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#HE: LSRR SBAEGGER, TR THREAFMATREREMTT. LEEESRTEELA, HA), o
Tt &R BEART A A A A S ERRE R RKEIER LIE, AT 248 Gy BRAZHHR P FRAFTERARL
% PHBWC §f it 17 2] 89 2 R F ALK E 4k et9 (etiolation 9)AM#, BLEARE R, ot A ArtEE 42N L, THARLEH THN
B, AEHEE S, 5FALAREL et9 BB, RIZHEFEK, Slet K, Grt @ =t 5L 2 F B0, M, By, w22
B AR MR 10-12 X; T Fa TEEF D ARSI EZ S EREFMTHAA, otk EHRH, 2EApARIL, %
BRABRERY; Aok FE, ALFE. ABREYRIFIKRTHAEA, Job AR ERIFTS, THEAKELSHK
RAEANFFERIAHIFRTHAR, AERA P ERALTNEA ARG EERTES, ¢4 Zmet9 (Zea mays
gtiolation 9) . ¥ 5 £ K A R A& B73 M Fo 0 B 24k, @it BSR-seq 7 k¥ T H2 5 2124 2R H 9 § &4k 20~22
Mb X i8] 2 Mb SE B . #t—F g4z X 8] JFF K 4 35 KASP 471t & 2 3 InDel 4732, #) 25 1100 AR & & A $ ki 474 4w
FAL, R Zmet9 Hrm A T 2R S 9O & & ARARIE KASP19 #= 2040 Z 1A 25 160 kb 69 X 18] . iZ K A AAH 5 AMEE LR,
£ Zm00001d045384 %50 — A4k AR A A B ALER, HidIr P a9 RAE FSD2, FSD3 K& & i Aot &1% G o K A K,
FAHEM Zm00001d045384 T 4t 2 Zmet9 #94% ik A A,
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Fine mapping of the etiolation mutant gene Zmet 9 in maize

LI Yongsheng, WANG Xiaojuan, LIAN Xiaorong, LIANG Gensheng, HE Haijun, YANG Yanzhong, ZHOU
Wengi, DONG Xiaoyun, ZHOU Yugian, LIU Zhongxiang *

(CroPs Research Institute, Gansu Academy of Agricultural Sciences, Lanzhou 730070 )

Abstract: Photosynthesis is the basis for plant survival. Leaf color mutants are often accompanied by abnormal chloroplast structure
and blocked photosynthetic pigment synthesis. Therefore, the study of leaf color mutants can provide experimental data and theoretical
support for photosynthesis and photomorphogenesis. In this study, maize etiolation mutant et9 (etiolation 9), which was screened from
maize inbred line PH6WC by 2.48Gy fast neutron irradiation, was used as the material. Through phenotypic identification,
determination of chlorophyll content in leaves, microscopic observation of chloroplast structure and analysis of photosynthetic
characteristics, et9 plant height and panicle height were significantly lower than those of the wild type, and the flag leaf length, flag
leaf width and the third leaf width were significantly reduced. The tasseling, pollen shedding and silking stages were delayed by 10-12
days compared with the wild type. The contents of chlorophyll a, chlorophyll b and total chlorophyll were obviously lower than those
of wild type. The chloroplast structure is loose, the distribution of thylakoids is chaotic, and the number of basal grains is small;
Compared with the wild type, the net photosynthetic rate, stomatal conductance and transpiration rate decreased significantly, while

the intercellular carbon dioxide concentration increased significantly. The chloroplast fluorescence parameters were significantly lower
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than those of the wild type except for photochemical quenching. Genetic pattern analysis revealed that the yellowing phenotype was
controlled by a nuclear recessive gene, named Zmet9 (Zea mays etiolation 9). The F2 segregating population was constructed by
crossing it with maize inbred line B73, and the mutation site was preliminarily located in the 2 Mb region of 20 - 22 Mb on
chromosome 9 of maize using the BSR-seq method. Four pairs of KASP markers and two pairs of InDel markers were further
developed in the initial mapping interval, and about 1100 mutant phenotypic plants were used for fine mapping. Finally, Zmet9 was
finely mapped to a region of about 160 kb between KASP19 and 2040 on chromosome 9 of maize. This interval contains five
candidate genes, of which Zm00001d045384 encodes an iron superoxide dismutase, and the leaf color bleaching phenotype occurs
after the mutation of homologous genes FSD2 and FSD3 in ArabidoPsis. We speculate that Zm00001d045384 may be a candidate gene
for Zmet9.

Keywords: Maize; Etiolation mutant gene Zmet9; BSR-seq; Fine mapping

T RALNRRAZR I B FRAS AR FE A 0 Hr 2 R ) D e S U X 2% (R BAERD ), T (0 SR AR A 24 i
WM R . CEZFEY) IS E R, HhmieRERE, KREZEURBERENILE TG
RO ERNPEREK, JeaEHAE TR, VMR R R, WiSBHERA G IEF AR, TiEEmHE
AR, BESEUT RN, EHGE &S ORI 700 24N (TR KFER AL AP H AT SR E
K5 ORI AR AR QTL i 200 ZANE, RANL K2 i T H A Y AR, H AT 0 4 ARG
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1.1 sEEwrst

STIGMEA TR HAE R PHEWC. B73. BALTRAGK et9 (HTHH LA LL 2.48Gy fE IR IS AR b 715
FKE A FR PHEWC GRS E]D , ZAR R M 5 BN ISR, (HIFABOE, AL & AR R 4,
FEAEI MR e IE B O, MERIE R b2z, BRI IEE A sE, A FMRKARE AR (HD .
FIH B73 5 et A58 Myt Fy B, Fo FIAS3RAT Fo 0 B REOR AT AL A0 AT ANBE D) s 7« R4 5 1. LA
1.2 REHE
1.2.1 EXRBRURER et/ ABRBPE

K BA R PHBWC, B73. #1454 et9. LAK B73 5 et9 Z25C i Fu Fo BEAAFE T H il & ARl 2%
BRI R K B ARG . AR KR 3 10, Gt (B73/et9) Fo FEAA B A 7R AN S AR (AR bk
Mo, FREATEAE T T A BRI SRR H RIS A I B R AR, Rz, i S B A
., HERMEETHA: M. BALm. BRI RS bk L Mg, S, =M. #=
MG, G, R, RATHL. ATRIE. R SRR S RO R, i B R
1.2.2 FHERFRERE et LABRPNE 70 HETA R PHEWC AR et9 & 10 Bk, 0 7I1ES
I IO ALK 43 B 1 em? (I A, JBER I BB A 1-2 mm (K5, BT R R K AR 0 80% AT
RS PR EL: A SR A0 RT3 e il sE it 438 @ (Chla) 143K b (Chlb) M8 &, HHEARA:
CChl.a=12.27>x0D663-2.69>0D645; CChl.h=22.9x0D645-4.68>0D663. & &K {7 &E (mg/ cm?) = (M4EE )
W RE >R BRI MR D TR TR 2S300,
1.2.3 FFERMEETE et 9MHRIELEHME  7E5T 1A et9 FIEF AR PHOWC FEMRA K F 3 IS, H4 Bt
X FBY R 1 mm? KN 2.5% % T I ACCIR7E % H o 41414 0.1mol/L BFERZE M (PHT.4)
Mk 3-4 K, PR 1%L 0.1mol/L SR ZE M (PH=7.4) T & IREE 2h. A[FIRERE I CBEEAT R
7K a3 RN IR R 5 L 2 FH B TE S €, SR 5 FH A7 IR B e € [29300 i B A 1) 43 (Leica, Germany,
Leica EM UC7) 4 ZHZR V15K 8-10 pm B fr, & ST 7 B8 (FEI, USA, Tecnal G 2 20 TWIN) 7£
200 kV MHLZ IR
1.2. 4 BFHERFIRENR et 9 RASBMNE EEFIORIFLEMY, T et9 MERRE KR Fnk 2257,



o B KR BR DU — S B AR PHOWC FIRARAR et9 fEARAERAIM A, F_ L4 9:00 -11:00 A A
LI-6400XT Ja& A € e S BRI A5 S 4L, 5 B HAETR Y 1500 pmol m? s, CO2 KN 400 pmol
mol™. HFAERURIZA RSN 10 #, FHE 3K, t TR . R TR E 58 BTk
REE (NPQ)Y AMHEJGAL VK (ETR) P EHNAG . Yo RGUHIRE (PSID FRAE—JGHUIRE T PSISERRH]
TR, B PSITR SO B af 73 B8 1 SEBR IR 730 Jlid A3 : oPSI = (Fm'-Fs) / Fm' 15715, Fm'":
MR BRI, qP=0, qN>0. Fs: FaAS oI5 WA 1R FITE G SRR 55 1 S R0 B B 1) 5 7=
1.2.5 28554k et BIRIEE AT H5 (B73>et9) Fi.  (B73>et9) Fo R FIRAIGE R TARIGH . W5 4iit
Hp A= RN RAZ K et B B L, SR RTINS HEAT A% S 20 M o BB AR TR SRAR AR B R S B v g i AL
R, |2, Waar AR,

1.2.6 Zmet9 BRAVEMSIHBMEEL 1 EN 7k Zmet9 LN, K FK 28 5K B73 58K et9 4448, 1)
P2 o BIBEIAR . 7R BRI Fo BEAR TR 20 B3 2% 100 A, MR ANR SRR St . BUREIRRE I A B S AR LT
FESLEI AR, T-80°CIRFE# . S RNA SREUE A RARSRIUAN & CRARAERH, dbs0) $eirt
FrH IS RNA. RNA il 58 U 1% 28 K R BURRPHS I A PR A mEAT 3 AN B R RS il T, Frfs 4

2R Liu GCBUFTR 7 EBET /00T . Zmet9 B8 58 A7 T 7 519 SO 51 R 1.

F=1 Zmet9 EFFEX5|4T
Table 1 Primers used for Zmet9

5|4 Primers J# %1 Sequence

KASP7-1F GAAGGTGACCAAGTTCATGCTTGTCCTGTTTGGAAGGTAAC
KASP7-2F GAAGGTCGGAGTCAACGGATTTGTCCTGTTTGGAAGGTAAT
KASP7-R CGTGCATCCACAAGGGATTC

KASP19-1F GAAGGTGACCAAGTTCATGCTCGACGTGAACCCAGAAAGGC
KASP19-2F GAAGGTCGGAGTCAACGGATTCGACGTGAACCCAGAAAGGT
KASP19-R CACAAGATTCTCACAGGAAG

KASP23-1F GAAGGTGACCAAGTTCATGCTAAACAGGCACTACGTACTCG
KASP23-2F GAAGGTCGGAGTCAACGGATTAAACAGGCACTACGTACTCA
KASP23-R ATTGGGACGTGGCAGCGATG

KASP32-1F GAAGGTGACCAAGTTCATGCTAGCTGCACTTCCTCTTTAGA
KASP32-2F GAAGGTCGGAGTCAACGGATTAGCTGCACTTCCTCTTTAGC
KASP32-R TGTAGTTGTTGGCTGTGGTG

2099F TTGGATTACCTGAGGGCGTG

2099R ACAGAGACTCAGAGGCTCAC

2037F CGTTCTGTAGCTATCACGGT

2037R GCACTTGAAATGCCAACCTG

2040F GCTCACTGAAAGCTTGGCAG

2040R CACCCCCTCGCGTAGATAAG
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2.1 EXRFRURTR et HAERBPERRZM KL 55

H R R AR AT R, FOK A R AR et9 MHH RT3 4 (B 1AL B) , BEALR A — B RR4E
FPEAAFH, MEFAER PHOWC M ERIIERH RS E (K 1E. F. G) o AR, 1ohEh,
A, RRMSIERAERKIRE S, Wi B S, MR R EEE, WHREBA A CEAE .
RS B 58 4E R PHOWC MIF], ¥oAA: (B 1G) , AEK BB AR PHOWC P EEs (B 16) «» 5
EHNBIERBARAR .

A: PHBWC #il et9 i #1527 ; B: PHOWC il et # i Ji; C: PHBWC Fil et9 [¥IFFKi; D: PHEWC Fi1 et9 LA E: PHEWC Fil et9 4k 17 1; F: PHEWC

Flet9 it 223, G: PHBWC F1l et9 fiikkit

1 FREUITT I eto AT REFE
Fig.1 Field phenotype of the etiolation mutant et9

M 2 ATLAE Y, BRI RO T I AR A et9 FEFAERY PHOWC AHLL, 28451k et bk s AR & 3%
Bk (P<<0.001) , Hrh PR FEARL) 79.6 cm, BRALEFE(KRL) 44 cm; EERE S BEUY L, ZRARZE (P
>0.05) , B EALRE (P>0.05) ; SIHACHSIH 2R REE (P<0.001) ; B =rH-KAm
LA PHOWC A2/, {3 =[5 22 el 3% (P<<0.001) , MKZERAEZE (P>0.05) , ik,
B k22 A LB A B PHEWC #EIR 10-12 K.

* 2 ERFURETN et9 MEFFER PHOWC REMREZE T

Table 2 Statistical analysis of agronomic traits in et9 and its parent PH6WC

. ) PH6WC et9
PR Trait P-value
= *SD = *SD
i Plant height/cm 247.6 £17.3 168 £15.7 1.44E-12
FHAL = Ear height/cm 99.3 +11.8 55.3 £10.5 8.25E-09
TR 2> % Number of tassel branches 0.8+0.8 0.7 +0.7 1.38E-01

Bk H % Number of leaves 13.9+1.0 14.1 +0.6 1.73E-01



Py

&I 5% Width of blade leaf/cm 6.2+0.9
Sl Length of blade leaf/cm 38.1 +6.6
{81 =15 Width of the third last leaf/cm 9.7+12
{8 = Length of the third last leaf/cm 60.2 +5.5
K Ear length(cm) 14.040.5
HH Ear diameter(cm) 3.940.4
47 % Row number per ear 14.841.0
ik Axis diameter(cm) 2.540.3
1 2 Sl K % Days from emergence to tasseling 75.541.6
HY 1 ZE ok K % Days from emergence to pollen shedding 77.14.4
Hi A M 22 K % Days from emergence to silking 78.04.4

5.0+0.7
29.8 4.2
7.7x0.9
58 +£5.4
11.040.8
3.740.2
12.8+.0
2.440.2
86.4+1.2
89.440.8
90.540.8

3.57E-05
8.14E-05
1.15E-03
8.51E-01
9.06E-07
6.60E-02
8.47E-03
4.50E-02
1.96E-09
1.97E-09
2.60E-09

2.2 BT et MR EBESERERR

Rt RS EREEE R QU LEMIDEEER, Jtd RSB EREYOLEEEER
FEAR, e P EUEYIE FA0T 8™ B AR . A SEI8 A 206 BE I s By A2 8 PHEWC FIRAZ 1A et9 DL
HORGE, SRR SEAERMIL, RAK et9 FIHERER a F 8. MR b SR LENE PRI EGEHE
R (P<<0.001) , et9 NEMERBRZ RN (B 2) o JeREMMR. f£id. HALRHEOLE R k%

TEH, RARRDE A GRS BIECTTRE R RS OtE T, ST AR MM,

Chla, M43 a; Chlb, M43 b; CX-C JKHAE p &

Chl.a, chlorophyll a; Chl.b, chlorophyll b; CX-C, carotenoids
B2 B4ER (PHEWC) 53RTHE (et9) BESE

Fig.2 Pigment content of wild-type(PH6WC) and mutant(et9)

2.3 LK et MR ESHRE

XFEFAE R PHEWC HIRASAA et9 [ S i 2 b il il B 5 1~ B B AT WL, R IAE B AR b ko, i
AR, NESKIRIERORIRR R, BRI TEIT: T7E et9 b, I ERIASERIRA L, DRI AT IR AL,
BOA BRI B SR R AR D (B 3) o il PARIERBERD & thm AR FE IR b, 7RIBE LN
MIHEAT, FRARA R HR P PRI 2 HAOC RE A BRI AL 2 REF AN AL, 25 B RO S N A o F T AL
(0 SRAR RN W PR I SR AR SR R, NI S BOE & R I BT Dh B . A& BT FR RS



— &I,

ST, MLFATEIR; GT, HhTEik
ST, stromal thylakoid; GT, grana thylakoid
B 3 ESTHEETAEER (PHEWC) FIZRZS{k(eto)HR kLG

Fig.3 Chloroplasts structure of wild-type(PH6WC) and mutant(et9) under transmission electron microscope

2.4 RITIK et HINEREN B ERERE
IR T G 2R B 8 N SR AR G5 M) AR 5T etQ A RF R, X et9 FIHFAE T PHOWC #E4T T &S5

Rt AR DS HIE . ESHENE R et9 LA EE, BBERMSIL T EY REE T B4R
PHEWC (P<<0.001) . {HH TIuAEALREL, RARKN “EALmIIAI IR IFEK, SEC etd HYMIE %1k
BRI 3 v T A2 A PHBWC (P<<0.001) (& 4A-D) .

S A K 2 B0 R0 T DL SR 3R 5O I B R, BB 2 K PSTIAR L T A AR 55
2 t-test, et9 AR VE K B3 = T E A8 PHOWC (P<<0.01) , PSIRLR A T-44 3% 505 B4 T B A4E
B PHBWC (P<<0.001) (& 4E. 4G) . ARG A KEEFRNEMBDGCIRIFEE ST, T PSICERGER G
HIFRRE, SRR B AR I SR A FE RO BB REMAE 2, KA T e (B 4E-G) .



4 BER (PHOWC) FRLEE(et)iEHRIIXESE
Fig.4 Photosynthetic parameters of wild-type(PH6WC) and mutant(et9) plants

2.5 REMR Hizkats 2 EE

¥ B73 55 et9 JR AT L 4 M, SRR IR IE AL P A MM IEH €, T Fo A2 BRI
I E AT & 311 ()%=0.065<)%005=3.84) , 5 hfl/RIBHAL € HARAT, [RIBEAS HH A PR th — MR
VEREI TR (R 3D, FFRIZEE B A 4408 Zmet9.

R 3P rEBENRANER
Table 3 Chi-square test table for F2 isolated population
ME(E HAEE(E
Observations Expectations
FHA FHELWE
Population Chi-square
B R SELE B R AL
Wild type Mutant Wild type Mutant
(B73>et9) F, 532 165 522.75 174.25 0.065

2.6 Zmet 9FIENLSHELMENL

NTEREMEEILN, I (B73/et9) Fo BEMRH 4> HIEEL 100 PREFAEAIAN 100 AR A MAERRI H, 7555 2R
BB AE R T AR AP R I I 4R RNA, BTN W B il DU gt o i i, 4%
F R R0 58 A T oK 565 S i fk 20~22 Mb X TA1Z) 2 Mb (X A (B 5)



5 BSR-seq @R RIERLEE Zmet9 KR E (L

Fig.5 The genetic allocation of the etiolation mutant gene Zmet9 revealed by BSR-seq

AT BRI SE AL IX R E R, AR AL R SRR il — NS 150 AN LRI/ NEER YT BSR-Seq 145
FRHATIRUE . 1B BSR-seq £ A1 9 A8 4R B Az 284 () I 7 48 B R T 30 X 1) SNP A s A bmid, FJF kK 33
XIhRid, HA 22 MRICEPUERAREA 2810, 25y KASP 2. 3. 4. 5. 7, 8. 10, 12. 13, 14, 18,
19, 22, 23. 25. 26, 27. 29. 30. 31. 32, 33, Zjdiiiifk/a i rh R BT« AT IX R 5 ity (1) DY AN A
it KASP7. KASP19. KASP23 Al KASP32, %} 150 > RAAKBPRIEAT FL K T A, /£ KASP19 H1 KASP23
AL IEAT ) 47 DA, K H O EE B E ALAE 58 LS th ik 20245043- 21984785 2 ]2 2 Mb HIIX [A] N,
UESE T4 7 X B v . BT KASP19 Fll KASP23 2 [ /545 &5 ¥, fEiZXIE N IF A T — InDel #5ic
2099, FFHE—B4E/NXIE, K H AIFEER EALAEL) 750Kb FIXTE N . SEE— B4R/ H IR Zmet9 52 7 X
], FIFH KASP19. 2099 FLHiJF & HI# 1 InDel brict 2040, 2037, X>KEH (B73>et9) F #EMRM 1100 A5
AR LR AT JEE IR B s 5 , 0 i 1) 51 AN S He SR, T X6 R 45 B AR R B A3 #T , K IR R 5 7 7 KASP19
12040 2 [1]%) 160kb X (A1) (chr9: 20245023-20402375) , ZIX[AINEH 5 MEiEIEH (£ 4. K6 .

*® 4 BAERMXEALE 5 MEE

Table 4 genes within the fine-mapping interval

EERZE ID EE R HE R
Gene stable ID Gene description Gene type
Zm00001d045384 Superoxide dismutase [Fe] 3 chloroplastic protein_coding
Zm00001d045385 protein_coding
Zm00001d045386 Ethylene-responsive transcription factor RAP2-2 protein_coding
Zm00001d045387 fatty acyl-ACP thioesterase2 protein_coding

Zm00001d045388 Putative D-mannose binding lectin receptor-like protein kinase family protein protein_coding
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Fig.6 Fine mapping of Zmet9

MFE 4 ATHn, FEEAX A 5 AN FEFE T, Zm00001d045384 4ifid— Mk B EAL B EE, ST
(1 AR FSD2. FSD3 2878 f5 H B (338 (1 R 28 Abk. R4 ot SRS I FSD3 2R [HJE (B 7)

B 7 {%%&EE Zm00001d045384 5 FSD3 EEFFIEEx}
Fig.7 Sequence alignment of candidate gene Zm00001d045384 with FSD3
HR 4 DR Zm00001d045385 2 h— AN DhHEAR MK EE H, AR R 7+ Jo R, 27K i TRl
FEIDIREAR K. Zm00001d045386 VER N —~ ERF #e3k A1, HZA TN 47—~ PBD &5k, TMAEE
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