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Fitness of resistant backcross generation ( BC3F2-3) between glufosinate-resistant

transgenic oilseed rape and wild Brassica juncea
WANG Xiao-Lei, WANG Jian, ZHANG Qing-Ling, YAN Jing, QIANG Sheng, SONG Xiao-Ling”

Weed Research Lab, Nanjing Agricultural University, Nanjing 210095, China

Abstract: One of the concerns about releasing transgenic herbicide-resistant oilseed rape (Brassica napus,
AACC=38) is that herbicide-resistant (HR) transgenes from transgenic oilseed rape may escape to wild Bras-
sica juncea. If this happens, wild B. juncea with the HR trait might pose new problems for weed control.
Therefore, it is necessary to evaluate gene flow from HR transgenic oilseed rape to wild B. juncea before it is
released. The fitness components and composite fitness of BC3mF2, BC3pF2, BC3mF3 and BC3pF3 (m =
backcross progeny obtained with wild B. juncea as maternal plants; p=backcross progeny obtained with wild

B. juncea as paternal plants. ) between glufosinate-resistant transgenic oilseed rape and wild B. juncea under
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different densities and different planting proportions were measured in the field. In pure plots, the composite
fitness of BC3F2 and BC3F3 were not different to wild B. juncea either at low density (15 plants/plot), or high
density (30 plants/plot). In mixed plots, at low density under 4 : 1, 3 : 2 proportions, the composite fitness of
the backcross generations was lower than that of wild B. juncea except for BC3mF3, which was similar to wild
B. juncea. Under 1 : 1 proportion, the composite fitness of the backcross generations was lower than that of
wild B. juncea except for BC3mF2 and BC3mF3, which were similar to wild B. juncea. At high density, the
composite fitness of all backcross generations was lower than that of wild B. juncea irrespective of proportions.
There was no correlation between fitness components of BC3mF3 and planting density. BC3F2 and BC3F3 be-
tween glufosinate-resistant transgenic oilseed rape and wild B. juncea have the ability to establish in field, par-
ticularly BC3mF3. Therefore, hybridization between transgenic oilseed rape and wild B. juncea, including
backcrosses between wild B. juncea and F, or subsequent generations, should be prevented.

Key words: glufosinate-resistant transgenic oilseed rape (Brassica napus); wild Brassica juncea; backcross

generation; fitness
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Fig. 1 Crossing scheme of hybridization and backcrossing between wild Brassica juncea and
transgenic glufosinate-resistant oilseed rape
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nations involved in this study are indicated as maternal plants X paternal plants. Plants in front of X are always maternal, and plants in the back of
X are always paternal. m denotes backcross progeny obtained with wild B. juncea as maternal plants. p denotes backcross progeny obtained with

wild B. juncea as paternal plants. L denotes F; and backcross progeny with glufosinate-resistant gene. BC: Backcross generation.
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Fig.2 Layout of field experiment in mixed plot

AR FE B 57 3 Represents B, juncea; A% 3 9] 52 J5 18 Represents

progeny of the first backcross generation.
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Table 1 Fitness components and the measurement methods

B IR BB Vegetative stage

A Bl K B BE Reproductive stage

FR 8 MR PR EDR R b O W) 25 0 2 4k . Plant height

height from the base of the plant to the tip of the plant at maturity.

ML S Ak DU R D HEAT A BRI XM EZ . Stem diame-
ter; main stem diameter of each plant measured at maturity at

measuring plant height.

— WA B A S et F 2R B B 8CH . The first branch

number; the number of branches on the main stem at maturity.

Mo bR T A B BB I E A R TR BB, Above-
ground dry biomass per plant: weighting above-ground dry biomass

per plant at maturityt35],

B RO R SR IR B R SR 1 ORI SRR T MR, Si-
lique number per plant: number of silique/plant contained at least one full

or half full seed.

BRI A RS Bk R T A B . Seed weight per plant: total

seed weight per plant at maturity.

FARK: BRE ST 20 A AR E K E. Silique length: silique
length at lower part of plant measured at maturity (at least 20 siliques per

plant).

B RARL R 5 A R DU R [ 25 BEAT L GE T 20 AN AR 2R P A 00 AR TR
Seed number per silique; number of full seeds in silique at measuring si-

lique length.
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KT H 25, 1M BC3mF3 Fl BC3pF3 B 7 2EM B #H /N TR KRB E/RER A S HIF LR ¥ % 5H
(F2), UM EBIEG R 0.86~1. 02, ¥ E A F| 5 BF 7 M 21 19 K-F (B 3).
2.1.2 @EE BESERSMIESRILE 2. HA BC3mEFS Mbkm 587300 #2257 KR E kS
BT B IFE 12, 93~29. 27 e B S5 fCHIZEHN 1. 22~1. 36 cm. i FFBEARE TR HHHy 98. 00~115. 43 g,
BRRA MR 1129, 73~1263. 57, ¥ B E /N TR K. 1Ak BC3pF2 (943 A AWK KA 15. 30 KL, /)
TRITHM 17.89 Rk 2) . B BIEFEN 0.85~0. 89, W HEIFH IR FH 257 (K D,

IR A E T . BC3mEF2 F1 BC3pF2 #YHk i L PR AR AT R0 R RO AR T 217 3¢ (H L B 52 )5 10 BC3F3 /91X

ANIE A B R B B S BT S S K. B E R . BC3mEF2 1 BC3pF2 IRk i L AR A B0 SR B B KT
BIv . A BC3mES3 iy bk s 5B IT 3 2 . H2 TOie A% il 2 % A T & R AU RUdE & 1 5 B
x2 BMEEZIAFIART2HR(BCIF2BCIRB) 5HFFRNEFERTUEER
Table 2 Comparison on fitness components between wild B. juncea and the first and second progenies of
the third backcross generation (BC3F2 BC3F3) in pure plots

Fil 2% 32 SEIR A P 55 eVl — WGy 3K b b Ak ARG BHATER ARK SARIRL
Densities Material Plant Stem The first T A Y& Silique Total seed Silique Seed
(plants/plot) height diameter branch Above-ground dry number weight length number
(cm) (cm) number biomass (g/plant) /plant (g/plant) (cm) /silique
Wild B. juncea  176.33a 1.51a 15. 33a 216.49a 2442.97a 45.99a 3.96a 18. 20a
BC3mF2 151. 00b 1. 33b 14.73a 175.13a 1714. 20b 36. 96a 3.94a 17.98a
_ BC3pF2 150.47b 1.32b 15. 00a 171. 63a 1580. 33b 37. 24a 3.8%a 16. 81a
0 Wild B. juncea 141.53a 1. 48a 14. 23a 123. 48a 1626. 77a 31.59a 3.83a 15. 88a
BC3mF3 131. 40a 1. 38b 15. 20a 117.07a 1864. 27a 35.58a 4.01a 16. 69a
BC3pF3 131. 70a 1. 30b 16. 00a 126.01a 1730. 90a 33. 44a 3.73a 16.72a
Wild B. juncea 169. 63a 1.51a 13.93a 148. 04a 1790. 67a 37.15a 3.91a 17. 89a
BC3mF2 156. 70b 1.22b 13.11a 112.21b 1129.73b 33. 24a 4.01a 17. 65a
BC3pF2 150. 07b 1.23b 14. 33a 115. 43b 1207.33b 35. 46a 3. 79%a 15. 30b
%0 Wild B. juncea 167. 90a 1. 60a 14. 50a 141. 24a 1649. 73a 32.33a 3. 89%a 16.97a
BC3mF3 154. 60a 1. 36b 13.70a 98.50b 1263.57b 29. 82a 3.83a 16. 16a
BC3pF3 138. 63b 1.22b 13.73a 98. 00b 1238.50b 29.63a 3. 76a 16. 46a

BN R PR R 22 5% B35 (P<<0.05), N[,

Note: The different letters within the same column denote significant differences at P<C0. 05, the same below.

2.2 RANEZEIKREFIFXGELSE

2.2.1 REERMSFMHT EREERMSET BT3RS MSE A K BRI, 558 6 B S0 1l e 25 58 0L
3, MEIREE 4 1 AP, BC3mF2.BC3pF2 5 BC3pF3 Mk = i 105. 39~132. 67 cm, 22 H7E 0. 87~1. 15
em Z[A], #0 2 E/NT B IR 3, M BC3mF3 f Bk i A 224040 51 04 137, 33 em 1 1. 24 em, 5 ¥ 7320 0 % 22 55
BC3pF2 f) b 1B s bk A= 9 ik /N TP JT 28 42, 65 g HoARJE AR 1 b b 8 B dk A ) ko 105, 64~134.67 g, &5
WP IR 3T % 25 5 s BC3F2 5 BC3F3 (1 — K 4 3B MR S0 SRBC R 7 T i A R K DL g A SRR B 5
PSR TC W E 22 5 (3R 3) . BC3mF2,BC3pF2 5 BC3pF3 Wy B IG5 N 0. 87~0. 89, W F/NTHIT. HA
BC3mF3 [y SiE & R 0. 93, 5EFIF R % 2 57 (K 5.,
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Fig.3 Composite fitness of wild B. juncea and the first and Fig. 4 Composite fitness of wild B. juncea and the first and
second progenies of the third backcross second progenies of the third backcross
generation in pure 15 plants/plot generation in pure 30 plants/plot

1:Wild B. juncea;2:BC3mF2;3:BC3pF2;4.:BC3mF3;5:BC3pF3. Aa/NE FH: #7822 ek i 3 (P<<0.05), FJa], The different letters mean the

significant differences at P<C0. 05, the same below.

x3 4: 1 RMEEZIRFIKRF2HR(BCIF2.BCIF) 5HFREFER TR
Table 3 Comparison on fitness components between B. juncea and backcross

generation (BC3F2, BC3F3) in mixed 4 : 1 planting proportion

ol A 2% I B R = EH —WAXE Hb AR R ARMBE HHATERE  MARK SRR
Densities Material Plant Stem The first T A Y& Silique Total seed Silique Seed
(plants/plot) height diameter branch Above-ground dry number weight length number
(cm) (cm) number biomass (g/plant) /plant (g/plant) (cm) /silique
Wild B. juncea 151. 00a 1. 36a 14. 23a 154. 50a 1880. 84a 32.18a 3.8la 16.59a
BC3mF2 132.67b 0.87b 11. 94a 134.67a 1567. 49a 27.59% 3. 89%a 16. 90a
Wild B. juncea 155. 46a 1. 46a 14. 90a 166. 66a 1736. 33a 34.52a 3.75a 15. 38a
BC3pF2 124.93b 1.15b 13.13a 124.01b 1432. 23a 30. 98a 3. 68a 15. 60a
0 Wild B. juncea 147.12a 1. 44a 14. 92a 130. 15a 1750. 39a 33.01a 3. 58a 15. 34a
BC3mF3 137.33a 1. 24a 14, 56a 105. 67a 1422. 00a 27.65a 3. 80a 16. 63a
Wild B. juncea 144. 81a 1. 43a 14. 20a 113. 90a 1613. 87a 30. 34a 3. 74a 15. 75a
BC3pF3 105. 39b 1. 02b 13. 39a 105. 64a 1411. 56a 27.94a 3.53a 15. 10a
Wild B. juncea 167. 20a 1.53a 11. 70a 104. 41a 1077. 31a 20.03a 3.72a 15.97a
BC3mF?2 137.95b 1.11b 9. 74a 70. 32b 705.56b 11.98b 3.69a 15.57a
Wild B. juncea 146. 84a 1.41b 11.57a 92. 85a 1165. 62a 20.01a 3.62a 15.11a
BC3pF2 120. 02b 1.03b 10. 46a 57.18b 675.69b 11.19b 3. 74a 15. 34a
% Wild B. juncea 152. 11a 1.41a 12. 68a 83. 06a 1006. 64a 18. 06a 3.70a 15.13a
BC3mF3 116. 03b 0. 90b 12.87a 40.53b 614.97b 11.21b 3. 40a 13.90a
Wild B. juncea 163.07a 1. 48a 12.76a 92.13a 1160. 36a 21.45a 3.75a 15. 46a

BC3pF3 124. 31b 1.06b 12.78a 49.56b 681.92b 13.27b 3.45a 13. 38a
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Fig. 5 Composite fitness of wild B. juncea and the first and Fig. 6 Composite fitness of wild B. juncea and the first and
second progenies of the third backcross generation in mixed second progenies of the third backcross generation in mixed
15 plants/plot under 4 : 1 planting proportion 15 plants/plot under 3 : 2 planting proportion

RAHE 1 s TIRFNAS, 2% 128 J5 AR 3E & B i o 38 8 T 5 BT TSR 8 i %iﬁ B2 BC3pF2 5 BC3pF3 i)
S A B4Rk 0.90.,0. 87 A7 i /NFRFSF SR I BC3mF2 5 BC3mF3 4 3436 4 43 7k 0. 95.0. 91, 5 B¢
REREERWE D,
2.2.2 FEEERMEAET 4+ 1R F R, BC3F2 fl BC3F3 [ bk i 76 116. 03 ~137. 95 cm Z [i] . 25 4l
0.90~1. 11 cm, Hly b F#BEARRAEY) & AE 40. 53~70. 32 g Z[H] , Bk A &M REAE 614. 97~705. 56 Z [, Ff - H 4
M11.19~13. 27 g/#k . ¥R /D T B IF 3 M BC3F2 #1 BC3F3 f — K 4> SC8AE 9. 74 ~12. 87 Z il f Ky
3.40~3.74 cm, B RMDRLEL A 13, 38~15. 57 A, ¥ 5 BT 3 T0 W 3% 25 v (3R 3) . e . BC3F2 I BC3F3 iy i
AR 0. 75~0. 79, WA /N F R IR (& 8,
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Fig.7 Composite fitness of wild B. juncea and the first and Fig. 8 Composite fitness of wild B. juncea and the first and
second progenies of the third backcross generation in mixed second progenies of the third backcross generation in mixed
15 plants/plot under 1 : 1 planting proportion 30 plants/plot under 4 : 1 planting proportion

3¢ 2 JEFH R BC3F2 Al BC3F3 4k Hy 109. 58~137. 46 cm, 2544 0. 96~1. 18 cm, Hb |- #2444 2t 42
48.17~76. 08 g Z [] , Bk A5 5k f S B 592, 20~857. 81, Fl T B #t 7 10. 54~18. 07 g, ¥ B3 /N F W I35 5 1
BC3F2 Il BC3F3 ) — WK 4> 380k 9. 24~13. 60, f K N 3. 44~3. 89 om ., 4 f TR BUAE 14, 32~17. 31 B
A, GBI RILBFH R CGRD . KGR EE S N 0. 76~0. 84 WA R /N T B I (& 9) .
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Table 4 Comparison on fitness components between B. juncea and backcross

generation (BC3F2, BC3F3) in mixed 3 : 2 planting proportion

ol e 5 SR B R =i el — KT KR Hbo 1R ARARE HHATERE ARK SRR
Densities Material Plant Stem The first THY & Silique Total seed Silique Seed
(plants/plot) height diameter branch Above-ground dry number weight length number
(cm) (cm) number biomass (g/plant) /plant (g/plant) (cm) /silique
Wild B. juncea 156. 22a 1. 26a 14. 70a 170. 24a 1983. 67a 33.70a 3. 90a 16.99a
BC3mF2 135. 38b 0.87b 13.89%a 129. 59a 1588. 89a 18.41a 3.8%a 17. 63a
Wild B. juncea 157. 22a 1. 30a 14.11a 159. 63a 1847. 00a 35. 10a 3.87a 17. 35a
. BC3pF2 131.96b 0. 88b 14. 19a 112.87b 1459. 22a 26. 89a 3.91a 17.90a
o Wild B. juncea 143.92a 1. 40a 15.42a 142. 49a 1606. 79a 30. 55a 3.68b 16. 65a
BC3mF3 132. 17a 1. 23a 15. 00a 115. 30a 1432. 69a 29. 35a 3.97a 16. 99a
Wild B. juncea 153. 00a 1. 34a 16. 30a 141. 15a 1653. 21a 30. 72a 3. 74a 16. 05a
BC3pF3 116. 05b 0.99b 15. 80a 100. 86a 1470.72a 28.09a 3. 74a 15. 86a
Wild B. juncea 151. 86a 1. 38a 10. 63a 117.19a 1297.97a 24.42a 3. 80a 16. 65a
BC3mF2 137. 46b 1.11b 9. 24a 76.08b 857.81b 18.07b 3. 89%a 17. 31a
Wild B. juncea 144. 54a 1.56a 11.52a 116.17a 1375. 39a 25.70a 3. 82a 16. 18a
BC3pF2 124.52b 1.00b 9.78a 62.28b 806. 72b 14. 69b 3. 76a 16. 34a
%0 Wild B. juncea 156. 95a 1.47a 13.00a 86. 53a 1131.02a 21.07a 3.49a 15. 18a
BC3mF3 128.13b 1.18b 12. 20a 53.22b 659. 64b 12.93b 3.67a 15.41a
Wild B. juncea 154. 92a 1. 37a 12.42a 86. 59a 950. 59a 17.09a 3.55a 15. 88a
BC3pF3 109. 58b 0.96b 13.60a 48.17b 592.20b 10. 54b 3. 44a 14.32a

1+ 1A T .BC3F2 F1 BC3F3 kK 115, 73~133. 17 cm, 250K 0. 98~1. 14 cm, Hb ¥ SbkAE W &8 K
61.85~78.55 g, BALRRA AL A BN 799. 09 ~ 882, 18, Ff T T & 4 16. 36 ~20. 23 g, ¥ i B /N F W IF 3%
BC3F2 il BC3F3 i — K 4r S HCH 11, 14~12. 84, ff1 K 3. 51~3. 96 cm. 4 f AR HCH 13. 60~16. 41 i,
HEFRLREER(FED ., FRLERSIEEE R 0. 77~0. 84, AR B E/NFE I3 (& 10),
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Fig. 9 Composite fitness of wild B. juncea and the first and Fig. 10 Composite fitness of wild B. juncea and the first and
second progenies of the third backcross generation in mixed second progenies of the third backcross generation in mixed

30 plants/plot under 3 : 2 planting proportion 30 plants/plot under 1 : 1 planting proportion
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Table 5 Comparison on fitness components between B. juncea and backcross

generation (BC3F2, BC3F3) in mixed 1 : 1 planting proportion

ol A 2% S B R /3= EH —WAXE Hb AR R ARMBE B TERE  MARK SRR
Densities Material Plant Stem The first T4 Y= Silique Total seed Silique Seed
(plants/plot) height diameter branch Above-ground dry number weight length number
(cm) (cm) number biomass (g/plant) /plant (g/plant) (cm) /silique
Wild B. juncea 162. 23a 1. 60a 15.11a 180. 96a 1715. 51a 34.75a 3.78a 15. 23a
BC3mF2 150. 58a 1.41a 14.49a 156. 74a 1500. 11a 33.71a 4.12a 15.59%a
Wild B. juncea 159. 97a 1.49a 14. 53a 185. 33a 1625. 90a 32.91a 3.82a 15. 28a
. BC3pF2 145. 03a 1. 30a 12.97a 135.19a 1483. 22a 28.48a 3.71a 15. 46a
0 Wild B. juncea  154.59a 1. 46a 15. 38a 153. 44a 1836. 16a 34. 88a 3.63a 14.91a
BC3mF3 144. 23a 1. 29a 14.97a 118. 18a 1527.98a 29. 37a 3.91a 15. 00a
Wild B. juncea 157. 26a 1.42a 15.61a 157. 75a 1834. 08a 34.11a 3.79%a 16.11a
BC3pF3 139. 63a 1. 38a 14.71a 115.97a 1371.41a 24. 39a 3.73a 15. 35a
Wild B. juncea 155. 82a 1. 50a 12.17a 111. 37a 1262. 39a 28.10a 3.74a 14.95a
BC3mF2 129. 68b 1.02b 12. 14a 71.48b 799.09b 20. 23b 3.96a 16.41a
Wild B. juncea  162.1la 1. 40a 11. 18a 111. 25a 1216. 50a 27.57a 3.82a 15. 56a
BC3pF2 133.17b 0.98b 11. 14a 78.55b 831.45b 17.12b 3.72a 15.71a
% Wild B. juncea 151. 24a 1. 42a 13. 64a 104. 20a 1258.11a 24. 85a 3. 64a 15.90a
BC3mF3 115.73b 0.98b 11. 86a 61.85b 882.18b 17.61b 3.51a 13. 60a
Wild B. juncea 151. 76a 1. 45a 13.95a 97. 64a 1272.37a 23.58a 3.73a 15. 27a
BC3pF3 126.99b 1. 14b 12. 84a 63.28b 831.17b 16. 36b 3.59%a 13. 85a

% 6 BC3F2.BC3F3 fyith FMMAKTEYE (AN ARYNMFEES
B T A0 R Fh A B AR S A R R P EE BB AE SRS AR
Table 6 Correlation analysis between above-ground dry biomass/plant, silique number/plant and seed weight of

backcross generation BC3F2, BC3F3 and the density in pure and mixed plot and the ratio in mixed plot

1] %8 5 A% ) R %% BE Y Pearson JRFN T %5 BE 9 Pearson  AN[F % BT LU 19 Pearson
Offspring of ﬁégﬁi% A P (H Pearson HH % :{H Pearson K H Pearson correlation
backcross Variable of correlation value correlation value value of ratio in mixed plot

fitness
generation in pure plot in mixed plot 15 plants/plot 30 plants/plot
BC3mF2  #f F#BEARE T4 ¥ & Above-ground dry biomass/plant —0.902~ —0.931** 0.508 0.075
PR R R B Silique number/plant —0.845" —0.911** —0.135 0.282
Fh 74t Total seed weight/plant —0.882" —0.816** 0.491 0.807 " *
BC3pF2 Hb S BARR T4 W) Above-ground dry biomass/plant —0.856" —0.929" 0.403 0.739"
PR A B FE L Silique number/ plant —0.980" * —0.945* * 0.139 0.822**
Fh 734 Total seed weight/plant —0.944* % —0.908* * —0. 340 0.669 "
BC3mF3  Hi LBtk T4 ¥ Above-ground dry biomass/plant —0.831~ —0.912*~ 0.359 0.425
FARRA %A B Silique number/plant —0. 878" —0.932" " 0. 307 0.588
Fh 74 Total seed weight/plant —0.816* —0.940* * 0.306 0.627
BC3pF3 b k¥ 8 bk F 4= # ik Above-ground dry biomass/plant —0.846" —0.932" " 0.392 0.847" "
PARRA %A BB Silique number/plant —0. 864" —0.919" —0.094 0.657
7 B & Total seed weight/plant —0.834" —0.931* " —0.565 0.723

* RN WFNETE 0. 05 KF, * » FoR WHEVELE 0. 01 K.

% Correlation is significant at the 0. 05 level (2-tailed); * % Correlation is significant at the 0. 01 level (2-tailed).
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