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KRV, A, 4THL WIE, XHE, KKE, ¢F AT

PEAE AR MBI R 2, Bk 712100

BE R AER A0 N Z (Triticum aestivum) &R I T BT RIPEER, (508 FUR I HERAK, AL 2
H 2s A BOR /55K o BB IR B/ 22 2677 X, w55 3 ST 38 5 2 3/ 2 ot R 1 BRI AR A 8 R e RGB 6T 15,
LG R B AR 8 e R D 2 AR AR BT L. DAKTSE N2 i OB RO 5 L B R 37 . BT R 44 RIZ R 13T AT AL,
L/ A Fielder s i, JE i PUAL IR IR S HOM B RS 1 PR AR, IF RGEVPA 13X e/ 22 R 0 4 i gt
FREAL A P INARSE I 8RR W], HHAUIR X AFHLEL, N T AR E AR, 54 A A F 4 ] 4, 3
THHEITHO2R MM EEK, ERERE . KATH N T LR AL AL LB SE IR S5 SRR, B 371 LA (23.30%)/ 1L
THES A, (BT X A Fielder (27.95%). TR S« ¥iR44MZEFAST LRI —ERLIFACR . 45 1, %
W FOENL T 3BT R RN 2 S R PRI AR R, FFIPY AR S AR BB AR e AL RR, s X /N R B G R4 1%
BRI

XEIR hE, X, R, sk
ERUUE, RHE, kP, PR, XA, KEKR, BF, WRE (2026). s/ i o AUR SR8 1% e AL R R IT.

MY 61, 291-299.

/NZZ (Triticum aestivum)2 £EK= K FHRZ —,
EANRAR AR JT R, FaE MR O AR
W RN R K 17 R (Ghosh et al., 2018). IT4F
kK, IAREARFEAE B UEARNOF K E, ANEE
PR SR T 5 B D Re Al bl 53 1 IR S 2R Atk . 48
B M 3 T ST R DR A AR 2 B B IR G o) () 5
FERb(E 58, 2010). SATT, HrsEE /N A H = ik
PR B A AR AN v R AR A A 2R, i 249 24 M 5
BEIR QA SRR

PRI AR 7 B DR 1 R . /N AE B AR AR
THAEEEBRK, SFBURREM IS ML E
JE R AR AR A SR PR (SR K S N B &, 2024).
NT R RE, EERKEEKRE “REE
Fh” (speed breeding, SB)fiARET KGR, =
I E LRSS HRSOM TS SR G BORTE I, W/ NEE
AR 1R = 21426/ (Watson et al., 2018;
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Hickey et al., 2019). TR & FhH A @ bk #1230
BiP R AT R HOR, W e TR AR R
B, RZEARIE AN iraE Y FR i —P5
ENHRE o AT A T IS F AR | ) g2 R 47F
ORI 5E 1] 24 B (Guo et al., 2021; Li et al., 2022; Lin et
al., 2022), {H 3z Xt [X 24 52 mj (Hollingworth et al.,
2003; Chen et al., 2022). W5 EH, A FEFEKE TN
FAEAM A AU KT DL R ik [R] 1k i 2 55 077 T 1)
7 % W 3 5 e A0 U R DR ) R AN AR (2 W AR
2010). FraEF /N E AL A TR, HEWE
fiK. WAMEPHENAFE R ZHEIT, (LA
13.3%, VI BAK T L AL A S EYIFielder (Wa-
ng etal., 2017). ABFLLUHIH 9 5. & 37. &
44 1254 137 K Fielder ySEiatkl, LLEHT FTA R B
SRS AP A IR AR, KIS S TR N IR
AR, IR B PR A1 52
PEEoR S .
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1 SCIEFR

AHEFE T /N (Triticum aestivum L) Rl 59
. W37, 44, %E137LL KFielder. AR
PR AR R AT R AGLT

2 W

21 mREFEH
AW TR N LA S AR = AT N R e, A
TAMGEE PR IR TR AR E, I X BRIA R

NT AR B3I ML, BRI
H2J, PR 4.2 m?, A1 080Kk /N,
Fi R %5 B 257 14kk-m™2. S EMEME RS A
90 cm, 2T 43420 R (Philips)f 47 4=t it
Tiefia . AEEfHl KGR ESH: e N2/
FeHE/2/ N B, B 22°C/17°C, MR E R
SEYEFF1E60%25%

BB SRS, AR 82,592 m?,
AARAT2400k /N FE, P N92.59%k-m . B FR 4L
= 120 cm, Z3E6HRLED (4T (16 W)FI24KLED
EPAKAT (18 W) 8l R4 B S50 6 M
N6/ S R /8 /N BRI, BRI EE22°C/17°C, M
X BE AR E 4ERFTE50%25% -

22 MFEBS5HEA

HEUR/AN—5 PR /N2 R 7, SRS
HATH R ET. (1) £ KEKHIRE8/NE; (2) H
60% NaCIOW #1558k, F K /KM%, K5
BT KB KZERMIEL L, 4°CHitE2K; (3) Kz M
FR AR N AU RS TR 48 O6 8 1 916 /N i) 6 HE/8 /)N
I SIS, J5LBE22°C/17°C, 43R N157 pmol-m 2s™,
FHAT I A 50%) 15 351K, LIS IR 28 % 4 A6 4R i
H; (4) KA R R TR R EE 3R 8 A =31 (viv)f)
AT, 2HE TN TR SRS R,

2.3 FMEEERER

N LA AN I g-L" R 35 (CH4NLO) i &
B LRE A, TR 7 BE R RO B IR AR,
WHEH E N2 L, B2 FRREACE R, Z2FH

BN g L2 %, R0 R &A1 1REK, Ln
TN

AW FCHT B IR R 7 276 Acher®s (1997) A JF
RBRIBCTT =R AN B SRR A E
IR FE A B TR, FEETIKE N E R

24 EFEMS
ASHITFUIT 3 77 35 o) $492K F Hayta s (2019) A JF &
RIGKCTT, FFARIESLLE H AT 2 .

25 HEFNEMRITERE

HALRT—R, 7E10 mL MG A IR+ i1 A 200 pL
AFFHEARAEH, T28°C. 200 rmin™" 5 5%14-16/),
f#10Deg0o=0.5; Bl 5 T 4 025 xg .10k, 15
P IE, WGk AN PR 7R B (wheat inocula-
tion medium, WIM)# B %42 ODgpo=0.5, T % i -
80 rmin™ Br F24/ Nt .

W14 R 2248, SO AR, X4ME, B
TREMH, £ TES L fTHELE. /£1.5
mLE LRI mL WIM, B QRO B8 0
e BURSS A S, TN mLyEA s B, R
20%0, #FE20% 80, FAE)E FrEA bR TN A
71 5% 7% %L (wheat co-cultivation medium, WCM) L,
24°CHEH5 7R3 K.

26 MHEAGALIFESMAGHELT K
M FEE AN LT I BRI R ah, BT & h
H 45 S B 77 £ (wheat callus induction, WCI) I,
24°CHEEFRER, LUl T W] 22 2] @ 4L H
FEVRIN15 mg-L™" Hygromycin I WCIH 7% 1% 47t
eG4, 24°CRE S IR 14K, MR M40 10K
AR B16 /N RE/8/NE SR . 24°CL Jk5E N
69 pmol-m™2s™". HIXHEE A60% AL T FR 7K,
BEE AT SR B P AR 2R 0 o B S SR 2 N AR R R
#t(wheat regeneration medium, WRM) -, F16/)
6 R /8 /N BEBS L 22°C. Y6157 pmol-m s
AHRTEE N60% G T35 7R 14K, 4R

27 EREBH
H1-2 em K 1 75 4 28 B8 2 A2 AR 85 7% 2 (rooting me-
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dium, RT)H, B53R14K A, LRy n) W %2 214 MR
A H, AR, BTSRRI T, BaREE R
Tl =21 (VIV)IIEEN, InEg, fE16/NEF B RR/8
/NP ERIRS . 22°C/17°C. 6 A37 umol-m™s™'. A
XEFEN60% I R FR14K, BE#E I 5% 1, %
A =R

2.8 HERFEPEMEKREE

BOR R B AU S 10 fRAE Wi 1-2 om, JHCTAB
AU FDNA, 7E8R BB S IE S, PCRIRL
J5 AT B BRI F UK AN R, Gt BH PR R R

2.9 HIEST

AT, BHRE TR, AR LIS
YV S /N W i -

A H S 3R =(F 5 @0 H U (R A
P A1) x100%; 8473 2H 2 A 238 = F A 1 4 H /e
HME AR S H)x100%; % A0 3003 =(BH 14 7 45 B /42 A1
A 5 4% 100%

T3 A EF5 5 2R Gu vt LAY B B Y 398 B A £ 20 21
(0 4 R B B g e A6 TF S FE AR FR I, A A T R
S, EFEEFAN A HS R TR 7R, e
RN H AR K I PCRY™ 38 7= 4, 28 35 5 B gk Jie
HL UK S U 56 0IE B PR A R RO AT VA . 48 Graph-
Pad Prism (V:10.1.2)#E4T 5048 2047

3 HZR5iITe

31 FEMKEHTHEE MZAMEIREE
TEFE B HL 55 emAbFIAT F20 emibill & % i & (R
1). BIBERIREPI LS B A B 1 elR 2 R 7l 2 b
HI96 &t 71l & % & (photosynthetic photon flux den-
sity, PPFD)FIHEBE ORI, 7EATEH N2 (1)
[ I A 78 S RO, N e AR K.

WEFLR I, 75N A =PI %A T N2
AR R I (EIMA), BHEIER (E1B). Gt Al
FEMPOE A& FF /D ZFielder. $i&HIT. &
37, HHEAAFIZEBTI A K B 2o B
(£2), RIPE AR T BTA MR AR K H7

ERPUFRSE: BB /2 fh A A ML R A RCR IR TE 293

F1 AFEFEEST T 20 cmAlHh 55 cmir)L)E &

Table 1 Light quality at 20 cm and 55 cm above ground
under different environmental lamps

Photosynthetic .
. . . Illumin-
Different environments  photon flux density
2 1 ance Ev (Ix)

(Mumol'm™-s™)
Artificial climate chamber 1581.3 54217.3
(20 cm below lamps)
Greenhouse (20 cm 766.3 27588.0
below lamps)
Artificial climate chamber 1351.3 47585.9
(55 cm above ground)
Greenhouse (55 cm 178.4 6521.0

above ground)

REHE(EIC), FHFmE27.6 K, EHEH3T (-33
K)<Fielder (=31R)<#iH44 (-26KR)<HEH9IT(-25
R)<A%HFA37 (=23 R 4siash . Fra MR R 3
A FT4a (D), (HA 200 BEEUR Z 1 m(E1E), H
R ARFRIM I KIGEE: #iE37 (+3.14)>#H95
(+2.76)>Fielder (+2.35)>1% & 137 (+1.9)> ¥ 44
(+1.8)c AHFFFLH —FhEAERI B, TR Bk
AR BRI, B HR37 (B9R) MK K44
(61K)H AR I B A B 4EE-64%, MRz 1 Hh oy
FRAFNEZ M E R, TAE M, R
TR QN H AL BT SR I R I I HR ST

3.2 HEMXER/NZERMBEHULGELR

SZARBE R Y 0 2 5 /N G IR AL AR, AR
XS BrR3T. HrFsd. HAER13THIN IE Fielder
AR AT LT BN T AR LAY, Guil A R b
fabr, CIEPIE@AALIR . Y103 R FH VAR R
2, PN R 58 R AR B AR T . AR
B, SAMEIR S B 2y mT % 5 Hh P A 2L
2A). FAEZE(K2B) MR (K2C), (HEE AL R AFAE
ANFIFR ) 2 57 (R 3) e 5 SLEA B @G 4
SHERERAK, 7£94.06%-99.33% A, it Bk
HR R 2 A B i HS— . AR 2R IR AE5.45%—
32.32%2 18], XfMEFielder®i % = (32.32%), ¥
37425.45%, HE3ANMAKT15% . FHM: AR A il
sE AR N Fielderf 51(27.95%), ¥&E3ITIRZ
(23.30%) . 57822 &) W 35 A% T A0 1) 38 ARASE 2 o o
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(A) AFRIPGEIAR S T RS /N4 F LKL (bars=10 cm); (B) A FIPE A THiEE /N Z IR (bar=2 cm); (C) A
PO AR TR R N Z A E W, (D) ARPREINAR S A B i N K Goit; (E) A EPSE AR T HisRE N A8 BE
HGiit. Gt MITii NANOVA. *3RIR i3 2 7 (P<0.05), *** LRl i 2 % 57:(P<0.001).

Figure 1 The effects of speed breeding on agronomic traits of different Xinjiang spring wheat cultivars

(A) Phenotypes of Xinjiang spring wheat different developmental stages under different speed-breeding conditions (bars=10 cm);
(B) Spike traits of Xinjiang spring wheat under different speed-breeding conditions (bar=2 cm); (C) Life cycle length of Xinjiang
spring wheat under different speed-breeding conditions; (D) Statistical analysis of spike length of Xinjiang spring wheat under
different speed-breeding conditions; (E) Statistical analysis of effective tiller number of Xinjiang spring wheat under different
speed-breeding conditions. The statistical analysis was performed using ANOVA. * and *** indicate significant differences and
highly significant differences at P<0.05 and P<0.001, respectively.

FieldertitL, /L& #i 3l 1A M E MM ASTINAL 3.3 GUEMAEE THE 7T S48 LNE
SRS, (B B R R RO T 447

BTt L, BESTIE/NZIMIRALAA LRAT R b AR 15 552 5 0 357 22 37 R T AR 4410 BRH N AR 2418
FORLFIRTR, AERANES FEMOMEZEAE . F ARSI R A S 0B R %, i
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®2 EEHANTAUREFMT/DZRARER LR

Table 2 Comparison of phenotypic traits of wheat cultivars under greenhouse and artificial climate chamber conditions

Wheat cultivars Environment Growth cycle (d) Effective tiller number Spike length (cm)

Fielder Greenhouse 101 2.39 9.43
Artificial climate chamber 70 4.74 8.46

Xinchun9 Greenhouse 96 1.27 10.65
Artificial climate chamber 71 4.03 9.48

Xinchun37 Greenhouse 92 1.53 10.21
Artificial climate chamber 59 4.67 8.34

Xinchun44 Greenhouse 87 1.89 9.55
Artificial climate chamber 59 4.67 8.34

Hechun137 Greenhouse 96 1.91 10.75
Artificial climate chamber 73 3.81 10.07

A

Fielder

B2 HrRb X R 2 S R R A AL
(A) Fik e 4igi(bars=1 mm); (B) fEbiE 33 FEESR14R M A AL bR A (bars=1 cm); (C) 7EEMREE3RIE G314
R FFAE M (bars=2 cm)

Figure 2 Genetic transformation of major wheat cultivars in Xinjiang region
(A) Callus after selection (bars=1 mm); (B) Differentiation status of calli on differentiation medium at 14 days (bars=1 cm); (C)
Regenerated plantlets on rooting medium at 14 days (bars=2 cm)

/3BT X RN A R A R A R B R

Table 3 Key metrics for genetic transformation of major wheat cultivars in Xinjiang region

Cultivars Transformed Calli Induction rate  Regeneration Positive plants  Transformation
embryos (number) (number) (%) rate (%) (number) efficiency (%)
Fielder 297 295 99.33 32.32 83 27.95
Xinchun9 261 246 94.25 9.58 24 9.20
Xinchun37 299 287 95.99 25.45 65 23.30
Xinchun44 202 190 94.06 13.92 25 12.89
Hechun137 110 108 98.18 5.45 5 4.55
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— DR SR GRS ], IR . 5
RG22 E /N SIIRAR L, BOg iR gh IR &
K RAEANEBA, C, E, G), {HHAfE 1 KR KK
3B, D, F, H). #&37MFH447E s AR AN s
T A A AT 3 B0 A v 1 3 212U T R (>94%),
1HL T A= 20 0 A 30026 ) I 35 PR (3R 4), RIS
PETF SR PUE R B T B AR B B

34 g

PR X BN E AR BRI AT EEN, M
PR AIR AR I % A0 55 T R T8 0 P2 30 24 3t ot
B RENETFENEEF B AU UHE 7EH
ToB SR AN AR IR &R, I DU R B
RS2 A Al Fielder Xt I, RGEVEAG T BN 2
M¥HEYT . B3 HrFE4dMZEA3T AL
R, JHTEEHLIX RN AR B A R PR T

SB

Control

Xinchun37

BRI

AR FU ST R BN 2 N LA S AR A R
FREARM R, AT SR H5-6 MR /N2 BRI T,
RERS K B R A W14 40 25 3—44F . X 5 E b E ik & Fh
B AR R M7 (Watson et al., 2018; Hickey et
al., 2019). WHe kM, N TS{EZEPPFDAE]1 351
umol-m™2-s™, FEAMRBL T IR 7E PRI & ik &
MR EEEH (Rai, 2022). TEZ%&M T, BiE3THAE
N HHR = 192K i 3 44 59K, R B H MR 1)
PRI 770 Ak, PRSI KA T N A Ry
BEA I 2510, (RS A B AR, U0 ERTEA B
SRR/ B VERIIE LT BRI AR B AR

BRI RAEST b7 25 R i b AT I8 AL S A
R, AR Z A ZAIRAT AR 5 1) it b 52 JH 35k [R] R4 R
HFEACBCRIRK, HREANRFECE IS, 2012; Wang
et al.,, 2021). fEAWTMBIEHIIART, Bi&E37

Xinchun44

B3 /NEFEIAEST . HiEAATUE N R (SB)AIE M 7 4 1 T 4 4k
(A)—~(D) PN T HHI7. PEAME YL KBRS I 714K 5 B A S UMMGIRTS; (E)-(H) #EE 75 &4 FHiE37. B
FAMB GG RN A IR 514 K 5 A H A S IRES . (A), (C), (E), (G) Bars=500 um; (B), (D), (F), (H) Bars=1cm

Figure 3 Genetic transformation of immature embryos in wheat cultivars Xinchun37 and Xinchun44 under speed breeding (SB)
and conventional culture conditions

(A)-(D) Callus differentiation status of Xinchun37 and Xinchun44 embryos on the first day and at 14 days after infection under
speed breeding conditions, respectively; (E)-(H) Callus differentiation status of Xinchun37 and Xinchun44 embryos on the first
day and at 14 days after infection under conventional conditions, respectively. (A), (C), (E), (G) Bars=500 uym; (B), (D), (F), (H)
Bars=1cm

T4 NEFEEST. BRAAPREINACR IS TR TR AL T B SCBR AR

Table 4 Key indexes in the genetic transformation of wheat cultivars Xinchun 37 and Xinchun 44 under speed breeding and
conventional culture conditions

Cultivars Transformed Calli Induction rate  Regeneration rate  Positive plants Transformation
embryos (number)  (number) (%) (%) (number) efficiency (%)
Xinchun37 99 96 96.97 24.24 24 9.09
Xinchun44 102 97 95.1 5.88 6 5.88
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JEIL H S Fieldertd 4 H 564075 711(27.95%F123.30%),
S 2 R TR B S AR AN Y ) 2 il 3% (Wang et al.,
2017), 3X0F T HEBE BT 58 /) 22 4 I8 A% Fe A0 B A
HEER L 5/ YR AL A 3 AR 2
FielderAH L, J& % il 3= 47 /N &2 i A BT 42 37 10 %
A BEEBEAR, H I8 5 77 % A B A A & A4k vl ik
—IBRRTHEAL R . Rk, B 3TIE /N YRR 5%
e BT RN AT, AR NE ST
FROL R 2kl thah, PR 77 v B R K T
YR IR AR, AT REE S PUE K F 58U
0 HFR P ESE TS INGE (Hayta et al., 2021), EIR0R
(IZn L K2 Cu) ¥ 50 25 - 45 4 47 B (Warchot et al.,
2021), wI{E St gu il I R T b S T v et

AT GT S T IE T R X RN R )
PREOIIARAR 2R, UESE TR /N2 2t o Fob ot AT i L TR
WIRTATPE, B FCRCR AT B4 B T R DhRe A 7 . F
PLEE Ry 8, A EENHNME. PR ER
5 s A AR RARGE A, BRI /N 22 B R T
REWT U A B PPt . BbAh, WP IMAREAR S 7145
WA BEBARL &, ARSI Bt EM” K%
Ak

& sk AR

BRUUF: SR80 Hitg: 59K, 5k
APHL: R, PVRR: (EE R, it
HREIE M AE e S, TRk TE SOttt 1 E
1655296 K AT B, YRR R SR it &g
1k
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INTRODUCTION: Global climate change and soil degradation have posed new challenges to the breeding efficiency of
wheat (Triticum aestivum). Traditional breeding cycles are lengthy and inefficient, making it difficult to meet the e-
ver-growing demand for breeding new cultivars adapting to the changing environment. As a major high-quality wheat
producing region in China, Xinjiang urgently needs to establish a rapid generation-advancement system and an efficient
genetic transformation platform tailored to its local cultivars, in order to shorten breeding cycles and expand the range of
transgenic recipient materials.

RATIONALE: Accelerating generation turnover and establishing efficient transformation protocols are critical bottlenecks
in wheat functional genomics research and breeding. Conventional greenhouse conditions impose long generation times,
while transformation efficiency varies greatly and is often unacceptably low in many elite cultivars. This study was de-
signed to systematically evaluate whether controlled artificial climate chamber conditions could significantly shorten the
lifecycle of key Xinjiang wheat cultivars, and to assess the Agrobacterium-mediated transformation efficiency of their
immature embryos. The goal was to identify cultivars with both a shortened generation time and satisfactory transforma-
tion capability, thereby facilitating their use in genetic research and speed breeding applications.
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RESULTS: Under artificial climate chamber conditions compared to conventional greenhouse conditions, all five wheat
cultivars showed a significant reduction in generation time. Xinchun37 exhibited the greatest reduction, shortening its life
cycle from 92 days to 59 days; in Agrobacterium-mediated embryo transformation assays, Xinchun37 achieved a trans-
formation efficiency of 23.30%, outperforming the other three Xinjiang cultivars but remaining lower than the Fielder con-
trol. Xinchun 9, Xinchun44, and Hechun137 also demonstrated measurable transformation efficiencies.

CONCLUSION: This study successfully established a novel rapid generation-advancement system for the main wheat
cultivars of Xinjiang, and increased their embryonic genetic transformation efficiency. These methods will greatly shorten
breeding cycles and provide key technological support for expanding the selection of transgenic recipient materials, the-
reby contributing to germplasm innovation and food-security strategies in Xinjiang and beyond.
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The embryonic genetic transformation efficiency of different Xinjiang spring wheat cultivars (A, C) and their
growth cycles (B) under rapid generation advancement conditions were investigated. All tested Xinjiang spring
wheat cultivars proved amenable to genetic transformation via immature embryos, though with varying transformation
efficiencies. Under controlled conditions in artificial climate chambers, the plants exhibited normal growth and fertility,
with all lines demonstrating a significantly shortened growth cycle. (A) Bars=10 cm; (C) Bars=1 cm. *** P<0.001
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