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The main procedures of maize breeding are inbred line development and hybrid selection. Inbred
line development is an essential procedure for the creation of good hybrids, but in South Korea,
inbred line development is completely dependent on conventional breeding methods. This
conventional inbred line development system is a tedious and time-consuming procedure.
Doubled haploid technology in maize is a rapid inbred line development method and many foreign
maize research institutes are actively using this technology. In this study, we aimed to set up and
utilize doubled haploid technology in our breeding program. Inducer lines, which can produce
haploid seeds, are a prerequisite for doubled haploid breeding. The Maize Research Institute
secured the right to use tropically adapted haploid inducer lines (TAILs). The number of days to
silking for TAILs was 72 and the flowering time was appropriate for crossing with other
populations. When 48 maize populations were crossed with the inducer, the average haploid
induction rate was 6.0%. Haploid induction rate for 2014 through 2017 were 3.9, 4.8, 6.7, and
8.3%, respectively. When we compare the chromosome doubling stage, the inbred line production
rate of seedlings was higher than that of germinated seeds. Agronomic characteristics of inbred
lines developed by doubled haploid technology were tested and those lines will be good resources
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as parent plants for making hybrids. Future work will aim to increase induction rate and the
selection efficiency of haploid seeds, but our breeding efficiency and capacity in South Korea will
be greatly improved by this technology.
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S5 BERS AESAT S4H Ale= o83 TS A HA S Rt 5 g Ao gA|= o]
Folzltt. o] &A FollM Als 582 99% oVdel g 7H= AE S5k ot S5= B A
ol 2 A5 Sloll 741H o1 JIFwElE Fole] ks ol Aok o] Hasit Sule] S5
H52 o2fRt AEA R Wl AH o= o)Estl QY.

AlsS7doNlA 9] ofzfel ol @& FEstaAt il MiEA AlsS S8 4 Yl A71€<] v A (Doubled
Haploid) 70| 7fg =] o] o] 8 =11 Qlet. vi7F kA 712 A/ A124(2n) oA BEpAl(n) & 77151, o & vt
AlA I 100%2] 275 Als= S0k 71&0th Wu et al., 2020). Hi7}F HEeA] 7]&-& o839 &4 Al5-54
2 Tt 22 7g-& 55te] 34T ool 100% S @ HEAE T 4= ok O AthE B2 o = 5lal ik
A& 7715k= F71A(inducer) & T2 2 = 5tof WHIE 53t §EpA|(n) 771, QM4 A2 RI-nj o] 5ol T
TR 21 A, @A BEpA| AR HotrX] S5 f-1 GARIA @A v, @12 1 QIFwHE 5 Al
5 A4k Chang and Coe, 2009).

AR SR v e o w7} 9kpA] 7]a-S o] 81t S AlE 242 S5 A TAIT ol el 34
oJUE A GEAIE 4= ek BRI A RA R E S4T 4 o B = Al SFo At AR e B ok
AT 4 A (Renet al., 2017). ¥} A 765 E510] S8 H A2 ol 2402 £ 100% 2] &Al0IH. o=
99.9%2] == 7F& oA T 100%9] $FARt 5@ H A S92 BVt 8-S 2} oin| == i REeA] S5
HEH o] EXJo]tH Chaikam et al., 2019).

w717t ti=te] AlE £/d0] 7Fs sk s Hil7F HEpA] 7] o]-85HH FAA I 2 Bl EAe iRt A A
o] -golottt. T3l S AlF8E Mol A HEF A LS QoA B AEAS WA S E4elA 2" 0= &
71908 HAAAZ 4 QUth(Prasanna et al,, 2012). 7} ¥EpA| ZeS EAMARE dASH] o8 A
marker-assisted selection (MAS), F+2F =41, 542 F& Sole 5-85H o8 4= k. Tt Axl=oll A==t
AAES] 7 S71etl et Als-o] B84 AL 918 A7t HiFE] 2l e H, SRS E-8ste] AlFAdel &
&2 ol glrk. ol HiZFEERA| 7)) thedet A wiizel 22 SARAL -2 Al S5 i R-E-2 |l
7WEPA| 7)ol ofEskal Qick. v ] S dTtoll A Bz HEpA] 71 o) 8ohe 2 AT dTEd
ST ATATEASH, HIZE REpA] 7 |ee 285k 2719 ARAL & 4 QUth(Lee et al., 2014).

2 A= &5 AFEoklA =uioll 285 vt gl vz A 71 skl ARIA|7 | 13} g5t
71 AMRA A 7 1A 9] = 284, S Ao WS 59 REeA| e B 7L BheA| SARS] dAA|

H7FA171 v, 2] ar v kA Z1se]] ofsl] s/ AlE-ol s i@ Eoll Histe] Harstarlz) it
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ke 77 1A2] =L 218d Hd

U 57 e Srrdiies gAY ATA(CIMMYT) 2 599 Hohenheim thHeta} Al2kS: Fot
of WA F7141] TAILS S 92 02 o] 88 4= Q= A& S5 o & 2 Aol 8513t St g uka
Al 7714k = AL AT CIMMYT)olA Foi@at 2H@-S wHlisto] ofded o & 7t Fr]Ale]rt
0]'0‘—3_13]1“5'3 dF. Zﬂ 4714191 TAILs (Prasanna et al., 2012; Prigge et al., 2012)2] = 284 A4S 9J6to 2014 4

9239 SHAE Fsio] PelsiYTL, 59 149 %—rfﬂ% AT AL F717 WlRo] AL g e
N-P,05-K,0Z 10 a 17.4-3-6.9 kgo] 1!, E|H|= 1,553 A8t AAA g o Higke WAgo 7 Hake
7-8A710| =02 Flom, olikd v go} Za]2l H]i 4 EjH]= R UAFO 2 A8k

8 ATo| Hpd|| 7712 2A

S AT 2R Al 715k ffste] S Heka RO g Skl HEpA| H71A|)] TAILsS 722

= stod JIFwHE AAISHITE 2014976 2017971 F54 B F4-8-5 48 D5 0185131t Bernardo
(2009) HiI7F A 712 ol-85tk=tl 71 AviRt o] FHie F2Adel=tal shgity. oof| whet 2 ol &
S RS TR P28 o} 3510, LHATE FIL ol $oTt, S5 ADL U 5 Zofl S5

ol Aufsteit. WA 5714191 TAILs = SR A Eo]| nfgsto] E]?l’ & ATl AASI. o 8ot &
T A A7 17 ols ] wizel S Hete] wHiAZ S S57] flsto] 77 1Ale et w7 AR E
109 ZFA 0 & 43] mE5h9ict.

L A geA| [-71A419] wafjof] ofsl A4 FAH= Nanda$} Chase (1966), Prasanna 5{2012) 5°] Hil
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Fig. 1. Haploid seed selection by R7-nj marker expression in the embryo: haploid seeds (n), unidentified seeds (?),
diploid seeds (2n).



2231 9]/ vy k] 7]&0] Tl W o AE QM o 25

FAta|| U7t Al7| B2

HEpal(n) &= AR E A= GAA| w71l 8513t A B b HolEAt 2 -1 -5 27 1] s Al A A
2fsteirt. 'WolEAl= Prasanna 5(2012) 9] W ol whet oA & paperol SAHE 91 28°CollA] 3G7HEHOME A
71 & ol FAFE colchicine 0.04% -8l 12417+ Z=sto] vll7EA 2] S5}t Hil7FA| 2] & TolgAl= Ao L E
| SHSte] oF 25 o4 E2PAIX $- vl kA AldSk-2oof] AHAISHAIT:. = Melchinger 5(2016)2] W]
e} S H A Eof| HEpA]| SRS mhEsto] oF 247 17kA] A stolS w AEAE otk el o dEE AIAS & &
H-E colchicine 0.07% -0l SAIZF A =|sto] viZEA 2] ALt Bi7EAE] & GH A 0] ZE 15| oF 7Y o]
A B2IA 7] B a7k A5 Aol A5 LT

HEpA| 21| A2 vljol A o] QEEAopd AA-S S9Fo = Alsh= Zlo|B2 AH o /7 EAsh ] 4ok
wheba] g4 & AZA Rl whet 247 oHE oAl 2n)= AlASEAT Bi7E A= Rt AEAoll A o] Sk AgAE
2 AFo| B R AlTS S5 St ol sael= ehEedo] =6] 22 79 3871R] = HAISHIE.

2

P} 2| 7120 ofol SAIE AISe S 2sE Tt

7 kA 7] Sfal 4 ARl thslol o] A AASIAT, 0] 5 FU§ sAE, B84 57
5ol e 5 AR EL ook 20174 58 42 SREES] wElel BB, 5Y 199 S5 A4 AP
TN Y 330 2 I BRI, 2718 WSl HBFENLOKOR 1049 174369 kelsTL
Sl |LSES 1§59, M | E] WS WAGO =, IRk 7.89710] £ATOR Felon], Qi vlE
o re W2 9 e AR 2 A1get

SAEA

SAEAS 215l R scripts (R Core Development Team, 2015)5 AFSSHATE AL 9ERA] f7]82] AfolE ot
otsl7| 9Jal AFAZ Le] A (Kruskal-Wallis) A4S AAGAT A 50 ¢ FA o) Aol &
o X
=

VRS AATSHATE Wl et 50] WAl 1] BE S SHEL 714

Za Y 2

SkrA| 771312 =Ll 48d d
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Table 1. Agronomic characteristics of sub-tropical haploid inducers, TAILs, and parents in South Korea

Days to . .
Inducers Silking date silking Poller% shed Plant height  Ear height  Ear length 10'0 seed Seed color
period (cm) (cm) (cm) weight (g)
(days)
TAILs?  July4 72+1.87  Julyl-Julyll 196+84  83+46  146+0.7 357+0.9 Dark purple
p1? July 4 72+15  Julyl-Julyll  158+79  79+3.5 95+06 29.4+0.7 Darkpurple
P2 July 9 79+£1.6  July4-Julyl5 187+83  87+28  104+0.8 288+1.1 Purple

YSub-tropical haploid inducer: Tropically Adapted Inducer Lines
?Mean + Standard Error
IParent of TAILs
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Table 2. Haploid induction rates in the waxy and field corn populations

Year Population Color expression on  Total harvested Haploid seeds Haploid induction
name seeds (1-35)" seeds (g) (2) rate (%)

Mibaek2 4 12,330 353 2.9
GW39 5 3,762 92 24
W1429 4 7,687 407 53
32P75 4 6,791 271 4.0
2014 P1894 5 7,126 326 4.6
S335 5 10,199 499 49
Gwangpyeongok 4 10,512 412 39
Gangilok 4 9,491 391 4.1
MG#4 3 6,235 215 34
mean 42+0.7” 8,237 £ 2622 329+ 122 3.9+0.9
NK6240 5 10,868 536 49
P3502 3 6,592 319 4.8
NK6240/AF05 4 3,958 98 2.5
32P75/Gangilok 5 7,505 490 6.5
P1543/Gwangpyeongok 4 9,339 331 3.5
G29/GP 4 18,978 511 2.7
2015 G30/Gangilok 5 8,135 420 52
G31/S335 4 8,050 247 3.1
G32/Gwangpyeongok 4 13,180 861 6.5
G32/32P75 3 9,767 575 5.9
JK131 5 9,988 566 5.7
JK147 4 7,994 376 4.7
JK129 5 8,038 547 6.3
mean 42+0.7 9,461 + 3602 452 + 188 48+14
HW9/HWI1 4 6,485 221 34
HW9/14S8015 4 7,718 448 5.8
HW9/HW11 5 7,145 580 8.1
14S8018/HW3 3 8,590 570 6.6
P1543/Sirus 4 9,467 691 7.3
P1543/P154 5 8,440 620 7.3
Gwangpyeongok/P3156 4 6,520 304 4.7
S335/P1184 4 7,675 565 7.4
2016 G35/NK6240 5 7,080 475 6.7
P7709 5 9,414 507 5.4
P8400 4 7,964 449 5.6
09S5221/07S8040 4 6,966 526 7.6
G30 5 14,971 1,461 9.8
G26 3 4,796 251 52
15S6339/15S6067 5 16,707 1,347 8.1
15S8058/15S6067 4 9,339 724 7.8
mean 43+0.7 8,705 + 3297 609 + 360 6.7+14
WPO9(FS)A 4 2,928 264 9.0
WPO9(FS)B 4 3,386 318 9.4
WPE 4 2,554 302 11.8
HW9/16germplasm 3 8,167 427 52
HW3/16germplasm 4 7,580 430 5.7
2017 HW4/15S8025 5 2,998 352 1.7
G29/NK 6240 5 5,731 282 49
P8521 5 4,391 251 5.7
32W86/P8521 5 12,062 1,222 10.1
32P75/P7709 5 17,676 1,599 9.0
mean 444+0.7 6,747 + 4882 545 + 469 83+27
P value of year” - - - <0.001

1 No color expression on embryo, 5 Good color expression on embryo.
?Mean + Standard Error
)P value was analysed by Kruskal-Wallis test.
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Table 3. Comparison of the chromosome doubling stage in three different populations

Doubling stace!’ Population No. of transplants No. of self No. of harvested Production rate
g stag P (plants) pollinated (plants) ears (lines) (%)
P7709 160 35 6 3.8
) P8400 200 43 9 4.5
Germinated seeds
14S8018/HW3 840 100 45 5.4
mean 400 59 20 4.5
P7709 320 116 42 13.1
) P8400 340 136 42 12.4
Seedlings
14S8018/HW3 380 89 32 8.4
mean 347 114 39 113"

YDoubling stage for germinated seeds was about 2 cm of shoot length and for seedling was about 2 leaf stages.

FAta|| UiZt Al7| B2

HhpA]] A=A 0] GAA| w7l ARtet BSA171E Bl flote] GAA| vliZE A2 X715 Hokg ARt - T
Al A X514 2™ o]of wh2 A= Table 33 AT P7709 ArtollA Wolgat 2g) o] #8154 6, 45
tjv] 85 0] 8-S L= A5 ARAE-2 3.8% A, -1 A2 12] £8HAS54= 42, ASAPAE-L 13.1%
k. P8400 Ftoll A Brola} 2] ko] £ B9, AZAMARE-S 4.5% AT, -G 2270 £8A|E=42,
A 842 12.4% ATk 12|17 14S8018/HW3 ol A Wobgat A 2fo] =8l Al 5= 45, AFs4H8-25.4%
FL, GH AT FEAZSE 32, ABAYAELS 8.4%3ItE 255 33Tk tisto] WolElel 1 22
WS v Wb HolEal A2 o] ABYAELS 4.5%, G122 o] ABAAE-L 11.3%E 22| §-0J5t Aol 7} o
4=k

MR 7162 854 S5 2830 glo] GAA vk Bh by 51 5 g o] glonE

= H
A v 2Ee Eoke Zo] lEale] AE a8 w1 & e ol QA vi7t A=A 1S HolEARet
B Ao Hlaet By gAlfA A2k 20 medol 2 Ao Bl oksA THAR= v dof

7Fs7dol
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A AR colchicine -8l 12A17F HA|sfioF S, 24 gl o] 444 Bl Atk -5of sl 2y

E2 Ao W2 As At PoiS A og wek)

7} Bkra| 71200 2f5l S/dE AlSe| s Tt

Hij7} BEeA] 7]5-E o] 85t $/43% Als2) s AP E-S B A3 Table 49+ 2t THE 25 8/ SAF
(17DHLO1 - 17DHLO05) 2] SAILG= 77 - 794 2 iR Al HF 13 FAFSHRA Y, T5-2 1.7 ololz WikEAdo|3]
o} 7P 2 20t diEAlE AL 2 Aol oA 10.4-15.5 em= TRRYSHA] Sk
17DHLO1 - 17DHL03 2] 100 8%~ tHH|A'EETH - 5 g F72 E/3= HAlth &85 5/ 5A1'5(17DHLO7 -
17DHL11)2] EAILSE= 71 - 75U 2 tM|AS HWORTH 85131, B2 1 3 ofelz WEAdo|3ich 7Hd-2 tiy]
AlsHETHE oI, oA F2 thH| A S} FAISEAY 52 el itk

H ATtof| 834 1074152 o] S A AlFo| B2 844 850 E-8olr]of 5T Hgel
71=] k. 55] S48 2ol A 17DHLO1, 25l A 17DHL10 5-2 Al=A12] 23 2 o2t o) 5= 11
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Table 4. Agronomic characteristics of selected doubled haploid (DH) lines at Hongcheon in 2017

DH lines ls)iallli/isnz) Lodging ;;l ;agr;:t Ear height Ear length Ear width  Ear row lggeis;ffs Kernel
(days) (1-9) (cm) (cm) (cm) (cm) (rows) © types
17DHLO1" 78 1.0 205 55 13.1 3.8 113 36.7 Semi-dent
17DHL02 78 1.0 202 64 11.5 3.5 12.0 354 Dent
17DHLO3 77 1.3 212 54 13.5 3.5 12.0 36.2 Intermediate
17DHL04 77 1.3 214 82 15.5 3.7 13.3 26.5 Flint
17DHLO05 79 1.7 189 51 104 42 14.0 31.9 Semi-dent
HF1 77 2.0 193 51 12.9 3.6 12.0 314 Intermediate
P value <0.05 ns ns ns ns <0.05 ns <0.001
17DHLO7? 71 1.3 178 65 10.9 3.0 11.3 28.8 Waxy corn
17DHLO8 75 1.0 153 56 11.0 3.0 11.3 26.2 Waxy corn
17DHL09 75 1.0 142 50 13.6 3.0 10.7 23.0 Waxy corn
17DHL10 74 1.0 158 53 12.1 3.1 12.0 222 Waxy corn
17DHL11 74 1.3 136 45 12.0 33 12.0 24.6 Waxy corn
HW9 79 1.0 129 47 12.0 33 12.0 24.7 Waxy corn
P value <0.001 ns ns ns ns ns ns <0.01

D17DHLO1 to 17DHLO5 are selected field corn DH lines and HF1 is a control.
P17DHLO7 to 17DHLI11 are selected waxy corn DH lines and HW9 is a control.

do] - et 210 & ke whEhba Hj‘%_* AeE wefzee] B, FE o= ARgst] w1

) 359473
S o} BrlsbA S WAEL] Aiko] 7R o2 waEd,
ZE

Jo A ST A AT o] 5 WSS AR TR 4 ik AB R i
AL urEy) sl wpH oz 4 ﬂ%&LA@MMEWIHﬂ Sge A 02 HEAQ] §EHpe] ofs)
]_

T T

AE /71 4= e WA %71 _ﬂ(inducer)% HH7} HEpA| 719 EO‘Oﬂ *@"J AfgtolH, er‘ﬂ? Hh
AlLs®] AL 2%101049_

“55to] e FA ol A HEeA]|
7leS Bk éﬂr B 6. O%ME} 2014¢ $E1 2017L%77}ZH W3] 67182 2124 3.9, 4.8, 6.7, 8.3% % LFERSG
o} BkpA| E2ke] A w7t A2 A7 | S vl e AR SAlof] A 2fsk= Zo] ot ThAlo] A 2ok AR T
[E/go] ot viZ kA 71&e) ool SA4H S5 AES 58 FES Blel oM S5 550 28
Sh7)of] 5 At Als o2 TAE| QI §EeA] f7180] g A TR AEEE S 5 /o] Bash R

= o
e YA, s keA] 71e o] E80 2 i) S S8 28 B S H 2 A FE A o= VdiEn

_,_,
ofo
r-Ll
l-lI
ol
_,_,
_T,‘_,
_l-l.l
=
=2
o)
o
£
e
4
ofl
:10
ﬁ,

= E
—



256 ° Journal of Agricultural, Life and Environmental Sciences Vol. 34, Special Issue, 2022

= R U Y7 e 7L AFI(LP0034302022) B EEREAE 55 AHA(PI0133082020) 2] 2]

o1 2 3251(References)

Bernardo, R. (2009) Should maize doubled haploids be induced among F1 or F2 plants? Theoretical and Applied
Genetics 119:255-262.

Chaikam, V., Martinez, L., Melchinger, A. E., Schipprack, W., Prasanna, M. B. (2016) Development and validation
of red root marker-based haploid inducers in maize. Crop Sci 56:1678-1688.
Chaikam, V., Molenaar, W., Melchinger, A. E., Prasanna, M. B. (2019) Doubled haploid technology for line
development in maize: technical advances and prospects. Theoretical and Applied Genetics 132:3227-3243.
Chang, M. T., Coe, E. H. (2009) Doubled haploids. pp. 127-142. In: Kriz, A. L., Larkins, B. A. Molecular Genetics
Approaches to Maize Improvement. Biotechnology in Agriculture and Forestry, Heidelberg, Germany.

Lee, J. Y., Ryu, S. H., Park, K. J., Park, J. Y., Seo, Y. H., Choi, J. K., Kim, K. H. (2014) Doubled Haploid technology
in maize breeding: theory and practice. pp. 13-33. GARES, Chuncheon, South Korea.

Melchinger, A. E., Molenaar, W. S., Mirdita, V., Schipprack, W. (2016) Colchicine alternatives for chromosome
doubling in maize haploids for doubled haploid production. Crop Sci 56:559-569.

Nanda, D. K., Chase, S. S. (1966) An embryo marker for detecting monoploids of maize (Zea mays L.). Crop Sci 6:
213-215.

Prasanna, B. M., Chaikam, V., Mahuku, G. (2012) Doubled Haploid technology in maize breeding: theory and
practice. pp. 1-38. CIMMYT, Mexico.

Prigge, V., Sanchez, C., Dhillon, B. S., Schipprack, W., Araus, J. L., Banziger, M., Melchinger, A. E. (2011) Doubled
haploids in tropical maize: 1. Effects of inducers and source germplasm on in vivo haploid induction rates. Crop
Sci 51:1498-1506.

Prigge, V., Schipprack, W., Mahuku, G., Atlin, G. N., Melchinger, A. E. (2012) Development of in vivo haploid
inducers for tropical maize breeding programs. Euphytica 185:481-490.

Ren, J., Wu, P., Trampe, B., Tian, X., Lubberstedt, T., Chen, S. (2017) Novel technologies in doubled haploid line
development. Plant Biotechnology J 15:1361-1370.

Rober, F. K., Gordillo, G. A., Geiger, H. H. (2005) In vivo haploid induction in maize-performance of new inducers
and significance of doubled haploid lines in hybrid breeding. Maydica 50:275-283.

Wu, M. F., Goldshmidt, A., Ovadya, D., Larue, H. (2020) I am all ears: Maximize maize doubled haploid success by
promoting axillary branch elongation. American Society of Plant Biologists 4:1-8.



