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Abstract: [Objective] As an important factor of quality traits in national maize standard regional tests, test
weight is a complex quantitative trait, and its influencing factor and regulatory mechanism is still unclear.

Quality traits such as starch, protein, and fat content are important factors affecting test weight, but the
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relationship between them is still unclear. [Method] This research determined the test weight, starch, crude
protein, gross fat, and amylose content of 517 maize germplasms mainly composed of local maize germplasm
resources in Zhejiang Province. On the basis of correlation analysis, the kernels of four germplasms with higher
test weight, higher starch content, lower protein content, lower fat content, and four germplasms with opposite
phenotypes were selected for RNA-Seq analysis. [Result] By correlation analysis, this research found there
was a significant positive correlation between test weight and starch content, while a negative correlation was
found between test weight and protein or fat content. RNA-Seq analysis was performed for the extreme
germplasm, a total of 159 differentially expressed genes were screened between 2 groups, and 8 candidate genes
related to carbon metabolism or amino acid biosynthesis were used for further analysis. The expression
difference of these genes was consistent with the change of test weight in different inbred lines by RT-qPCR.
[Conclusion] The correlation between test weight and other quality traits was preliminarily clarified, providing
superior germplasms and 8 candidate genes that play important roles in carbon reduction, endosperm
development, starch metabolism, cellular metabolism, and seed fat accumulation for the selection of new high-
quality maize cultivars. [Ch, 4 fig. 2 tab. 40 ref.]

Key words: maize; kernel test weight; quality traits; regulation mechanism

K Zea mays J& FEIE S . FIR T EURMEY), TEMEL b & #5E 2 CEEMEN . FEME
Sy EKT R AR, CBC EBRR ) h B o i B R 2 R B A AR R ASOR
wE, EAEKEFOESY, ZRZAEENm, G5 FORERMIMNE | nh22i0] . i RN,
HIABFFE R B KPR IR IR e E WA A E O R R P, 420y 2~3 JAlJa, FPR0 v R Al
N FR ) o e A TR G AR R, T ORI L BT i R B 5 1Y 85%, KRR 1R B = 22 IR LAY
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X%, HReW . WER SR IEAC; T DORSEY-REDDING 2500 | & Bl & S yEky & A ¢, 28 B Ar
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H 38 ZBHAIEAT QTL 4047, fEE kK %Ed 70 D QTLs, i TAE - MEIRMEEER, BRiET
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XFEAF BT T A ACH K 4 0. 2022 4F 4 A FiE THITLA R AT (29.28'N, 120.33'E). 11 AFE TR
AR (18.52'N, 108.93'E) #1 7 A FiE THITLA BN TG4 X (30.23'N, 119.72'E), FKFhFT7EREA
Mo AER 3 NRENLIX R . B ADRHEATRIE 20 Bk, BEHC 9 D4Ry RAF ) SRS I R .

B3 ERNERELEME T AR, #) ZHTMAEE L& FIERUT S5 G, FIPL B73 1
KSR DI W I AR A TRI R i 7 o o P PR A
1.2 @ERMERNE
12,1 FEME  FARREPRG LR, AR THE S/KERESE 14% L. F GHCS-1000AP KTW
AL (VT FEE = AR B AN A BR S 7)) #52 HR SAC J7%E (GB 1353—2009¢ Tk ) Kl 25 &, M 9 MR
R A FPRL BN R L 50 ¢ #h 7, FHEEFENUR BRI A, SE4 T HAh & SR o
122 4kFMZE H10 gBEA, R ARG K TS (DHGY030A, WiTLHEE = A RHE I A PR F)) il
T 1R R AT R K
123 mEkan g FARELRYGHEELIREZEY, B4 A shElRE AL (K9860, HERE{ A+ A
FRAF]D) #EATIE . X2 0.100 0 g FFEAS, Frki oL ER ORI & A 1Y 6.25 5.
1.2.4 g mE FORFPRORLRE I A0 5 R FH B0 R 2R IO LRY, 228 GB 2906—1982 ORI AE 4
FHLIG W0 E ik ), FHRRIE DML (SOX606, T REIUFS B AT BRAA &) #EHL 2.000 0 g FrA7 H ) FL
GBIV, SRJEFHEAE (XMTD-8222, Mg 2 SEB 253 PR w1 2 B i 10 i B2 70 £ v ik
125 AEHNZ  FORCHIER B E 2% 1SO 10520: 1997 HiFE#y TEH & B AIIE HE61E )M GB
5006— 1985 (A YFFRIMLTE RS E 1 ) o B 2.5000 g FEASTE 1 E AL 55 - LRV WK e, AR5 FH B R A
TR FAL P WA TER I, T 4 F S (P850, HEREALAR A A PR | ) #EATIE .
12.6 He&RHMNE HETEHIIES% GB 7648—1987CKM . EKMA TFERL B BEVE R I & v )Y
etk vk RY S H Synergy H1 281X LR PR 1L (BioTek {4828 Al) Ml 2 B4 V€ By -l & ¥ 7E 720 nm
WA AL B WERE
1.2.7  AEpm e SCEETER BT A B T VR R MO TE Ry sl 25 LS VE B it 0 B R S U
E2ANER, WHR2RELEMERT 5%, EREWE 1R 53 Hh BB TR IS 0505 R e i
FoAE .
1.3 RNA-Seq &%

Bk 20~25 d B E KT A B MR EE R B, It RNA S50 A #2820 d IRk 2023 4F
8 H, B 517 0y BOKFHRFE T WiV TG X, AP X85 2022 E4H A, 2647 3 ABEPLIX 41 HE
2, BWAPRHEEATRIE 20 Mk HRYE 2022 4F S AT, VLA A it 2 R ) RS R A B R R, T
AR . R R B E A AR R L ML B A BRI L ML U B A BRI R A BT (g K
Fl (. CML324, 975-12), LAJ 4 ASERAN . MIEk B gt . & a8k m . IR
BRI BT (TR 14, M270, FEEAD TR, SMEREEK), L 8 M m A E i
101 do ¥ 9 AN RERAFFROR S VERN | AR . FEIUY RNA % 240t im R BB B A7 FRA w47
RNA-Seq il & F153471
1.4 RNA REUE LRI EE PCR il

ok 20d 5, REFRIFIRAETE-R0 °C UKFE . ffi ] TransZol Up Plus RNA X7l & At X 44
BT BN A PR A 7)) HEBUEL RNA . i Hifair 11T 1st Strand cDNA Synthesis SuperMix %% 557 & ([
XA YFARABRF]) K RNA S5 A cDNA, R BERY cDNA HEF7 5L 98 6 € i PCR (RT-qPCR)
YE o VEKRERILH ZmGAPDH E R NS:, XTFEARIEFT RT-gPCR %22 . 51414 : Zm00001d043468,
S % 1F il 1R; Zm00001d028709, fifi FH 5[4 2F F1 2R; Zm00001d021653, fifi 514 3F Fl 3R;
Zm00001d004438, i 514 4F Fi1 4R; Zm00001d043511, #1514 5F Fl 5R; Zm00001d041775 i F5]
) 6F F1 6R; Zm00001d032224 fi 5[4 7F #1 7R; Zm00001d035156 fii 514 8F 1 8R; ZmGAPDH fifi
FH51% OF A1 OR, Kill# LR ik, BNFERALE 3 MEYAEE, 3T KRMBAEN 1 AN 412
G-I
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1.5 Sitoth
FIFH Excel Fil SPSS 19.0 #EAT 8 /08, TR EKME . Fe/ME . B35, bRz . BR R, 24l
FEARSIUR A, X T ARRPRL B IR B HEA TG 7 22 0 H R e 0 T 45

2 HERESN

2.1 S17 pEXRIFHNFEMNE MR RER

MFR 1RO KRR B KA A MBI ZE AR BH, 435120 904.00 1 254.55 - L', AR FHARE W
S RBIK, WL MR RN, Gt B AEL M ToIm B % (BLUP) 4375, A H -k 431.41~798.55
gL, BRAMEE 8.47%., MEA RS KRR, R/IMEAERM . 78 AR (0 50 28
FRBURK, LT R ¥R/, 4 BLUP 70t , HEEH R ECN 6.17%~17.89%, 725 REE 2
10.09% FH G i 5 2 o3 B KA A /IME IR AR BH, 4300 14.57% T 2.01% . 4= FHAGRELIR il I 2 53k
A RPN, Wil /N, 2 BLUP 43, FLARWG BTS040 2.64%~12.99%, 725 2R 2 29.01%.
FHLVE A T A U KB SR AR, f/IMBETEAR . RIS 28K, IRLRA8 5 28/, 4 BLUP
30T, RTER BT ECH 12.45%~71.25%, 7“2 5 FREE R 11.04% FLAETEM BT i o0 B0 R AE Al i/ ME S
FEZRFA, 2852 36.44% F1 2.66%. A< BH ) ELEEVE B BT it 43 B0 S R K, Mm% fe/ . 48 BLUP 43
Br, EEEVER TR TR 5.70%~32.68% , 755 RENE 2 26.44%  SCHETEM T 4 Ei0R KA MR /IME Y
TEASRAR, 2092 65.94% F1 18.66%. 242 BLUP 43Hr, SCHEVE ) i 43BN 16.65%~61.79%, 7% 5 A
£ 16.65%. HXWRKEAERM, S/MEFERR. RHMZES ZE0RK, MRRNERREUR/DN. &
BLUP 43, ESZH K 0.16~2.30, 285254 % 33.08%,

x1 EXRMHNFEMHEHMMRRERSEIT RS0
Table I Descriptive statistics for maize test weight and other quality traits
[543 8 % )
i H Hb a5 /(gL B
HEH HLIR I HHVEN) HEEER SCHETEN)
AR 606.84+101.03  12.48+2.08  4.98+2.00 62.73+9.64 21.8748.94  40.83+10.64  0.60+0.32
o IRZR 692.46+69.45 13.98+2.08  5.01x1.70 64.23+6.00 21.8946.77  42.35+8.30 0.55+0.21
Yol bRz .
&% 712.90+52.82 12.7741.35  5.03%1.17 64.88+4.25 21.0646.85  43.75+8.06 0.52+0.21
BLUP  664.42456.29 13.17£1.33  5.04+1.46 63.21+6.98 22.10+5.84  41.46+6.90 0.58+0.19
A 25455-904.00  7.66~2030  2.01~1457  19.95~72.46  2.66~36.44  4.98-65.13  0.07~3.00
- IR 366.67-840.00  9.05~20.70  2.46~13.61  34.36~77.08  320~34.12  18.66~65.94  0.06~1.10
A
6% 431.82~871.43  9.72~17.91  3.13-12.00  36.76~72.17  4.36~31.50  20.70~64.65  0.07~1.17
BLUP  431.41~798.55  6.17~17.89  2.64~12.99  12.45~7125  5.70~32.68  16.65~61.79  0.16~2.30
AR A 16.65 16.66 40.13 15.37 40.88 26.07 53.39
. IRZR 10.03 14.85 33.83 9.34 30.95 19.59 37.44
5 F AU % -
&% 7.41 10.58 23.29 6.55 32.50 18.41 40.06
BLUP 8.47 10.09 29.01 11.04 26.44 16.65 33.08

22 S17 M EXRFHBEEFE M RREREEEHS T

WE PR 5EEZAE 650.00~700.00 g- L', BERDA SARMEIES S . HEA . HAgW .
FLUE Ry . ELAEVE Ry . S HEUE B T A o0 BOR B3 L Ay ) A A AR 12.00%0~13.00% . 4.00%~5.00%
64.00%~68.00% . 24.00%~27.00%, 40.00%~46.00%, 0.60~0.80 N, ML . FIEK T/ 5 BEA 1
SIERSM, KRR . ELEETEM T3 BORN B LG PRI o A AR A A3 A
23 ST EXRFHRIENEMSREREE DT

i BT R RAR &, SRV RIIAIRAE iy F AR - AT AT (38 2) R 25 EE . ORI RO UE A ot it 43
Bz Rl FREE LR SRR S PR B A B B B R (P<<0.01). TR JE R A SCHESE 13 1) T 2 434502
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Figure 1 Histogram of frequency distribution of kernel test weight and quality traits in different inbred lines
*2 AERERSERMFFRE BN REIEROBES S
Table 2 Joint analysis of kernel test weight and other quality traits of maize inbred lines in different experimental sites
G2 AF SRR il F P PR AF SRR S5 A F P
A 415221.072  100.721  <<0.001** i 4869.787  135.622  <<0.001**
K 781 159948.328 38.799  <<0.001%* R 7875 91.143 2.538 0.112
E PP <RI 13620.659 3.304 0.003%** P xR 65.838 1.834 0.140
i 171.774 50379  <<0.001%** il 5845.288 86.835 <0.001%*
HEH 7825 94.612 27749  <<0.001%* || SCEERER Z8:) 59.727 0.887 0.347
SIS 4.487 1.316 0.268 <RI 80.387 1.194 0311
A 317.333  171.032  <<0.001** A 3.630 71.754 <0.001**
bl 732 14.765 7.958 0.005%* || H3ZLk 752 0.284 5.613 0.018%
LIPS S 7.527 4.057 0.007** TIPS S 0.038 0.758 0.518
A 6118363  164.49 <0.001%**
HYER 785 330.135 8.876 0.003%*
SIS 240.086 6.455  <0.001%*

P *FRP<0.05; **FERP<0.01,

M (P<<0.01), (HASZEREELLL i Fp -5 BRI S B AR TS . LR B s o B BSOS

P FIER I B (255

i (P<<0.01 B P<<0.05), {HAR3Z

2.4 517 13 EXFFRL G RERE X ED

[
2]8)

Tl FIERSE 22 8] 52 EAF T B R

FARAET (K 2) s AESHER . MR B BRI R AR (P<0.01), TS5 HITER |
ELBETE R AN S BT R T A B R S IR MG (P<<0.01). A 5B Z 2 MTCAHSE . M A . HLARHG
B RO IR . ELBETE R I SCRETE R AR 0 AR OC (P<<0.01),  IMTAHLER 1S5 RUIR 7 o e 5 2 e
FIEMR (P<0.01). MTEK5 EEEVERY . SCHEVE By Ui 0 U A B3 IEARSC (P<<0.01), Ti45 B SZ e 2t
W R ZF AR (P<0.01). EHEFERY 5 SCHEFE B i 20 BUR R 35 A SE (P<<0.01), TS B R
FIEAR (P<0.01). SCHEFEM: /380 B LR R 2 TSR (P<<0.01).
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Figure 3 Transcriptome screening of control genes for traits such as bulk density and quality
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H1, Zm00001d043468 H)FIA/KT-7E B 248 A 207 2.8 %, 1Miid it RT-qPCR Failll & B HE K 7E B 41
AR A 0 2.7 1% (B 4A). it RT-qPCR 4341, 4 BT 3R I iR 1k 4804k 40y il Fa] 5 3 1R -3 11
Zm000014028709 7E B1 Il B4 4l R iA a2 Al 411 51 1%, il RNA-Seq 70 & ¥, Zm000014028709
(3B K FAE B 4148 A 47 3.1 4%, 1 RT-qPCR 43 AT R iZSE K7 B 4 h ik 02 A 4109 4.9 f%
(¥l 4B). it RT-qPCR 43#r, Zaht 20 -6-B R/ i % 12 12 (1) Zm000014021653 7¥ B4 41135 & &
A4 4114 21.4 £% . ik RNA-Seq 74T & I Zm000014021653 HF kK FAE B 4158 A 4HFHE 102 4%, T
RT-qPCR SE5 g0k & BZHEFE B R IA R A 411 4.6 f5 (K1 4C), it RT-qPCR 4347, Zifid & =
il 750 € #9308 SZ 1 1) Zm00001d004438 75 A4 21 i F ik i J& B3 4119 1.4 f% . 83T RNA-Seq 73 #71 &
Zm000014004438 £ A 1A B 474 2.3 7%, 1MifHiH RT-qPCR Sk & I AE A 4l FRik it
J& B 4114 1.9 £% (K] 4D). ik RT-qPCR 70HT, 4l AL -6 1Y Zm000014043511 7€ B3 4Rk 5 2
A2 11 6.9 f%. Wit RNA-Seq 23T &I Zm000014043511 1£ B ZHIYFER B4 A 4HTHE 2.1 /%, i RT-qPCR
UEZFENTE B R IA R IR A 4110 2.6 %5 (B 4E). ilid RT-qPCR 43#7, Hifith 2-H &-3- i SE B e~ PR s
B ) Zm00001d041775 7£ B2 HHAYRIA T2 A2 1Y 17 £%5. 18id RNA-Seq 43 H7 & # Zm000014041775 7
B4Ry RB R A AT 3.4 4%, 11 RT-qPCR A% F7E B LA £k 52 A 4109 3.4 £ (B 4F).
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