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Abstract; The goal of this paper was to have a better understanding of chloroplast inheritance patterns and identify the
hybrid parent in Glycyrrhiza. A total of 68 individuals of Glycyrrhiza were selected including 34 parental species, G. ura-
lensis, G. glabra, G. inflata and 34 artificial interspecific crosses, G. uralensis @ X G. glabra & , G. glabra @ X G. ura-
lensis & , G. uralensis @ X G. inflata & and G. inflata @ X G. uralensis & . Thirty-four artificial interspecific crosses were
performed and the sequence polymorphisms of chloroplast DNA (cpDNA) and internal transcribed spacer (ITS) of nu-

clear gene of parents and progenies were studied. Sequence analysis showed that ITS sequences of parents and progenies
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had the same length of 614 bp and altogether four variable sites, with three genotypes. Two different ITS sequence copies

at four variable sites were found in each individual of F| hybrids, one from the paternal and the other from the female

parent, about which the detection ratio was 100%. It suggested that 34 artificial interspecific crosses produced successful

F, hybrids in this research and genetic trait of ITS could infer parents of Glycyrrhiza. Sequence analysis showed that the

c¢pDNA rbcL, matK and trnH-psbA sequences of parents and artificial interspecific crosses had the same length, within a

total of four variable sites and six genotypes. Two different cpDNA haplotypes were found in Glycyrrhiza. The cpDNA

haplotypes of F, hybrids matched those of the male parents and that ratio was up to 97.1%, indicating that the genetic

trait was mainly inherited from the paternal parent. This result demonstrated that the chloroplast inheritance pattern of

Glycyrrhiza was mostly paternal inheritance, which provides new insights into the use of cpDNA markers in studies of

natural hybrids and genetic polymorphism in Glycyrrhiza.
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A2y 20 B, RGP AL SE K AR,
HR R A LUB g N Sh T B AH A Y R A
X (22 B G 5 2L, 2015) , AHOCHF ST 442t 7E
FLJE ] BEAEAE H AR IR AC A, SRS = AN B2 AT
(1960 ) AR 4 H- B 1) JE 25400, TA A7 78 ik R H B
( Glycyrrhiza inflate) F1 5 F7 /8 H & (6. uralensis) Y
RIRZASH S IR AN A SR FAFTE R 5
(G. glabra) 5 S Hi /R H (6. uralensis) B 2% 38 Fh
(ZE2:, 1993 ) ; W EL 386 ( 2014 ) 3 i 25 i i
ST SRS BT R 2 2 b Y 41 v R S L%, 4t [
AT XA B SRR H B (6. wralensis) JEAH R
(G. glabra) JKRH (G, inflata) , i TAEMEZ,
ALk R L, Fh A B IR 22 58 10 T] RE 5 25158 b 55
(2015) F ] EST-SSR 73 FHmicHi A, 4 # H- 5w A
Yrst i A KK, B R R WIAETE G inflata %
G. uralensis 4 G. inflata X G. glabra W) RIRILAE
Fifr o (A G BE BL 24 52 B 119 % 52 A 15 S HL S0 A 1) 4
Wr, B i — 2 SRS . A IR A |
BEAS (R 7 2 4 s L2 3SR IR AN 2 2R M 67 1) SC B
T8 DNA ZXUCEIE %L, L% DNA P84, i
HRERS R ) HOUUGRE IR, 407 TR W84 18S rDNA
1265 rDNA [ [E] B 14 1TS J5° 451 ( 2/ M AR, 2007 5
Steiner & Cruz, 2009) ., K £ 8 T i ¥ 1) - 2% K
DNA 58 5o BEC - DA Bk 2R g5t 4% 19 7 A% 3 (38 HL,
1997 ; J5HEME45 2003 ; Zhang et al ,2003) , FLAT 438
AR R AT BESEA R 20K DNA P51, ] L4 s H
BEAR IR (RIHE % ,2014; T3% 2015), {HLA
— BB I S (A TR B IR ] R A0 R as A%, 497 2 R
S BIRRETAE Y (Neale & Sederoff, 1989 ; X %72 F1#HH
W, 1995; Gou et al,2005) , 8 T 9 H A5 &5 b
J& (Boblenz et al,1990) 74~ J& (FHHE R A5 1996) |
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Jo 03B T RA RN R e e M P91 . S H e
Fo (1)l RCEB ALY TS FFE 5504, 3k H 2% 38
B, B TR REARSEA R AR, DU T4
R AL AR 23 A, (2) 38 2R A rbel maiK
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a7 FIN T2 58 I 3R B 2 3 Rh 4 e 1 3 i v
F, KA JE G TR T4 1 R DI T s A ik
F-20 CokFEH .,
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matK . trnH-psbA J¥5151%1%: B8 Kondo et al (2007) (¥
BT, 54 TAY TR (1) BIOABRA RS
., ¥3 /2 W 7E Biometera 070-851 PCR ¥ I #47,
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PESEIE BARAL LR, VIR B 257, G 1T i
G A TAEY TR R oA R E ] kb
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J£H DNAman 3447 2 15 51 X X o3 A, 38 3
GRS (BEFESF,2008) H R ITS ¥4
PIBFFE (XA AE,2005) B A S 9 1TS J¥5130
F % BEG ] T T S B3 B A A, A BT AR B A
M PPEARRL R R A 6 2, 2 B Kondo et al (2007)
RIBET

2 HER54M

2.1 ITS F5I4rth

AT T 2428 Fp 3t 68 3 A% 3L 4 1TS Jy
HII PP 45 R HACE Yy 614 bp, A 1 FiR
ITS A 4 FhZ 8P A, Horp ITS1 &4 1 A2 54
RTTS2 A 3 AR A7 4, ARG AR S5 47 A5 40 #
Al DR AZ LA TS BRI 528 3 A 405l -1 12,
138 Hp 12 B8R (R 1), SRR RN
17 DMREARIIA 4 JbAR 54705, 205k 187 (C) (411
(T) 412(G) 413(C), R T R P& = B 1
b/ S E I 1 QR S S S S T S R VAW <)
H18T(T) 411(C) 412(A) 413(A) LI HZESG R

LSR/RHEE cccc6¢c66CC CCGATGCCAAT

G. uralensis

et

Bh/RHE cccc6cc66CC
XHREE
G. uralensis
X G. glabra

CCGATGCCAAT

Wl it

B cccCc6TC66CC CCGACAACAAT

G. glabra
Variable
sites 187 411-413

BT RZHEIN IS J3 90 7R 28 S or s e 1] B R T
Fig. 1 Overlapping peaks of variable sites in the nuclear gene ITS

F 1 HERE ITS.rbcL .matK .trnH-psbA F 5|y E F
Table 1  Genotypes of the ITS, the rbcl. gene, the matK
gene and the trnH-psbA intergenic region in Glycyrrhiza

BRI 5 Base site

5]l L
Sequence Genotype 187 1413
ITS 1-1 C TGC
12 Y YRM
I-3 T CAA
52l SR BBEEA £ Base site
Sequence Genotype » s
rbel, R-1 G A
R-4 A T
Rl - WL A Base site
Sequence Genotype 38,45
matK M-1 CTTATT
M-2 Deletion
izl S BBEEA £ Base site
Sequence Genotype 55
trmH-psbA T-1 C
T2 T

e FPEDFMELLLHN Y=C+T, R=A+G M= A+C,
Note : Degenerate base composition is Y=C+T, R=A+G, M=A+C.



2

W g 5 . H R R M) AL SRR SRR DNA A ZR A5 19 K B S i 165

x2

HEBFEAMREZLZ WA MR rocL . marK trnH-psbA BIE E B L

Table 2 Comparison of chloroplast rbcl., matK, trnH-psbA of parental and hybrid genotypes in Glycyrrhiza

444 chloroplast

a6 %ﬁl L rbeL. matK trnH-psbA
Form  Species Number e [ 7 SR A R 7 O/N e
an matK trnH-psbA / Inheritance pattern
genotype genotype genotype
A1 BRURHE 7 R-1 M-1 T-1 — —
Form 1  G. uralensis
SR 7 R-4 M-2 T-2 — —
G. glabra
B R x RS 7 R-4 M-2 T2 6/7 &S
G. uralensis ? x G. glabra 8 Paternal inheritance
R-1 M-1 T-1 177 bR
Maternal inheritance
AR x SRR 7 R-1 M-1 T-1 /1 KR
G. glabra @ X G. uralensis & Paternal inheritance
A2 BRRHE 10 R-1 M-1 T-1 — —
Form 2 G. wuralensis
ISR R 10 R-4 M-2 T-2 — —
G. inflata
LBRURHRD x AR H 10 R-4 M-2 T-2 10/10 &S
G. uralensis ? % G. inflata & Paternal inheritance
MR ERE x BRRH 10 R-1 M-1 T-1 10/10 S
G. inflata @ X G. uralensis & Paternal inheritance
TE: “O/N"FOR FIACEE RS R AL A B S AHBE F1 RS AKY LU B« —" FR B Bl
Note: “O/N” indicates the proportion of F1 maternal or paternal genetic number of individuals with the corresponding total number of individuals of the F1; “—" indicates

no date.

26bp 56bp

1
G.uralensisiCCGCGGGTACTTGTGAAGAAATGATCAAAAGAGCAGTA

38bp 45bp
1 1

G.uralensis TTTTGTAATTGGAATAGTCTTATTACTCCAAAAAAATCGA

G.uralensis|

G.glabra

Ginflata

G.uralensis2 <G .glabrad)|
G .uralensis2 xG.glabrad)|
Gglabra? xGuralensisJ)|
Gglabra? xGuralensisJ|
Guralensis? G inflataZ
Guralensis? *G inflataZ
Ginflata? xGuralensis?Z

Ginflata? *Guralensis3|

CCGCGGGTACTTGTGAAGAAATGATCAAAAGAGCAGTAT|
CCGC@GGTACTTGTGAAGAAATGATCAAAAGAGCEGTAT
CCGCEGGTACTTGTGAAGA}U\TGATCAAA)’\GAGC@GTI\T1
CCGC@GGTACTTGTGAAGAAATGATCAAAAGAGCEGTAT
CCGCEGGTACTTGTGAAGAAATGATCAAAAGAGC@GTAT
CCGCGGGTACTTGTGAAGAAATGATCAAAAGAGCAGTAT|
CCGCGGGTACTTGTGAAGAAATGATCAAAAGAGCAGTAT|
CCGCEGGTACTTGTGAAGAAATGATCAAAAGAGC@GTAT
CCGCEGGTACTTGTGAAGAAATGATCAAAAGAGC@GTAT‘
CCGCGGGTACTTGTGAAGAAATGATCAAAAGAGCAGTAT|

CCGCGGGTACTTGTGAAGAAATGATCAAAAGAGCAGTAT|

A 2

HHR A AR SRR SE A

rbel FEPRAR S457 55 L3R

Fig. 2 Comparison on gene rbcl. gene variable sites of

chloroplast in Glycyrrhiza parents and hybrids

G.uralensis

G.glabra

Ginflata

G.uralensis2xG glabrad
G.uralensis2 <G .glabrad
Gglabra?xGuralensis3
Gglabra? xGuralensis3
Guralensis? xGinflataZ
Guralensis? xGinflataZ
Ginflata? xGuralensisZ

Ginflata? *Guralensis?|

TTTTGTAATTGGAATAGTCTTATTACTCCAAAAAAATCGA|
TTTTGTAATTGGAATAGTE_—=-JACTCCAAAAAAATCGA|
TTTTGTAATTGGAATAGTE====JACTCCAAAAAAATCGAI
TTTTGTAATTGGAATAGTE—==-JACTCCAAAAAAATCGA|
TTTTGTAATTGGAATAGTE—==-JACTCCAAAAAAATCGA|
TTTTGTAATTGGAATAGTCTTATTACTCCAAAAAAATCGA
TTTTGTAATTGGAATAGTCTTATTACTCCAAAAAAATCGA
TTTTGTAATTGGAATAGTE====JACTCCAAAAAAATCGAI
TTTTGTAATTGGAATAGTE_==-JACTCCAAAAAAATCGA|
TTTTGTAATTGGAATAGTCTTATTACTCCAAAAAAATCGA

TTTTGTAATTGGAATAGTCTTATTACTCCAAAAAAATCGA

B3 HEEFEA Jescfhnt LR 5L
matK F& R AR S 5 g

Fig. 3 Comparison on gene matK gene variable sites of

Chloroplast in Glycyrrhiza parents and hybrids

RIGT ;34 0 N T2 5CFTE 4 A8 S0 i b 34 1 B
HRAF R B INEI G, 7350k 187(Y) 411(Y) |
412(L) 413 (M), B A5 A, P B 2 2 315 1
YN T A58 Flr,
2.2 MEAE rbcL .matK trnH-pshA B EF 5| 57
SEATIRN N T4 58P i) i e A IR PRI e 25 SR 22
Hext B YIS, 153 rbel. . matK  trnH-psbA J7 51 &
3 R 124 .96 177 bp, 247 4 4b7A2E F 47 55, 47 6 Fil

FERAN (K 2) , HH rbel A 2 FPEEA AL, A R-1.R-
4;matK 2 AR BN M-1_.M-2; irnH-psbA A2
FhEEIRN T-1 . T-2, Wi 2-4 foR , BhRHHE 17
AFEAS R R R-1 M-1.T-1,ic K H1 % B
2R R SE R 5 Be— 2, BRI N ORI
DI BRI R Rt g AR L K B Ol R-4 M-2 T-
2,900 H2 8 WD SR H B IR R R R 4 O R
BT s N T3 F rbel, R 3) Ry 2 Ab Bl 7 4 28 4%
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G.uralensisTAAATGTATAAATTATCTAACTTTCCATTTAGACTTTTT(|
G.uralensissTAAATGTATAAATTATCTAACTTTCCATTTAGACTTTTTC
G.glabraTAAATGTATAAATTATCTAATITTTCCATTTAGACTTTTTC

G inflatd TAAATGTATAAATTATCTAATITTTCCATTTAGACTTTTTC

G.uralensis2 G .glabrad|TAAATGTATAAATTATCTAAITTTCCATTTAGACTTTTTC
G .uralensis2 xG.glabrad|TAAATGTATAAATTATCTAATIT TTCCATTTAGACTTTTTC
Gglabra? xGuralensisS|TAAATGTATAAATTATCTAACTTTCCATTTAGACTTTTTC
Gglabra? xGuralensisS|TAAATGTATAAATTATCTAACTTTCCATTTAGACTTTTTC
Guralensis? xG inflatad|TAAATGTATAAATTATCTAATIT TTCCATTTAGACTTTTTC
Guralensis? xG inflatad|TAAATGTATAAATTATCTAARITTTCCATTTAGACTTTTTC
Ginflata? *Guralensis3|TAAATGTATAAATTATCTAACTTTCCATTTAGACTTTTTC

Ginflata? xGuralensis3|TAAATGTATAAATTATCTAACTTTCCATTTAGACTTTTTC

K4 HHFJREA SR SRk A
trnH-psb A B[R 78 S i H A
Fig. 4 Comparison on gene variable sites of chloroplast

gene trnH-psbA in Glycyrrhiza parents and hybrids

matK JFFN 1 AbBEFEER R ZEAE s trnH-psb A JFHIH 1
ISR AR . N T 4258 P it 4k DNA 5
BEAS B BE I BUAH [R] SB80Ch 1k, 7 EAR N T2 58
T LEAT Ry 2.99% 11T 55 AR I 18 A2 A 356 PR 784 A ]
R 33 8%, o5 MR T 2438 F 4 L BN 97.1%
(2, 2-4), WNT IR it41k DNA 8% )
K EERMAL R,

3 itk

3.1 ZEEITS FIEHERBEY R ZFETER A
BEAE 7 TR B & i, A% B IR ITS J 9 I 4
AR FH 2 44 52 Fh i 2858 P ITS 3 51 D B3 st
e, FARTE XU AR R 67 5 25 H BLACHE 9 22 (35 3¢
HAE2011) o ZT BN R & S e SR T Y
T FARCIER (25,2009) . 3, W — LB AR W)
TR BT ME o A A2 3 Y, U7 3k 6 BE ME D ITS
JF 91 () 5 AR A i v 2 A DN 380 JEC LS i 5 7 & o,
T AT LK B8 AR 32 A A0 B, Gnds g 55 (2011) &
B ITS P83 07 4878 1 B SR AR R Y SR A g 24tz
FI Sk Spy Rt 1 K7 5 RANEE (2015) X404 T =/
() I = BN Z 18] 1Y 8 SR 2 S R AT ST, 46
FEHAGEAL L 2E T TTS J3 4 1 25 DR 78 Sy G AL 3 A Ak
Gk, DLERFSE R BN ITS 751 figde R — Lk
BEMIZR S LS B . ARWFIEH AR AT
FASHPHY ITS FFHI KR 614 bp, 34 A N T2R5E
MY ITS FFFIIIA 4 AbFe G 5, SR BN AR B K
ARFPAIRIL SN, X 5 Kondo et al (2007 ) X} H & &

Y A BEA 2 S o S H: B SR A9 S R R H BT DR
BRI H B ITS P4 5B 04 4 A8 567 i 1 B
AR —B, P, AT 3145 1 N T2 58
P I EIF AT #E— 0 TRCE S G E X R 1 5
Bro TR, A B 5% 6 AT 45 X008 Je N T2 32 5 AR Y
ITS FF 9053 B 945 5%, R g f 7n F AR Bt 1 s 2%
SE G AN AL b 2 S A A ] 19 53 TR
3.2 HEEM G DNA X REEHHEE

FNHAT R IR, T SRHEY) 441K DNA 8% 07
AR FEHGE R IR R & Rl B g% O X
FA—3 . Parker (1934 ) 3 13 X 52 548 M 28 AR {42
SER S UIEW] T3 B R s A O 2O BUOE 5
1 s Z J5 — ez B A0 2 1) 7 ¥, MR B 3 (X
PLOERIWIGE F, 1995 ) R B BF AR R (WO HL,
1997) R (XI2%5E,1997) By Bkt 4L 7 X OB R
B 5 A FR A% Y A A UL B R T 5 AR A
(Schumann & Hancock, 1989; Masoud et al, 1990;
Dudas et al,2012) , A58 & 0 H 5 JE 2 R EA
ot S G 2% 22 b () - S AR 3 TR Hh rbell, matK | trnH-
psbA B P50 434, FEAG 3 4 b Ay i, BRI
RIR[ oy PR, —FPRE HT B, 55 —Fk oy H2 B
TERAE I N T2 B8 Fh i it 284K rbeL, matK | trnH-
psbA 178 S0 R R PR A 5 HAR B A A 1) KR PR A —
HEFEIL97.1%, LA EEE R R 5 Sk
H rbcl. matK [ trnH-psb A B FENLRiE, W)
A H B 1 B A s A% Oy 2 R I O AR
A& =5 AR R AL FR 8GRk — DAY
HIRAIE
33 HEERMEAFEREENE R4

7 [7) Jas AE ) v ST 14 354 Oy SR A — 2, i )
- (A P 352 4% J7 7R TR A 2 AT AHE I Y ( Zhong
et al,2011) , AHFFE It SiAas A% 7 N Rt tl
Y HE AR A 97.1% , BEWITE 7w vh R RN
Figtfl s Hok -k g% 0y R B B 8% 19 1L
R 2.9% , Ut B H HLE SR RS R s AL OF R
) A R ECRE R TR IR A 1Y, B LA Rl
N AR B S A s AR TR B S L
WA A & B (Li et al,2013; Anja et al,
2015) . a3 15 7 2 2 FF P T BE 23 AR
HAHR AR RNEERLIE N WHB 77 17 (Li et al ,2013) , 5%
Wi LS A IR AR AL Al H R R AR AR
LR 5 1% (1 2 AL (8 S I, 4 Sy itk — 20 X2 g Fh R
G54 sAL b R R A R BF SR I T A RS
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34 HEEMEGERERXRZEEARNYMEES
FEME R R0

2R 2 S €0 4 1) AR 1) 2 22 R S fAk
DNA N R:ZR s AL i AR Y, 76 [ —BE bR 1B B 5
1R, Hn SRR ARSI 52 42— B0, (H 414 DNA
KA Fa ALy Y, AR [ SRR A R e 1
TEREREIRAE , A AR s U, T DL - g A B 7Y
WIS ECR XA, Rl —REvE B 2SR it
PR AR DRI W] R LE B 3R 35 A% AE A 2 A B e
SRR AR Z 25 M (SR L AE 2007 ), BELIE B 76 41
TAEY h A R 8% B R % 3k (Neale & Sederoff,
1989 ; XL FIHIE H , 1995; Gou et al,2005) , It
w2 WO BR A W st AR Z A PEER A TR
FERE RIS ks 4% AT oA
R TS B AL R 38t 4% ( Testolink & Cipriani, 1997 ;
Cipriani et al, 1995; Chat et al, 1999),J5 Li et al
(2013) 384 AFLP FII 556 A i bk Je i ] 24 28
Y PEATRESE 45 AR ERE 8 i S R A &R
AL REE I B R R MG IR AL R Bk
Mk I I sl XU TR G A5 8, B A ) A5 T 3¢
BB Z R R — N B AR5
FIEE R 798 () 26 1 (9K B 4%, 20075 Li et al,2002;
Chat et al,2004) , FHILT] UL, 281K DNA S4C R it
TR MRE ISR | FLast 1 22 FF 1 1 2L 1 0 1% L B R st
TR N E 2 EH

FERTIABESE TAE X H 58 3 SRR Y 2
RYGFIACIRG st ZREPERE S 5 BR bk R A
FFE 45 SAH AL, FE A [ 4o I 2 700 4 2% ( 292 iy 0 i
5 25,2015) , R or A M AFAE AL W B & | A58 SR
PG (B, 2011 HEHSE,2013) , Fl ) 4458 5%
FPE B i AT 3K 96.67% (M R 35855 ,2014) , B i F
V) S I (S o ) 6 93 58 I AR A5 A I B AT
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