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Parental Dominant Inheritance of Fruit Carotenoids, Sugars and Organic
Acids in a Citrus Interspecific Allotetraploid Somatic Hybrid Between
Bonnaza Navel Orange and Rough Lemon

ZHENG Bei-bei, XIE Zong-zhou, and GUO Wen-wu’

(Key Laboratory of Horticultural Plant Biology of Ministry of Education, Huazhong Agricultural University, Wuhan
430070, China)

Abstract: Carotenoid compounds in the fruit pulp of somatic hybrid [ ‘Bonnaza’ naval orange ( Citrus
sinensis Osbeck) + rough lemon (C. jambhiri Lush) Jand both parental species were quantitatively
evaluated by HPLC, sugars and organic acids content were investigated by GC, and Real-time RT-PCR
was used to detect expression levels of key genes involved in the carotenoid, sugars and organic acids
biosynthetic pathways. Results revealed that strong dominance of rough lemon was found for citric acid,
malic acid and carotenoid compound in somatic hybrid fruit, while sucrose content showed mid-parent
value. Gene expression was higher in navel orange than in rough lemon for four of seven genes analyzed

involved in carotenoid biosynthetic pathway. Rough lemon dominance was observed for expression of
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CitCrt, CitLcy-e and CitZep. These results indicated that rough lemon played a dominant role in
inheritance of fruit quality characteristics and gene expression in the somatic hybrid.
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JE AR AR Rl B AR Be A R S IR B PR A ANSE R . VR3S B R R BR O TR A5 ), SEI R
FERH e P i BE A A (Guo et al., 2008) . H A o Jot A iRl & kA3 250 R A7) JE R . Fila]
A28 /PR s b (R SCiRIXB 758, 20005 Cai et al., 2007; Fu et al., 2011). 3XE8H10 ] ARl 5w
WA= T ARG SRR, AAAERG R B R oA F 14t T E 5t M kL (Grosser & Gmitter,
2011)0 AT RE S R MR DI AL I R, Yot 5 ok R mp S DRI BR . 3 DRI 2 7 e o
R Th e A SR I 5 3 B0 A5 R v BE DR 3R 8 R AR T SR I FIRL S, (Wang et al., 20065 Grover et al.,
2012; Moshe etal., 2012; Osabeetal., 2012). Hitk, £ 54ARF H BB 3E R b AR =0 7= 22
WIESFRIE . MG A AR LG T PSR A ISR 0T, A A FUA R SR S5 ST Is AL R 1 1) B AR A
Blo X MIAE 2300 S TR A A AT AR A B AR I S AT R, ARG I R
Iy Mo S A IR S5 4% (Gancel et al., 2003; Tusa et al., 2007). iM% 50 )7 soF 88 A4 40 i
AP BRI S S B T BN, RGP e A LR & R AR R AT R AR, i
B B AT A [ A0 P A s AR 20 R b B A I A S N 32 K8 A 43, R B RIK (Fanciullino
etal., 2006; Bassene etal., 2009a), iXSUZE QLY A4S Ml SRS 5t BURE IR IR ABAE AN 2 PR SR AT
T BRI ZRY, 11T A2 AT — 2 PRI AN ) 12k o

AV ALE S R SRS R R I 5 R TR R AR AR R A A P DA D A R 1) SR
VU R AR AN B Al 2058 e AR BE DR 20 PR SIG AR IR IR, 2o 5 TR AL ot Lt A% T 2 R A ER1 41
PISEAREA (FRSC AT, 2000; Guo etal., 2008). AHBIFTHLL HHGR Bk, HAFE Mk
1 i 2P B S A, I SO L A LRI e ST R LR . R D RS
Il Real-time RT-PCR & JLAR I 18 152 vh OCHE I R 308 5, DU S v~ N b B AR AH ARG A 4 i 2 b
(1 SR sz it s AR R

QY ZE SRS DARF

11 ##

BERME G AR’ E#E (Citrus sinensis Osbeck). ¥ (C. jambhiri Lush) & #4441
W ARRl, BRI T b RN A B R O BRI . 2011 SR AR GE B AR A Al G R AR R E
TEAREE B, RSB MAEAR IR 4 A7 i EBCA ARER PRI Se B R 52, BN R I8 AN 3 BR AR E L 5
FEdh, BRAEIA)S 180 d JFARARYE RS AR BE IR, BRRR 15 d BUFE 1 4k, i np sk [ T2 49 e vl i
ERRME B, BALEEAMIGY 220 d, B EBRE, e, HIEREM
RAM. WEGEYR, -20 CUKFET-A7# .
12 ALAMHEMANERIREA GC ME

AR AT HLR 4R BT 2 R T (2007) FORIE: FREUAERAS 3 g, R 3 K.
IO 4 CHIA R 80%HEE, 75 ‘C/KHF 15 min, WHEEEG, @A KA 45 min, TEZDE
3o W ETEWOIT N 50 mL (A, 01 mL (A ART, 80%K) I & 2% . B 1 mL ¥ T 1.5
mL OB IFBLOEHC0.5 mL 2 1.5 mL B0 8 P Tl AR &K+, AR 2T 1.5 mL
EOE TN 0.8 mL SRR, e bas T, AR 75 CM 1 he BUHAEI R =E)S,
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VNS F AL —REbE 0.4 mL, =SS 02 mL, 75 ‘C/RW 2 he AHIGEL 0.5 mL FiGH % 2
mL S AHEESERE T, T GC 43 #T.
1.3 HiPE NRERIEHE HPLC NE

SR (2008) W77 FREGAHERA 3 g, 3WER, H TS N EIRI KA
AT S R A, N 15 mL A% b 248 0K CGE ke : IO - TEKIERS =2:1:1, % 0.01%
BHT), #ABIEUEIL (Fisher, USA) #£% 30 min 7 4 °C, 4 000 r- min™ 2.0 10 min, W52
BAE SRR L ZME R EOE, DUEA 15 mL KRS N RRPURER RNk E LA . 5t L
W, I MR NaCl K BeK Big et 3 ke itk Fis e 25, %71 2 mL MTBE (% 0.1%
BHT), J0IA 2 mL 10% KOH - HEEH (% 0.1% BHT) #E64F 246 10 he I 4 mL %41 NaCl
JKEEHA 2 mL MTBE (7 0.1% BHT) iz 804750 2%, BEaE/KIZ. 00 3 ¥ 5 mL ¥ NaCl /K
IKVEE e B EiEWERE 2R JG T 1 mL MTBE (55 0.1% BHT) W AE 2. o R (o 1 i 2
A% N TR Waters 23\ I SOM S RGBAH L5, 22198528 600E, 2996 — i 41 i
TR 717 AShBEFERE, Empower (Bl FE M. (4% YMC  (Wilmington, NC, USA) C30
KINE M ELHOIGFE . HPLC JEl 42 XK (2008).

1.4 2 RNA {2EUX Real-time RT-PCR #&|

B RCAN RNA #2502 WX (2008) (1757, H Real-time PCR H AR MBI &K HAE b %
ARUHER A2 SR R 34 . AU BT PSRN B RNA H ReertAid™ M-MuLV &7 £ (MBI, Lithuania)
S B S IR 55— cDNA, 514237 41 I X1 E (2008 ) 1 STk « 5K FH ABI 7500 S I 5E & PCR X ( Applied
Biosystems, CA, USA) #E4T Real-time PCR 43 o B¢ 45 K 5 KR Py 238 IR (45 5+ 5 149 5 SYBER®
GREEN Master Mix (Applied Biosystems, CA, USA) JR&, REMARS ARG R NES, &
MNAKZR N 10 pLo VAL A: 50 'C 2min, 95 C 1min, (95 C 155, 60 ‘C 1min) 40 MEIR.
HE2: Sequence Detector Version 1.3.1 X4 (Applied Biosystems, CA, USA) ¥4t )5 H Excel 4347

2 HiR50H
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MERSEREH UG, IR Bt e s, MR BN RS0, ARG 2Rl (PR AL T P28
ARZIE) CE Do ARG R PR ACK S b3 HPLC MESS R (R 1 Wor, TEE N 1Edy
ST BTN a - W1 N ER, IR RS DRI R, AR BB SR A PR A S AR
AR R HAL; 3 MR o - W% MR REREER RAUIRISR R 2R
AP 20 el AP AS . R IR U2 PSR S Z0R S8 L B B I AT R A

*1 ZREBEEASHRABAMERTE

Table 1 Caretenoid content of fruit flesh in two diploid species and their allotetraploid somatic hybrid / Cug-g™
KR 1Y 3 TR 285 B o- HE bR
Genotype Violaxanthin Antheraxanthin Lutein a-carotene
‘HIWE” B8 Bonanza’ navel orange 0.633 +0.054 a 6.426 +0.504 a 0.079+0.011 0.089 +0.001 a
A4 A Somatic hybrid 0.202 £ 0.005 b 2.265+0.158 b - 0.094 +0.001 a
FF 8 Rough lemon 0.175+0.011 b 1.571+0.184 b - 0.090 + 0.003 a

P =0.05.
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i’ Jff# “Bonnaza’ naval orange

{KANRR A Fh Somatic hybrid

B1 RIEHUE

Fig. 1 Horizontal and vertical sections of fruits
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(CitCrt), FRiL& M i AATEBORA, AL R WML (CitPds) 7E “JWIEIE” e rh ik
ﬂﬁm?ﬁhk,%%% CPPAL TR, BAL 4 DNSERIAR IS b s A By, (e AL
IR LS P MR IR AL 25 3. RS . EIME P SO E, R ¢
H%%%ﬂ<amww FORB PO AN (CitZep) 7 YR rds b s R & m TR, 4
AR R o SR R AT AR IR R B LM RE D (CitLey-b) £ PSR AR AR [ 2% ko )
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Fig. 2 Expression of genes involved in carotenoid biosynthetic pathway
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®2 BRBEAE
Table 2 Characterization of mature stage
LRI AL T R E TR/ Y% i
Genotype SSC TA SSC/TA
‘HHWE” RS ‘Bonanza’ navel orange 11.0 +0.06 a 0.915+0.018 ¢ 12.02
AN ZF Somatic hybrid 9.6+0.07b 2.970 +0.006 b 323
FiFH Rough lemon 8.8+0.03 ¢ 3.600 + 0.003 a 2.44

P =0.05.

%3 ZERERSEERAMTEEEREGIRAE

Table 3 Sugars and organic acid content of fruit flesh in two diploid species and their allotetraploid somatic hybrid I(mg - g™)

BRI PS 2 B B R FIERIR TR

Genotype Fructose Glucose Sucrose Malic acid Citric acid Quinic acid

‘JH@E” J5FE  ‘Bonanza’ navel orange  42.98+1.01b 31.71+£0.55b  35.27+1.04a 0.96+0.02b 3.67+0.28b  0.23+0.02a

PR21 %%l Somatic hybrid 46.20+0.17a 36.59+0.4la 22.12+0.18b 1.54+0.04a 13.74+£0.81a 0.22+0.01a

M7 Rough lemon 44.97 £0.26ab 36.81 +0.22a 1535+0.40c 1.71+0.11a 14.01£0.27a  0.19+0.00a
P =0.05.
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Fig. 3 Expression of genes involved in sugars and organic acid biosynthetic pathway

3 e

IR RS . RTINS ARl (R AR S R R BT R RS
H s R R (R D, X85 517 AIE (Kato et al., 2004; Bassene et al., 2009b)
—3 RIS T R RS RTINS T, A R RS R MR
FEDN, FLEEAE Do K I AT R A, A TR ARG M s R RS B G IR
A, FEOXFIZ TR : 1, AR rh P se A kRl G, S 30 Y 3 PR TR R
PRI RS 2, Al B2 A T B B I RE T AE AR TR (v (R A R (e A A +
JCDI AR A MR ESSER D 2R B MG AS, RS Sl TR A . R B I Mt
W A PR S22 RE 1, TSI N 3O R A5 DB IR R 110 3R T AN A2 T A 23 A 7 BT i FH R
I, RIS — i R DR AT EE RN, B 22 A3 v [R] 9555 DRI (1) 2 A B ) = — 2K 4% (Bassene et al., 2009b;
Schnable et al., 2011) IXLe4E RUIESIAEMIAG A0 Mo e rp B AA R SE R AL EpIE . FEDRGR D REA . 2 D)
REAL LA R BE DRI ) i 8N S AE I 2 A5 AR T 2 AP AE RIS (Birchler, 2012; Clark etal., 2012).
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SEAINE RS E IR R RIA =T, CitPds 76 IEE TR ik w2
TR, AR RZF TP F 2 A, CitPds RS N FA e LU CBEIE N, X5
RerE— CRERE LR W RS . RHATARRE S AR Mo s PP RS PR BB, R E bR
PR B EARBER P R RIER A B HERR, 2SS0 A4 R (Kato et al., 2004; Bassene et
al., 2009b) —3. CitPsy fiifk \EF ML %, FFLRL CitPds. CitZds Al CitCrt i3 [F4E B %
ML E . FAMLELE Citley-b FMAEH R B - #HE N, 1M{E CitLey-b F1 CitLey-e JL[F/ER T
TERCB - MMl e - 35, BRIy o - 8% 35, HEMmid R0V IERM#E; B - §18 MM o - #18 b
FYJRELE CitZep MAEH FIEMALZI B AR T (XK, 2008). 7EMLI> 3042, Citley-e il
CitZep 76 W Jeses rh ik it W38 o T 40 M Pl LA AR BT A, 17 ClitLey-b 7 3 /N SRP i ik
WA RE S SERERERES R FRE b S S TURI AR 2 B 5 v TR A R DL
BRRAHRT (B 2, & Do MM + JC) kB AR e b b A R BakaE, R bR
i F3iE 3 AN OCBEIER (CitPds. CitZds #l CitCrt) 7EAR4H M 4 rh 208 |88 HAW m Frigse 4, &
FOLHE MRS =MW EA (Bassene etal., 2009b),

AT PERE A AT LR AR B S OGS R DR (1) 08 = 40 A, MLAT A CitSs 1 CitSps RIA &3 & T ]
W JERE, TR SR R T MR RS (3D BLURLSAREAN B A R A S S
FERW], FESLRERE S SRR A B M IE ARG (WREREE 55, 2011); Bk, SN kG e
B I AH I R 32 2] T 56 5% i 45 I 52 (PR 3E4L . small RNA 25D, B R R IA L5 E s 1k (1) 22 575
PRGN M Tl st A TR SR A X — 4tk o ARl Mo e S SR AR A ML & = rh, MRS = &
Hify, HMFMETRRSEREST W R, R s kg (R 3). CitS kg &
Ed e irth I RB R R Em T NP R, FRIRAR S AR SR RITE R RS bk
SR, ARG AR IR R )RR AL TRl (B 3D FERIRIA RIS — e FE 8 EARE
T R R AR R A TR ARG R B G, SR R S S T R R A LR AR
WA O R ) Rk IR B B A HHERIOCR (XK, 2008).

MG RI A, BRI < A 2R, MO MG > WG A 2y
Fl (Nicolosi et al., 2000). Kk, WG JBERs S5HH kAT 7RG stE ) i, e KRt f
RS KRG T PR A [ SR U5 1 5344 40 IO T 07 93 BC D B T E st AL I AR e 1 o PR B 2 P il T
SEARFTE RIBALY T, P O AR T A, R AEAR AR . A B S ma R rp A B 3L [N
YIPEr, BIEB A 2 a5, R AR A RIS DR (1 2 0A 52 30 3L BRI R AN (52, AR
o RIEPEIERIE PSR AR RIVE RN, S 2T 1 2 A5 A v R Bk 110 5 DR R A iy S I A 2 st A ) T )
JL4F (Birchler, 2012; Birchler & Veitia, 2012). ZEA RN RIS N &, Al ERERIE HL
PR R 2R 1 DL S AR A% T OGS R DR A B 1) A AT 4 R, B B R 40 B s ol SR S T 36 A R g 1) L
PR A, KT T R 3 IR A0 AR 0 B A Pl PR 35 A5 40 0 (1) P i i R v oy 3 S A
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