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Abstract: In this study, ntDNA ITS sequences of Lycium cultivars were sequenced and used to test the
existence of incomplete concerted evolution and pseudogenes. Together with 44 ITS sequences retrieved from
GenBank, the pattern of base substitutions, GC content, 5.8S conserved motifs, the minimum free energy of secondary
structures, nucleotide diversity and phylogenetic relationship of the samples were analyzed. While 83 of the 144
sequences were identified as pseudogenes, the results suggested a high degree of polymorphism and putative
pseudogenes in Lycium, suggesting an incomplete concerted evolution of the ITS region. ITS polymorphism and
pseudogene of Lycium were systematically tested for the first time. This research provides a references for ITS
sequence to be used in the study of Lycium germplasm resources and DNA barcode identification.
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JEAE SN Tz A, AVE R EAE A ST
AR T ALk X

1% & DNA (nuclear ribosomal DNA, nrtDNA), &
BH — %8 1 i 5 5 A1) AH ) 22 B DR 5K 0R, A R SRR
WA T BT RIS DL, IR DIERE RN R IR, 77
AT xR gt fk B, ANEEZ REICH 3N RNA
(18S rRNA.5.8S rRNA.26S rRNA) t: [F 44 i, 3 Rl ] i
#: 3 AR X (internal transcribed spacer, ITS1 1 ITS2)
FE 7. nrDNA (G135 ITS) ()3 Ak i 2 & oA 250 A it
¥, (concerted evolution), #% Ul 2 [al#4F 15 —1k, JLF %
BHER NITS FHHPCRY W= EHIEN PR e T
Fefitio SbAh, ITS P AL R, K &, B
BRURZHITRER, CERNNSHM ARG RKE
FIDNA 05 %5 58 Wt 50 i 0 2 F A id 2 — 15

W6 5 B 0 00 AN BT R N R 7 B R 1 5RO,
VIEREHRITS 28R H 2 B E A E. AR
B, ITS J3 FILEAE ) Fk DR 40 A7 AE SR A A 58 45 1) 3
R, H I AAFAE R 2R . Ak, — 2 ITS # IIn]
e 2 T Zh g B4 1 22 il B2 A (pseudogenes). W7
WEFCAESE, TEVF Z YRR P AR AE ITS B R I &,
TRJE (Cycas)" ' BLE (Pyrus)!"HRE (Quercus)!' 7%
A8 JE (Larig)™ WL 2K & (Camellia)'' 1% & (Cinna-
momum)'" IR FJ&E (Lespedeza)'™ . ALK& (Mam-
millaria)'* ", 96 B R} (Rubiaceae)? ™% . ZyH MY+
ITS 2 4 M 2 5| i EM, WL E 8 (Corydalis)™.
ANZJE (Panax)PVZE Y ITS 2 M S #IEH, H &2,
X 24 F A A TTS B3 IR I B0 42 1w oK R IR NI 52

H E MRS R A A 7 B3 AR, H AT MIAC S 1TS 1)
WAL T A b T 56 e ML G R A3 Hr . 2017 48
T CH RIE 52 S MAT SR A AR N B ITS 2 25 PRI
FLRIE G H v R T R AT RN IR 5L . A 5T
DL AC J8 A 0 D W 5T 6 R, sk B T B
DNA H1 cDNA [ ITS F7 41, Aili #i AT Fil Py AR ) (¥ TS
Z A, 78I FERE L AT ITS (B 3E R 1 46 52, [ A #E 0
ITS F 7] 3E A4 A 58 4 AR J DR B R, DU O f A
RGP B AR — e S % .

MRS 7EE
R ARHIE T LRI AC BT R OB TR R, R AR

Table 1 The information of the Lycium materials

B e e AR e T R T R R UG DR AE R R
A7, BARTE SR 1. B AR B b [ R 2 R 2
We 245 F A A0 F 5 BT ik O\ 18 R e [ [ R 2 Bt I 2
SIS R AT A S E o TR, M GenBank T #
44 Z A JE ITS 7 %1 (8 3% 51 JQ320139~JQ320172;
KJ189761~KJ189770), HAKIE I 3£ 2.

1H4 5 DNA Z2EUFI PCR Y18 K AR AL R
i (AL 3) A R 2 7] ) Plant Genomics DNA Kit (Cat No.
DP305-03) $2HUIE ) 5 DNA . i F 3 F 519 ITS1 (5'-
TCCGTAGGTGAACCTGCGG-3') A ITS4 (5-TCCTC
CGCTTATTGATATGC-3")**'{ 47 ITS FE 514 14

PCRY M H A EEMHAR L) HIRA R
EasyTaq /. PCRY 11K %950 pL: 2xSuperMix 25 pL.
RS 2 WL B DNA 2 uLddH,0 19 L. 3
FEF U1 R: 94 °C, TiAEE 5 min; 94 °CAEME 30 s, 56 °CiE
K 30's, 72 °CHEAH 45 s, 38 MEIA; 72 °CLE{H 10 min.

)5 RNA IR EUA RT-PCR 4 1 5 4 3 4
FERH 5.8S P A1 &1 B DhRe, K AH S50 5 RNA Jx
B 56 LT cDNA ITS #EAT H ™ i RAR ZE LR
i (Ab50) A FR 2 & [ RNA Easy Fast Plant Tissue Kit
(Cat No.DP452) $2 US4 2. RNA . H FastKing RT Kit
(With gDNase) 77l & & B cDNA 25 — %%, 7 L5 PCR
386 K R 14 51 P R0 25 45 12547 RT-PCR 3875 cDNA ITS.

SEFUNE  PCR A RT-PCR P14 1.0% 55 i b
s B vk ), U B 89 Bt Thermo Scientific Gene
JET Gel Extraction Kit %5 [FIUSCIR 7 & [ 2l AL P24,
1 H RAR AL B (AE3) A R /A 7] Lethal Based Fast
Cloning Kit i & it 17 e b . ARG &R PhiE 114
TR PR, 22 PCR % 58 B o0 % g i AR b 5 i SR 2 N
T BRA R, FE, X PCRF=¥IBiE4T T
ELRE

FHIBS 54§ Seqman (DNA Star, Madison,
W) FA, T8I0 7 7 5155 A0 06 P56 b 52 BB
PR R, 2R J5 8 1F 1n) A 1a) LR P B3R AT X b,
DAARAIE BT 45 5 90 A 1 o MR 9% GenBank H £ A5 I #y
I JBH ITS 541, i € 1TS1.5.8S FIITS2 (134 7 .

N T E AT R R ) e AR AE ITS B2 [, kAT
WIF 4 Hr: © 18 MEGA 71 ITS 54K BRI GC &
2, T K2P WS HA A (Kimura 2-parameter model)

Code Chinese name Speices Number Collection locality
N1 Ningqi NO.1 L. barbarum 1 Institute of Medicinal Plant Development
NS Ningqi NO.5 L. barbarum 1 Institute of Medicinal Plant Development
N7 Ningqi NO.7 L. barbarum 1 Institute of Medicinal Plant Development
QH-N5 Ningqi NO.5 L. barbarum 10 Delingha, Qinghai
ZH Chinese Gougqi L. chinense 1 China Academy of Chinese Medical Sciences
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Table 2 The information of the GenBank download

Chinese name Speices Location GenBank accession No.
Changshu Gougqi Wolfberry Germplasm Resources Garden JQ320139
Korea Gougqi Korea JQ320140
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320141
Ningxia Gougqi L. barbarum Wolfberry Germplasm Resources Garden JQ320142
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320143
Lycium hybrid cultivar Wolfberry Germplasm Resources Garden JQ320144
Ningxia Gougqi L. barbarum Wolfberry Germplasm Resources Garden JQ320145
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320146
Lycium hybrid cultivar Wolfberry Germplasm Resources Garden JQ320147
Qinghaiheiguo Gougqi L. ruthenicum Wolfberry Germplasm Resources Garden JQ320148
Lycium hybrid cultivar Wolfberry Germplasm Resources Garden JQ320149
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320150
Zibing Gougqi Wolfberry Germplasm Resources Garden JQ320151
Lycium hybrid cultivar Wolfberry Germplasm Resources Garden JQ320152
Lycium hybrid cultivar Wolfberry Germplasm Resources Garden JQ320153
Jiee Gouqi L. truncatum Wolfberry Germplasm Resources Garden JQ320154
Zhutong Gougqi L. cylindricum Wolfberry Germplasm Resources Garden JQ320155
Xinjiang Gougqi L. dasystemum Wolfberry Germplasm Resources Garden JQ320156
Yunnan Gougqi L. yunnanense Wolfberry Germplasm Resources Garden JQ320157
Mansheng Gougqi Wolfberry Germplasm Resources Garden JQ320158
Hongzhi Gougqi L. cylindricum Wolfberry Germplasm Resources Garden JQ320159
Chinese Gouqi L. chinense Wolfberry Germplasm Resources Garden JQ320160
Lycium hybrid cultivar Wolfberry Germplasm Resources Garden JQ320161
Heiguo Gouqi L. ruthenicum Wolfberry Germplasm Resources Garden JQ320162
Huangguo Gougqi L. barbarum Wolfberry Germplasm Resources Garden JQ320163
Beifang Gouqi Wolfberry Germplasm Resources Garden JQ320164
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320165
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320166
Ningxia Gougqi L. barbarum Wolfberry Germplasm Resources Garden JQ320167
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320168
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320169
Ningxia Gouqi L. barbarum Wolfberry Germplasm Resources Garden JQ320170
Zhongning Gouqi L. ruthenicum Wolfberry Germplasm Resources Garden JQ320171
Meiguo Gougqi America JQ320172
0702 Jingtai, Gansu KJ189761
Ningqi No.4 L. barbarum Jingtai, Gansu KJ189762
Qinghaiheiguo Gougqi L. ruthenicum Nuomuhong, Qinghai KJ189763
Ningqi No.1 L. barbarum Jingtai, Gansu KJ189764
Bianguo Gouqi Jingtai, Gansu KJ189765
Ningqi No.3 L. barbarum Jingtai, Gansu KJ189766
0901 Jingtai, Gansu KJ189767
Ningqi No.7 L. barbarum Jingtai, Gansu KJ189768
Ningqi No.5 L. barbarum Jingtai, Gansu KJ189769
Menggqi No.1 Jingtai, Gansu KJ189770

4978 NJ TE AR AL, DL bootstrap 7712 2 000 VX 5 B
FE T2 CCHFIE, @ R 2 B AAAEFD T4 5.8S FF
A3 AMESF R F (motifl: CGATGAAGAACGTAGC;
motif2: GAATTGCAGAATCC; motif3: TTTGAACGCA)™;
@ I 7 L AT MEold® T3 5.8S AT ITS2 [X ) 2 /)N
H B8 (37 °CHI Y1 AG). 154120 Hff 52 A 22k [R] 11 22 Al
I, ¥4 H DnaSP i+ 5 Dy g 57 51 Rl 3k R 1) 4% H 1R 22
“F-#%J{& (average number of nucleotide differences, K)-
¥ R 2 FE P (nucleotide diversity, z) FF 347 F A&
4% (Tajima's D 8% Fu and Li's D), 3t — 25 % /i 10 #9247
g5 M CLSHIE o

ERESH
1 ITSFIKE.GCRE R/ BHEINMRERER
R E

AW FE 45 F] 100 26 A [F] 9 ITS J7 51, Ho b AL 45
10 2% ELH 0 1TS 757 41 A1 90 2 e [ I TS 7 41 (57 463
[Al 20l DNA ITS J3 %1 1 33 2% cDNA ITS J¥ 51l). E #ll
J¥ ITS ¥ 51 & FE A2 S 36 [ 9 601~648 bp, FE K 4H
DNA ITS 7 ¥l & Ji& 48 53 3 Bl ¥ 535~694 bp, cDNA
ITS 741K A8 530 Bl N 536~648 bp. 5 T RESE K AH
bl B R B B B KRR R VBRI GC i KR
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B R EE M i/ B B RESERRAE, X 144 45 ITS 7P
HI| (AW 5T 100 46 Al GenBank 44 2%) (1058 3 41 Jik « &K FF
A2 5 5.8S FNITS2 4k 45t e /N H HH REEAT e i o0 iy
(£ 3), RIN83 2% J7 HI 15 & (B : DRRAIE, R 6 4 5 9 il
B

TAL 5 5 v B ITS 81 R (NS QH-NS-1 Al
QH-NS5-5) BEA DhRe 7 41, AEfE LR P 51 TP &
TR ot P B e s SR A A A R (NN A ZH) 158
W 7 5145 B 45 R L R P 51 . GenBank 311 44
2 ITS J7 51 43 Bt R BT e 7 51 AU ZE R 910 2% o —
Ao, Y22 %% R P A ITS1.5.8S FTITS2 =4~
X ik GC 7 & %K T Ihae /741, R HF i C iz
FUBRSE K AR A 94 T 5.8S FNITS2 (e E HIfig 5
ST IhRe T A, RS KT A I A h R e
PRI RE T A

Pl 1 4 5.8S 5 A 19 3 AR 5F 2P (motifl
motif2 Al motif3) F ik K 5% A% 2 M 5 [F] 40 58 1 3 b
HE o AT 144 2 1TS FE 81, motif3 f ~F 71 % =,
95% MF A & H R . Kb, 8% F 5 &H
5.8S AFBHI 3 ARSI Y L KAWL 7, #i %
ENIIREFH1l. 33 4% cDNA DhfE 7 5 ) 3 MR ST L P
34 L motif1 & 13 {7 T—C Al motif2 25 13 /2 C—T 41
HA . 834K HII 5.8S AN A A S 3 P L 3 MR ST

B2 AN FE AR R, P e NN .
B3 DR (1 3 AR~ 22k 7 i 2k A e 52 B0 — 5 I AR 1
b, lmotifl 5 122 G—A 16 it C—A Fil motif2 &5 3
fr A>GHEZ T NE, H AT RE 67.5%.
2 FZEBR AR A

AR 2 FEME 0 BT R, AR R P 51 5.8S X ) #4
HER 2 BEE () AP35 8 R 22 5 40 (K) HEN T Thise
Al s (K 4), oM KEYRZIEEF 51 1.34 £5,
Ui B 5.8S R FL K P A A R 2 A 57 o X T i A
B P, 34 XSk A% TR 2 AR tE RIS I R &
S BCBUE SASHE ST AN [, 4% 1R 2 RE P HEZ I
JNITS1 > 5.8S > ITS2, V¥ H 1R 7 5 B H 51 iy
ITS2 > ITSI > 5.8S.

GenBank [1] 44 2% J7 51| FI AW 72 1) 100 5% J7 51 A0
7 51 B AS TR 43 ) 04T H A 56 . 3@ I Tajima's D 8K
Fu and Li's D f 30 25 RO B (3% 5), ITS Dy g /5 41 DA
Fa st R, H 58S X I B FE M ZR (P <0.001
8¢ P < 0.02), R ITS D7 51 &5 A vk 4k i i 22
7 51 DAE e st B 5N, BRREMBEZER (P>
0.10), & BUEEEDR 7 714 1) - o PR AR
3 REGEAENWH

FET BB ITS 7 51 ()38 4% B0 55 0 2 1 NI o, e
T 55 (1 # % cDNA (cDN5-2. cDN5-4, cDN5-9 #ll

Table 3 Characteristic information of ITS regions of Lycium. F: Functional ITS sequences; P: ITS pseudogene sequences; SD: Standard

deviation; A: Direct sequencing succeeded

Length/bp (SD) GC content/% (SD) 5.8SAG (SD) ITS2AG (SD)
Code Type  No. o r
ITS1 5.8S ITS2 ITS1 5.88 1TS2 /kcal-mol /kcal-mol
N1 P 10 220.3 (6.8) 158.2(1.6) 254.4(23.0) 53.1(0.0) 50.5 (0.0) 57.5(0.0) -48.0 (2.0) -100.5(13.1)
N5* F 2 260.0 (0.0) 159.0 (0.0)  275.0(0.0) 56.9 (0.0) 56.0 (0.0) 58.4(0.0) -51.9.(0.0) -101.7 (0.8)
P 8 209.8(23.2) 158.3(2.0) 252.6(21.2) 52.6(0.0) 50.4 (0.0) 55.5(0.0) -48.3 (1.6)  —95.1(20.1)
N7* P 10 217.2(154) 160.4(1.8) 253.6(14.6) 53.9(0.0) 50.2 (0.0) 56.9 (0.0) -50.4 (1.7)  -98.65(14.7)
QH-N5* F 4 258.0(0.0) 161.0 (0.0)  269.0 (0.0) 57.0 (0.0) 56.1 (0.0) 58.3(0.0) -52.5(0.6) -95.9(1.7)
P 25 227.39(10.3) 161.0(0.0) 1652 (12.9) 57.5(0.0) 52.0 (0.0) 57.9 (0.0) -50.5(0.7) -100.3 (6.0)
ZH P 8 230.8(13.1) 161.0(0.0) 266.3(8.1) 57.9 (0.0) 51.9 (0.0) 57.8 (0.0) -49.5(2.9) -100.2 (4.2)
JQ320139-JQ320172 F 18  267.8 (6.6) 154.0 (0.0)  257.8(0.5) 67.0 (1.4) 55.3(1.5) 69.0 (1.0) -41.6 (3.7) -123.3(3.5)
P 16 2499 (21.7) 154.0(0.0) 251.3(7.8) 59.9 (4.1) 52.4(1.4) 62.6 (3.4) -39.1(4.4) -103.2(9.7)
KJ189761_KI189770 F 4 2623 (11.7) 154.0(0.0) 231.5(1.1) 69.1(0.9) 51.3(0.8) 68.0 (2.3) -44.5(2.4) -113.9(1.8)
P 6 215.0(0.0) 154.0 (0.0) 213 (0.0) 58.9(0.2) 51.3(0.0) 54.4(0.2) -44.0 (0.1)  -85.0(0.6)
ALL F 28  265.1(7.9) 1554 (2.6) 2569 (11.7)  65.2(0.0) 54.9 (0.0) 66.5 (0.0) -44.3 (5.3) -116.5(10.8)
P 83 227.4(19.5) 1584 (17.5) 255.3(19.4) 56.7(0.0) 51.5(0.0) 58.1(0.0) -47.2(4.9)  -99.2 (11.6)

Table 4 Nucleotide diversity of the ITS regions in Lycium. F: Functional ITS sequences; P: ITS pseudogene sequences; Nucleotide diversity

(7); Average number of nucleotide differences (K)

ITS region Sequence type Number of sequences Polymorphic site No. Total mutation ks K
ITS1 F 28 157 307 0.466 77 74.682 54
P 83 169 472 0.548 26 92.656 48
5.8S F 28 154 357 0.406 77 62.642 86
P 83 154 391 0.545 15 83.953 57
ITS2 F 28 229 436 0.479 63 110.314 81
P 83 204 539 0.483 75 98.684 98
ITS F 28 624 1565 0.596 07 373.738 10
P 83 535 1563 0.586 25 313.641 20
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Table 5 Neutrality test of the ITS regions in Lycium. F: Functional ITS sequences; P: ITS pseudogene sequences. Significant difference at
P <0.001 in Tajima's D analysis and “"P < 0.02 in Fu and Li's D analysis

Neutrality test

Source ITS region Sequence type Number of sequences — -
Tajima's D Fu and Li's D
KJ189761-KJ189770 ITS1 F 4 -1.506 60" -0.421 63
P 6 —-1.554 42 -1.587 40
5.8 F 4 ~1.494 75" -0.504 97
P 6 -0.293 73 -0.169 71
ITS2 F 4 -1.570 81" -0.420 82
P 6 1.352 61 1.721 56
ITS F 4 -1.716 38" -0.464 80
P 6 0.011 58 0.190 80
JQ320139-JQ320172 ITSI F 18 -0.758 65 -1.260 87
P 16 -0.977 50 -0.396 39
5.88 F 18 -2.532 72" ~3.647 94"
P 16 -0.846 39 0.026 44
ITS2 F 18 -1.144 55 -0.749 57
P 16 -0.167 98 0.518 16
ITS F 18 -0.600 75 0.348 76
P 16 -0.823 45 0.096 04
This study ITS1 F 6 -1.13197 -1.15529
P 61 -0.856 03 0.723 26
5.8 F 6 1.38527 1.731 03"
P 61 0.554 42 -1.267 97
ITS2 F 6 -1.367 32 -1.399 92
P 61 -0.827 50 -0.33527
ITS F 6 -1.453 26 -1.489 86
P 61 -0.739 80 1.055 59

cDN5-10) 41, B 5 cDNA Th B8 7 51 Bl 5 o — 3¢5 B
JQ320148.JQ320154.JQ320163.JQ320172 4h, Hifc &
TP ITS Ty g 7 5 FIB L R 1 1 430 4 g ok (T,
AR S AR B Th B8 7 51 F 3 58 A RN — 3¢, T A& LA
BRI RO 3 3 (L), H 152 2 AR
i AR T M AD B LRSS R B 1L SO BRI AT 2R
I 32 974 55 (N5.QH-N5-1 1 QH-N5-5) ] 6 % 72
B S5 571

AT T %5 58 1) 83 S5 AR EE IR 7 41, [A) A DA v 1 5
FFEESR N3 3 (AVBLC), Hot ASC 2y 7 H My AL Al
H B B R (N1ON5.N7. ZH. QH-N5) 1) B 42 3 7 Al
DNA 52 [ 751, ¥ R A motif3 {57 3L 7 B 32 N HITC &
FEAR AR AN AR Ff (BLHE LA M AD B S8 A AT L5 [ A AT
AT 2 B AT R A AT, 9 A motif2 R 5
P, C % F N QH-N5-1.QH-N5-5 F1 ZH 5 | 7 %1,
1845 motif2 Al motif3 P Mg <5 HE - o

N1.N7 #1 ZH ] cDNA ITS 7 [ 5 51) 4= 5 43 A 7
[/l — 3¢, 1M N5 ] cDNA ITS 7 B /7 41 & N1.N5.N7 [
DNA ITS 5 [ /7 51135 73 4 7 cDNA X F1 A L X F
X 8K AR % 29 100 bp, H cDNA 57 ITS1.
5.8S.ITS2 =AM XK GC & &ML T AL, di B
JE Y DNA Fll cDNA [{) ITS FIAFE R I 7. It
Ab, R FI R GER B I 4E R 5 H AP 5 A
4 38— B, A I AR K TR AT R T A AC R R R

ARG R AN K o MBI R AR 11 B 23 B BRI K
RE SE 47 M AR AT AE 7C Hh 2R 2R 0 SO B SR A

g

nrDNA ITS J7 F1| 75 f 55 16 ) b il 1 o SR 3k,
ANF B ITS 7 51 A i T — 8 o8 4 — 8, X Oy HAE
N PCR 3G = W) B4 ¥ B9 € 1 ALAti. [FIIF, ITS B
g 3R BL IR A 38 178 S A S AT A, N2 R I8 A% 1
Fe s, AT iz R T8 R (8] S0Rh N BEIAR ) R R
BEALAIF T, BN DNA 2 RS %6 5 (% 0 7 51 . 758 FH
ITS J7 51 AT M AC J8 HE 420 1) 65 e F 7 v, A6 408 (R ITS
J¥ % PCR #7446 %G, TR E AR ], A
AN GEHRY; A B T 2 R R OR BRI T AR 2R A
N 64%; AT FLH BT G A% RN T1%. NigE &
B2, £ PCR Y™ 8 v it X DMSO #4723, Gk 7 7
ANASTA B FE BB BT (0% 1% 2% 4% 6% 8% 10%),
HEF P G R AR B GE . hitkal W, ITS 78
M RC 8 A7 L AR A3 38 00 s ) 6

A TR ITS 7 FILE M AT 8 1) S I J 1 gk — 28
9T, i 2 RCE R, FEBR PCR IS AR5 % 7
EAERTREME . R A AC R AR AN R 1) B A ] fg =
DK 2 P . cDNA 414 ) ITS J7 SI3A7 10 ) 12 1 2 A1,
MY GC & &EA — & A, AN [F P 514 BE 2 i) A7
EA . AL & ITS 7 41 2 K 2 535~694 bp, GC
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Figure 1 Neighbor-joining tree topology constructed on Kimura two-parameter distance matrix using ITS entire region of all paralogs in

Lycium. A, B and C represent the three different types of pseudogenes, respectively. I, IT and III represent the three different types of func-

tional gene, respectively. cDNA represents cDNA ITS sequence

BN 46.17%~59.03%. A [F] 51 K JiE 18] 47 76 88 3
100 bp ()22 5 H EBAEITST X . % K 41N A F o
751 GC & &I K, N 47.29%~59.03%, 1 cDNA
H GC & BTG N 46.17%~55.40%. AN, Hitd
JE& R A AFAE 22 P ITS 8 528 8L, 41 DNS Al 21 3 b2k
R, ALHE 1R T R 5L DRRT 2 B B IR i At R B B A
R — 2P PR 7 A

7 P L [ neDNA ITS A T E 5 45 0L, H 3
ER 7 s A Ak I R v 5 % A ShRE B0k 28748, i N Bk
BRI, AT T BB R R . AR AT 5 R A A e A
VIR RIA R A A E R =R ITS R . 5 ThRe 5t
DRI Bb, B2 R () GC 75 5 9 2 PR AR, R B L H Rk C
PL SRS R AN AR LGC F Rt FEER
Th RE )22 2k, b mT RE R (R 2 DN 9 kS RO T 5.8S A
ITS2 [X 2% 45 46 e /I 1 bl 6 BH Sl o, 3 P L — 2 &%
PR E M Th RE T 91 S8 35 B AR . i — 2B 0 i RO, R
BE K P B LE 1o B AR 57 1 5.8S X 1A 1% R %2 75 1R A1
PR R 7 S A B K, BT SR AR T Z )
5, AR S AR A R [, BT REREA
PR SR, R R A R B RS T
Th R BRI, A5 1 - rp MR AL, DR, G Th A6 R DR 4k

5.8S 7 HIIE N N = LR ST, AIGEE RFEK
B 53 HT B AR AR FEHEBR A I BLSE RE R, SR T AE ITS
B3 IR 48 s W Fe v, 5.8S & ITS #% UL A FL A7 {8 1
ThREFR bR . BTN 5.8S X2 E &AM T HEMEE
() 3 AR ST P B 15 R AR R AR S S GC & & 4
ShRfN RS A AR L R AT ) e o AW Fiad i
5.8S P A AR S b AT 1 AH DG VTAl, e 7 VR TETE A A,
[ LT A NAERAC IS &R 40k & W 78 R 48 A 1 1TS
7B o3 R A .

BT ARG RE W0, BT A A 8 i L 77
15 3 P2 B B DR FLAE B (R A AR R I 22 57, 8
A L B RC RN R B BRI B U T R DNA S B 7
By 5 7Y B DAAAC J At Ak R0 A8 B 1) B B B A
I MM C LLQH-N5-1.QH-N5-5 #1 ZH 72 [% )7 51 9
F. AR, ZH.QH-N5-1 f1QH-N5-5 =M MA R FELE P
FRR A ITS BEE N, £ RGE KB M4 T AFIC W
32, Hodr, A AN S A motifl {57 FF, C 34 A motif2
Flmotif3 Py MR SF BT . X L gE R U, MiAd B A
AN [ Ao ) Je AR 5 R 2L PN 3447 7 32 25 TR SR AL R 52
EMR .



Ik WSk MoAT B ALY nrDNA ITS 2 [E5E LA 72 4 - 531 -

55 IR SR e B G CA B [ 14 QAL R AH AR G
PR CEEREAL”, B 2 54N B R AR R, Bl Re 8
B R I Sk DR AR e BAS S A8 4 A 1 B A R SR
20 DL I LR, YR B R AR 5E 4 52 £ b
R &K 52m, BEE PR b F A v sh T I IR &R, W%
RN AN - A N AN | 0 20 - B 1 R AW
ORI e AR A B R R AR etk b R 4
LI LS T T R 2% o MOAC TE b IR R 1 SR IS A,
FEEMRZMERF PSR, RERELFEENEFMNTF
Bz —U. QAN B R AT 5 5 IR R A
AR N B AR BB B 2 25 1, e B R S 535 T
Re 7 FI AR R Ry I B Rl 2 Y . 22 3L cDNA ThRg 7
5y R R, FE R G K B W E 434 T cDNA SO A
X, HIX P cDNA K JEAFAE 100 bp I Z 7. BLAk, #i
OB M) BAFAE 2 Fh AR R A, R [R —AME B AN R 52
eI R 2 E T —BIWA AR, FEEA T F—
o332 P A 1R AT AR AR BLEE, ASUA A 2D Bk
HI 2 5. DRIk, 0 356 IR 20 P9 o BBk 2 R 41 22 ) e
W40 R ) ) 4258 AT RE 2 5 BoM AT JB A A R
ITS AHARLT 51 (19748 S5 S 35 Rk A A 58 4 1 = B2 R A

550 R AR 8 ™ TRk JE O g SR AR A, Mo R 4k
R EE R 7 51 5 D e 7 FITE B R b & ST R
5332, R W FE R 5 T fi 2 DR R R ) ) A7 78 W 2 1) 22
S, SRR 3 R A T e DR A e e e, it ) - b vk
Ak, DR L A 00 ) A 8 TS {1 22 R 2 058 ) 1) R 8 A 6T 45
RO HAE TR Z e R 5, (BB FEE A YR —
AL R, Yl B ARATT AT B AN R — UGRE, B — X
AL YR J5 AR 5 A TR TR 22 K A )k A A Y X
MIFR RS E EV R R e ARG E
TR S ITS 2 AW Ml )8 i R b i R AR
B EA EE R, H 2 5 BRI 5 45 SR AT A ) T 3R HY
P A, T B A A DARER Y, R, JE
AR BIF 5T TR FH e E T R, BE IR B R LA R ITS
Z A5V XT Tl AR R R T

AL R HIAC JBAE Y ITS 7 51 S [E 3L AN 58 4
FBIE I R it 4T 7 BN R G shafaa, R BMIAD & Fh
[B) Folt Y AN N B AF AR ITS 2 SRR I A
Xof AT J £ IE] AR 5E A AT IR T, R I A R R 1TS
R AN 5 A BV R 5 B0 AD & A 4 DNA 26265
WFFE DT A Ih R % R BRI E B R RN 2 —. Y]
S5 D 2 22 AT e T BN AT JE 1TS 2 &M 32 B R
Rl J5 S0t 7R 3k — 2D RE =, SR a0
AT A ORI 9T, SRl 2 DR E M AT S 7 B FH 32 1L BE 2 DNA
A4y F e o A 50N ITS 7 51 75 M AT 8 P 2R 2%
KE ARG R T EENDNA K% & W e ft 1

—E M ML

BOG: B [ R R B 25 A WE T TN T
AT TR > F R

{E& TTmk: O A B IR T T SRR T 5 B SE RORE
i R, B 2 M A SCE AR D TR e IR R AR, SR I 48
G 8 SCHIHR; Bt LS 5 R 3 s T A ) B 13
25T XENBEK.
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