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Abstract: In this study, HTP markers were used to analysis the genetic laws of Xianyu335 DH population,
Yel07XChang7-2 RIL population and Jing724x]Jing 92 population, and Jing724x]Jing 92 BC1 population from three
perspectives: genotype segregation ratio, parental genetic fragmentation, and recombination exchange. The reesults
showed that the average exchange frequency of DH population is lower than that of the RIL population, and no het-
erozygous and exogenous fragments. The average parental genetic fragment length is 384 HTP higher than RIL popu-
lation, and it has the highest number of recombination exchanges in a single generation. Compared to BC1 and RIL-
population the DH has more advantages in terms of population characteristics and creation costs.
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Fig.2 Interval proportion of parental genetic fragment length of the populations
F1 ST EHEILEE LEEHRERSIT
Tablel = Statistics of genetic segment types on chromosomes of the populations %
DH RIL BC
Jetafk
Chromosome Al B A AB% B AN A AB%
A type B type A type AB type B type Exogenous A type AB type
1 57.53 42.47 46.94 3.37 46.68 3.01 47.79 52.21
2 55.19 44.81 42.96 0.76 50.85 5.43 49.85 50.15
3 36.06 63.94 42.83 2.71 50.93 3.53 60.62 39.38
4 53.25 46.75 47.87 2.08 46.06 3.99 64.68 35.32
5 58.08 41.93 51.65 1.67 42.53 4.15 46.74 53.26
6 57.97 42.03 44.49 2.39 49.70 3.41 48.32 51.68
7 51.16 48.84 40.96 0.72 52.99 5.32 48.10 51.90
8 36.08 63.92 34.66 2.79 60.93 1.62 47.72 52.29
9 46.73 53.27 40.42 3.50 53.74 2.34 40.06 59.94
10 57.19 42.81 49.11 0.82 44.17 5.90 51.36 48.64
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Fig.3 The proportion of parental genetic segment types in the population
—_— 4
2.3 EAZHMESW
Chrl Chr2 Chrd Chrs
20% 20% 20% 20%
10% 10% m% lo% 10%
0% 0% 0%
> 0% 14 i { : 20% ; 20%t 4
m%[i‘”"’ i l,'v f"*..\..‘?'i* ‘T’g%t‘ B I P T %8“;{ b e, J-J" o \'- IO%[L & l """‘ ) '0%[:}"“' [ A
L ox o 0% s o% "y v psd )
IE 20% % % zo%[ | ’0%[
= 0 IO%L. | et fg%tu._ I ik ?894 | aa 0% 1%
3 0%% 7 3 3 0% i 3 0% 1 2 0% i ) 0% 1 2
B b - 1« e
& Chr6 Chr? Chis Chrl0
g 2% 20% 10%
SE 0% 10% 10% IO%
=E 0% 0%
20% & £y 1 ach
,0%[ ..... l~* o :g::tw i e 10%{ l e\”,é ml ' ], o ,0%[ . l o e
B gLt — 0% 0% 0%
20%
10%[ fg?:}‘ | 10%}. | 'Wt | 10%[. |
0% 00 05 10 1.5 0%0.0 05 10 15 0%0 05 1
- e
[T R— RIL  ---- BC
HTPEALE (bp)
HTP physical location

AR BRI
Recombinant exchange times

B4 BAILEEEEATHMER

Fig.4 The frequency map of recombination exchange on each chromosome of the populations

3 DH RIL BC
6F | |
sk H

s |
doid ] | |

| : & | z l L]

I\ & I\ H H |l ! I\ 1\ : |
? et L& )t & | ¢ | | | I :
2 "’J \\ ‘f \ ,‘"‘ ‘\\ AN [ “" x"‘ ‘\ \ “’J '\\ ,”\ / \ /'I\ ,‘"

Lo i @ ) () POy

(o] RV { VAR

| ®| o ol i N Jgli M Jg\ i/

[l [ \iso [®)i ey /o\ > e, [®)\: ‘o
! | et Uiy W o | \ / ; ()i{®

\ / \ A 4 o \ / \ F N4

Vi d \ S %) ) | ) (o
o} U 5o o U £y PR A £) ) [

Chrl Chr2 Chr3 Chr4 ChrS Chr6 Chr7 Chr8
Ptttk
Chromosome

E5 B R EREESEBEK LR

Fig.5 Number of population exchanges on each chromosome in a single generation



234 K e 4 T HTPFRIC AT 2K DH RIL A1 BC BEASSAL BRI HL 850 13

ARG 3 BIGETT T 0 3 BT 10 A0 (5
A I HTP bric i) 5 41 38 #4028 (18] 4), 3 BRI F
B 22 e 45 2 43 5 N 2.13% (DH) . 10.03% (RIL) Fl
1.37%(BC)o 3 MHEUR A F A 3SR S5 4 B FL A A
o v EEAEARL , BIVRF AR 3 285 1 20 05 0 R 1) DX ek 7%
Y o e o S S N N I RS G NI 2 o
Y341 HTP AR iC A B B 5 g 8 e M A G, # 2¢
Z K055 597 0.89(DH) ., 0.89(RIL) 1 0.92(BC), Hj & 1,
AR A DU e £ A I ) T A A8 8 A HTP > 450t ik
%o WG 3R MRE AR A e R R A TR
A B E L 5), Gt 3 BRI AU E e (1
& A 58 ek 53 i 1.3(DH) L 0.6(RIL) il 1.2
(BC), EFAR |, DH R AR ELA T R i 5S4 8L
RIL AR B SR A AL 583 (1) HTP A5 O 1 9 5 46 4
AR AEF B ) B FRE 3 B R B0 G R T DH
B

3 Gighiie

i TE {4 FH MaizeSNP3072 385 H, %F £ K19 DH
A RILBEAR TR 5 38 A st Ge it 17 AR 1Y
TR B FRC 5 Hear 3K 38.6%137.3% , 488 T 4
TR I D 7 B B 06 7 A A 5 ) D R A T T 4
e, AR FEAE B HTP bRic , i — 25 %) B fd FH i) 3
ABERIG 73 B LA T 2R B M LU, R 3 A
RERAA AR 5 B 4, Ho  RIL 5 DH BHIA R 432
i1 26 EL A TSR A9 I8 sl O LT S XA i 40
JEBLR TG RLIX 3K 5 WA (A B 2 A a5 Y
B Mo A A 5. Moy B IG  = A: E 2R
DH A1 RIL #E AR 1 B1 i 2 B2 #0762 B0 7 25 11
JAUBS: , RIL FEAAR FH B S AL vk A7 6 N T R HLIORE
(T, DH BEAALE T[] () 2B A 32 PRI e 1 ™
B R A e N RN O N B S B [ o 7 R e
SEMRARIC ] () E 4 B S A B bRy, 1E
SEMA AL AR I A HERG I , 7208 RIL 55 DH AT
T AEAE IR, T 25 R o B bRic B2
F 0 S AR L ARG 0 =R AR TR 45 3
AFEARFE G R RS i BESRA T 22 7. AT
FEAE RIL BEAA kG 0 5] 2.29% i 2 & Fr BEFN 3.8% 1K)
ARG A R B 6 R BB RN B o AR gEA T T AL
3R AFAE SN G o A 5 B T R AT B2 T RIL
BHARTEE L2 A S B 2 BN A MEAE R 5 G
UOEAR H B BB T S AN ot e ali A | il sk H
T 65 L P A0kt ek — ) AL, (33X TG B i K 1 )l
BUAS . Smith J.S.C.PEEf FIALALLAY RIL A1 DH #E{A
GIHTIER b 5 R — SR AR A (3 35 DR 2 AR DG i 56 R

R B R/IN B e R B, Y 3 A R B A
50 cM B, DH BERI) & Fu 34 F RILBE A . AR0F5R
i FH HTP bRric XF 5209 DH 5 RIL B 4740 Hr
& DH BHAARES T RILAFA , HAMA A T 588
(2lA SEAR Yot B, RRA% S ERA = A5 Al F
HESE R B TIEAR RS AR

AT KB, 3B %) E 4 A8 40 A R A v 4y
AT TE G (0 (1) 30T St b7 X 38K, 76 35 22087 BT X 48k DH
55 BCRHACN & A= F A1 584, T RIL BEARTEIZ X A7
Py ot W = I e ol () o o VA /R AR N
) FE A AS S RR . AT RIL B IARTE E 22 210 H
I FE Y A 2k KIS A B TR A A
e o RILFEA RIS R RE A T 818, 1t
TR AR 2SS ITUR AN T (ARG Y
A ASH I . ARG T K NAM
BERAOJE R AR AR I & B, RIL R 20t 2 vt
T A v o 4 58 48 1 B30 AN T B, LRI
RIL R & AR ) E 4 A8 it S AR . [
N2 e R 8 7N 19 ol B g - O PS /SARI Bad o
Y 5S4 1) e E Z2 U R s

Maize6H-60K ;05 | 76 T & B T e 619 oKk A 28
FoeAb R HAREEA R, RS R R —A
PR T AR TR A R B A . HTPAE A
XYIESME SR, A E AR 73053, T
FORSEH AT BN 2 B 35, 9 — A HTP X
ey () i A A8 S 3 285k AR VAR AR , AT LA I
S0 AR AR SE PR B ) HAT = 2 A A AR E R
ATy () SNP F InDel A0 4R o DRI, FE 4T
HTP #7351 43 BT B ml ) FH X e N i A O A3
HEAS HTP X, 75 FEAR K 1 9 [R] B ORAIE 1T 53 A
SR AR TR BRI AT PR AL TR RO HE R TR
W& SIESM Binbric ARl HTP BR T 0l RS2 QTL
SENLATHT A, 108 1T FH T 5 2K A e e 2k DR 4 260 st
FEAER] B AL HEARG 1T SEPTAS R 538 U5 4B Fn 3k
PR S R DS T

FAE IR ARANE B — BRI BB e i
(R[] DY ARAS i [ 38 2R , B W R st AL BIF I 11 G
HEERD, HA A AR R O KRB R TR 1R
N R, DHBEARE TR ARG R, AR R
o3 B T BCHEAR , - 338 R AL F RILBE(AR 0
IZREAREE S TP ORAELE 2 B FIANIE R B Yok ai e
B P HEAGR AL i B B T RIL AR, 48 4
At e A B ZH A B RN, A A TR AR, FEAE AR
SURVBI A S i A B 2. Rl DH AR
AR (8 AN W LAk LA BN 65 7 16 IR & R s &



14 £ ok B 32%:

AP T AR E BOR  SAE ACRERR AY H I)
EEAENTSERIABIERA B 8 S AL, RS
DH BARTEHAW A b By PSR AEE AR SR . 7ER
Sk B A TR b DHRFACKS B P U BE &
FHEE 4 ) i3 A A

SE Lk

[1] Xk, 2% 8D 92,4 | ORISR ol B RASCR PP B
Yea A X BOs BT[] . EARE,2022,3002):5-11 .

LIU X F, JIANG M, MA ], et al. Evaluation of improvement and ge-
netic analysis of genome regions on Liaore population cyclic im-
provement|]]. Journal of Maize Sciences, 2022, 30(2): 5-11. (in Chi-
nese)

R, 2 W, EL TS J 2K Suwan Al Todent 2R R B AN
FHRZR ST AP A B IR 41, 2021, 22(6) : 1676-1683 .
GUO XY, WU X, WANG A G, et al. Exploration and analysis of per-

2

—

formance of test crosses of Suwan—lodent improved lines in maize
breeding[J]. Journal of Plant Genetic Resources, 2021, 22(6): 1676~
1683. (in Chinese)

[3] B 45, 4R R, w55 TR BC_ BER A 2R

QTLEN[]] . FKEHF,2013,21(3):24-29 .

SHAN J, CUI L G, HAN Z ], et al. Detection of quantitative trait loci

for agronomic characters of temperate—tropical maize BC_1 popula-

tion[J]. Journal of Maize Sciences, 2013, 21(3): 24-29. (in Chinese)

VOGEL K E. Backcross breeding|J]. Methods Mol Biol, 2009, 526:

161-169.

[5] Ak, B 1E, % QTLIER =Bk K EEER
B . s K2R ,2004(2): 121-127 .

LIN Q, MAO X Q, YANG D, et al. The introduction of major statisti-
cal methods and mapping populations of QTL mapping[J]. Journal of
Yunnan Agricultural University, 2004(2): 121-127. (in Chinese)

[6] =80 5, B, AF . SRR R S T Y
AR RZIA[T] . AEA AL OE U448, 2021, 22(6) : 16591667 .

LI'Y M,YU Q,WANG Z, et al. Interaction of the resistance between
kernel and cob to fusarium ear rot in maize[J]. Journal of Plant Ge-
netic Resources, 2021, 22(6): 1659-1667. (in Chinese)

[7] fRE26 Bk Zeme, EH 5 . EORMELLEE SN ¢SCIORE AN E
Ko Ave 38 K& TH 43 AT (] . AR ) 8t 4 BE 5 2 41, 2021, 22(5): 1383~
1393 .

DALZ J, ZHANG Y Y, WANG X T, et al. Fine mapping and candi-

[4

—_

date gene analysis of silk color gene gSC10 in maize(Zea mays L.)|J].
Journal of Plant Genetic Resources, 2021, 22(5): 1383-1393. (in Chi-
nese)
[8] SAKJ,CHOITY, PARK J Y, et al. Mapping of QTL for agronomic
traits using high—density SNPs with an RIL population in maize[J].
Genes Genomics, 2021, 43(12): 1403-1411.
sRaNFR, B AR, AF L B ACEORTE FOR TR BT R A
HE LT ()] . A, 2012(5):4-8
ZHANG R Y, DUAN M X, ZHAO ] R, et al. The application of hap-
loid technology on germplasm improving and breeding in maize|J].
Crops, 2012(5): 4-8. (in Chinese)
[10] Z-13%, 80 Wi, BRI, 4% . FORNAHAE S Jnfirs AR e
HUHHERI] . FoKRH#,2020,28(3):52-59,65 .

[9

—

GUO S L, WEI X, WEI LL M, et al. Analysis of technique and mech-
anism relate to induction and doubling of haploid in maize[J]. Jour-
nal of Maize Sciences, 2020, 28(3): 52-59, 65. (in Chinese)

[11] Bk XURSE e 5555 . iR E A R e ()] . b
Tl 24,2018, 46(5) : 44-49 .

WANG B S, LIU X P, LIAN Y, et al. Research progress on haploid
breeding technology[J]. Journal of Northern Agricultural, 2018, 46
(5): 44-49. (in Chinese)

[12] ZHAO Y K, TIAN H L, LI C H, et al. HTPdb and HTPtools: Ex-
ploiting maize haplotype— tag polymorphisms for germplasm re-
source analyses and genomics—informed breeding[J]. Plant Commu-
nications, 2022, 3(4): 100331.

[13] 3RIE3C,BUAML UL T, 55 . (e i 5 A 3 AR R M e K
TR . A4 AR i, 2017,33(12):67-73 .

ZHANG X W, HE Z Z, JIANG N, et al. High—throughput genotyp-
ing techniques and their applications in rice[J]. Biotechnology Bul-
letin, 2017, 33(12): 67-73. (in Chinese)

[14] JHBEE R, TR, 55 . TR Z B/ Thric i Bh it e

BRI TS E SRR . TR E R, 2011,9
(4):450-456 .
ZHOU H C, SONG W, WANG F G, et al. The selection of fore-
ground and background markers used in maize resistance head
smut marker assisted breeding[J]. Molecular Plant Breeding, 2011,
9(4): 450-456. (in Chinese)

[15] ¥ 3R, VPRS0, S A, 45 R o 5 18 SINP S 1 32 6 K M
FEIPREL QTL)] . AR I FE 3R], 2022, 23(3):832-841 .

XU C, XU L W, GE J R, et al. QTL mapping of the tassel branch
number using high—density SNP array in maize[]]. Journal of Plant
Genetic Resources, 2022, 23(3): 832-841. (in Chinese)

[16] R, TGS, 5 204, 55 . DIREARIC AR i Rl o I B &
b R HRTS)] . 2 FAE E R, 2009,7(3):612-618 .

SONG W, WANG F G, YI H M, et al. Functional markers and their
potential application in varieties identification and MAS breeding
[J]. Molecular Plant Breeding, 2009, 7(3): 612-618. (in Chinese)

[17] LI CH, LI'Y X, BRADBURY P J, et al. Construction of high—quali-
ty recombination maps with low—coverage genomic sequencing for
joint linkage analysis in maize[J]. BMC Biol, 2015, 13: 78.

[18] TIAN HL, YANG Y, YI H M, et al. New resources for genetic stud-
ies in maize(Zea mays 1..): a genome—wide Maize6H-60K single nu-
cleotide polymorphism array and its application[J]. Plant J., 2021,
105(4): 1113-1122.

[19] XU C,REN Y H, JIAN Y Q, et al. Development of a maize 55 K
SNP array with improved genome coverage for molecular breeding
[J]. Molecular Breeding, 2017, 37(3): 20.

[20] VFRESC, BrRZE R 6,4 BRSSO 51 DH BRI

B SNP 43 25 70 H(1] . EARF2E,2015,23(3):8-14 .
XU L W, DUAN M X, SONG W, et al. Segregation distortion study
on Bio—induced parthenogenesis—derived doubled haploid lines of
maize by SNP[J]. Journal of Maize Sciences, 2015, 23(3): 8-14. (in
Chinese)

[21] CIMMYT. Laboratory protocols: CIMMYT applied molecular genet-
ics laboratory: Third Edition[M]. Mexico: CIMMYT, 2005.

[22] RS, PRI, B4R, 4 . T SNPARIC AR A HER T 5t



23

K e 4 T HTPFRIC AT 2K DH RIL A1 BC BEASSAL BRI HL 850 15

(23]

[24]

[25]

[26]

[ AR (757 ¥E(P] . FF 4 F . CN114203257B,2022-05-17 .
PR E 3 SR, 45 . K RILAEA SNP i 43 B 40 BT[] -
LMV AR 4], 2019,27(9) 1 15421549

FU Z J, GUAN L, ZHANG P H, et al. Segregation distortion analy-
sis on maize(Zea mays) RIL population by SNP[J]. Journal of Agri-
cultural Biotechnology, 2019, 27(9): 1542-1549. (in Chinese)

I PN oy RS2 L R A N ) 5% N1 i oy = N D)
WS . EKRBIE,2019,27(4): 42-46 .

CHENG K, SU X H, LI J Z, et al. Research on different doubling
method of maize haploid[J]. Journal of Maize Sciences, 2019, 27(4):
42-46. (in Chinese)

SMITH J S C, HUSSAIN T, JONES E S, et al. Use of doubled hap-
loids in maize breeding: implications for intellectual property pro-
tection and genetic diversity in hybrid crops[J]. Mol Breeding,
2008, 22: 51-59.

LI CH, LI'Y X, SHI' Y S, et al. Analysis of recombination QTLs,
segregation distortion, and epistasis for fitness in maize multiple
populations using ultra—high—density markers[J]. Theor Appl Gen-
et, 2016, 129(9): 1775-1784.

[27]

(28]

[29]

(30]

MAQBOOL M A, BESHIR A, KHOKHAR E S. Doubled haploids
in maize: Development, deployment, and challenges|J]. Crop Sci-
ence, 2020, 60(6): 2815-2840.
BRSO, PSR, WSRO SF AR R O R R A
HPIBRAEVEIRAEIR , 2018, 19(3):390-398
LIANG HW, LUH Y, GE Y Q, et al. Development of key breeding
technology[J]. Journal of Plant Genetic Resources, 2018, 19(3):
390-398. (in Chinese)
Bl B TR, 45 . KB RIS 5 R S
[J]. FAFRIF,2020,28(4):8-14 .
DUAN M X, LIU X X, XING J F, et al. Study on breeding the high
frequency haploid inducer in maize[J]. Journal of Maize Sciences,
2020, 28(4): 8—14. (in Chinese)
TR VPR, AR AF L TR AR TS S DH R 1IN 401 %
FEMFER] . FOKRRF:,2011,19(1):35-38 .
WANG F G, XU L W, ZHAO ] R, et al. Molecular identification of
maize induced haploid DH lines[J]. Journal of Maize Sciences,
2011, 19(1): 35-38. (in Chinese)

(FTAE S #E - A LA



