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Verification of the peanut vitamin C synthesis-related gene
AhPMM and its role in stress resistance

LIN Shunyu', ZHANG Heng', MA Tao', YU Kaiyue', WANG Ya', ZHAO Chunmei’,
ZHU Hong', WANG Jingshan', QIAO Lixian', SUI Jiongming""

1 Dry-land Farming Technology Laboratory of Shandong Province, Peanut Industry Collaborative Innovation
Center of Shandong Province, College of Agronomy, Qingdao Agricultural University, Qingdao 266109,
Shandong, China

2 College of Life Sciences, Qingdao Agricultural University, Qingdao 266109, Shandong, China

Abstract: Vitamin C plays an important role in plant antioxidation, photosynthesis, growth and
development, and metabolism. In this study, a gene AhPMM, which is involved in vitamin C
synthesis and responds significantly to low temperature, NaCl, polyethylene glycol (PEG) and
abscisic acid (ABA) treatments, was cloned from peanut. An AhPMM overexpression vector
was constructed, and transferred to a peanut variety Junanxiaohong using the pollen tube
injection method. PCR test on the T; generation transgenic peanut plants showed a transgenics
positive rate of 42.3%. HPLC was used to determine the content of reducing vitamin C (AsA)
and total vitamin C in the leaves of transgenic plants. The results showed that the content of
AsA in some lines increased significantly, up to 1.90 times higher than that of the control, and
the total vitamin content increased by up to 1.63 times compared to that of the control. NaCl
and ABA tolerance tests were carried out on transgenic seeds. The results showed that the salt
tolerance of transgenic seeds was significantly enhanced and the sensitivity to ABA was
weakened compared to that of the non-transgenic control. Moreover, the salt tolerance of the
transgenic plants was also significantly enhanced compared to that of the non-transgenic
control. The above results showed that AhPMM gene not only increased the vitamin C content
of peanut, but also increased the salt tolerance of transgenic peanut seeds and plants. This study
may provide a genetic source for the molecular breeding of peanut for enhanced salt tolerance.
Keywords: peanut; PMM gene; vitamin C (ascorbic acid, AsA); salt resistance
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B 1 LR A BN 23 B e A6 AR B 7 R
Joi o DRl s A AR R ORGSR R RIS, 42
PEAHSCIER , B £ B AL, TR B B
Al AR A IR E T R A ER U, 1A
SHEgH, 4i4E % C (vitamin C, VC), 4-H L
U D BIPRR, X A= AR A o R T
YEF . FEPIR = A4 2% C, AT LI AR
JTH, XA AR AT, ST IR DB S
R FE B A= K AR 45 A B R HL A S B A
Conklin 21 1 [ 7K RSN BT IR M B sl 45
JBE H B (glutathione, GSH) ¥ il i i 5 1: 4 4=
% C (reducing vitamin C, AsA)-GSH 1G¥~, Z&fi#
H,0, 8 % . VC 7K V-5 R ARAE 00 5% i 8 7 1
I, FERN VC KSR, AR 73
S, SUT T BRI E PR BTG TR, SRR R C
T A B e IR0 6 55 25 0 45 8 T A ML
EE T R XA R B W R a]
AR C TRMEGRMBFEES, HEYYE
R C ARG Z2 B . 1. Conklin
FPERIR I vicl 2 AR (R HE A VTCL 3[4,
HYfe R C FRKEAEIWKE . Laing 25Kk
Bk GGP JEH S A MR E | fi H R iR 0K
45 GGP BTG INy 50 %5, 4% C KF
Wy 3 f%. Liv VR ARG bl ik
GGP3 G BLHE RN i AsA P & H P A= 7 iy
2.0-6.4 1%, I HAFF AL Fi8 MYBSL A &5t
BT AsA FFLEB

R H 25 25 {37 iff(mannose mutase phosphate,

PMM)ZTRZWRI AsA A£G BGS B —A
Kk, HAEL o-P-H Eehlm 1-P-H Z bl A%
oo AWFFRAIHEAILNA T 4EA R C &
BAH AL FE ] ANPMM, 7EAEA: Fp b f Tad i 36
K, UESE T ARPMM K& LA AT 4 iy e 2 [N 48 A i 2
B C SR, Al g e i F ARt

&: 010-64807509

1 S

1.1 R

AR it AR A R B /LT RN, B Ak
M K2 AEAE 57 BRI 2 R AT
1.2 &tk BT

pROKIZ AR H AEA:= 73 & Fh S oo == it
AR pMD18-T Simple Vector. RNA $iHtiz;
Fler . RS A . qRT-PCR 54 . BRI
PEN I (Kpn I, Sac I). DNA &30 . KmHF
DH50 IR FF T EHA105 250 | TaKaRa /A .
PCR 5196 LA B SE BRI e 35 phy A T A= 4 TR
() e A B w1 58 A o
1.3 EERAIELIER RNA 125

TE IR ARG 1 R INLL R R A4 2, R AE
DA 6 AR, A BIXT A AT LT 4 by
SAANFE . AR TR 4 cCREFRAET, 0. 12, 24
148 h B U R AR AE s TH 20% PEG 23R4
Az, 0. 3. 6. 9. 24, 48 1 72 h T EUH A
{54%; JH 300 mmol/L NaCl XbBRAEA:, 0. 6. 12,
24 1 48 h BFHU i AR A s T 100 pmol/L ABA
AEERAEAE, 0. 6, 12, 24, 48 1 72 h IRFEUH F
WRRAE, BAEIRASE 3 ANER . R P
¥R, H TRIzol il &2 B RNA, Hli$ /5 1.8
RNA ] DNase b3, FEiEfralifb . H G kit
A e 2 7 7 R S MR RNA S 23501 5 1
cDNA,

1.4 T4 AhPMM E F B9 57i% F1 52 (&

FE AR A B A i 3 DR 4L 208 http:/www.
peanutbase.org/ M i i ity AhPMM JE[H, Ff3k
B RK )T, RIEHLF TR F 51
(AhPMM | 7 51 %« 5-AAATGGCTGCCCG
GAAACCTGG-3' ; AhPMM T i Bl ¥ .
5"-TGGTGGTTCTCAA TGGAAACATTGCT-3"),

PLETF/NLLRREY) cDNA AR #EF T PCR
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14 PCR LW AKZ A : cDNA R Hz 2 uL . 10 pmol/L
RS I#45 1 uL. 2.5 mmol/L dNTP Mixture
2 uL.5 U/uL Taq DNA R4 0.25 uL fil 10xPCR
buffer 2.5 pL, AIKEEMZEK 2 BARFN 25 ul,
PCR 42 ¥4 . 95 °C 5 min; 95°C 10's, 59 °C
40s, 72°C42s, 39 MEH; 72 °C 10 min; 4 °C
TRAF o RN 1.0%Bh AR HHERE A B kAS
V915 Wy ke |l e, % 4% pMDI8-T Simple
Vector AL 2 KM T B H- 0y
1.5 ARE4AET AhPMM EEHRIE D

4l ADPMM 5 R 73 371 i 1 — X e e v 5 |
Yi(E 1), LIFEA: AhActin i NS 2EH  gRT-PCR
RVARZ K : cDNA Btk 2 uL, L FHESIY
(10 pmol/L)# 0.5 pL, SYBR Green qPCR
Master Mix 10 pL, il K B AZE K 2 A FH
20 pLo ¥ HEFEFE K : 95 °C 305595 °C 55, 60 °C
30's, 40 MEF; 95°C 155, 60 °C 1 min, 95 °C
1so
1.6 AhPMM EREHERIEEFE LK
4 BIR R

TE ADPMM R B35 18 5'3m5 ] A Kpn 1
RO U9 55 A Sac T BT A4,
TR BRI, 429 1 ug EHFR
R RAT I IR Z S0 EHAL05, 28 °CHE ¥+
WA BRI R AR YEB iRy Kk
FEE ODgo=0.6-0.8, B &L JE, A B

#*1 PCRY #3549
Table 1 Primers used in this study

Primer name

Prime sequence (5'—3")

AhPMM-F AAATGGCTGCCCGGAAACCTGG
AhPMM-R TGGTGGTTCTCAATGGAAACATTGCT
AbActin-F GTGGCCGTACAACTGGTATYGT
AhActin-R ATGGATGGCTGGAAGAGAACT

http://journals.im.ac.cn/cjben

) YEB $5 52 B E BB TR . TEAEAE BB WA T e
WYE S, FARS RSO k.
1.7 #HEREEHKS FEE

BigR 3 JRUE BB SE A AR T, $RERL
DNA & RNA FH 3t s ) G e 10 BH 43 07 ke
B ABHE RNA 205146 8 cDNA, MR e # b3
& I CaMV 35S s+, &it PCR &I 54
(P1: 5-GCTCCTACAAATGCCATCA-3"; P2:
5"-GATAGTGGGATTGTGCGTCA-3').,

PCR JZ WA Z A : DNA 547 100 ng, 10 pmol/L
FRHESIY45 1 ul. 2.5 mmol/L dNTP Mixture
2 uL.5 U/uL Taq DNA R4 0.25 uL #i1 10xPCR
buffer 2.5 pL, AR E R K 2 SARFR 25 pl.
PCR §"H4F2)¥ 7 : 95 °C 5 min; 95 °C 10's, 59 °C
40's, 72°C42s, 39 ME¥FH; 72 °C 10 min; 4 °C
PRAF o S F=H0 FH 1.0%350 I W M L Sk RS I

[F] Bf I R S 5 0 (3R 1), LAAEAE AhActin
J NS IR LA AE T ANPMM SR 33K
50T, qQRT-PCR WK FR A : cDNA #iffz 2 pL,
ERUES#(10 pmol/L)4% 0.5 uL, SYBR Green
qPCR Master Mix 10 pL, fill K & W& K 2 EAAFH
20 uL. §HEFEF N 95°C 3055 95°C 5's, 60 °C
30's, 40 PMEH; 95°C 15 s, 60 °C 1 min, 95 °C
1s,

1.8 HERETEHESER CFERNE
1.8.1 @A

AsA F3HT s B 5 DR X B A 56 DR A e
AN 0.5 g, TEMA T, I 0.1%5MRE
i, AR EAAAATRT, LR 1 h, [[WEg
1B5), MFAEALRE 25 min, BHIGEAZR 10mL.
12 000 r/min #.0> 10 min, 1 0.22 um JEMRF,
M -

AsA+DHA (B 442 C)4rr: B R E L
J& I 1 mL, Z83HA 25 pL DTT (25 mmol/L)
F1 25 uL K,HPO, (160 mmol/L), #EYE 15 min 4
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DHA 52418 J5U AsA , 12 000 r/min &5.0> 15 min,
i 0.22 pm B, BEREIHT
1.8.2 HPLC %

KH Agilent 277 1100 BUEATEAY, FshAh
HEE:0.1%52=5:95 (IKFILL); Pd: 245 nm; #f
PmERE R . 20 uLs AR 25 °C; 3 1.0 mL/min,

0.1% 5 FRAVEA I, 43 BIBCH] 10, 30, 50, 70
F1 90 pg/mL /Y VC AR, #HAFFTH 0.22 pm
UEMEISUE, B 1 mL EALAMHT, ARHEER A
HE7E Excel 22 HIbRifER 26
1.9 #HERERTEEFFH NaCl F1 ABA it 14
Kl
1.9.1 FHERTEEMFI NaCl fif P&

VEEUE R /NLL RO BE) A2 PCR KNG T,
REGIENAEAFIF, i 1% NaCl {23 4 h, fF4%
Z4 NaCl IR Zali i, RIS T U T EE %,
B R E B — IR 1% NaClIE, S d JafAiEdt:
0ok GuiThaifES BB S ik .

1.9.2 HERTEEMFH ABA SRR

TEHCE R /LA O BT Ty AU LRI A
B, JIA 100 pmol/L ABA IFW, K HH
e ABA W, AbFE 1 RIS E SRR,

1.10 ZHEFEEERAIE ST

K3t 4 JAM T L SR TE AR AR B R /D
LIRS BRAG AR, BERE 300 mmol/L ) NaCl 1A ,
HELLALIE 2 JA G AT E A T

2 BER540

2.1 4% AhPMM EE /Y18

JEEUT H DNA Fl1 cDNA, % PCR ¥ #4401
qRT-PCR 473, 43711351245 3 000 bp (& 1A)FI
24 750 bp WIIEMT A5 (& 1B). H I Bl ig
[ s R 1% #5258 pMDI18-T Simple Vector, 4
A EH K pMD18-T-ARPMM.,

&: 010-64807509

2 I3 M5 &L, AhPMM JE£[X DNA J¢
41174 3 280 bp, 1 10 ™A% F;cDNA K 744 bp,
gt 247 NREIERIREE(K 2A) FrfEA HE S |
i, ME . BRGAUKFES PMM JER i &
R 75 EA 5 EUXT a3 M (B 2B), & BAEA: 5 HoAh
Py [R5l 81.7%—92.3%, Her 5k T [
Ve, 18 92.3%. FHIELTE]T DL PMM FR5FHEEL
L RS RRSURMEY R GEGE, TERG L
B 1 J& [r]—43 3 (Kl 2C).

2.2 AEAET AhPMM EERFRIE D

hE 3 LA, AnPMM HE[H A e
B A3 6 h BEA T RE, XTI 82%, ZJR&
dr BTt 24 h BPIREI R, BEEEGEREL
AhPMM FHXT I8 EAERBHL T 5 (20% PEG Ab3E)
AT, AbFR 9 h iR B E, HALRAET 1.85 £,
IRIG E AR T, AbFR 48 h A RIEAK. 1R
Tl ABA J5, AnPMM JER R EZHTHE, 2
24 hiKF R, RARHEET 2.33 f5, 72 h A,
X HRIY 24%. 4 °CIIRIE T, AhPMM JE R R34
SeREAR PR HE 5, 48 h B IR T B, A S
7.06 fi5 .

2 3 4 bp

bp M 1

1 AhPMM EE /) PCR #1 qRT-PCR # 145 R
A: PCR 1445 . B: qRT-PCR ¥ 1445 11

Figure 1 PCR and qRT-PCR amplification of
AhPMM gene. A: PCR amplification. M: DL2000
DNA Marker; 1-4: PCR amplification of AhPMM
gene. B: qRT-PCR amplification. M: DL2000 DNA
Marker; 1-3: qRT-PCR amplification of AhNPMM gene.
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c¢DNA and amino acid sequences of AhAPMM, homologous alignment, and phylogenetic tree analysis.

A: ¢cDNA and amino acid sequences. B: Homologous alignment. C: Phylogenetic tree analysis.

2.3 AhPMM i REHEEEMEER
TEEEHRR PCR £ EREXRIEE S
¥ pMDI8-T-AhPMM £ 7 i I (Kpn 1 il
Sac 1), ¥ HARH Bt AWPMM JERSI M #A A
pROKII 1, FfuEf7 PCR. BT 4) S F%E,
PR % B A A A 444 pROKIT-ANPMM
FHAEAF 8 4150k pROKIT-ANPMM 4R AT B
WESTAEAE R B, HEMESYNRE, R
AT BEA AR I ARG X T, AR AL
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IAEAEAE R T PCR K8, 25 R 26 HR A
11 A LA 457 , PCR PR 42.3% (181 5).

Xf PCR G 56 Hi i Ts A% BH 4 A8 Bk 2E 47
AhPMM JERAR X Rk it oA, ARFE BE AEA:
xR, SRR, KREHHEA A ADPMM
FEHJE, AWPMM FIKKEHm, A 25
AhPMM FikACPARIR. ABL 1. 3. 6. 7RI 11 %
PRRE R, Hi 11 SRR, FXTH 3.6 £
(& 6).
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Figure 3 Relative expression of AhPMM gene under different stress conditions. A: PEG. B: NaCl. C: ABA.

D: 4 °C. **: P<0.01.
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A: PCRYMY. B: BUI%EE

Figure 4 Identification of plant expression vector
pROKII-AhPMM. A: PCR amplification. M: DL2000
DNA Marker; 1: Control; 2: PCR amplification of
pROKII-AhPMM. B: Enzyme digestion. M: DL15000
DNA Marker; 1: Enzyme digestion of ProkII-AhPMM.
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24 HEFRREHEERCFENNE
I R AR R £ T R T A S R R B e
AN BEARRR I R iR RS A 2 C AR
AR CoEWE 7). MBWERESGEER CH
2.83 umol/g B &, 1k AhPMM L[ )5, #53k
PR R AR S qi AR R C KR AE T AR
FEREARME, Hodb 1 5A1 11 SRR IR A4
E C&milh 5.38 umol/g BF & A1 5.35 umol/g
i 8, JEXTHEAY 1.90 £5F0 1.89 f5. 1. 5. 7 Ml
11 SHRARMELEER C SRS IR, &
A XTREY 1.63 £, SXTHRAHEE,
YRR AsA:(AsA+DHA)YH B &5 (E 8). 45
JEZRH, ANPMM 35 PR A X 2 38 o 15 19 6 A6 A ik
M, JCiRR R R C ERE R A A
B C KA AT BERE R A 31 B 5 4 v

5. 11 s
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Figure 5 PCR identification of positive plants. M: DL2000 DNA Marker; 1, 17: Negative controls; 2—16,

18-28: Transformed plants.
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Figure 6 Relative expression of AhPMM gene of
T;-generation transgenic plants. **: P<(.01.

T; KEEEEE kP AhPMM EEHEX R

2.5 FHEFEMFE) NaCl it 4

125 PCR il iy T AR5 L D D F A B i
DR BT 0T 1% NaCligw R, 5 d Jagitk
R, AR, 1. 5. 7 i 11 SRAMFNF
E 1% B WP EA RS EER, 50Nk
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40.0% . 50.0% . 40.0%Fl 45.0%, X} A
10.0% (&1 9. Kl 10), XK AhPMM JEA /] L
B R SE R AL AR R T IR AR, 76 1%Eh I Ak
RS B 1 R 25
2.6 HEFRTTEMFIT ABA BOBE M
BEHGH 3 T AU SRR R 0 F R i 2
PR BE RN T 100 pmol/L ABA I iE 4T &
ZERE, MR EMFIRREKE ., HE 11 0]
DIEH, TEAIIRIEL, Bk R IR
JEA X 1R, YRR BEACA 2.7 mm,
1M 1.5.7 A1 SHREF MR 5.0-7.4 mm,
KX 2.67 £, ULHLIEERIE AhPMM
FER G, A EL T X RERE PR 5% 5 DR A6 A BT X
ABA USRS
2.7 HERETEERBTEERMSE ST
RE— M ik ANPMM . 2 [R5 5 5
AEAEAERR TN EhBE T, EBUESE 4 M T,
RREGIENAE A 1. 11 S0k R A% 3 5 X IR
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7 Ty REEREMRMMBEHEES CSEH HPLC 547 A: AsA faiEfL A HPLC 4304, B: X Bant
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Figure 7 HPLC analysis for AsA of Ts-generation transgenic plant and control. A: HPLC analysis of AsA
standard sample. B: HPLC analysis of non-transgenic leaf. C: HPLC analysis of leaf from transgenic plant.
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CK'1 3 4 5 6 7 1011 CK'1 3 4 5 6 7 1011 CK'1 3 4 5 6 7 1011
Lines Lines Lines

8 T: REEFEEKMIBHHEESR C SIS ERLEE  A: AsA. B: AsA+DHA. C:
AsA:(AsA+DHA)

Figure 8 The contents and ratio of V¢ with different ingredients of Ts-generation transgenic plants and control.
A: AsA. B: AsA+DHA. C: AsA:(AsA+DHA). **: P<0.01.

9 T;REEFLEMFE 1%RBRPHLFERL A M. B: 11 SHEMT.C: 1 SHEMT
Figure 9 Germination of Ts-generation transgenic seeds in 1% NaCl solution. A: Control. B: Ts-generation
transgenic seeds of line 11. C: T3-generation transgenic seeds of line 1.
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transgenic seeds in 1% NaCl solution. **: P<0.01. solution.
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Figure 12 Growth of non-transgenic control and
Ts-generation transgenic peanut plants before and
after salt stress treatments. A: Without salt stress. B:
Under salt stress. WT: Control; Linel, Linell:
Ts-generation transgenic peanut plants.
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