR SRR ACRT 3 Sy AR e T
L EARAR A R OCI A3 B (A 5 . (H B SRR
()35 A% S5 FA ORI ] ) SR 2% O R AT RES 33
Z VAL SRR BN OGO R B I Re 2 A8
(a5 5 S, T 7= AR R PR I 2 SR AR 9T A
5.6x10°/> SNP FRic BEHLIEEHC 51 0 A0 T F KK
PIZHAY 1 291 > SNP FRicHs 404 1 EAK AR RN
7 ASNERE A ARG Q RELFE [R] A EASHARA] F
FGRF IFNATET MLM BRI SEBEH7 o, \l
TE— B FRFE 1A RO RE T T AR S5 4 52 0] 7 35 1l )
LR A

AT I SR 3 M 7 s A I B 41 5 I
SR OCHR Y SNP 37 i, 5 2 il 0y A ] 3% 8
G3HTE AL K 4% 2K 9O S 40RO TR I 25 A
U R SEAE Y AR bin (R 2. 07 6. 05 FI
7.03 JbAs G B TR A OGN, BT AL
TE 2B e MRE T R 3RIA I B R s A T L F A
Yrfe, AT Bk 3 A G R X B A K F
FME R AT REER =, MR IS HEEEY)
HER N AEY AR N SR R A
S8 H R LA o A i T B i X )
TP, A FI 2 N L AEY LA B8 1 = 5 /)
[ 2040 .

A& JIP 3% ABS/CS, . ET,/CS,.TR,/ABS .
ET,/TR,Fl Ples £ A FHRE B 6G 1 s A
FEARSE AR E | (H X 28 2 80 2 )77 76 W 35 1
TEAHSCER ARG, 53 4h 78 KRG8 EAF7E—SEhR
WERII 5 24~ JIP S8 3 A0 5 QnTE 2 5 L A 4K
b ARIC chr2.S_2681042 chr2.S_2681043 Fl chr2.S_
2681048 Wik M E| 5 ET /TR, ET,/CS, I Ples %%
B W EAME £ 9 FY Ak I FRid chr9. S _
139981354 Fl chr9. S_ 139981827 WA £ 5 TR /
ABS R ET,/TR ¥R EM K, XA H THRE K
— PR 2l s AN [ MR 35 PR % 3 B P 38

M Bl A P R Ak K S HOR AR R BT
FRIE A Fe AR ITAS B )
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