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Null Allele Detection in Plant Microsatellite Studies :
Comparisons and Applications

HOU Meng"?, DU Fang'™
(1 College of Forestry, Beijing Forestry Unversity, Beijing 100083, China; 2 School of Life Science,
Lanzhou University, Lanzhou 730000, China)

Abstract ;. Microsatellites remain the most popular markers in the studies of population genetics, conservation biology
and molecular ecology because of its ease to development, high mutation rate and low-cost. Nowadays, the improve-
ment of new technologies, such as Next-Generation Sequencing (NGS) , multiplex-PCR and capillary electrophoresis
system have greatly promoted the development and using of microsatellite markers. However, null alleles, one of the
most primary defects of microsatellite markers, widely presented in the studies using microsatellite markers, may
lead to biased results. Unfortunately, the detection of null alleles has not been paid enough attention. In this review,
we attempted to construct an in-depth and comprehensive understanding on null alleles detection, and then, applied
a detailed comparison for the different methods used to detect the occurrence of null alleles. Finally, we propose a
meaningful suggestion for null allele’s detection in plant.

Key words: Null alleles; Microsatellite; Hardy-Weinberg Equilibrium method; Progeny tests method
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YR h (Edwards 55, 1991 Jacob 5%, 1991;
Tautz, 1989; Zane 5, 2002; Kalia 55, 2011), H
i, S ERAR A AL =S e 2 WG 1Y 43 A
i8Z— (Guichoux 5%, 2011a), HA @R X,
AR LR 2 A5 L AT R 2 A v A A A
I VR AL DA onl A% (Kelkar 45,
2010; Guichoux %%, 2011a; Jarne I Lagoda, 1996)
s, Wik, ANHERBORILOE, TR
K TIREUMT, R T%0E | BERAE R
FEEER M (Ellegren, 2004; Mittal 1 Dubey,
2009; Jones 4§, 2010) , IT4FEk, FfE —RINF
HORMATE, I i s 2 B A DR A B i
TEARUL, (45 B e s 2 SO R 4 8s E AT
MR E MM SE AT T (Du %, 2013; FEiE
K&, 2011) 5 1 HZHE PCR AZEGEME ik
HORTE TR D™ 38 A b i) ez A ( Gui-
choux %, 2011b; Xu %%, 2013), flifsfg TLA M
o7 FH A5 S0 i B8R4

SRR B AR 2 HoAfb o T-Fic Jork It &
ARG, ABSR OB FE R I B A e, fiASAE
PR TR I AR AN TE N, TCRCEF A 3 R
WS HE DY 2R IRLETE PCR 9 I ik # oA
RE B T 3 14 1) 55 7 FE ( Oddou-Muratorio 5§,
2009) , ZAh 5 FEH ] AE FEEEAL SR PCR 974
KW, B, BIEEXRE OUHE 3 W) &
A TR S B | R S A A 2 B,
e SN E B A N TR P &
{7 3E A (Primmer %, 1995; Kwok %%, 1990) ;
Hk, 5RBEUNMOSEAIEFM L, Bk
AL PR SRR AR, BT LIETEAR R S A5
B, TR B TR R R S (Wattier
45, 1998) 5 fJa, BRI DNA e ol 5
W Y WG, IR 2 1 45 R AR R I i 32
RICHEFNIER] (Garcia de Leon %5, 1998)

TeE G FE R TE Y (Szabo, 20075 Tsui
4§, 2009) . fHY (Hoban 5%, 2008) , i (Mec-
Coy 5%, 2001) DA M FL 3% ( Paetkau Fil Stro-
beck, 1995; Ishibashi 5%, 1996) 4§ Z Y Fh
T AFTE o A TEWT I P A HERR X e TE RS r
R, SR EE K2, H 2o S8
DRAYHENWT, flan, TEREAE L A5, Paet-
kau F1 Strobeck (1995) MBFFE+E H, JTCREENL

SR AT S AR AR Al & ARSI, (R
A 25 06 1 - AR A% F- 4 ( Hardy-Weinberg Equi-
librium, HWE; DUNAIAR WS HCEAE ), BEAT
RHARR RO G (H,) FIWBIREE (H,);
[A]F, Carlsson (2008) #ff ¢t & B JCAL 55 A &
PR A B A B 1R oAb R BN Py B35 3G K LAk,
FESEATSEAR AT B, 224 JC 00 5 A 35 DR 01 6 4
BF, SEAMEE DR HERR S 2 BN (Dakin 1
Avise, 2004) , ZELLAY, e A4 JO AR A5 A gk R 3t
RRIFEBSEREL LR (Wagner 55, 2006)
I BT A 2 w2

BRI e 4 S i 3, 1
HIFFARGRVTEH B R EI, FERZHUE
TR B TR R AL S5 H N A% SR O R A
G, RS I AR A B R4 T IR AL
FLRKGM  ( Dakin A1 Avise, 2004) . Guichoux 5§
(2011a) 76 H T D2 4 Fhric i SCk 28 b
KA T 2009-2010 44 F A (Molecular
Ecology) Z4 b & FRMAI M LA /5 FHric iy
100 6 3CF, R BULAT 40% BIBFSEoEAT T o5
PDEIERAGI . SO IS (2013) 1EXT & T 2009
-2012 4F 1Y 1 348 T rp SO T B AIF 5% 28 2R A7 1Y
B, WRBACE 13 TR EAT T 3%
FEREIN PR, FESEAT ZREME . BRI AL 4
F . RGO R M Z I B S HERR O S S
TR TS ZE R AR —2F . A SOkl 25
WA SCIRIR I 45 B B H 1L bR 58 % A 4
5 T FH 0 TG A% S A7 DR I v, ) LA
AEJIHEAT A, AATTTBE Hh A & B JO R A o i
PRI 758, DA AR Pk T O A A L R A
MEEHEHE S

1 ZRHEMEREN T E

RIRTCRI 7 HE P K R T b R B AR A &
B, ERSE A AT LU I Y i 07 0 AR S
PEATR . H TR I AR Z MR HAR SR 1Y
R g Be AN [E], AR A S ST I
i (HWE) BAI 5 2 ok 43 R 3 43 7 2
(progeny tests) , LA FRAED RN,
1.1 ETEHEGEFE (HWE) HEREME
E 4 75 7%

MR EALEAFAE TS SRR N, HS A T
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RO FE N B2 5 T2 TR SE IR 3 TR 52 Bl
ML, WIS BOZO HRIA S BEREAR, R %
ALE Bl P, HAT, BT X —He SR r
TR TCREE N B R 1Y 7 i BB IR 2 ( Demp-
ster %, 1977; Chakraborty %%, 1992; Brookfield,
1996 ; Summers I Amos, 1997; Kalinowski F Ta-
per, 2006) , ‘B i1 1B 2 BF 5% B AR 35 by BHLAR BE 44
(FFE IR ), d i IR W2 5 2
(Hy) TG (H,) ZEM2ESR, KHE
FERf 2 JORCF LR N A7 A . AR X 265507 [ iy
WETF A T —RIVEA G, Kl
WA LUFURN: Copes (Marshall %5 1998)
GuniPop (Rousse, 2008) , MICRO-CHECKER ( Van-
Oosterhou, 2004 ), LI KX ML-NullFreq (http: //
www. montana. edu/kalinowski/Software/ MLNullFreq.
him) . SR, X LE AR TS RO g AR 5
LA IR AT WA 22 5%, A PRI 20054k
BN IFHRIT

(1) Cppyys BAFEL P A TR E ARSI D

Crryvus C(http: //www. fieldgenetics. com/pages/
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B, ATHEAT SR HE BRI BT L 2k AR A A
W, R E ST, H S 5 R A A
AT R AT A T A A IS R A R )
BRI, AT IR Excel 46 =08, Rt
MRHE Summers #1 Amos (1997) #H AT, @
IR RAUIRIE B TCREF L AR 207 11
BB A a BYERECN n,, THZAEALE
PR £, TR AN n, =N 2+2Nf, (1-
f), AR NOAREARAMEEH (YR .
I R SRR AR P A FE RS A B (0 R )
WL R ALy aa B AELE T HAY aa FIE A TR
SRS T a0, HE EARADIR, FA1n]
DAAR I e — RO AR B A 1 o s A — S50 5
A (x) Fl—NTREFAHER (0) DLRIEAE
FEPR £y, ARAIEA n,=2Nf, (1-f,), n, =N
(1=£,)7, (Herp n  F o 20 5 2R 485 O
BELR A T I AEORI AN #5217 TC RS i D Ay
B, W n/n, =2f/(1-f,), JEGRIME
Wi fo: fo=n,/(2n,+n,,) o BT IR
dif T (00) RIUEARES, HHMARR /7,
PRI AR AT A8 IE R CE N” =N/ (1-f,) . HIL

A WAZ AT S0 SR SR — L Ry JE RIS o s
Wai a3, HLAEA—ERBREE CRIET
RN BE RIS R ARG DN Ry TERCF AL B ) 8

(2) G Pop AL IR HE RGN D BE

B Gy Pop3. 4 /2 Raymond Fl Rousset
(1995) 45 MY, fe)5 4 Rousset (2008) f&IE
(GE\EPOP4' O) s %g/l\ééﬁiégﬁ1$iﬁ’f§%§ﬁ1¢,
AR | AN OO r FE RUUR A A
BEFSE (W Fy, F 55 ESURTH 2L
PR B A2 IR LUHAFAT Genepop SCIF:
WA SCAF AT R R AL B, Genepop SCA4PT 38 33
Convert #f (http: //www. agriculture. purdue. edu/
fnr/html/faculty/ Rhodes/ Students%20and %20Staff/
glaubitz/software. htm) H L4 Excel 4 % 1L 3K
3, Wl e it AT ARG, R,
B LI Dempster 4 (1977) #£H#) EM ( Expecta-
tion-Maximization ) =Ry SE Y i 5 AT ORI AT
SR, JFRIBAR P = (20
¢ Yon ] Fr=o (20 + ] ISR
HOEN IR P, FICRUCEN R (0
A2 o LA BE AL, AR PR AR R =

1 2(p'i+1") a 1
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> (— ) xon, ] #HATEM, HE (p-p)
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R, [FRERY, TR ORRE SRR E e LA TC R
(VR SR EL IR

(3) MICRO-CHECKER #k {4

MICRO-CHECKER ( Van Oosterhout %, 2004)
LT T REM LRI B, aTHT
KR B A L Ak PR (R AR RN B B
LB R S5 SRR Y 1S) . 27 (Stutter-
ing) FITCRLAEAI BRI AFTE . IZAAFLL Excel £%
AN ASCN o AL ARSI Iy T, HAR
P& Chakraborty %5 (1992) Fl Brookfield (1996)
18 7 ¥ 3 ) AT JCAK A S AL R AR AR 5, Chaker-
aborty 5% (1992) W5 R SRR BHRIAY 1S R,

K K
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R G A B B R, JF H
RO HE RIS A X r' = (Hy—H, )/ (Hy +
H,); 1 Brookfield (1996) )77 ik N4 Bk 25 %5
P TCREF IR 20 G T X (ng), TF1EH
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=4ny(1 - Hy) FFRI RN EE ST A 3, ]
F MICRO-CHECKER it % JG 55k 5 {7 35 [ i} 25
R B 1 R R ) P AR L A o

(4) ML-NullFreq

ML-NullFre ( http: //www. montana. edu/kali-
nowski/ Software/ MLNullFreq. htm) L1k Genepop #%
Ay g A ST AT 20, JFARYE Kalinowski
il Taper (2006) FIJ5Hk, %5 T 40 58 K %
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Hp, g TR A Y R W=, n,,,
RARTRY IR, i, R o a5 A o
Wi, jo SR)GHARYE Chakraborty 25 (1992) Fi
Brookfield (1996) W7k, ATk, Al
B, ZIT IR S SR 6 T O SR i A
Sl R S5 D PR T S B G R
1.2 EFREFBGENEHEMERRDN

AR TP, SRS E
SREER AL T HAERAS , BIBEMACRT DA 25 05 TR
o, FSE L, HARREHAD T ZAERN THRE R
B EEON , AEBEHLAE FL S5 R 2 R A O 5
T TS S| 2 P S Y VB P iR ST i W
BRSNS RS I gl S A5 L EE

SRR 43 A 3 T T FR R s AL HL A )
HIEHTICREE O SR Ik, 7R R AL
BE, HRHRFEER (AA, BARFR),
PISEATL A3 50R 01 (0, NI L)
23, IBAF R 2] T 22, 33 3
IR (S2BRRly 02, 03), ABastEIAIZEA 01
(ALREMLIN 2] 507 FE R 1) FERBUA— S B 4
(BPSERTAR 22, 33 (TR A RIS EA 01 1)
fE—SFA R, RIS S AR R st e FERE A L
%), Vaut, FRATHE AT AL s TC R A 7 B A
e, BAEFMAE R (XA, BEA—T7 K+

, ;H\:EF'A:HE(I'i'no) -H,,B

fR), —JFEARFEHALR 01 (L HEULIN 2 45
1), AR 02 (A BEWLIN 31 55 A3 ik
PRI 2) DO AT 5 1A i i 6% M ) 301) e A8 5 A7 2
B, —ekvt, X TaFERRh HFZEaA1T
TR AV | BRI R b 12 8 24 5%
A7 5 DRI AR P 5 Al T A A2 7 e R A R TR
FH (5 Rémy J. Petit 438) .

2 TEMEMEEEN BRI R&N
HERAEEITEN

R BAE IR BN S Bk, = IR,
AT A3 B 7 R SR A ERA I T i, (HAE
KREEEHeE, JUIRET FARBHA AR SERT, T
TR A R EABEE R, It ARt
(] 422 1) 2 5 B 5 VR A S TCRL A AL BE R A, I
FRRIEAG T i, TCIS 7 a5 H e i S Xt
B EH A R T T AR 25 (R 1), TR
2y X AR TR #E SR g FH R S TR AR

Oddou-Muratorio %5 (2009) f#H Copviss Gene
Pop il ML-NullFreq X B 1116 B8 14 A1F 57 45 21
AN, BRI R ARG I TS S 3 PR A 3 A 2
B (441K 0.0783, 0.0719 F10.0731) B&E T
FETARER I A5 (0.053), {HEE R 2 E I
T E 2, X WoR Tk B ik A 3L
PE, HESCE IS (2013) WIAK, Z45 950
7 A S H T O LU B R AR B AR ) TR S o S P
WA LA STz o A, AT AR AL TR
EHURAS, BT RAZEE I AR S e AR
B R R O FE PR BT R R S A R
(FTREEZE, ZDIMSRn 45 ) IS 45 5 iy mf
HEPE,

Da browski i (2014) @ AR H R ( Mi-
crotus oeconomus) H SR JE T ZE 2L Wi I\ AR () B e
FEEE OS5 58, XF 4 Ff LA RSP A LAl G
R LRI 757 (Crpyes > GeagPop. MICRO-
CHECKER, LIJ ML-NullFreq) AR 4T
TVPAL 8 AR B AR A A A RIS 45 AR
N, AMUGX 4 FEZ BN R ER BE (M
RIRAR 15%) , I HLIRFR 735 AN [5) 4F47 2Z 1] 1)
SiIRWAFE R E 2 . B TR RS R
AEAR S 28 Iy 2 1 1 1 TR 20 % B0 I B AR AE B AR AT
%, I, ZE5 R R T X 4 B ket =Py
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FEA AT AP AR B R 22, n—Trm, %

SCHEH AT BB T AR T, A A7AE R z i

R 3 R AE T 5o P S IR £ 4 o 2 1 4 = : oz i2s |
SR R AT T e i K PR A R £ 2 o g S Bl
BRI AP EETERIATE (£1) HERY “i 1 : 32
EAETE S R (MR 1%) 3 WHTES = = g 228

A B TR D BB TR T G Poy =

BT 55% M B AN, Hofth 3 Fh 7 i AR AK
(1.6%~1.9%) , {AJE 4 PPy i SR T &k
22% ~ 2% AN E R RAIYE (A R T A 5L,
{HEIRBEAGIE] ) X o 2h FAR IS 7R B 2 1 1ty

il HATR 1 345

=
AR # ;55 Van Oosterhout %

T3 W E R IR AT & el - w0 AU AR
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2) M (Stuttering) F20 Bk

MRS AGEE R A AR R R,
PR FHIE 25 2R 5 R A00RK0 0, 5 X 448 2L 1 22 R ) J. 3
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2014
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DURSER IR TR R A A @) (85 FRES L2 fE gia)
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AENEER)  (Du 4F, 2013; Xu %, 2013) . A - = ZE ZE b aHH
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R AR R0 RIS, EBURRENLAR U LA
FREA BT R I I 45 LR G 5 5 B AR BEE rAs:
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4 WMIDECRRERF

TCBA A FE A AR 35 AL AT 25 SR = A
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Y A TSR (Du 48, 2013)
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